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Abstract:

Microplastic accumulation in the body has become
a growing concern due to widespread harmful
physiological effects. This research is focused on
understanding how the intestinal mucus layer prevents
the migration of ingested microplastics. We studied how
size and surface charge of microplastics of different
compositions, functionalization and size alter particle
movement through mucus. Previous studies have used
alternative mucus models such as porcine gastric mucus
and have focused primarily on one plastic composition.
Our study uses mucus derived from a human colonic
cancer cell line, HT29MTX, and tests a broad range of
plastic compositions and sizes. Results highlight the
importance of the mucus layer in hindering the migration
of particles > 200 nm and identify compositions diffuse
more easily through mucus.

Summary of Research:

Over 400 million tons of plastic are produced every year
[1]. Many of these plastics end up in the environment,
gradually  breaking down into  microplastics.
Microplastics are defined as plastic particles under 5
mm and can be found in the water soil and air. Ingestion
of these particles has been linked to negative health
impacts including metabolic disorders, neurotoxicity
and intestinal inflammation [2]. The mucus layer within
the intestine acts as a protective barrier against harmful
substances however, studies have demonstrated that
microplastics often travel through intestinal mucus and
end up in other organs [3]. The goal of this research
project is to characterize microplastic migration through
intestinal mucus to identify key factors contributing
to microplastic migration and understand the role of
the mucus layer. Previous work has looked at particle
migration in various mucus models such as porcine
gastric mucus [4],hydrogels,human lungs, human cervix
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and various animal sources [4,5]. Most studies focus
on polystyrene microplastics however a broad array of
particle compositions are often ingested [2]. We used
particle characterization techniques and microrheology
to study the migration of different compositions, surface
functionalizations and sizes in intestinal mucus produced
by HT29MTX human colorectal adenocarcinoma cells.

HT-29MTX cells were chosen due to their high mucus
production and common use in human intestinal studies.
Cells were grown as a monolayer in growth media for 21
days for a mature mucus layer. Zeta potential was used
to measure the effective surface charge of particles in
solution. Zeta potential was measured using a Malvern
Nano Zs Zetasizer (Malvern Pananalytical, Malvern,
U.K.). A total of three measurements were taken for
each particle type. Each particle composition and
functionalization was tested with values ranging from
-43 mV to 14 mV, as shown in Figure 1.

Cells were cultured in 6-well plates on circular cover
glasses for microrheology to determine particle
diffusivity. The particle of interest was added to the
culture media at a concentration of 1 yl/ml and left to
equilibrate for 15 minutes. The diffusion of particles
through the mucus layer was imaged on an Elyra Super
Resolution Microscope. A time series was collected with
a step of 0.05 s with at least three biological replicates
and at different locations over the cell monolayer.
Images were analyzed using Image] Trackmate and
Matlab to determine mean squared displacements and
diffusion coefficients [6].

Diffusivity was determined to compare the effects of size,
composition and surface functionalization. Diffusivity
increased as microplastic size decreased, as shown in
Figure 2. Polyethylene and polystyrene particles had the
highest diffusivity out of all particle compositions tested,
while silica particles had the lowest diffusivity. The
diffusivity of 500 nm particles could not be determined
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Figure 1: Zeta potential for each particle composition and surface functionalization.

Figure 2: Diffusivity for each particle size.

Figure 3: Diffusivity for each particle composition at 100 nm for PS, PP, PE, and PMMA.

Figure 4: Diffusivity for each surface functionalization of for PS 100 nm particles.

as these particles did not migrate through the mucus.
Mucus has a pore size of approximately 200 nm, which
prevented these particles from passing through [7]. In
contrast, 40 nm particles were able to diffuse much more
easily through the mucus layer. Figures 3 and 4 indicate
that unfunctionalized polystyrene had the highest
diffusivity. These results highlight the role of the mucus
layer in preventing the migration of particles > 200 nm
and indicate that certain compositions present a greater
health threat. Further study is needed to understand how
diffusivity might be related to negative health effects
such as inflammation and cell death.

Conclusions and Future Steps:

The tools and technical expertise provided at the CNF
was essential to the rapid testing necessary for biological
samples. Future work will investigate how the mucus
layer structure and mechanical properties alter cell
uptake of particles through the design of microfluidic
chips for cell growth and imaging. We will also expand
on our preliminary tests to include particles carrying
other environmental pollutants which may alter surface
properties and change particles migration through the
mucus.
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