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Inflammation and Disease: Opportunities for Imaging 
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Inflammation accompanies most acute and chronic diseases. Inflammation can be induced 
by a wide range of microbial and non-microbial stimuli that contributes to disease 
pathogenesis and patient morbidity and mortality. Therefore, inflammation is a very attractive 
and significant target for therapeutic and diagnostic intervention in humans. Over the past 
decade, the innate immune system has been recognized to play a larger role in the 
pathogenesis of inflammation and immune responses associated with disease. As an 
example, the Nod-like receptors or nucleotide binding domain leucine rich repeat containing 
(NLR) family of genes play an important role in the development of innate immune responses 
and are associated with numerous pro-inflammatory human diseases. These conditions 
involve many organ systems and include arthritis, neurodegenerative disorders, metabolic 
disorders (obesity and diabetes), cardiovascular disease (atherosclerosis, myocardial 
infarction), inflammatory bowel disease, acute and chronic kidney disease and 
hypersensitivity dermatitis. A brief overview of the pathogenesis of the innate immune system 
in inflammation and disease will be provided. Cellular and molecular markers of innate 
immune activation that might be amenable to diagnostic imaging techniques will be discussed 
in addition to some of the animal models that are available for pre-clinical proof-of-principle 
studies. 
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Hydroxypropymethyl cellulose (HPMC) belongs to best recognized excipients applied 
for preparation of controlled release polymeric matrix systems. Wide range of types of the 
polymer and repeatability of samples, make HPMC the polymer of choice for formulation of 
controlled release systems. 

Structure and evolution of the polymeric matrix loaded with drug can supply additional 
data for further, comprehensive analysis of the system behavior. MRI can be performed in the 
flow-through cell according to Pharmacopoeial USP4 standard assuring sink condition [2]. 
The structure can be assessed during drug dissolution test in USP4 apparatus from T1/T2 
weighted magnitude images. As an example, commercial quetiapine fumarate matrix tablets 
were studied. Histogram based image segmentation was performed according to triple-modal 
image intensity distribution [1]. The regions were assigned as a dry glassy core region, 
interface layer and gel layer. 

The most interesting, rarely identified and discussed, region is interface layer [1,3]. To 
better characterize its structure during hydration, MRI microscopy (T2 and T1 relaxometry) 
was performed with spatial resolution of 59 ^m. L-dopa and ketoprofen were used as model 
drugs of different solubility. Solubility difference between drugs was chosen to be in order of 
magnitude. Differences in structure and its evolution between the HPMC matrices loaded with 
L-dopa and ketoprofen were shown. In consequence, five different regions (i.e. dry glassy, 
hydrated solid like region, two interface layers and gel layer) were identified vs. two or three 
as obtained in previous studies [1,3,4,5]. 
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The proton signals from macromolecules and membranes are not directly visible to clinical 
magnetic resonance imaging (MRI) because their associated transverse relaxation times are 
on the order of 10 ^s. However, information can be obtained indirectly from magnetization-
transfer (MT) experiments using off-resonance saturation of the broad macromolecular 
resonance line (semi-solid pool 'b') and observation of the effect on the free water (liquid pool 
'a') [1]. Recently, we observed an orientation dependence of MT parameters in human white 
matter [2]. In particular, the transverse relaxation time of the semi-solid pool, T2b, revealed 
noticeable structural contrast correlating with the orientation of major fiber bundles (Fig. 1). 
This dependence is even more evident in a voxel-by-voxel plot as a function of orientation. In 
general, orientational anisotropy of relaxation times or diffusion coefficients in biological 
tissues is well established revealing interesting aspects of tissue microstructure [3]. However, 
previous analysis had suggested that it is unlikely to observe MT anisotropy. This 
discrepancy can be resolved using a refined lineshape function to model the semi-solid pool 
'b'. In quantitative analysis of MT data from brain tissue, a super-Lorentzian lineshape is 
commonly used [4]. It is expected to arise from dipolar interactions in partially ordered 
materials, in particular lipid bilayers [5] and results form a superposition of Gaussian lines. 
The Gaussian linewidths are scaled by a factor depending on the angle between the bilayer 
normal and the external magnetic field, B0. This model inherently assumes an isotropic 
distribution of orientations. However, this condition is not fulfilled in large white-matter fiber 
bundles, where lipid bilayers are wrapped around the axons. We derived a novel lineshape 
describing a system of bilayers wrapped around axons oriented at an angle 0 with respect to 
B0. It resembles features of a super-Lorentzian shape if 0 exceeds 35°, whereas it becomes 
Gaussian-like below this threshold. Instead of an unlikely perfect alignment of all fibers, a 
Gaussian distribution (standard deviation 20°) of orientations within a voxel was assumed. 
Despite some subtle deviation at large 0, a striking consistency between model and 
experimental data is achieved. 
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