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ABSTRACT 

We present polyethylene glycol (PEG) bonded poly-acrylamide (PAM) hydrogel fibers with glucose-responsive mono-
mer to monitor blood glucose concentration in vivo for over 4 months. To realize long-term subcutaneous glucose monitor-
ing, we employed fiber-structure and PEG-bonded PAM hydrogel. The fiber-shaped sensors can be injected to subcutaneous 
tissues, remain in an implantation site and be easily removed after use. PEG can enhance biocompatibility, resulting in main-
taining the functionality of implanted sensors in vivo for a long-period. The implanted PEG-bonded PAM fibers showed less 
inflammation, glowed through the skin and continuously responded to blood glucose concentration, thereby promising prac-
tical, long-term subcutaneous glucose monitoring. 
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INTRODUCTION 

Subcutaneous glucose monitoring facilitates intensive control of blood glucose concentration for diabetic patients and ef-
fectively prevents diabetic complications [1]. Fluorescence-based sensors hold great potential of minimally-invasive, long-
term subcutaneous glucose monitoring due to wireless transmission and long-lasting activity in vivo [2]. Long-term subcuta-
neous glucose monitoring can reduce frequency of sensor implantation and replacement, thereby bringing the technology to 
practical use. However, fluorescence-based sensors (primarily fluorescent microbeads) have yet realized the full potential of 
long-term subcutaneous glucose monitoring because the sensors cannot stay in the implantation site and respond to blood 
glucose concentration for a long-period.  

 

 
Figure 1: (a) Conceptual illustration of the PEG-bonded fluorescent-hydrogel fiber for long-term subcutaneous glucose 
monitoring. The fluorescent signal in response to blood glucose concentrations transmits across the skin, thereby detecting 
blood glucose concentration in a minimally-invasive manner. Fiber-shape can stay in the implantation site for a long-period 
and PEG-bonded PAM has highly biocompatible interface with tissues; the PEG-bonded PAM hydrogel is highly resistant to 
protein adsorption, thereby reducing inflammation. As a result, the PEG-bonded fluorescent-hydrogel fiber can be applied to 
long-term in vivo glucose monitoring. (b) Implanted fluorescent-hydrogel fiber in mouse ear. The mouse ear is excited by 
ultraviolet light. The fluorescence intensity is sufficiently high to be detected through the skin.  

 

978-0-9798064-4-5/µTAS 2011/$20©11CBMS-0001 1879 15th International Conference on
Miniaturized Systems for Chemistry and Life Sciences

October 2-6, 2011, Seattle, Washington, USA



Here, we present PEG-bonded fluorescent-hydrogel fibers for long-term subcutaneous glucose monitoring (Fig. 1). Our 
approach is two: sensor structure and material. First, we employed fiber-structure. Fiber-structure provides increased contact 
area with subcutaneous tissue; the increased contact area decreases the mobility of the subcutaneous implants. Second, we 
employed PEG-bonded PAM fibers to enhance biocompatibility. PEG is well-known material that reduces inflammation [3]. 
As a result, PEG facilitates the functionality of implanted sensors for a long-period. 

 
EXPERIMENTAL 

We immobilized the glucose-responsive monomer [4] in hydrogel fibers that had been obtained by polymerizing a pre-gel 
solution with acrylamide monomer (15%), Acryl-PEG (5%), polymerization initiator and accelerator in polyolefin microca-
pillaries of 1,000 μm in diameter (Fig. 2a). The fluorescent image showed that the glucose-responsive monomer was immo-
bilized within the hydrogel fibers having a diameter of 956±9 μm (Fig. 2b).  

To test the effect of PEG on biocompatibility of the fibers, we implanted PEG-bonded PAM hydrogel fibers into 4 mice 
and PAM hydrogel fibers into another 4 mice. We evaluated inflammation based on the color change (reddening), swelling, 
and scabbing of the ears. If there is reddening, then the reddening scores 1. Similarly, if there are swelling and scabbing, 
swelling and scabbing score 1, respectively.   

