
 

Engineers test drug transfer using placenta-
on-a-chip
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The Huh lab's placenta-on-a-chip features two microfluidic channels that
represent the maternal and fetal circulatory systems, and a membrane with living
cells from the placental barrier that separates the two. There are few good
options for testing how pharmaceuticals and other supplements might cross the
placental barrier during pregnancy. Simulating that barrier on a chip, using
human cells, is an alternative to inconclusive animal models, or using placental
tissue donated after birth, which have a limited lifespan and require complicated
experimental set-ups. Credit: University of Pennsylvania
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Researchers at the University of Pennsylvania's School of Engineering
and Applied Science have demonstrated the feasibility of their "organ-on-
a-chip" platform in studying how drugs are transported across the human
placental barrier.

Some maternally-administered medications can enter the fetal
bloodstream, but how the placenta determines which molecules can get
through is still poorly understood. The ways of testing this process are
limited. Animal models don't capture important details of human
physiology, most in vivo research can't be ethically performed, and
placentas donated after birth are only viable for a few hours, making it
difficult to properly conduct complicated transport experiments.

A small number of drugs have been tested via this "ex vivo placental
perfusion" method, however. By comparing the results of transport
experiments conducted on their placenta-on-a-chip, the Penn team
demonstrated their benchtop system could be an effective stand-in for a
living organ in such research.

The study was led by Dan Huh, Wilf Family Term Assistant Professor in
Bioengineering in Penn's School of Engineering and Applied Science,
and Cassidy Blundell, a graduate student in the Huh lab. Other lab
members, Yoon-Suk Yi, Lin Ma, Emily Tess, Megan Farrell and Andrei
Georgescu, contributed to the study. They collaborated with Lauren M.
Aleksunes, an associate professor in Rutgers University's Ernest Mario
School of Pharmacy.

It was featured on the cover of the journal Advanced Healthcare
Materials.

The Penn team's placenta-on-a-chip is a small block of silicone that
houses two microfluidic channels separated by a porous membrane. The
researchers grow human trophoblast cells on one side of the membrane
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and endothelial cells on the other. The layers of those two cell types
mimic the placental barrier, which determines what passes from the
maternal to the fetal circulatory systems.

By adding different molecules to the blood-like fluid flowing through
the "maternal" microfluidic channel, the researchers can measure the
rate at which they transfer to the "fetal" channel and how much they
accumulate in the barrier itself.

The ability to test this process on human placentas is in high demand.
Pregnant women are excluded from clinical drug trials, and animal
models have severe limitations. Those limitations were tragically
demonstrated in the case of thalidomide, where a morning sickness drug
able to transport across the human placental barrier led to tens of
thousands of birth defects and deaths.

Current state-of-the-art transport experiments are conducted on donated
human placental tissue, but hooking up a living organ to the testing
apparatus is a messy, finicky proposition.

"Ex vivo placental perfusion is a great method," Huh said, "but it has a
pretty high failure rate, and the experimental set-up is complicated: it's
prone to leaks and needs a high level of expertise. Most pharmaceutical
companies are not going to be able to test their drugs using this method."

To validate their placenta-on-a-chip as a testing platform, Huh and his
colleagues compared the transport of two drugs that have been studied
via ex vivo placental perfusion: heparin, an anticoagulant, and glyburide,
used in the treatment of gestational diabetes.

Heparin is understood to be too large a molecule to pass through the
placental barrier, and the team's placenta-on-a-chip also bore out that
result. Glyburide is considered safe to use during pregnancy, thanks to
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specialized efflux transporters expressed by the placental tissue that
prevent maternally administered drug molecules from reaching the fetus.
The placenta-on-a-chip was able to emulate this protective mechanism.

"We're getting close," Huh said. "This study has given us confidence that
the placenta-on-a-chip has tremendous potential as a screening platform
to assess and predict drug transport in the human placenta."

Further research and validation studies will be necessary before the
placenta-on-a-chip sufficiently replicates its in vivo counterpart for the
purposes of clinical testing.

"For example, the fluorescent marker we use changes the size and shape
of the drug, which has an effect on transport," Blundell said. "Going
forward, we'll be working with our pharmacologist collaborator, Lauren
Aleksunes, and her lab to simulate more realistic situations."

Beyond pharmaceuticals, the Penn team's placenta-on-a-chip would be
useful for better understanding the health impacts of a variety of things
that could potentially cross into the fetal bloodstream.

"We'd like to use this system to test things beyond drugs, such herbal
supplements, vitamins, and a whole host of things that women might take
over the course of pregnancy," Blundell said.

  More information: Cassidy Blundell et al. Placental Drug Transport-
on-a-Chip: A Microengineered In Vitro Model of Transporter-Mediated
Drug Efflux in the Human Placental Barrier, Advanced Healthcare
Materials (2017). DOI: 10.1002/adhm.201700786

Provided by University of Pennsylvania

4/5

https://phys.org/tags/drug/
http://dx.doi.org/10.1002/adhm.201700786


 

Citation: Engineers test drug transfer using placenta-on-a-chip (2018, February 16) retrieved 24
April 2024 from https://phys.org/news/2018-02-drug-placenta-on-a-chip.html

This document is subject to copyright. Apart from any fair dealing for the purpose of private
study or research, no part may be reproduced without the written permission. The content is
provided for information purposes only.

Powered by TCPDF (www.tcpdf.org)

5/5

https://phys.org/news/2018-02-drug-placenta-on-a-chip.html
http://www.tcpdf.org

