
NATIONAL HIGH MAGNETIC FIELD LABORATORY 
2007 RESEARCH REPORT 

 
Towards Monitoring the Function of Implantable Pancreatic Constructs Through NMR Methods 
 
N. Volland (U. Florida, Biomedical Engineering), N.E. Simpson (U. Florida, Medicine) 
 
 
Introduction 
 
A therapeutic approach to diabetes is to implant insulin-secreting cells in a tissue engineered pancreatic construct.  Using 
NMR imaging and spectroscopic techniques to non-invasively monitor an implanted construct can provide correlations 
between construct function and physiologic effects post-implantation.  They also offer the ability to assess changes in 
construct function to identify early markers of construct failure in advance of end-point diabetic effects (e.g., hyperglycemia).  
Previous studies with surface coils showed great promise [1,2], however, the NMR sensitivity was suboptimal.  To achieve 
better sensitivity, an inductively-coupled coil system has been developed.  This system includes an implantable loop-gap 
resonator inductively-coupled to an external coil and run on an 11.1-T horizontal 40-cm clear-bore magnet. 
 
Experimental 
 
Polydimethylsiloxane (PDMS) elastomer (Factor II, Inc., Lakeside, AZ) was selected to 
coat the implantable coil (Fig. 1) because of its low dielectric properties and handling.  To 
evaluate the impact of the coating material and loading on the coil performance, the 
resonant frequency of the implantable coil was monitored along with the quality factor.  
Changes were measured using a vector network analyzer HP 8752C (Hewlett Packard, 
Santa Rosa, CA) and two probes in a loose coupling setting.  The effect of the coating was 
further assessed by testing different but identical coils immersed in cell culture media, 
mimicking an in vitro environment.  The implantable coil system (with a 1-mm-thick 
PDMS coat) was also tested in the magnet using a phantom mimicking the mouse a
NMR measurements were performed using a spin-echo pulse sequence (TR=1000 m
TE=10 ms, 1-mm slice, 1 average) with a 4-cm-by-4-cm field of view (Fig. 2).  The signal-
to-noise ratio was calculated from image averages obtained in three orthogonal direc
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Fig. 1: A bead-loaded coil 
construct: (a) macroscopic view of 
alginate beads (colored in blue) 
placed in a construct; (b) 
microscopic view of the cell-
containing alginate beads. 

Fig. 2: Spin echo image 
of blank alginate beads 
in a coil-construct . 
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40.5 ± 1.5% MHz from its initial and the quality factor decreased by a factor of 29.4 ± 11%.  The 
quality factor of the whole loaded system decreased by a factor of 10.6 ± 2.3%.  However, 
inductively-coupled coils were found to be superior to surface coils by a factor of 4 even wh
loaded and coated with a 1-mm PDMS.  With a gain of approximately 2.6 times when going fro
4.7 Tesla to 11.1T, the net gain of the method presented here is about 10.5 fold. 
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pancreas in vitro.  Moreover, this coil system showed a 10.5-fold improvement in sensitivity compared to the use of a surfa
coil at 4.7T.  Work is now focused on: 1) characterizing the coil system in vitro and in vivo for 1H detection; 2) studying the 
construct in vitro over time with NMR imaging and spectroscopy; and 3) achieving multiple frequency capability. 
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