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Abstract

Microplastic (MP) pollution has become one of the global environmental concerns, but the
contamination and effect of MP on chicken skeletal muscle are scarcely researched. Here, we
found MP contamination in the chicken skeletal muscles, which were directly collected from
a large-scale chicken farm. Using Pyrolysis-Gas Chromatography-Mass Spectrometry and
Agilent 8700 laser direct infrared imaging spectrometer, we found that polystyrene (PS) and

polyamide are the significant type of MPs detected in chicken skeletal muscle. Constant



PS-MP oral feeding for more than 21 days increases the content of MP deposited in chicken
breast muscle, but the MP content in the leg muscle was gradually decreased. Surprisingly,
the chicken's body and skeletal muscle weight was increased after constant PS-MP feeding.
Physiological results showed that PS-MP exposure inhibited energy and lipid metabolism,
induced oxidative stress, and potential for neurotoxicity in the skeletal muscle. Metabolomic
analysis of the liquid chromatography-tandem mass spectrometry and gas chromatography
coupled with the mass spectrometer results showed that ~C-M?P exposure changed the
metabolomic profile and reduced meat quality. In vitro, ex}erimental results showed that
PS-MP exposure induced chicken primary myotilas.> proliferation and apoptosis but
decreased myoblasts differentiation. Transcriptcin : analysis of the skeletal muscle indicates
that PS-MP exposure affects skeletal muscie fui.stion by regulating genes involved in neural
function and muscle development. Considering that chicken is one of the most important
meat foods in the world, this study wvi'l provide an essential reference for protecting meat
food safety.
Keywords: Microplastic .2luaon; polystyrene microplastics; chicken; muscle growth; meat
quality; gene expression.
1. Introduction

Microplastics (MPs) are a type of plastic particle less than 5 mm in diameter deriving
from the biodegradable plastics present in the environment (Ragusa et al., 2021). MPs can be
accumulated by humans and animals along the food chain, resulting in a significant
environmental health issue (Deng et al., 2017). The three major exposure pathways are

ingestion, inhalation, and dermal contact (Wu et al., 2022). An adult human may accumulate



approximately 0.9 x 10* to 7.9 x 10* MP items per year (Wu et al., 2022). Evidence has
confirmed that MPs exposure poses dangers to human health (Vethaak et al., 2021;
Sangkham et al., 2022). Metabolic disturbances, neurotoxicity, and increased cancer risk are
all potential consequences of MPs exposure in humans (Vethaak et al., 2021; Sangkham et al.,
2022). Studies using mice as a mammalian animal model also showed that exposure to MPs
can cause various health problems, such as lipid metabolism disorders and liver inflammation
(Lu et al., 2018; Jin et al., 2019). Besides, it is believed that ..~ r.armful effects of MPs on
humans and animals rely on their size, dose, shape, and c.xemi zal composition (Wright et al.,
2017; Sangkham et al., 2022). MPs with chemical rake 1p could cause serious physical and
chemical harm to humans and organisms (Wrir,m et al., 2017; Sangkham et al., 2022). The
major route of MPs exposure is causec p," eu‘ing contaminated food, drinks, and drugs.
Among them, the intake of microplactics from food is the most. Some previous studies on
MPs intake from food mainly concen’ra’e on seafood and aquatic products (Smith et al., 2018;
Xu et al.,, 2020), but few he e 10cused on meat from livestock and poultry, the most
consumed protein product . u.e world.

MPs exposure affeci' gene expression, cell viability, and tissue development. It has been
found that micro- and nano-plastic co-exposure can injure the fetal thalamus by inducing
reactive oxygen species (ROS)-mediated cell apoptosis (Yang et al., 2022). However, MPs
exposure to human mesenchymal stem cells promoted cell proliferation (Yang et al., 2022),
suggesting a controversial role of MPs on cell viability. Besides, short-term MPs exposure
also promoted the proliferation of human forebrain cortical spheroids, while long-term

exposure inhibited cell viability (Hua et al., 2022). Therefore, MPs negatively affect cell



viability but have a positive role in cell proliferation. In addition to affecting cell growth,
MPs can induce tissue damage and inhibit tissue development. The accumulation of MPs in
the placenta and fetus of mice induced abnormal morphologies of tissues and reduced fetal
weights (Chen et al., 2022). Transcriptome analysis identified that the expression of genes
involved in muscle development, lipid metabolism, and skin formation was significantly
changed in the placenta and fetal skeletal muscle (Chen et al., 2022). Skeletal muscle
accounts for approximately 40% of total body weight (Chen e’ ! . £022). The skeletal muscle
of livestock and poultry is an important source of meat. kawe rer, the role of MPs in skeletal
muscle growth is currently unclear, and whether ¢xpcsure to MPs affects livestock and
poultry meat production remains to be studied.

Poultry is now the most consumru meut type worldwide (Whitton et al., 2021).
Therefore, the safety of poultry mec* is important to human health. A previous study has
found that MP can accumulate in oo Ity manure (Wu et al., 2021), and MP contamination
was found in chicken meat bu.'aht on the market through a polythene-based plastic cutting
board the food was cut ¢, (huwib et al., 2022). Nevertheless, the type of MP deposits in the
poultry skeletal muscle a.'d their effects on muscle growth has never been studied. Here, we
identified the type and concentration of MPs in chicken skeletal muscle using pyrolysis-gas
chromatography-mass spectrometry (Py-GC-MS) and laser direct infrared (LDIR) imaging
spectrometer. After long-term PS-MP feeding, we found that PS-MP could affect muscle and
liver physiological function, meat quality, and muscle growth of chicken. In vitro cell
experiment results showed that the developmental processes of chicken primary myoblast

would be changed after PS-MP exposure. Using transcriptome analysis, we found that PS-MP



affects muscle function by regulating gene expression and alternative splicing related to
neural function and muscle development. Our results provide a structural framework for
understanding MP’s accumulation, regulation, and function in chicken skeletal muscle and
provide critical data for elucidating the mechanisms underlying MPs on muscle development
and growth.
2. Materials and methods
2.1. Materials

Polystyrene microplastics (PS-MPs) (1.0 % w/v, 10 mL were purchased from Tianjin
Baseline Chromtech Research Centre (Tianjin, Chinit). vhree different sizes of PS-MPs (0.5
um, 5 um, and 50 um) were used in this study. The fluorescent PS-MPs (FPS-MPs) were
europium chelated, red, and spherical (F.g. S1, and were detectable by spectrofluorimetry
(excitation/emission wavelength: 620 nm and 680 nm). The fluorescent dye binds to the
surface of the PS-MP and fills inside ‘h¢ microsphere, enabling the fluorescent dye to bind to
PS-MP more stable. The solui.”n of FPS-MPs contained 1% suspension in deionized water.
The non-fluorescent PS-":"s .vere white and spherical (Fig. S2). The non-fluorescent stock
solution contained 10.17 % suspension in deionized water. The solution of PS-MPs with a
diameter of less than 1 um was added with 0.1 % sodium dodecyl sulfate (SDS) to prevent
the MPs from clumping together. PS-MPs suspension was centrifuged at 5000 rpm for 5 min
and then washed three times with deionized water to remove the SDS before the exposure
experiment. Before exposure, suspended solutions were freshly prepared and sonicated for 30
min in a non-contact ultrasonic water bath (Bioruptor UCD-300 PLUS, Diagenode, Seraing,

Belgium).



