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Microplastics are an emerging pollutant with many fundamental questions still left unresolved.
Are they toxic? How do they change over time? How long do they persist? Environmental
scientists are asking many of these questions about the fate and effects of plastics in the natural
environment, while biomaterials scientists have been asking the same questions for years in
another environment: the human body.

The field of biomaterials encompasses all materials used in biomedical devices and therapies.
(Biomaterials are not to be confused with bio-materials or biological materials, which are largely
considered a class of materials with some natural origin.) Prior to the 1960s, the field of
biomaterials relied on commercial plastics. Classic examples include the precursors of modern-
day contact lenses and vascular grafts.!

Originally, there was an overly simplistic view of the interaction between biological systems

and materials. Early contact lenses were made of polymethylmethacrylate (PMMA; ak.a.



Plexiglas®) because the material met the requirements for mass production, optical clarity,
machinability, etc. However, hard contact lenses also irritated patient’s eyes because they lacked
hydration and oxygen permeability.> In a comparable manner, expanded PTFE (ePTFE; a.k.a.
Goretex®) or woven polyethylene terephthalate (PET; a.k.a. Dacron®) were used to make
vascular grafts. Despite their non-stick characteristics in other domains, in the body they promote
clotting because they did not have good hemocompatibility on their own. Today, enhancements
such as modifying the surface with anticoagulant/antithrombotic agents have been used, but issues
related to unwanted clotting persist for small diameter grafts.’ Slowly, it has been recognized that
there is more to consider than just the chemical and physical properties of a material. In these two
examples, it became clear that the biological properties—the host response and cell-material
interactions—are also important. Engineered plastics were used in new environments for which
they were not designed and in which they had never been tested. Biomaterial scientists and
engineers soon learned an important lesson: biology matters.

The same can be said about plastic pollution. The processes impacting the persistence and
toxicity of plastics depend on where they reside. One example of this concerns the biodegradability
of polylactic acid (PLA). In industrial composting conditions, PLA has a relatively short lifetime
(months), but in the soil or the ocean it can persist significantly longer (years).* This gives us the
environmental scientist’s corollary to the above rule: the environment matters.

In the field of biomaterials, the issues described above catalyzed the concept of biocompatibility.
In its most basic terms, biocompatibility is “the ability of a material to perform with an appropriate
host response in a specific application”.’ It couples material to application. PMMA as a contact
lens material did not give an “appropriate host response” because it caused irritated, dry eyes. New

materials were investigated and developed; now, contact lenses are soft and made from hydrogel



silicones or from poly(2-hydroxyethyl methacrylate) (pHEMA).? These biomaterials support
hydration and oxygen diffusion to the underlying eye tissue, which greatly improve patient
comfort. Next-generation vascular grafts look to use more hemocompatible materials such as
biodegradable poly(diol citrate) elastomers (POC).>®* Both of these changes relied on new
biomaterials.

Biomaterials science as a field progressed once it became accepted wisdom that materials should
be designed from the ground up with the body and human health in mind. To do this required
greater mechanistic studies of human physiology and its interaction with materials.!
Environmental scientists are starting to do the same type of basic research to uncover the
interactions between plastics and nature. A prime example has been revisiting the environmental
lifetimes of plastic.” Once thought to be thousands of years, it is now understood to be more likely
hundreds of years, exemplified by fundamental research on the photodegradation of polystyrene.®
Biomaterials science can offer environmental science a “second opinion” on plastic pollution
because the plastics of interest for both fields greatly overlap (Figure 1) and so offer the potential
for insight from both fields to be applied to questions regarding the use of a particular plastic in
either context. Already it has been suggested that organ-on-a-chip models can be used for
evaluating environmental nanoparticle toxicity and that the body's response to polymeric wear
particles from prostheses can inform our understanding of the body's response to microplastics.”
1 Still, there is more room for exchange.

The most common industrial plastics have been or are of interest to both fields and the
environmental conditions that plastics are subjected to in the body and in nature are very similar.
Both environments are aqueous, consist of a collection of biomacromolecules, salts, and small

molecules, and are biologically active. The major exception is that the environment often includes



photochemical processes, where the body does not. However, the reactive oxygen species
generated by sunlight in nature are similarly present in the body and are used by cells to attack
pathogens and foreign materials.'®

Another crossover is in the release and absorption of small molecules. The processes governing
this are the same in the body and the environment and simply differ by a matter of perspective:
One plastic’s leachate is another plastic’s released drug.'?> The collection of biomacromolecules
that adsorb to plastics has been dubbed its eco-corona;'? the same phenomenon also occurs on the
surfaces of biomaterials in the form of a “bio-corona,” notably by serum proteins.'*

Of interest to environmental health scientists is the potential for microplastics to act as vectors
of disease-causing microbes.!> In principle, the interactions investigated by biomaterial scientists

in terms of microbiome-material interactions and biofilm-material interactions should aid in this

effort. 1516
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Figure 1. A comparison of common polymers used and investigated in the biomedical and

environmental sciences. Notably, the plastics most abundantly found in nature (PE, PP, PS, PET,




PVC) are shared between the two fields."!” Additionally, many of the properties and processes of
interest are the same and simply differ only on the basis of favorability e.g., in the biomedical field
the release of small molecules can be favorable for drug delivery while in the environmental field
the release of small molecules can be unfavorable in the form of leachates. Created with

BioRender.com.

Much like in biomaterials science, environmental science would benefit from defining a term
parallel to biocompatibility to describe the interaction of materials in the environment. In that
sense, the ecocompatibility of a material can be thought of as the ability of a material to not disrupt
the healthy functioning of the natural environment in which it exists. Pairing material and
environmental context can provide a framework that is aligned with the concepts of green
chemistry for both understanding and designing a material with the natural environment in mind
and to recognize that the same plastic may behave differently in different environments. The
framework can come full circle when considering the toxicity of environmentally derived
microplastics in the body as their presence transitions from being an issue of ecocompatibility to
one of biocompatibility. It should be noted that the plastics being investigated as biodegradable or
eco-friendly have been used in the body for the past few decades.! This exchange can be a bridge
for biomaterials scientists, environmental scientists, and polymer scientists to start interacting
more with one another.

It stands to reason that the interests and concerns of environmental science for plastic pollution
align with those held by biomaterials science. Thus, there is much to share between the two fields

to tackle the challenges of plastic pollution in the environment and its impact on wildlife and



human health. It would be wise for researchers investigating plastics in the environment to
communicate with their peers investigating plastics in the body and vice-versa. In medicine, one

doctor's opinion is good, but two are better.
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ePTFE, expanded polytetrafluorethylene; pHEMA, poly(2-hydroxyethyl methacrylate); PA,
polyamide; PEG, polyethylene glycol; PCL, polycaprolactone; PDMS, polydimethylsiloxane;
POC, polycitrates; PE, polyethylene; PP, polypropylene; PHA, polyhydroxyalkanoates; PTFE,
polytetrafluoroethylene; PVC, polyvinylchloride; PLA, polylactic acid; PET, polyethylene
terephthalate; PS, polystyrene; PMMA, polymethylmethacrylate; ABS, acrylonitrile butadiene
styrene; PC, polycarbonate.
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