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Abstract—We developed a methodology for remote biochemical sensing using microparticle-based biosensors and OCT. 
As a proof-of-concept, glucose-responsive microparticles were embedded in tissue-mimics and exposed to varying glucose 
concentrations. By monitoring their spectroscopic changes in the OCT signal, we achieved dynamic tracking of fluctuating 
biochemical concentrations. 
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I. INTRODUCTION 
Optical methods are promising for biosensing applications since they offer high sensitivity, wide dynamic range 

for detection, immunity from electromagnetic interference, capability for multiplexing, and non-contact/non-invasive 
means for interrogation. Fluorescence-based methods are most common for in vivo biosensing, but have several 
limitations in the context of long-term monitoring, which include: susceptibility to photobleaching, low signal-to-
noise intensity due to tissue autofluorescence and low penetration depths for visible light excitation [1].  

Unlike conventional optical measurements like fluorescence or colorimetric biosensing, optical coherence 
tomography (OCT) can offer significant advantages for biosensing. By utilizing infrared light, OCT enables high-
resolution, depth-resolved cross-sectional imaging of tissue in a non-contact and non-invasive manner. Detailed 
microscopic structures can be resolved in three dimensions with a spatial resolution of ~10 µm. Beyond acquiring 
structural information, depth-resolved spectroscopic information can be extracted from the OCT signal [2], further 
providing invaluable biochemical insight about endogenous biomolecules or exogenous agents [3].  

In this work, we leverage these aspects to develop a novel methodology for biosensing based on OCT monitoring 
of biochemical-responsive, polymeric microparticles (Fig. 1). By employing glucose-responsive microparticles as a 
proof-of-concept, we demonstrate: 1) 3D spatial tracking of micron-scale biosensors freely distributed within a 
hydrogel-based tissue-mimic, and 2) the temporal monitoring of physical and spectral changes of the distributed 
biosensors in response to a dynamically-changing biochemical microenvironment. Our approach has immense potential 
for continuous and long-term in vivo monitoring of physiologically-relevant biomarkers. 

Fig. 1. (a) Schematic setup of OCT and biosensors. (b) Biochemical binding induces a measurable physical and spectral change in the 
microparticle. (c) 3D OCT image of glucose-responsive microparticles embedded in agarose. 

 
II. EXPERIMENTAL METHODS 

We fabricated glucose-responsive hydrogel microparticles by covalently incorporating a phenylboronic acid 
derivative into a copolymer matrix. A precursor solution consisting of acrylamide (67mol%), polyethylene glycol 
diacrylate (MW575; 3mol%) and 3-(acrylamido)phenylboronic acid (30mol%) was used to make an 18% gel. By adding 
2-hydroxy-2-methylpropiophenone (5wt%) as a photoinitiator, the hydrogel was photo-crosslinkable upon exposure to 
UV light (365nm). The precursor solution was used to generate monodisperse hydrogel microparticles using droplet 
microfluidics. Droplets of the hydrogel precursor were formed using a microfluidic emulsification process, achieved 
through co-flow of the aqueous hydrogel precursor phase and an oil phase containing 5wt% Span80. The droplets were 
collected and photo-crosslinked to polymerize the droplets into spherical microparticles, followed by a hexane wash 
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and transfer from oil to PBS buffer (pH8.5). The size of the microparticles were tuned to acquire distinct size populations 
between 20 to 60 µm, by varying the channel dimensions (50-200 µm) of the microfluidic device and adjusting flow 
rates (0.25 - 40 µL/min). For the OCT-based imaging under flow conditions, the microparticles were embedded in 
agarose (0.25% w/v gel) and a thin-layer was deposited in a PDMS-based flow cell. OCT images were acquired over a 
lateral area of 1x1mm every five minutes, using a custom-built swept-source OCT system incorporating a commercial 
swept-source laser (Axsun; 1310nm center wavelength, 130nm sweep bandwidth, 100 kHz repetition rate). 

 
III. RESULTS & DISCUSSION 

By tuning the microparticle chemical composition, we achieved measurable micron-scale changes in microparticle 
size in response to glucose. Previous studies have demonstrated glucose-responsive films [4], wherein the reversible 
complexation of glucose with a phenylboronic acid derivative was shown to increase the fraction of charged boronate 
species, which in turn increased the osmotic pressure and induced volumetric swelling. We adopted a similar sensing 
mechanism to optimize the generation of spherical microparticles, which displayed swelling and deswelling 
synchronized to variations in glucose concentration (Fig. 2a).  

We then employed OCT imaging to spatially identify the location of microparticle biosensors within a 3D tissue-
mimic and established a spectroscopic signal processing approach to determine the size of the microparticle. The optical 
spectrum backscattered from microparticles depends on the particle size, shape, and refractive index. Since all particles 
share a common shape and refractive index, the backscattered spectrum–which is extracted from raw OCT data using 
short-time Fourier transforms–can be used to determine the microparticle size (Fig. 2b). To do this, we modeled the 
spherical microparticle as a Fabry-Perot optical cavity, wherein the incident laser light is confined to reflect between 
the top and bottom surface of the microparticle. The theoretical spectra calculated from the Fabry-Perot model was then 
autocorrelated to the experimentally-acquired spectra to predict the microparticle size. We validated this approach to 
monitor submicron-scale changes in the diameter of the glucose-responsive microparticles dispersed in the tissue-mimic 
(agarose), exposed to varying physiologically-relevant glucose concentrations (4 – 10 mM) under continuous flow 
conditions (Fig. 2c). The degree of change in the microparticle size was found to be correlated to the glucose 
concentration, thus enabling dynamic biochemical monitoring. Moreover, our approach allowed us to calculate the 
microparticle size with ~1 µm resolution, which is far below the resolution of our OCT system (~6 µm in water).  

Fig. 2. (a) Microscopy images of microparticle swelling behavior to varying glucose concentrations. (b) Overlay of experimental-acquired 
spectra (blue) and predicted spectra (red) of different sized microparticles. (c) Calculated size of a glucose-responsive microparticle (blue dots), in 

response to varying glucose concentrations (red line). 
 

Overall, we have demonstrated a novel OCT-based biosensing approach, using glucose-responsive microparticles 
as a proof-of-concept. While previous methods required additional components to achieve suitable sensitivity [5], our 
microparticle biosensors offer the advantage of being freely-dispersible in any liquid medium, tissue-like scaffold or 
even biological tissue, thus providing the potential to monitor biochemicals in their native biological environments. The 
ability to simultaneously acquire spatial and temporal information is particularly advantageous, since the response of 
the microparticles biosensors can be mapped in 3D to capture the biochemical heterogeneity of a biological sample or 
tissue. The precise determination of physical and spectral changes in a microparticle sensor with sub-micron resolution 
using non-contact 3D imaging, combined with the versatility to alter the microparticle biorecognition element to target 
other biomolecule targets, provides a powerful methodology for prospective applications in continuous in vivo 
biomonitoring.  
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