2.2.Animals and treatment

All the chickens used in this study were directly purchased from a large commercial
chicken farm in Guangdong Province. The breed of chicken is Xinghua chicken. For the
chickens used in MP detection, three 120-day-old healthy chickens with similar body weights
(about 1400 g) were slaughtered and sampled. The tools and storage containers used in the
sampling process are all non-plastic.

For the chickens used for PS-MPs feeding, 96 30-day-u..' ci.ickens with similar body
weights (between 250 — 300 g) were randomly assigned ‘0 4 jroups (n=24 for each group).
One group was used as a negative control and was f:d v ‘ith purified water without PS-MPs.
The other three groups were fed with three di7ie ent sizes (0.5 um, 5 pm, and 50 pum) of
fluorescence PS-MPs solution with 200 . (0..mng/mL). To ensure that each chicken takes
the same amounts of PS-MPs daily, .~ PS-MPs were intake by oral gavage. 200 uL PS-MP
solution was absorbed by a pipette gun und fed directly into the oral cavity of chickens. Four
chickens in each group were rodoinly selected at 1, 7, 14, 21, 28, and 35 days after feeding
and slaughtered for deter~..:naw.on. Tissue samples (breast muscle, leg muscle (gastrocnemius
muscle), liver, and intestn e (ileum) were collected and stored at -80°C.

To evaluate the effect of non-fluorescence PS-MP accumulation in chicken, 15
30-day-old chickens with similar body weight (between 250 — 300 g) were randomly
assigned to three groups (n=5 for each group), one group served as the negative control, and
the other two groups were fed with 5 um PS-MPs (0.1mg/day and 0.5mg/day, respectively).
The PS-MPs were also intake by oral gavage. The animals were sacrificed after 28 days of

continuous feeding for slaughter determination.



The exposure doses of PS-MPs were selected based on previous toxicological studies of
PS-MPs in mice and aquatic organisms (Deng et al., 2017; Hou et al., 2021; Lu et al., 2018;
Mu et al.,, 2022). In these previous studies, 0.01 mg/day, 0.1 mg/day, 0.5 mg/day, and 1
mg/day were used to feed the mice. However, a previous study showed that 5 mg/kg
(equivalent to feeding 30-day-old chickens with 1.25 mg/day of MPs) MPs would result in
high accumulation in mice’s tissues and induces severe inflammatory and oxidative stress
responses (Choi et al., 2021). Therefore, we chose moderat. Jascs of 0.1 mg/day and 0.5
mg/day for this study.

2.3. Weighing, typing, and counting of MPs by PYG( M5 and LDIR

Chicken breast muscle, leg muscle (gastrccn-.mius muscle), liver, and intestine (ileum)
were used to detect the contamination o v'P v/ using pyrolysis gas chromatography/mass
spectrometry (PyGCMS). The sampi2>s were ground to powder and loaded on a PY-3030D
(Frontier Lad, Japan) fast-heating Ft-filament device coupled to a GCMS-QP2020
(SHIMADZU, Japan). The c.~cking temperature is set at 550°C. A 30-meter RESTEK
Rtx-5MS column was vsc wor GC with the temperature program as follows: the initial
temperature was at 40°C and kept for 2 min, then heated up to 320°C at a rate of 20°C per
minute. This temperature is then kept for 14 min. lonization of GC is electron impact (EI”,
70eV, source temperature 230°C). The scanned range of m/z is 40-600. Before sample
determination, we added an appropriate amount of nitric acid for digestion for two hours,
then added a certain amount of deionized water to ensure that the solution was weakly acidic,
and finally dropped it into the PyGCMS sample introduction crucible and test on the machine

after the solvent is completely volatilized. Besides, standards of different types of MPs were



tested by PyGCMS to build a quantitative curve (Fig. S3), and the MPs content is calculated
according to measure the peak area (Fig. S4; Akoueson et al., 2021). PyGCMS detection was
carried out in Shanghai WEIPU Testing Technology Group Co., Ltd. Based on the company's
experience, the minimum detectable amount of PS, PET, PMMA, PC, PA6, PA66, and PVC is
0.02 pg, the minimum detectable amount of PP and PE is 0.5 pug, and the minimum detectable
amount of PLA and PBAT is 0.2 pg.

Agilent Technologies 8700 laser direct infrared (LDIR) i..~trument (Chemical Imaging
System, Germany) was used to directly analyze and inrage the shape, size, and chemical
composition of microplastic particles in chicken breast niscle samples. The Clarity software
version 1.3.9 (Agilent) was used to analyze the (e.ults. An infrared scan at 1799 cm * of the
selected sample area on the kevley glass <iu> (+ & %X 25 mm, Kevley Technologies, Ohio, US)
was performed to locate particles. »* high-rnagnification visible-light camera was used to
measure the dimensions of the particles;. The instrument then collects a mid-infrared range
(1800 cm™ to 975 cm ™) spevrum for each identified particle and then conducts a library
search (a microplastic '.c-ai, previously constructed by the Shanghai WEIPU Testing
Technology Group Co., Ltd) and provides a match for each particle. The particle
identification diameter range was extended to 20-500 pm. The mapping ratio for
identification polymers in LDIR is >0.65.

2.4. Histological analysis

The indicated tissues used in this study were placed on a tissue holder and embedded in

an optimal cutting temperature compound. Then the samples were frozen rapidly to -20°C,

secured on a chuck, and 10 um sections were cut using CM1950 freezing microtome (Leica,



Germany) with Low-Profile Disposable Blades 819 (Leica, Germany). The cryosections were
then fixed on glass slides, added the sealing agent with DAPI was placed at room temperature
for 15 s. Finally, the sections were captured with a confocal microscope TCS SP8 (Leica,
Germany) within 30 min.
2.5. Quantifying the accumulated concentration of FPS-MPs in chicken skeletal muscle

The frozen samples are thawed at room temperature, and the softened muscle tissues are
put into the meat grinder (Supor, China) to be crushed into th~ ,.~ea. foam and weighed. Then
the samples are flattened and baked in a 60°C oven c rern'ght. The dried samples were
ground into a powder with a high-speed pulverizer (Ta'site, China), weighted, and filtered
with a 40-mesh metal sieve. About 0.1 g of dry pr wder was placed in a 4 mL grinding tube.
Add 2 mL of normal saline and grind it i1 & cry>genic grinder (Jingxin, China). The ground
program is set as 70hz/120s for 3 .'mes. After centrifugation to remove air bubbles, the
solution was transferred to a 6-wel rlate. A Varioskan LUX multifunctional microplate
reader (Thermo, USA) was u.>d tu determine the concentrations of MPs in these samples
with excitation= 620 nr. >nu emission = 680 nm. Serial dilutions of fluorescent PS-MP
suspensions generated the standard curve (Fig. S5). Base on the standard curve, the minimum
amount of fluorescent PS-MP that can be detected is 0.5 pg (Fig. S6). To determine the
amount of FPS-MP present, the fluorescence intensity was measured and used to calculate its
content.
2.6. Physiological analyses of skeletal muscle and liver

Alterations of biomarkers in chicken skeletal muscles and livers due to PS-MPs

exposure were determined to evaluate the toxic effects of PS-MPs. The following markers



were included: ATP level and lactate dehydrogenase (LDH) activity for energy metabolism;
the total cholesterol (T-CHO) and triglycerides (TG) level for lipid metabolism; the activities
of glutathione peroxidase (GSH-Px) and superoxide dismutase (SOD) for oxidative stress;
acetylcholinesterase (AChE) activity for neurotoxic responses. All the above markers were
detected using commercial kits (Nanjing Jiancheng Bioengineering, Nanjing, China)
according to the protocols provided by the manufacturer.

