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Microneedle

Hypodermic Needle

Microneedles and Health Monitoring

DTRA1002717470, Project 189920- PM Nate Adams



4

Bringing the diagnostic lab to the field! 
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Varying PEN needle lengths cut at different lengths   

Assembled device with capillary 
for fluid storage

Extracted Fluid

Extraction of ISF using novel microneedle device



Extraction of ISF using novel microneedle device

In plane Needles Spaced Needles

A) 3D printed microneedle holder with five needles of 1500 µm lengths. B) 
Two 3D microneedle holders adhered to a human subject for ISF extraction 
and collection in glass capillary tubes. C) Glass capillary collection tube 
with ISF collected from a human subject.

Comm. Bio. (2018) 1:173 | DOI: 10.1038/s42003-018-0170-z 



Proteomic Analysis of ISF



The five classes of 
immunoglobulins and 
generalized structure

Immunoglobuli
n Description Accession % Coverage # PSMs

# Unique 
Peptides Serum/ISF Plasma/ISF

IgA1
heavy constant 
alpha 1 P01876 63 369 8 1.3 1.3

IgA2
alpha-2 heavy 
chain P0DOX2 57 230 8 1.0 1.0

IgA2

heavy constant 
alpha 2 
(Fragment) A0A0G2JMB2 70 256 1 1.1 1.2

IgD
delta heavy 
chain P0DOX3 40 32 3 1.0 0.9

IgE
epsilon heavy 
chain P0DOX4 4 2 2 1.0 1.3

IgG1
gamma-1 heavy 
chain P0DOX5 63 1026 15 0.8 0.9

IgG2
heavy constant 
gamma 2 P01859 60 828 7 0.8 0.8

IgG3
heavy constant 
gamma 3 P01860 66 696 10 0.9 0.9

IgG4

heavy constant 
gamma 4 
(Fragment) A0A286YFJ8 43 593 5 1.0 1.0

IgM
heavy constant 
mu P01871 72 357 9 1.5 1.5

IgM mu heavy chain P0DOX6 44 251 2 1.6 1.5

Identified Immunoglobulins from Extracted ISF vs Paired Plasma and Serum

We found similar profiles in 
IgG, IgA and IgMs in ISF to 
serum and plasma using our 
extraction method 
J. Prot. Res. 2019 (just accepted)
Collaboration with ECBC

Immunoglobins
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Acute hypoxia can cause physiological alterations affecting pulmonary, 
cardiovascular, renal, neurological, and hematologic systems, as well 
as declines in overall performance and health conditions such as heart 
disease and tumor microenvironment. 

• Three CD Hairless rats were exposed to normoxia (21% O2) 
and three exposed to acute hypoxia (10% O2) conditions

• Serum, Plasma, and ISF was collected and RNA-Seq was 
used

• Changes in miRNA abundance versus normoxia and 
hypoxia were compared

Dynamic Response of RNA in ISF



Function Genes
Matrix Metalloproteinases (MMPs) Mmp8, Mt1

Chemokines Cxcl13, Ccr1
Leukocyte Migration Stk10

Innate Immunity Hmgb1-ps3, Lacc1, Bnip1

Transcription Regulator
Creg1, Brwd3, Mecp2, Sertad2, Tada2b, Tle1

Mitochondrial Processes Pcca, Tomm40, Mtx1

Heat Shock Protein Regulation Dnajb9

Cytoskeleton and Cell Adhesion Mpzl2, Actn3

DNA Repair Tdg

Transcripts that are enriched (red) or depleted (blue) in ISF in rats experiencing hypoxia (10% 
oxygen), as compared to rats experiencing normoxia (21% oxygen).

Similar to previous studies of plasma content, annotated functions of genes 
encoding transcripts are differentially expressed in ISF and can be monitored 
to diagnose hypoxia

Clinical Significance

Comm. Bio. (2018) 1:173 | DOI: 10.1038/s42003-018-0170-z 



Presence Of Exosomes in Interstitial Fluid
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First Demonstration!

Comm. Bio. (2018) 1:173 | DOI: 10.1038/s42003-018-0170-z 



Evolution of the “Wearable”

GPS 1980  2015 ECG 1911  2015 Glucose 1945  2015

1
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Part 2. Microneedle Sensors



Peptide Markers of Exposure to Biothreats
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(40) Procalcitonin increase after endotoxin injection in normal subjects. The Journal of Clinical Endocrinology and Metabolism. 1994.

7 healthy patients, IV injected with E. Coli endotoxin. Serum levels of PCT, IL-6, and TNF-α measured over time.

Procalcitonin (PCT)

Demonstrates the importance of “kinetic” data. Unfortunately, most studies only have one 
data point, taken after subject is already infected and has symptoms.

*TNF-α and IL-6 plots made from tabulated data in paper.
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Long Term Short Term

Continuous Monitoring

Lactate

Chem 7 Panel

Multiplexed Analysis Sodium
Calcium
Potassium 
Chloride
Bicarbonate
BUN
Creatine
Glucose

Additional Biomarkers



P.R. Miller et al. ,Talanta 88 (2012)

Multiplexed Microneedle Array



Microneedle Electrolyte Sensor



Microneedle Electrolyte Sensor



50 µm Au insulated enzymatic electrode with only 
tip exposed can be inserted into microneedle 
without causing electrical short. Thus, microneedle 
serves as only housing, protecting against 
biofouling along shaft while sensor provide very 
precise probing of tissue metabolites.

Caoxial Microneedle Electrode



Coaxial Microneedles



AssemblyAssembly

Method 1: Direct fabrication on clad fiber… 

Diverse MN geometries are possible.
However MNs do not adhere well onto cladding

Method 2: Needle-cap 
printed separately to 
fit/align onto standard 
SMA905 fiber terminal.

Rapid prototyping of microneedles via direct laser writing onto fiberoptic using Nanoscribe.

Hollow core needle

For IR-biosensing, Au will be 
plated in the interior of the 
needle (~20nm = 100% 
reflectance at λ 2.0-2.5µm) to 
avoid interference from the 
photocured polymer. 

UV-Vis: No signal detected 
unless the ‘reflection’ tip is 
attached Methylene blue 
spectra detected indicating 
sampling from needle core.

Fiber Optic Microneedle
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Cognitive status

Vital organ 
monitoring: heart, 

lung kidney..

Exposure to 
chemical agents

Performance 
monitoring & training

Early detection 
of sepsis

Wound 
monitoring Neurological 

event 
monitoring:

expl: seizures 
migraine

Early response to 
infection

Endocrine 
monitoring: expl 

cortisolSleep status 
and fatigue

Application Areas for Microneedle Array Wearable Biosensors
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Thank you!


