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New wearable sensor detects even more
compounds in human sweat

August 16 2022, by Emily Velasco

A version of the sweat sensor. The large curved sections are electrodes that
stimulate sweat production. Credit: Caltech
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If you have ever had your blood drawn, whether to check your
cholesterol, kidney function, hormone levels, blood sugar, or as part of a
general checkup, you might have wondered why there is not an easier,
less painful way.

Now there might be. A team of researchers from Caltech's Cherng
Department of Medical Engineering has unveiled a new wearable sensor
that can detect in human sweat even minute levels of many common
nutrients and biological compounds that can serve as indicators of
human health.

The sensor technology was developed in the lab of Wei Gao, assistant
professor of medical engineering, Heritage Medical Research Institute
investigator, and Ronald and JoAnne Willens Scholar. For years, Gao's
research has focused on wearable sensors with medical applications, and
this latest work represents the most precise and sensitive iteration yet.

"We've done wearable sweat sensors before," he says. "There were so
many biomarkers we wanted to detect, but in the past we could not.
There was no good way."

Gao says previous versions of his sweat sensors relied on enzymes
embedded within them to detect a limited number of relevant
compounds. While antibodies could be used in sensors to detect more
compounds at low concentrations, that technique had a big weakness:
antibodies in the sensor can only be used once, meaning the sensors will
wear out.

The new sensor technology includes what Gao calls molecularly
imprinted polymers, which are like artificial, reusable antibodies. To
picture how they work, imagine a hypothetical object shaped like a plus
sign. If you take that object and pour silicone rubber over the top of it,
let the rubber harden, and then pull the molecule out of the rubber, you
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now have a chunk of rubber with a plus-shaped hollow in it. Only
objects with that same size and shape will fit nicely into the hollow.

Molecularly imprinted polymers work the same way, but on a much
smaller scale. If you want to make a sensor that can detect, for example,
the amino acid glutamine, you prepare the polymer with the glutamine
molecules inside. Then, through a chemical process, remove the
glutamine, and you have a polymer with holes in it that are the exact
shape of glutamine.

Gao's innovation is to combine that specially formed polymer with a
material that can be oxidized or reduced under an applied electrical
voltage when in contact with human sweat. As long as those glutamine-
shaped holes are open, sweat comes into contact with the inner layer of
the sensor and an electrical signal is generated. But as glutamine
molecules come into contact with the polymer, they slip into those holes
that were made for them.
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Schematics and images of the wearable biosensor 'NutriTrek'. a, Circulating
nutrients such as AAs are associated with various physiological and metabolic
conditions. b, Schematic of the wearable 'NutriTrek' that enables metabolic
monitoring through a synergistic fusion of LEG, RARs and artificial antibodies.
¢,d, Schematic (¢) and layer assembly (d) of the microfluidic 'NutriTrek' patch
for sweat induction, sampling and biosensing. T, temperature. e,f, Images of a
flexible sensor patch (e) and a skin-interfaced wearable system (f). Scale bars, 5
mm (e) and 2 cm (f). g, Block diagram of electronic system of 'NutriTrek'. The
modules outlined in red dashes are included in the smartwatch version. CPU,
central processing unit; POT, potentiometry; In-Amp, instrumentation amplifier;
MCU, microcontroller; TIA, trans-impedance amplifier; IP, iontophoresis; CE,
counter-electrode; RE, reference electrode; WE, working electrode. h, Custom
mobile application for real-time metabolic and nutritional tracking. i, 'NutriTrek'
smartwatch with a disposable sensor patch and an electrophoretic display. Scale
bars, 1 cm (top) and 5 cm (bottom). Credit: Nature Biomedical Engineering
(2022). DOI: 10.1038/s41551-022-00916-z
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As those holes become plugged with glutamine molecules, less sweat is
able to contact the inner layer, and the electrical signal becomes weaker.
By monitoring that electrical signal, the researchers can then deduce how
much glutamine is present in the sweat. More glutamine means a weaker
signal. Less glutamine results in a stronger signal.

"This unique strategy allows us to detect all of the nine essential amino
acids and multiple vitamins," Gao says. "We can do them all
continuously."

And unlike antibodies, the polymer can easily be "cleaned" for reuse
through the application of a weak electrical signal that destroys the target
molecule or empties out the hole it was in.

The second innovation in Gao's research is the use of microfluidics, a
technology that utilizes tiny channels less than a quarter millimeter wide
to manipulate small amounts of fluids. Microfluidics allow the sensor to
operate when even a miniscule amount of sweat is present.

Human skin can be artificially stimulated to sweat out drug molecules
delivered by electrical current, but previous sensors required more sweat,
and thus more current, which could be uncomfortable for the user, Gao
says. Thanks to microfluidics and the use of a different type of drug, the
sensor now needs less sweat, and the current needed to generate the
sweat can be very small.

"This microfluidic design allows us to use very small currents," he says.
"We can stimulate four to five hours of sweat from several minutes of
stimulation with tens of microamps."

So far, the sensor technology has been shown to work on human subjects

in laboratory settings. Gao hopes to test it in larger-scale human trials.
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"This approach allows us to detect a bunch of new crucial nutrients and
metabolites. We can monitor when we eat and watch nutrient levels
change," he says. "It not only monitors nutrients, but also hormones and
drugs. It can provide continuous monitoring for many health conditions."

The paper describing the research appears on August 15 in the journal
Nature Biomedical Engineering.

More information: Minqgiang Wang et al, A wearable electrochemical
biosensor for the monitoring of metabolites and nutrients, Nature
Biomedical Engineering (2022). DOI: 10.1038/s41551-022-00916-z
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