2.7. Metabolomic analysis for LC-MS/MS

50-100 mg of each muscle sample were used for mei abolite extraction. 200 uL of
precooled water was added to the sample and vortex 1w 60 s. Next, 800 uL. of precooled
methanol acetonitrile solution (1:1, v/v) was a.ded, vortex for another 60 s, and then
sonicated for 30 min at low temperature. 7o ,reu’pitate proteins, samples were then incubated
at -20°C for 1h. The suspension \4as centrifuged at 12000 g at 4°C for 10 min. After
centrifugation, the supernatant is tran:ferred to vacuum drying, and the dried precipitates are
dissolved in 200 pL of 50% ac=tonitrile. The solution was then vortexed and centrifuged at
14000 g for 15 min at 4°C inally, the supernatant was transferred to 96-well plates for
further analysis. The qua'ity control samples were prepared by mixing 10 pL supernatants
from each sample.

A Vanquish UPLC system (Thermo, USA) and a Q Exactive HFX mass spectrometer
(Thermo, USA) were used for LC-MS/MS analysis. The setting parameters of the UPLC
experiment were shown as follows: chromatographic column is Waters HSS T3 (100*2.1 mm,
1.8 um), mobile phase A is 0.1% formic water solution, mobile phase B is 0.1%

formic-acetonitrile. The column temperature was set as 40°C, and a 2 uLL sample was used for



the injection. The elution gradient: 0.0-1.0 min A/B (100:0 v/v), 1.0-9.0 min A/B (5:95 v/v),
9-13 min A/B (5:95 v/v), 13.1-17.0 min A/B (100:0 v/v). Electrospray ionization conditions
were set as follows: 40 arb for sheath gas flow rate, 10 arb for aux gas flow rate, and spray
voltages of the positive and negative modes were 3000 V and 2800 V, respectively. The
vaporizer temperature was 350°C, and the capillary temperature was 320°C. The scanning
mode was Full-ms-ddMS2. The primary scan m/z range was 70-1050 Da, and the secondary
scan m/z range was 200-2000 Da. The primary resolutior, *as 70000, and the second
resolution was 17500.

The raw data from LC-MS/MS were analyzed t1siny Progenesis QI (Waters Corporation,
Milford, USA) for peak detection, extractior, .lignment, and integration. An in-house
database and two public databases (http://.vww.i.mdb.ca/ and https://metlin.scripps.edu/) were
applied to metabolites annotation. T:re data processing principles are as follows: (1) Only
keep variables with more than 80% ncn-zero values in any set of samples. (2) Total peak
normalization followed by deiction of variables with relative standard deviation (RSD) =
30% of QC samples. (3) "crtuam logl0 conversion on the data to obtain the final data matrix
for subsequent analysis.

The differential metabolites between the two groups were identified using Student’s
t-test with SPSS (27.0). SIMCA software (Sartorius Stedim Data Analytics AB, Umea,
Sweden) was used for principal component analysis (PCA) and orthogonal projections to
structures-discriminant analysis (OPLS-DA). Value of variable importance in the projection
(VIP) > 1 and p-value < 0.05 were considered significantly differential metabolites. The

heatmaps were constructed using Expression Heat Mapper



(http://www.heatmapper.ca/expression/) with a default parameter.
2.8.Metabolomic analysis for GC-MS

50-100 mg of each muscle sample were used for metabolite extraction. 200 uL of
precooled water was added to the muscle sample and then vortex for 60 s. Next, 800 uL of
precooled methanol acetonitrile solution (1:1, v/v) was added and vortexed for another 60 s.
Then the samples were sonicated for 30 min at 4°C. To precipitate proteins, the samples were
incubated at —20°C for 1 h. The suspension was then centrifus,c at 12000 g for 10 min at 4°C,
and the supernatant was vacuum dried and dissolved 1. 200 pL of methoxyamine
hydrochloride. Six hours after a 50°C reaction, 100 n'. of MSTFA was added and then
reacted at 50°C for 3 h. The solution was the. rentrifuged at 12000 g for 10 min at 4°C.
Finally, transferred the supernatant to 96-' ve:' pi.tes for further analysis.

A 7820A-5977B GC-MS instrui.rent (Agilent, DE, USA) was used for GC-MS analysis
with HP-5 MS UI column (30 m * 0..5 mm * 0.25 um). The injection volume was 1 uL. The
initial temperature of the colui."n oven was 70 °C. This temperature was kept for 3 min and
then raised to 300 °C at @ .2te of 5 °C/min. The final temperature was kept for 5 min. Quality
control samples were in:2rted into the sample queue to monitor and evaluate the system
stability and the experimental data reliability. Electron ionization (El) mode was used for MS
analysis. The analytes were detected in full SCAN mode. The optimized MS conditions are as
follows: transmission line temperature was 290°C, and ion source temperature was 280°C.

Mass Hunter (Agilent) was used for processing the raw data. NIST Online Databases
(http://srdata.nist.gov/) was applied to metabolite annotation. The data analysis process is the

same as the above LC-MS/MS.



2.9. Cell Culture

As previously described, we isolated primary myoblasts from the chicken leg and breast
muscle of the day 10 embryo (Luo et al., 2014). After isolation and purification, myoblasts
were then cultured in a growth medium, which consisted of RPMI-1640 (Gibco, Grand Island,
NY, USA), 15% FBS (ExCell, Shanghai, China), 10% chicken embryo extract, and 0.2%
penicillin/streptomycin (Gibco) at 37°C in 5% CO,. To induce differentiation, myoblasts
were cultured in a differentiation medium (RPMI-1640 wit', 2% horse serum) when they
reached 90% confluent.
2.10. RNA sequencing (RNA-seq) and data anal¥sis

RNA-seq libraries were performed using /ie clonal mRNA-seq Lib Prep Kit (ABlonal,
China) according to the manufacturer’s ir st cticns. DNBSEQ-T7 system (MGI, China) was
then used to sequence the libraries .ith 150-bp pair-end reads. RNA-seq data from eight
chickens have been deposited in tn: MNCBI Sequence Read Archive data repository with
accession number PRINA921¢ ~4. Quality assessment of reads was analyzed using FASTQC
(http://www.bioinformatiz. ha.iaham.ac.uk/projects/fastqc/). Trimmomatic software v0.36
was then used to trim the sequences (Bolger et al., 2014). Using STAR software, each data
was aligned against the chicken GRCg6a reference genome (Dobin et al., 2013). Read counts
of each gene were extracted using STAR —quantMode. Differential gene expression was
performed using DESeg2(Love et al., 2014). The differential expressed genes between the
two groups were screened with log2 (fold change) > 1 or log2 (fold change) < —1 and with
statistical significance (p-value < 0.05). ClusterProfiler was used for Gene functional

enrichment (Yu et al., 2012). The Database for Annotation, Visualization and Integrated



