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Email: Icahill@mun.ca Website: cahilllab.com

MICRO- AND NANOPLASTICS
Determine exposure levels in humans

Establish causality between exposure
and pregnancy outcomes using mice

Are plastics a vector for harmful Fetal Growth Restriction

pollutants?

PERFLUOROALKYL SUBSTANCES

- Determine toxicity of novel, unregulated
PFAS

- Understand why vulnerability to PFAS @<
depends on fetal biological sex

Altered Brain Development UNIVERSITY




Plastics: The Good

* Plastics have many favourable properties:
- lightweight
- durable
- inexpensive
- versatile

: * Used in every day household products:
2, - toys
.’ A -

— - food packaging
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L @ - clothing

i n . ’ - storage containers

ﬂ - construction materials
: >

sciencelearn. org.nz




Plastics: The Bad

* Over 400 Megatons of plastics produced annually

Landrigan et al. Ann Glob Health 2023, 89:23




How much plastic is landfilled
or left in the environment?

(a) <10%
(b) 25%
(c) 50%

(d) >50%




Plastics: The Bad

* Over 400 Megatons of plastics produced annually

Landrigan et al. Ann Glob Health 2023, 89:23

Recycled

Landfilled
or left in Incinerated

environment

Chamas et al. ACS Sustain Chem Eng 2020, 8:3494




Plastics: The Ugly
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Micro- and Nanoplastics

Gillibert et al. Environ Sci Technol 2019, 53:9003




Routes of Exposure




Sources of Exposure




Microplastics have been found in which
of the following parts of the human body?

(a) Carotid artery
(b) Lung

(c) Blood

(d) Liver

(e) Kidneys

(f) Colon

(g) Testes

(h) All of the above




Micro- and Nanoplastics in Humans

Carotid artery: Marfella et al., 2024

Lung: Amato-Lourenco et al., 2021; Jenner et al., 2022
Blood: Leslie et al., 2022; Guan et al., 2023, Brits et al., 2024

— Liver: Horvatits et al., 2022

Kidneys: Massardo et al., 2024
Colon: Ibrahim et al., 2021

Testes: Zhao et al., 2023; Hu et al., 2024




The Placenta

requirement for all mammalian pregnancies

transient vascular organ with two distinct compartments (maternal and fetal)

primary site of gas and nutrient exchange

abnormal placental development can lead to:
- maternal hypertension

- preterm birth

- fetal growth restriction

- stillbirth




Plastics in the Placenta!

Environment International 146 (2021) 106274

Contents lists available at ScienceDirect
Environment International

FI1 SEVIER journal homepage: www.elsevier.com/locate/envint

Plasticenta: First evidence of microplastics in human placenta

Antonio Ragusa®, Alessandro Svelato™®, Criselda Santacroce ”, Piera Catalano ”,

Valentina Notarstefano , Oliana Carnevali ©, Fabrizio Papa b Mauro Ciro Antonio Rongioletti b
Federico Baiocco ?, Simonetta Draghi®, Elisabetta D’Amore °, Denise Rinaldo “, Maria Matta °,
Elisabetta Giorgini
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Plastics and Pregnancy

Placenta

Ragusa et al. Int J Environ Res Public Health 2022,
19:11593.
Amereh et al. Environ Pollut 2022, 314:121074.

Zhu et al. Sci Total Environ 2023, 856:159060.

Meconium

Zhang et al. Environ Sci Technol 2021, 8:989.
Liu et al. Environ Sci Technol 2022, In press.
Braun et al. Pharmaceutics 2022, 13:921.

Breastmilk

Ragusa et al. Polymers 2022, 14:2700.
Liu et al. Sci Total Environ 2023, 13:158699.




Frequency of Placentas
Containing Microplastics (%)
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Is human exposure to
microplastics increasing?

m Polyethylene Terephthalate
O Polyethylene

® Polyurethane

@ Polystyrene

® Poly (Isoprene), trans

® Polyacrilonitrile

® Polyethylene Vinyl Acetate @ Polyester
@ Polyvinyl Chloride ® Polypropylene

® Polycarbonate ® Polyamide

@ Polyethylene Adipate ® Polymethyl Methacrylate
O Acrylonitrile Butadiene Styrene @ Polyvinyl Alcohol

® Unable to be Indentified

Weingrill et al. Environ Int 2023,180:108220



Knowledge Gaps

‘ What concentration of sub-micrometer plastics are humans exposed to?

‘ What are the impacts of micro-/nanoplastics exposure to human health?

Metabolomics

Exposure

Monitorin ’
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Plastics in Indoor Environment and Human Tissue

* Pyrolysis gas chromatography x cyclic ion mobility mass spectrometry (Pyr-GCxclMS-MS)
- allows for quantitative analysis




il e
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Weeks gestation

Recruitment
and Consent

Toronto, Ontario

Air and
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i Blood Placenta
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Plastics in the Indoor Environment

PM2.5 composition
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Between 9-65% of indoor particulate matter consists of plastic
Most of the plastic detected is polystyrene (less dense!)



One million
times less!

4.1 pg/week

Senathirajah et al. J Hazard Mater Mohamed Nor et al. Environ Sci Tech
2021, 404:124004 2021, 55:5084




Based on our estimates (160 pg/day),
it would take 85 years to inhale a

credit card worth of plastic (~5 g)




Plastics in Placental Tissue

46 pregnant people recruited from St John’s,
Newfoundland, Canada.

All placentas collected were brought out
directly from the OR in sterile metal dishes.

