
 

Electricity, eel-style: Soft power cells could
run tomorrow's implantables
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These photos depict the printed, high voltage implementation of the artificial
electric organ. We used a 3D bioprinter to deposit arrays of gel precursor
droplets onto plastic substrates, and cured them with a UV light to convert them
into gels. We printed alternating high-salinity and low-salinity gels (red and blue
gels, respectively) onto one substrate, and alternating cation-selective and anion-
selective gels (green and yellow gels, respectively) onto a second substrate. When
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overlaid, these connect to form a conductive pathway of 612 tetrameric gel cells
that we used to generate up to 110 volts. Credit: Thomas Schroeder

Inspired by the electric eel, a flexible, transparent electrical device could
lead to body-friendly power sources for implanted health monitors and
medication dispensers, augmented-reality contact lenses and countless
other applications.

The soft cells are made of hydrogel and salt, and they form the first
potentially biocompatible artificial electric organ that generates more
than 100 volts. It produces a steady buzz of electricity at high voltage but
low current, a bit like an extremely low-volume but high-pressure jet of
water. It's perhaps enough to power a small medical device like a
pacemaker.

While the technology is preliminary, Michael Mayer, a professor of
biophysics at the Adolphe Merkle Institute of the University of Fribourg
in Switzerland and the corresponding author on a paper about the device,
believes it may one day be useful for powering implantable or wearable
devices without the toxicity, bulk or frequent recharging that come with
batteries. Further down the road, it could even lead to bioelectric
systems that could generate electricity from naturally occurring
processes inside the body.

The device can't hold a candle to the electric eel, which can pump out far
more power in short bursts to zap prey or defend itself. But the
researchers say they've taken an important first step that advances
fundamental understanding of soft power sources. The team includes
researchers from the University of Michigan, the Adolphe Merkle
Institute at the University of Fribourg and the University of California-
San Diego. The work is detailed in a study published in the December 14
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"The eel polarizes and depolarizes thousands of cells instantaneously to
put out these high voltages," said study co-author Max Shtein, U-M
associate professor of materials science and engineering. "It's a
fascinating system to look at from an engineering perspective—its
performance metrics, its fundamental building blocks and how to use
them."

One secret to the eel's success is a phenomenon called transmembrane
transport. Specialized electrical organs contain thousands of alternating
compartments, each with an excess of either potassium or sodium ions.
The compartments are separated by selective membranes that, in the
eel's resting state, keep the two ions separate. When the eel needs to
create a jolt of electricity, the membranes allow the ions to flow
together. This creates a burst of power.

The researchers built a similar system, though instead of sodium and
potassium, they used the sodium and chloride that are naturally
combined in common table salt, dissolved in water-based hydrogel.
Using a specialized printer at the Adolphe Merkle Institute, they printed
thousands of tiny droplets of the salty gel on a plastic sheet, alternating
them with hydrogel droplets of pure water. The alternating droplets are
similar to the eel's compartments.

Next, the team needed to mimic the eel's selective membrane that keeps
the compartments separate. They used a second sheet of alternating
droplets, this one made of charge-selective hydrogel. Each droplet allows
either positively charged sodium or negatively charged chloride to pass,
excluding the other.
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These photos depict our method of using origami folding to bring a stack of gel
films together with relatively high contact area. This Miura-ori fold, originally
developed to unfold solar panels in space, employs an 80⁰ fold angle which
results in 2D compression of the substrate, bringing all of the cylindrical gel
discs into a single line of contact. We show the flat substrate before folding, the
folding process, and finally the fully folded substrate with all gels in contact. The
images shown here depict a substrate with 6 tetrameric gel cells. Credit: Thomas
Schroeder

To generate power, the two sheets are pressed together, connecting saline
and freshwater droplets across the charge-selective droplets in series. As
the salty and fresh solutions mix, the charge-selective droplets move the
sodium and chloride ions in opposing directions, producing an electric
current.
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The researchers took one final trick from the eel: its thousands of
compartments can shuffle ions instantaneously, producing a coordinated
jolt just when it's needed. The researchers needed to do something
similar with their thousands of alternating cells, combining them all in
exactly the right order, simultaneously.

Shtein, along with graduate students Anirvan Guha of the Adolphe
Merkle Institute and Thomas Schroeder and Aaron Lamoureux of U-M,
solved the problem with an origami technique called a Miura fold.
Invented by a Japanese astrophysicist, the Miura fold is often used to
fold solar panels into satellites at launch, then unpack them into large
sheets once they're in space.

They used the idea in reverse, alternating all four droplet types in a
precise pattern on a flat sheet that had been laser-scored in a Miura
pattern. When pressure was applied, the sheet quickly folded together,
stacking the cells in exactly the right positions.
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results in 2D compression of the substrate, bringing all of the cylindrical gel
discs into a single line of contact. We show the flat substrate before folding, the
folding process, and finally the fully folded substrate with all gels in contact. The
images shown here depict a substrate with 6 tetrameric gel cells. Credit: Thomas
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"The electric organs in eels are incredibly sophisticated; they're far
better at generating power than we are," Mayer said. "But the important
thing for us was to replicate the basics of what's happening."

The team is working to improve the device's efficiency.
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  More information: An electric-eel-inspired soft power source from
stacked hydrogels, Nature (2017).
nature.com/articles/doi:10.1038/nature24670
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