Discovery (DAVID, https://david.ncifcrf.gov/tools.jsp/) and R Studio was used for Gene
ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analysis of the
enriched genes. The alternative splicing events were classified as exon skipping (ES),
mutually exclusive exons (MXE), intron retention (IR), alternative 3’ splice site (3’ss), and
alternative 5’ splice site (5’ss). IMATS was used to identify the alternative splicing events
(Shen et al., 2014). Differentially spliced events were selected with p-value < 0.05 and
abs(IncLeveldiff) > 0.1.
2.11.  RNA extraction and quantitative real-time PCR

RNAIso reagent (Takara, Otsu, Japan) was uscd t. extract total RNA from tissues or
cells. PrimeScript™ RT reagent Kit (Perfect Rza: Time) (Takara) was used for the reverse
transcription of mRNA according to the ran. facurer’s manual. Primers specific to each gene
were designed and provided in Tablc S1. g-CR program was carried out in QuantStudio 5
gPCR System (Thermo, CA, USA) \vith SYBR Green. All reactions were run in triplicate.
The relative mRNA expressior. of genes was calculated using the 2 **“' method with f-actin
as a reference.
2.12.  Cell proliferatior and cell viability analysis

CCK-8: 96-well plates containing the indicated concentration of PS-MP were used for
seeding chicken primary myoblasts. Cell proliferation analysis was performed at 12, 24, and
36 h using the Cell counting kit-8 reagent (Dojindo Laboratories, Kumamoto, Japan).
iIMARK™ Microplate Absorbance Reader (Bio-Rad, California, USA) was used for
obtaining the absorbance value at 450 nm.

EdU: Cells seeded in 12-well plates were used in this analysis. After culture with the



indicated concentration of PS-MP for 48 h, 50 uM EdU (RiboBio, China) was added to the
cells and incubated for 2 h at 37°C. 4% paraformaldehyde was added and incubated for 30
min to fix the cells. 2 mg/mL glycine solution was used to neutralize cells, and 0.5% Triton
X-100 was used to permeabilize cells. Apollo reagents were incubated with cells for 30 min
at room temperature. A DAPI solution was used to stain the nuclear. DMi8 fluorescence
microscope (Leica, Germany) was used to capture five randomly selected fields for each
well.

Cell cycle: Primary myoblasts were cultured in 12-w Il p'ates using the growth medium
with the indicated concentration of PS-MP. The celts v ‘ere harvested by trypsin and fixed
overnight in 75% ethanol at 4°C after cultv.n-y for 48 h. The cell cycle analysis kit
(Beyotime, Shanghai, China) was used dac.oru'ng to the manufacturer’s instructions. BD
Accuri C6 flow cytometer (BD Biosc:=nces, USA) was used for flow cytometry analysis, and
Modfit LT 5.0 was used for data anatysic.

Cell Viability analysis: T measure cell apoptosis, primary myoblasts were seeded into
12-well plates and incurawd with membrane permeability (MP)solution with final
concentrations of 0.01, 0.", 1, 5, and 10 pg/mL. After culturing for 48 h, an Annexin V-FITC
apoptosis detection kit (Beyotime) was used to stain the cells. BD Accuri C6 flow cytometer
was used for cell apoptosis analysis.

2.13.  Immunofluorescense

After the density of chicken primary myoblasts reached 90% in a 12-well plate, the

growth medium was replaced by a differentiation medium containing 1% bovine serum and

indicated a concentration of MP solution. After 48 h differentiation, 0.1% Triton X-100 was



added to the cells for 30 min. Next, goat serum was added and incubated for 1 h at room
temperature and then incubated with MyHC antibody (DHSB, USA; 1:100) overnight at 4°C.
The FITC-conjugated AffiniPure Goat Anti-Mouse 1gG (H + L) (Bioworld, MN, USA; 1:50)
was incubated with the cells for 1 h. DAPI was used to stain the nuclear for 15 min. Leica
DMIi8 fluorescent microscope was used to capture the images.
2.14.  Statistical analysis

All results are represented as mean + sem. For the statisti ... analysis of the two contrasts,
we used an independent sample t-test through SPSS. For ana ysis between multiple groups,
we used One-way ANOVA followed by Dunnett’« te.*. p < 0.05 was considered to be
statistically significant. *p < 0.05; **p < 0.01.
3. Results
3.1. Microplastic residue can be detected in chicken skeletal muscle

To assess the MPs contaminatin in broiler farms, we put together a list of all the
plastics on the farm that can .ome into direct or indirect contact with chickens (Fig. 1A).
Feed bag outer, chicken ~.2n, und feed tank are made of PP. Water pipes are generally made
of PVC. The feed bag ini =r is made of PA, and the sewing thread of the feed bag is made of
nylon (PA6 or PA66). Next, to determine whether MPs could be absorbed and deposited in
chicken tissues, we used Pyrolysis-Gas Chromatography-Mass Spectrometry (Py-GC-MS) to
detect the number of MPs in the livers, small intestines, leg muscles, and breast muscles from
three 120-day-old Xinghua chickens. Results showed that polystyrene (PS) and Polyamide-6
(PA6) were deposited in all of the tested tissues (Table 1). Polyamide-66 (PA66) can be

detected in the small intestine and liver, while Polyethylene terephthalate (PET) is only



deposited in the liver in high amounts. PAG6 is deposited in a high concentration in the skeletal
muscle, with average concentrations of 561.593 mg/kg in the breast muscles and 884.712
mg/kg in the leg muscles (Table 1). As the types of MPs that Py-GC-MS can detect are
limited, we used Agilent 8700 laser direct infrared (LDIR) imaging spectrometer to identify
more MPs deposited in the muscle. We found 33 types of MPs deposited in chicken breast
muscle (Fig. 1B and Table S2). Among them, polyamide is the most abundant MP detected in
the muscle (Fig. 1C). Additionally, the smaller the diameter . the MPs, the more they are
deposited in the muscle (Fig. 1D). Taken together, these r>sult; demonstrated that MPs could
be found in large amounts in chicken tissues, especially in skeletal muscles, which humans
commonly consume.
3.2. Characterization of microplacac ingestion and accumulation in chicken
skeletal muscle

To further understand the denos ticn pattern of MPs in chicken skeletal muscle, we fed
chickens with fluorescence poi,'styrene MP (FPS-MP) of different sizes. We collected muscle
samples at different time .2inw for analysis. The results of fluorescence spectroscopy testing
indicated that as time prugressed (Fig. 2A), the concentration of FPS-MPs deposited in the
leg muscle decreased progressively, indicating a metabolic pathway for MP in chicken
skeletal muscle. However, the concentration of FPS-MPs is relatively stable in the breast
muscle and tends to rise for 5 um FPS-MPs (Fig. 2B). For all of the particle sizes tested, the
maximal concentrations of 5 um FPS-MPs accumulated in the skeletal muscle were
significantly higher than those of the other size of FPS-MPs (Fig. 2A-2B), indicating that 5

um FPS-MPs are more likely to be deposited in skeletal muscle. Additionally, frozen section



results further confirmed that 5 pm FPS-MPs could be deposited in the leg and breast
muscles (Fig. 2C). The 0.5 um and 50 um FPS-MPs were difficult to find in the section (data
not shown).

