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In vivo Detection and Quantification of Protein Clearance using 13C-filtered MRI & MRS
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Introduction

Modern pharmacological applications increasingly make use of therapeutic proteins in tackling a wide range of diseases and improving specificity, while ameliorating challenges associated with toxicity. Similarly, polymeric drug delivery systems are also gaining traction in pharmacological applications. Potent small molecule drugs or drug cocktails may be combined in polymeric delivery systems, with the goal of obtaining a greater amount of drug partitioning to the intended tissue. In this therapeutic era, the “real time” in vivo bio-distribution of intravenously administered proteins and drug delivery systems is of great interest to pharmacologists. Ideally, such studies would provide tissue specific information on the distribution of the species of interest, without any alterations or labeling which might have the unintended consequence of changing the biodistribution profile. Our goal is to determine conditions such that pegylated therapeutic biodistibution can be quantitated in real time through direct observation. In these studies, 13C-PEG and 13C-PEGylated albumin will be provided and imaging will be conducted by making use of a 13C HMQC filter while directly detecting 1H signal in real time on a high field  (11.8 T) imaging system.
Experimental  

4 Sprague Dawley rats were obtained and 13C-PEG or 13C-PEGylated albumin was introduced via tail vein injection to 2 of 4 animals according to a pre-approved animal ethics protocol. Due to pooling of PEG in the vicinity of the injected site, very little PEG was detected in the animals. A modified protocol was pursued where PEG was then introduced surgically via the carotid artey to the latter two animals. 
Results and Discussion


Using the 11.8 Tesla Imaging system (UFL, Gainsville), 1H signal was acquired through a specialized 1H/13C coil wrapped around the tail of the animal; signal was alternately gathered via a dual frequency surface coil which could be focused on the bladder and abdomen to sample clearance of PEG. 1H MRI images also provided an anatomical overlay.  Blood signal could be clearly detected in single scans and over periods of minutes. Bladder signal was clearly observed after periods of hours (Fig. 1). 
Conclusions

Real time quantitation of 13C-pegylated protein therapeutics or 13C pegylated probes is straightforward using an 11.8 T imaging system, dual 13C,1H  coils and a 13C,1H HMQC filter. A follow-up study will be conducted in which a long tail vein stent will be employed to avoid pooling of PEG at the injection site. Real time images will be collected in the blood, liver, and bladder as a function of time for n=4 rats. 
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Fig.1 13C-filtered 1H in vivo NMR signals from either the bladder (left) or tail vein blood (right). Brown contours represent a control experiment in which no PEG was injected.