4 biopsy punches from four corners of
placenta collected (~1 g).

1 vial of blood scooped from inside the
placenta (~1 mL).

Placenta samples are then stored in glass
scintillation vials at -80°C.

Blood samples are stored in glass heparinized
vacutainer at -20°C.

@

Digestion w/ Suction Filtration

10% KOH using GF/F filters Filter paper Sample Analysis via

retrieval loading into Py-GCxclMS

Tissue: 48h diameter = 10 mm pyrolysis tube

Blood: 24h pore size = 700 nm

v

i

Vacuum filtration is done in an ISO Class 6 clean room




Large differences between studies

12 microplastic fragments in 4 of 6 placentas

Quantitative analysis: concentrations range from 6.5 to 685 ug/g ! (mean =127 ug/g)




Knowledge Gaps

‘ What concentration of sub-micrometer plastics are humans exposed to?

‘ What are the impacts of micro-/nanoplastics exposure to human health?

Metabolomics

Exposure

Monitorin ’
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Animal Research in Pregnancy

* The benefits of mice include:
- the placenta in both mice and humans have a similar vascular and cellular structure
- efficient for research (low cost, rapid gestation, large litter sizes, reproducible pathology)
- used to establish causal relationships between exposure and early life development

Mouse placenta Human placental cotyledon




Biomedical Imaging in Mice

* imaging technologies used to study animals are the same as those used clinically
e possible to study the same animal in real time throughout its life

e full animal coverage and rich quantitative data sets




Study Design
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Maternal Exposure Causes
Fetal Growth Restriction

O Control @ PS-MPs @ PS-NPs O Control @ PS-MPs @ PS-NPs

Peoncentration<0.0001 Peoncentration<0.0001
Psize < 0.01
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Umbilical cord length (mm)

2 4 2 4
log(Concentration MP/NP) (ng/L) log(Concentration MP/NP) (ng/L)

Aghaei et al. Environ Sci Technol Lett 2022, 9:426



Fetal weight (g)
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Biological Sex Differences in Growth
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Control ~ MPs NPs Control ~ MPs NPs Control ~ MPs NPs Control ~ MPs NPs

Female fetuses may slow growth in response to plastics exposure, maintaining a healthy
balance of nutrient transfer from the placenta and growth

Male fetuses have a less effective nutrient transfer capacity but maintain similar growth to
controls which may be harmful

Dibbon et al. Biol Reprod 2024, 110:209




Maternal Exposure Causes Placental Dysfunction

Psize < 0.0001
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Middle cerebral artery pulsatility index

Control Microplastics  Nanoplastics Control Microplastics  Nanoplastics

Dibbon et al. Biol Reprod 2024, 110:209.




Fetal weight (g)

Developmental toxicity depends on polymer type
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Control PE PS PS Control PE PS PS Control PE PS PS
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*p<0.05, **p<0.01, ***p<0.0001, n=11-14 dams/group

Hanrahan et al. Sci Rep 2024, 14:399




Is the fetal growth restriction associated with micro-/nanoplastics exposure partially the
result of alterations in placental metabolism?

What is the impact on fetal brain metabolism?




Placental Metabolism

» fetuses depend on appropriate metabolic responses of the placenta to reach their growth
potential

* “application of metabolomics in pregnancy research is an embryonic science"

Screening Prediction

Metabolomics

Diagnosis in Pregnancy Mechanism

Etiology

Mohammad et al. Tissue Cell 2021, 73:101663




Magic Angle Spinning
Magnetic Resonance Spectroscopy

* freezingin liquid N, for rapid inactivation of enzymes

* intact, unprocessed tissue samples:
- avoid extraction procedures
- minimize impact of solvent effects
- better represent molecular integrity of in vivo

Weybright et al. Magn Reson Med 1998, 39:337.
Davila et al. Magma 2012, 25:401.




1H HRMAS MRS of the Mouse Placenta

MAS = 4 kHz
Temp =310 K
n =32 scans

Schneider et al. Metabolomics 2022, 18:10



Effect of plastics exposure on
placental metabolomics

pOOﬂCGﬂlfabO'\ < 001
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2 4 2 4
log(Concentration MP) (ng/L) log(Concentration MP) (ng/L)

n = 28-44 placentas/group Aghaei et al. Metabolomics 2023, 19:1




Fetal Brain Metabolites

GABA Creatine Glucose
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Essential neurotransmitter Important for production Main source of energy for

for brain maturation of ATP brain function

*p<0.05, n = 18-21 brains/group/sex Mercer et al. Metabolomics 2023, 19:96




Study Design
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weigh
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Impact of nanoplastics exposure on
postnatal development

Female
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Impact of nanoplastics exposure on neuroanatomy

* Region-specific effects on brain
structure:

- Olfactory bulb
- Motor cortex
- Hippocampus
- Hypothalamus
- Medulla

- Striatum

10% FDR, n = 11 brains/group/sex
Harvey et al. Environ Sci: Adv 2023, 2:622




Impact of nanoplastics exposure on neuroanatomy
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www.ciel.org/plasticsandclimate
Center for International Environmental Law

Summary

Humans: Micro-/nanoplastics are in the human placenta
with a large variation in concentration

Mice: Maternal exposure to micro-/nanoplastics
significantly impacts early life development

(growth restriction, abnormal placental metabolism,
abnormal brain development)

Mice: Developmental toxicity depends on plastic type
and size

Critical to better characterize exposure levels in healthy
and complicated pregnancies
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