3.3. Microplastic accumulation promotes chicken muscle growth

To identify the effects of MPs accumulation on chicken growth, we fed chickens with
FPS-MPs of different sizes and recorded growth traits at different time points for analysis. To
our surprise, after 35 consecutive days of feeding FPS-MP- (1.1 mg/d), the body weight,
carcass weight, breast muscle weight, leg muscle weight, ¢ nd the breast muscle rate of
chickens all significantly increased in 5 um FPS-MFs te~ding groups than the control group
(Fig. 3A-3E). The deposition of other sizes of -+3-MPs can also significantly promote the
growth traits of chickens. For example, v.. . FPS-MP can significantly promote breast
muscle weight and breast muscle rate ‘Fig. 3C and 3E), and 50 um FPS-MP can significantly
promote leg muscle weight (Fig. 3C. 3ut these effects were only observed after 35 days,
indicating that the effect of FF 3-Mpr on muscle growth is slow. On the other hand, although
there was no significant . anye in carcass percentage and leg muscle rate between groups,
their values tended to inc-ease after 35 consecutive days FPS-MPs feeding compared to the
control group (Fig. 3F-3G).

Besides, we also used 5 um non-fluorescent PS-MPs (0.1 mg/d and 0.5 mg/d) to feed
chickens for 28 consecutive days. Results showed that 0.5 mg/d non-fluorescent 5 um PS-MP
feeding significantly increased breast and leg muscle weights. However, the live and carcass
weights have no significant difference (Fig. 3H-3K). The higher the concentration of

non-fluorescent PS-MPs feeding, the greater the promotion effect on chicken muscle growth



traits (Fig. 3J-3K). However, there were no significant changes in carcass percentage, breast
muscle rate, and leg muscle rate between groups (Fig. 3L-3N), suggesting that PS-MPs had a
tissue-specific effect on chicken tissue growth. Taken together, PS-MP accumulation in
chickens can increase muscle growth.
3.4. Effects of microplastic accumulation on skeletal muscle and liver
physiological function

To explore the effects of PS-MP accumulation on the pry_‘aiugical function of chicken
skeletal muscle, we fed chickens with two different amou 1ts ().1 mg/day and 0.5 mg/day) of
5 um PS-MPs for 28 consecutive days. Results <hov-ed that PS-MPs feeding inhibited
skeletal muscle energy metabolism. PS-MPs inciuc 2d a significant decrease in ATP level in a
dose-dependent manner. A slight decreas n the lactate dehydrogenase (LDH) activity (Fig.
4A). For lipid metabolism, a significont decrease in the levels of total cholesterol (T-CHO)
and triglycerides (TG) were observed af.er PS-MPs feeding (Fig. 4B), indicating that PS-MPs
feeding affect lipid metabolisi,. For biomarkers of oxidative stress: PS-MPs feeding did not
affect superoxide dismii.~e (SOD) activity, but the activity of glutathione peroxidase
(GSH-Px) was increased ‘Fig. 4C). In addition, the potential for neurotoxicity was evaluated
based on the activity of acetylcholinesterase (AChE), which decreased after exposure to 0.5
mg/d PS-MPs (Fig. 4D).

The liver is an important metabolic organ and plays a critical role in the growth and
development of animals. Several recent studies have shown frequent loss of muscle mass in
liver dysfunction and chronic liver diseases (De Bandt et al., 2018). Our above results

showed that 5 um PS-MPs could accumulate the largest amount in livers. We also did



biological analyses of the liver to test the effects of PS-MP accumulation on liver
physiological function. Results showed that PS-MPs feeding has no significant effect on liver
energy metabolism (Fig. 4E) but can increase the amount of lipid metabolism markers (Fig.
4F). For biomarkers of oxidative stress: PS-MP feeding did not affect the activity of liver
SOD. However, the activity of GSH-Px was reduced (Fig. 4G). Finally, the potential for
neurotoxicity was evaluated based on the activity of AChE, which increased after exposure to
0.5 mg/d PS-MPs (Fig. 4H). The above results indicrie tnat PS-MP accumulation
significantly affects chickens' skeletal muscle and liver ph ‘sioigical function.
3.5. Microplastic feeding reduces chicken me:t g.'ality

We tested the meat quality after PS-MP< 1 .eding for 35 d. We found that PS-MPs
feeding significantly reduced breast mus~ie shect force and increased leg muscle PH value.
The drip loss also declines (Fig. 5A). Muscle metabolites are important regulators of muscle
function, growth, and meat qualitv [ explore the effects of MPs on muscle metabolome, we
used liquid chromatograpi. -tandem mass spectrometry (LC-MS/MS) and gas
chromatography couplecd :~ u.e mass spectrometer (GC-MS) to analyze chicken skeletal
muscle metabolism ana meat flavors, respectively, after 5 um PS-MPs feeding for 35
consecutive days. 381 metabolites were quantified from breast muscle samples using
LC-MS/MS (Table S3). These metabolites can be grouped into 22 categories (Fig. 5B). PCA
(Fig. 5C) and PLS-DA (Fig. 5D) showed that there are differences in the muscle metabolite
profiles between PS-MPs feeding and control groups. We performed pairwise comparisons
between groups to identify significantly altered metabolites by PS-MPs. To our surprise, only

two metabolites were altered considerably (Fig. 5E), including D-Tagatose 1-phosphate and



nicotinamide (Fig. 5F). Both tagatose and nicotinamide have positive effects on improving
meat quality (Bautista et al., 2000; Wu et al., 2020). Additionally, the relative abundance of
inosinic acid (IMP), a famous flavor substance for meat quality (Zhang et al., 2008), was also
reduced after PS-MPs were exposed (Fig. 5G). Inosine and hypoxanthine (Liu et al., 2021),
two IMP by-products negatively affecting meat quality, exhibited an increasing trend after
PS-MPs exposure (Fig. 5G). Therefore, PS-MPs feeding may affect chicken meat quality.

To further determine whether PS-MP feeding affectcu n.zat quality, meat flavor
compounds were detected. 237 flavor metabolites we e giantified from breast muscle
samples using GC-MS (Table S3). These metabolite< cai. be grouped into 20 categories (Fig.
5H). PCA (Fig. 5I) and PLS-DA (Fig. 5J) shov.er differences in the meat flavor metabolite
profiles between PS-MPs feeding and cr.nu 2l groups. Pairwise comparison results showed
seven metabolites significantly altered after PS-MP feeding (Fig. 5K-5L). Notably, all these
seven metabolites were decreased co siderably after exposed to PS-MPs, and some of them
are important flavor substance. ana are involved in the formation of chicken flavor, such as
decanal, 13-Docosenamiz., a.d carbonic acid (Lorenzo et al., 2021; Pavlidis et al., 2021;
Terzi et al., 2021). The bove results indicate that PS-MPs feeding had little effect on the
metabolomic profile of skeletal muscle. However, some metabolites and flavor compounds
related to chicken meat quality can be inhibited after PS-MP exposure.

