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Sweat Biomarkers Enable in situ Monitoring

e

Sports Performance Disease Screening
(Cystic Fibrosis)

Fatigue/Dehydration Heart Failure Head Trauma
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Miniaturization Enables Portable Use Cases

Conventional Method

Wearable sweat sensor

Macroduct® Chlorocheck™

Gao et al, Nature, 2016

Electrochemical based
wearable sweat sensor




SQ EgpsonGuerey ineiut \V| Northwestern

Inspiration: Soft Materials and Mechanics

* Thin

* Flexible

* Cheap

* Location-agnostic
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Inspiration: Microfluidic Technologies

* Small sample volumes
* Highly controlled flow
* Design flexibility

* Multiplexed analysis

BUT...

Rigid, planar, off-body
External pumps, tubing
External power supply
Microscopy
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The Body Has Natural Pressure Source: Sweat Glands

Pore of
skin Pressure source of sweat gland
\ - Osmotic pressure between plasma and sweat
P=oRTAC

AC: the difference in concentration
between plasma and sweat, osmolality.

Measuring sweat pressure in the duct
in 1969 > Maximum value : 72 kPa

Schulz, I. J. J. Clin. Invest. (1969).

Secretory portion of eccrine
type sweat gland
Medical Dictionary, © 2009



Epidermal Microfluidics — ‘Epifluidic’ Devices

Sci. Trans. Med., 2016
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Soft Mechanics and Ultrathin Geometries

Reeder et al, in review
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Multi-Layer Engineered Platform
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Choi et al, in prep
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Capillary Burst Valves to Control Sweat Flow
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Lab on a Chip (2017). Not in scale
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Capillary Burst Valves Allow Time-Series Sweat Sampling
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Adv. Healthcare. Mat. (2017).
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Multimodal Epifluidic Designs
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12 Choi et al, in prep
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Video: Sweat Flow Through Epifluidic Microchannels
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Sweat Loss and Instantaneous Rate Analysis
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Choi et al, Science Advances, 2018
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Concentration Correlates with Color Change

Purple level analysis

chloride 36 mM ° 1 ‘

GO ss— \\,,

200 Red level analysis Green level analysis
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| 5.8 lactate

15 Choi et al, in prep
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Fluoroscopic Imaging Capability Integrated
Onboard Epifluidic Devices
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16 Sekine et al, Lab Chip 2018
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Smartphone Based Fluorometric Imaging
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Image Analysis for Chloride, Zinc, and Sodium Levels
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Electronics-Enabled Sweat Microfluidic Devices
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* Sweat rate
* Sweat biomarkers (sodium, glucose, lactate)

* Wireless communication . .
19 Bandodkar et al, in review
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Battery Free, Real-Time Analysis of Sweat Biomarkers (Glucose, Lactate)

20

[Lactate] (mM)

Simpson Querrey Institute

BioNanotechnology

N Northwestern

_RE Recugy

\ Device

NMR Data——» B

Sensor
Response

300 600 900 1200

Time (s)

N
o

-
(8]

-
o

(S}

50

=) s

S 2 0f

) )

g 2

R |

= o
100}

NMR
Data —> ¥ 450
=
=
o 0 —
)
Sensor 8
Response Q
E 1-50 S
O,
1-100

300 600 900 1200

Time (s)

Bandodkar et al, in review



SQ| Simpson Querrey Institute N Northwestern

Tattoo-Like Functional Sweat Measurement Devices

e Portable monitoring
* Mechanically invisible

* Multiple modalities
* Light-weight and unobtrusive ‘

* Enhanced signal quality

e Tight coupling with skin
* New sensing capabilities

21
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