We demonstrated the fluorescence intensity of the implanted fibers in response to blood glucose concentration of mice by 
glucose challenge. We injected glucose to temporarily elevate glucose concentrations within the hyperglycemic range (over 
300 mg·dL-1) and insulin to decrease glucose concentrations within the euglycemic and hypoglycemic ranges (under 140 
mg·dL-1). Blood glucose concentrations were measured with a blood glucose monitoring sensor (Accu-Chek, Roche) using a 
blood sample from the snipped tail. The fluorescence intensity was estimated from fluorescent images of mouse ears. 
 

 
Figure 2: (a) Fabrication process of the PEG-bonded fluorescent-hydrogel fiber in a microcapillary.  (b) Fabricated fluores-
cent-hydrogel fibers. The fibers emitted fluorescence of 488 nm excited by ultraviolet light. Scale bar indicates 2 mm.  
 
RESULTS AND DISCUSSION 

In experimental study, we verified our hypothesis that fiber-shape can stay in the implantation site for longer period com-
pared to microbeads. The implanted fibers remained in the implantation site for a month, while the implanted microbeads dis-
persed and disappeared from the implantation site.  We also tested PEG effects on inflammation and transdermal detection for 
long-term implants. We implanted the PEG-bonded PAM fibers (n=4) and PAM fibers (n=4) in mouse ears and inspected the 
mice ears for 4 weeks. As a result, the mouse ears with the PEG-bonded PAM fibers showed less inflammation and fast recovery 
from inflammation compared to the mouse ears with the PAM fibers (Fig. 3a). The PEG bonded PAM fibers glowed through the 
skin for an entire 4 weeks, while the PAAm fibers did not (Fig. 3b). Thus, PEG-bonded PAM hydrogel could reduce inflamma-
tory process, resulting in maintaining the functionality of the implanted sensors.  

We tested glucose-responsiveness in vivo after implantation in response to an intraperitoneal glucose challenge. The fluores-
cence intensity of the hydrogel fiber increased as blood glucose concentration increased (Fig. 4a). The hydrogel fiber also re-
sponded to blood glucose concentration even after over 4 months (Fig. 4b). The responses of the hydrogel fibers showed time 
lag of 10 min behind blood glucose concentration. The hydrogel fibers responded to glucose concentration of interstitial fluid 
(ISF); glucose concentration of ISF lags 10−30 min behind blood glucose concentration. Consequently, the time lag between the 
response of the implanted fibers and blood glucose concentration was mainly originated from the time lag between glucose con-
centrations of ISF and blood. 

Furthermore, we found that PEG-bonded PAM hydrogel is effective for long-term monitoring. The 3 PEG-bonded PAM fi-
bers among 4 samples responded to blood glucose concentration after over 4 months, whereas a PAM fiber among 4 samples re-
sponded to blood glucose concentration after over 4 months. Therefore, we concluded that the PEG-bonded PAM fluorescent-
hydrogel fibers could be applied to long-term subcutaneous glucose monitoring with less inflammation, resulting in maintaining 
the functionality of the implanted fibers. In addition, the fibers could be easily removed from the implantation site, thereby re-
ducing potential side effects from remaining debris of the fibers. 
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Figure 3: (a) Inflammation of mice ears after fiber implantation. Inflammation The fibers with PEG induced mild inflamma-
tion and recovered rapidly. However, the fibers without PEG showed more inflammation and slower recovery compared to 
the fibers with PEG. (b) Transdermal detection after fiber implantation. The fibers with PEG could glow across the ear skin 
for an entire 4 weeks, while the fibers without PEG could not.  
 

 
Figure 4: (a) Blood glucose monitoring after implantation. The fluorescence intensity of the hydrogel fiber responded to 
blood glucose concentrations. (b) Blood glucose monitoring after 130 days from implantation. The fluorescence intensity of 
the hydrogel fiber continuously changed in response to blood glucose concentrations even after over 4 months.  
 
CONCLUSION 

In this study, we have made a breakthrough in long-term in vivo glucose monitoring by employing the fiber 
structure and highly-biocompatible material (PEG-bonded PAM hydrogel) for the subcutaneous implants. We 
found that PEG-bonded fluorescent-hydrogel fibers remained in the implantation site, glowed through the skin 
and continuously responded to blood glucose concentration for over 4 months. Therefore, our methodology can 
contribute to effective point-of-care for diabetic patients and improve the quality of patients’ life. 
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