3.6. Microplastics induced myoblasts proliferation and apoptosis but decreased
myoblasts differentiation

To further understand how MPs affect muscle development, we added PS-MPs to

chicken primary myoblasts (CPMs) and examined their effect on cell activity. We found that



5 um PS-MPs can be absorbed by the CPMs (Fig. 6A). The expression of muscle
differentiation marker genes can be inhibited by different concentrations of PS-MPs (Fig.
6B-6D), and the differentiation index and myotube formation were also be repressed by
adding of PS-MPs (Fig. 6E-6G). Surprisingly, adding PS-MPs promoted gene expression in
cell proliferation and increased cell viability (Fig. 6H-6K). 5-ethynyl-2'-deoxyuridine (EdU)
staining also showed that PS-MPs addition increased the percentage of proliferation cells (Fig.
6L-6M). Therefore, PS-MPs can increase CPMs proliic.2tiun but decrease CPMs
differentiation. On the other hand, PS-MPs addition significai tly inhibited the expression of
BCL-2 and BAK (Fig. 6N-60), two important cell Aoop.2sis marker genes. Flow cytometry
assay further confirmed that PS-MPs exposure p omoted cell apoptosis (Fig. 6P-6Q). The
above results indicated that PS-MPs indu~.eu Cr Ms proliferation and apoptosis but decreased
CPMs differentiation.

3.7. Transcriptome analysis rav2als that PS-MP exposure affects chicken
skeletal muscle function v’ regulating genes involved in neural function and
muscle cell developm~z.:*

To explore the pote.tial mechanism underlying PS-MP regulation on chicken skeletal
muscle growth, we collected skeletal muscle from chickens fed 5 um PS-MPs for 35
consecutive days and used RNA sequencing (RNA-seq) to analyze gene expression. 121
genes were significantly differentially expressed between PS-MPs exposed muscles and
control muscles (Fig. 7A and Table S4). Among these differentially expressed genes (DEGS),
54 genes were up-regulated, and 67 genes were down-regulated (Fig. 7B). KEGG analysis

showed that neuroactive ligand-receptor interaction and circadian rhythm are two



significantly enriched pathways (Fig. 7C). These two pathways are all directly related to
neural function (Patke et al., 2020; Wei et al., 2020). GO analysis also showed that many GO
terms related to neural function were significantly enriched, such as circadian rhythm,
chemical synaptic transmission, and synaptic cleft (Fig. 7D). GO terms involved in muscle
development are also enriched in this analysis, such as skeletal muscle cell differentiation and
negative regulation of cell adhesion (Fig. 7D).

Alternative splicing is essential for regulating gene exprcsatorn, and increasing proteome
diversity (Chen et al., 2009). Here, we also analyze the ct angr of mMRNA alternative splicing
between PS-MPs exposed muscles and the control raus.les. We found that 564 genes were
significantly differentially splicing between the .o groups (Table S4). Skipped exon (SE),
which accounts for 77.41%, is the main dincrendally splicing type (Fig. 7E). KEGG and GO
analysis found that the differentially ~nlicing genes (DSGs) were also enriched in pathways
and GO terms involved in neural fu ction, such as axon guidance, modulation of synaptic
transmission, synapse maturat, ™n, rieurogenesis, and neuronal cell body (Fig. 7F-7G, Table
S5). Only two genes w..= woth significantly differentially expressed and differentially
splicing between the two jroups (Fig. 7H). Then, we performed GO and KEGG analysis for
DEG and DSG together. Similar to the above results, many pathways and GO terms involved
in neural function were enriched in the analysis results, such as axon guidance, circadian
rhythm, nervous system development, neuron projection development, and modulation of
synaptic transmission (Fig. S7 and Table S6). Finally, gene set enrichment analysis (GSEA)
of the RNA-seq data further showed that PS-MPs exposure resulted in the positive

enrichment of neural function-related GO terms and KEGG pathway (Fig. 71). Some GO



term and KEGG pathways involved in muscle development were also positively enriched in
the GSEA results (Fig. 7J). T above data suggest that PS-MP exposure affects skeletal muscle
function by regulating genes involved in neural function and muscle development.
4. Discussion

Plastics are a broad definition of various synthetic or natural high polymers. Various
plastics are closely related to human production and life. Still, plastics are difficult to
biodegradable and can only be digested into micro or nano-%:.~qd particles through physical
processes, requiring decades or even centuries to degra'e (+ ivokonsky et al., 2018). This
characteristic has led more and more scholars to star( pa /ing attention to the impact of MPs
on organisms (Rillig et al., 2020; Yuan et ai., 2022). MPs also carry toxic chemicals,
including toxic additives and heavy met-as ‘Tiwvari et al., 2019). Less than 150 pm plastic
particles can be absorbed by organisi.>s into tne body, even into cells (Yuan et al., 2022), and
accumulated through the biological chain. In the earthworm (Eisenia andrei), ingesting
microplastics can cause congcstion and inflammatory infiltration (Rodriguez-Seijo et al.,
2017). In sea bass (Dicerw 2rus labrax), long-term intake of PVC-MP can lead to moderate
to severe histopathologic:' changes in the intestine (Peda et al., 2016). In the zebrafish model,
exposure to environmental-related concentrations (1-100 pg/L) of PS-NPs can lead to
intestinal immune dysfunction and alter the structure and function of intestinal flora (Teng et
al., 2022). PS-NPs can also cause carditis and cardiomyocyte apoptosis in carp (Wu et al.,
2022). These studies have shown that a certain amount of MPs intake harms animal bodies.

Increasing evidence has suggested MP pollution in livestock and poultry farm. A

previous study identified MPs contamination in manure and feed (Wu et al., 2021). A recent



study further found that some MPs from supermarket cutting boards can accumulate in
chicken meat. Nevertheless, no study has shown MPs in livestock and poultry, especially
meat. Our results are the first to confirm the presence of MPs residues in poultry, the
most-eaten meat in the world. For the pollution sources of these MPs in poultry, we suspect
that they will likely come from feed or the packaging membrane of the feed. The chickens we
collected were caged and could not eat plastic waste in the environment. Our results showed
that PA6 and PAG66 are the MPs that remain the most in chicacns. Both of these substances
belong to nylon. Of all the sources of plastic pollution we hs ve observed in chicken farms,
only the inner membrane of the feed bag is made of nyion. The inner membrane of the feed
bag is in direct contact with the feed, and the fii tion between the plastic bag and the feed
during transportation promotes the relea.e >f 1.1Ps into the feed. The high temperature in
South China may also intensify the p.ncess of releasing MPs into the feed (Zha et al., 2022).
Therefore, feed manufacturers shou d think of ways to reduce plastic pollution in feed
packaging bags.

Metabolome analys’s ‘s v.nerging as a useful tool for assessing meat quality and meat
safety (Zhang et al., 202.). Many metabolites are related to meat quality traits. For example,
an untargeted metabolomics method based on UHPLC-MS was developed to assess meat
freshness in chickens. Some metabolites, such as tyramine, indole-3-carboxaldehyde, and
L-anserine, were identified as freshness-related biomarkers (Wen et al., 2020; Zhang et al.,
2020). A metabolomics method based on nuclear magnetic resonance or GC-MS can assess
meat's freshness and predict the meat's storage time (Argyri et al., 2015; Castejon et al., 2015).

Here, we detected the effects of PS-MP exposure on chicken meat quality using LC-MS and



GC-MS. However, only 9 metabolites were significantly changed after PS-MP exposure,
suggesting that PS-MP exposure has little effect on meat metabolomics and quality.

On the other hand, the abundance of all 9 metabolites was significantly inhibited after
PS-MP exposure. Some metabolites, such as D-tagatose, nicotinamide, and decanal, were
related to meat quality. D-tagatose can inhibit the growth of microorganisms in meat products,
and the spoilage rate of the meat products can also be decreased by D-tagatose (Bautista et al.,
2000). Dietary supplementation with nicotinamide can impreve the meat quality of broilers
(Wu et al., 2020). Decanal was correlated with meat's frshn.:ss (Pavlidis et al., 2021). The
inhibition of PS-MPs exposure to these metabolites would reduce meat quality. Besides, as
meat is an important food for humans, the MFs 'n the meat would affect meat safety and
human health. Many chemicals sorbed tc iv,”s «re known to be potent toxicants in humans,
triggering adverse effects such as ne.rological disorders, endocrine disruption, and reduced
reproductive success (Hantoro et al., 2(.19). Raising people's attention to meat MP residues
and assessing their potential ha. m to humans will be the next step for researchers.

An important findirg m wis study is that we found PS-MP feeding not only induced
myoblast proliferation bu. also increased chicken body weight. The positive effect of PS-MPs
on cell proliferation has been reported in many studies. For human cells, short-term PS-MP
exposure promoted pluripotent stem cell proliferation (Hua et al., 2022). A promotion effect
of cell proliferation was also shown in human mesenchymal stem cells after PS-MP exposure
(Im et al., 2022). For cells of other species, nano plastics can stimulate the proliferation of
swine granulosa cells at a high concentration, while cell viability results are unaffected (Im et

al., 2022). Polyethene MPs can cause mucous cell proliferation in carp gills (Cao et al., 2022).



However, some other studies showed that MP could inhibit cell proliferation. Exposure to
PS-MPs in human embryonic kidney and hepatocellular liver cells significantly reduced
cellular proliferation (Goodman et al., 2022). Based on the above contradictory results, we
speculate that the effect of MP on cell proliferation may be related to the size, shape,
concentration, material, and zeta potential of MP or even the target cell type.

The promoted effect of PS-MPs feeding on chicken growth was surprising to us.
Because previous studies have believed that MP is toxic to #...ma:i3 and humans (Waring et
al., 2018; Lu et al., 2018), our two feeding experiments, whi h lasted for about one month,
showed that MP feeding did promote body growth ir chi~kens. The in vitro cell experiments
also supported this result. MP exposure induceu nyoblast proliferation and apoptosis. The
proliferation of myoblast is beneficial for sk>lew! muscle growth (Waring et al., 2018; Lu et
al., 2018), while proper cell apoptos:> favors myogenesis (Jiang et al., 2021). Deposition of
MPs in muscle may stimulate mycblast proliferation and myogenesis process, thereby
promoting muscle growth. Ho. *ever, the detailed mechanism underlying the promoted effect
of MPs on chicken gro..*h still needs further exploration. More in vivo and in vitro
experiments are needed tc confirm and analyze the role of MPs in chickens.

Our transcriptome results found that the expression and alternative splicing of many
genes involved in neural function were significantly changed after PS-MP exposure.
Physiology function analysis of skeletal muscle also showed that PS-MP exposure induced
neurotoxicity. The neural function is important for maintaining muscle mass and muscle
function. Nerve impulses can initiate muscle contraction, and the denervation of muscle

fibers can cause muscle atrophy (Cisterna et al., 2014). Neural continuity disruption could



also cause adverse effects on muscle biology (Cisterna et al., 2014). Many genes and
pathways, such as the circadian rhythm, were related to neural function. Circadian rhythms
are established and maintained by the suprachiasmatic nucleus, composed of approximately
20,000 neurons (Reppert et al., 2001; Masri et al., 2013). Our results found that the circadian
rhythm is significantly enriched in the DEGs between PS-MP exposure and control groups,
indicating that PS-MP exposure may affect circadian rhythm. A recent study found that the
circadian rhythm controls the metabolism of amino acids ;i mu.ine skeletal muscle. The
knock-out of circadian rhythm genes disrupts the hypei‘ropiy of skeletal muscle in mice
(Aoyama et al., 2021). Therefore, regulating the circzdia,’ rhythm pathway may be one of the
reasons that PS-MP affects muscle growth arua function in chickens. Axon guidance is
another significantly enriched pathway in ou. Ri{A-seq result.

The proper formation of neui~nal connections during development requires axon
guidance (Van Vactor et al., 1999). ' o’ably, some axon guidance molecules are involved in
myogenesis. A recent study .'as shown that repulsive guidance molecule a (RGMa), a
GPl-anchor axon guidanr. mu.cecule, is expressed in skeletal muscle cells. Overexpression of
RGMa induces hypertrop 1y of muscle cells (Copola et al., 2022). Neogenin plays a key role
in axon guidance by interacting with RGMs and netrin-1 (Copola et al., 2022). It has been
found that neogenin can regulate myogenic differentiation and skeletal myofiber size (Bae et
al., 2009). Mice with neogenin mutation have abnormally small myofibers at embryonic day
(Bae et al., 2009). Therefore, considering that neural toxicity of MP was also found in
cultured neural stem cells, fish, mice, and many other marine organisms (Deng et al., 2017;

Jeong et al., 2022; Teng et al., 2022), one of the mechanisms by which PS-MP affects



chicken muscle growth and function may be through its neurotoxicity.
5. Conclusions

Microplastic residue can be detected in chickens’ small intestines, liver, and skeletal
muscles. The smaller the diameter of the MPs, the more they are deposited in the skeletal
muscle. PS-MP exposure inhibited the energy metabolism and lipid metabolism of skeletal
muscle, induced oxidative stress, and potential for neurotoxicity of skeletal muscle. The
metabolomics results show that PS-MPs may affect meat qua’..,” by inhibiting the abundance
of metabolites related to meat quality. In vivo and in vitrc rest Its show that PS-MP exposure
promotes chicken muscle growth and induces nychlast proliferation and apoptosis.
Transcriptome results suggest that PS-MP expc.ure affects skeletal muscle function by
regulating genes involved in neural functiun “nu muscle development.

This work is the first to report tl.~» contarnination and function of MPs in poultry skeletal
muscle. As poultry is a vital meat scurce for humans, the roles of MP on chicken growth,
quality, and safety should be p..’d more and more attention in future research.
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Figure 1. Microplastic residue can be detected in chicken skeletal muscle. (A) Potential



sources of microplastic pollution in chicken farms. (B) Microplastic identification images of
chicken muscle by laser infrared imaging spectrometer (LDIR). (C) The proportion of

different types of microplastics in chicken muscle samples. (D) Size distribution of

microplastics detected in chicken muscle samples.
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Figure 3. Microplastic accumulatiz,> o omotes chicken muscle growth. (A-G) Effects of
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mean = SEM. Different letters (a and b) indicate significant differences (p < 0.05) by
Duncan’s multiple range test. One-way ANOVA followed by Dunnett’s test was used to

compare differences in mean values at the 5% significance level.
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Figure 4. Effects of microplastic accumulation on chicken skeletal muscle and liver
physiological function. (A) ATP levels and LDH activities of skeletal muscle. (B) TG and
T-CHO levels of skeletal muscle. (C) SOD activities and GSH-Px levels of skeletal muscle.
(D) SOD activities and GSH-Px levels of skeletal muscle. (E) ATP levels and LDH activities
of the liver. (F) TG and T-CHO levels of liver. (G) SOD activities and GSH-Px levels of the

liver. (H) SOD activities and GSH-Px levels of the liver. Chickens were fed different



concentrations of PS-MP for 28 days. The results are shown as the mean + SEM. Independent

sample t-tests were performed to determine the significance of differences between groups.
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characteristics after PS-MPs feeding for 35 d. (B) The proportion of each metabolite detected
by LC-MS/MS in chicken skeletal muscle. (C) PCA analysis of the two groups. WSL05
means chicken exposed to PS-MPs. WSLNC means control group. (D) PLS-DA analysis of
the two groups. (E) Heatmap of metabolites detected by LC-MS/MS. (F) Metabolites
significantly changed after PS-MP exposure. (G) Key metabolites associated with meat
quality. (H) The proportion of each flavor substance detected by GC-MS in chicken skeletal
muscle. (I) PCA analysis of the two groups. WSL05 means chiuken exposed to PS-MPs.
WSLNC means control group. (J) PLS-DA analysis of the two groups. (K) Heatmap of flavor
substance detected by GC-MS. (L) The flavor substznce significantly changed after PS-MPs
exposure. The results are shown as the mear. -~. SEM. Independent sample t-tests were
performed to determine the significance o1 dn.2rences between groups. *p < 0.05; **p <

0.01.
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Figure 6. Microplastics indu.~d myoblasts proliferation and apoptosis but decreased
myoblasts different’ctic~ /A) Distribution of FPS-MPs in chicken primary myoblast. Red
fluorescent represents FPS-MP. (B-D) Relative mRNA expression of muscle differentiation
marker genes MYOD1, MYOG, and MyHC in chicken primary myoblasts exposed different
abundances of FPS-MP. (E-F) Differentiation index and myotube area in chicken primary
myoblasts exposed different abundances of FPS-MP. (G) MyHC staining of cells at 72 h after
FPS-MP exposure in chicken primary myoblasts. Fused myotubes were positive for MyHC
(green), and cell nuclei were positive for DAPI (blue). (H-1) Relative mRNA expression of

cell proliferation marker genes PCNA and Ki-67 in chicken primary myoblasts exposed



different abundances of FPS-MP. (J) Cell viability of chicken primary myoblasts exposed to a
different abundance of FPS-MP. (K) Cell cycle analysis of chicken primary myoblasts after
exposed different abundance of FPS-MP. (M) EdU staining of chicken primary myoblasts
after exposed different abundances of FPS-MP. (N-O) Relative mRNA expression of cell
apoptosis marker genes BCL-2 and BAK in chicken primary myoblasts exposed different
abundances of FPS-MP. (P-Q) Cell apoptosis analysis of chicken primary myoblasts after
exposed different abundance of FPS-MPs. The results are _~own as the mean £ SEM.
Independent sample t-tests were performed to determie tiie significance of differences

between groups. *p < 0.05; **p < 0.01.
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Figure 7. Transcriptome analysis reveals that PS-MP exposure affects chicken skeletal
muscle function by regulating genes involved in neural function and muscle cell
development. (A) Heat map of transcriptome expression of each sample. (B) The volcano
plot shows DEGs between the two groups. (C) The significantly enriched KEGG pathways of
DEGs. (D) Gene ontology enrichment of DEGs. (E) The proportion of various alternative
splicing types of DSGs. SE: Skipped Exon. MXE: Mutually Exclusive Exons. A3SS:
Alternative 3” Splice Site. RI: Retained Intron. AS5SS: Altein.tive 5° Splice Site. (F) The
significantly enriched KEGG pathways of DSGs. (G) Gen» onidlogy enrichment of DSGs. (H)
Venn diagram of DEGs and DSGs. (I-J) GSEA ataly.is of RNA-seq data from PS-MPs

exposure chicken breast muscle and control chicxe « breast muscle.
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MPs types & Abundance (mg/kg)

Tissues Numbers
PS PET PAG6 PA6G6 PE PMMA PP PVC PC
1 2.221 N.D. 488.07 476.548 N.D. N.D. N.D. N.D. N.D.
Jejunum 2 2.349 N.D. 936.447 364.131 N.D. N.D. N.D. N.D. N.D.
3 2.073 N.D. 300.903 N.D. N.D. N.D. N.D. N.D. N.D.
mean 2214  ND. 575.140 420.340 N.D. N.D. N.D. N.D. N.D.
1 7416  2360.799 1321291 169.51 N.D. N.D. N.D. N.D. N.D.
Liver 2 3.816 1723.805 559.575 N.D. N.D. N.D. N.D. N.D. N.D.
3 6.186 1169519 947.55 N.D. N.D. N.D. N.D. N.D. N.D.
mean 5.806 1751374 942.805 169.510 N.D. N.D. N.D. N.D. N.D.
1 3.997 N.D. 1308.325 N.D. N. ). \I.D. N.D. N.D. N.D.
Leg muscle 2 2625  N.D. 645.195 N.D. N.L N.D. N.D. N.D. N.D.
3 2.187 N.D. 700.617 N.D. N.D. N.D. N.D. N.D. N.D.
mean 2.936 N.D. 884.712 NI. ~ ND. N.D. N.D. N.D. N.D.
1 1.712 N.D. 641.723 NI N.D. N.D. N.D. N.D. N.D.
Breast
2 7.491 N.D. 580.259 N . N.D. N.D. N.D. N.D. N.D.
muscle
3 2.883 N.D. 462.7¢" N.D. N.D. N.D. N.D. N.D. N.D.

Table 1. Statistical analysis of MP types and abunc. ~nce in chicken tissues



mean

4.029

N.D.

561.593

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.

N.D.: not detectable
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Highlights
e Microplastics accumulate in the muscles of farmed broilers.
e Polystyrene microplastics (PS-MPs) promote the muscle growth of broilers.
e PS-MP exposure reduced meat quality but increased the muscle weight of chickens.

e PS-MPs feeding can affect the expression of genes related to neural function.



