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Magnetic Resonance Imaging to Measure Regional Fat Deposition.

One of the chief ways the MMPC program can serve the scientific community is by
clustering non-invasive procedures for studying the mouse and by providing these as services
to the scientific community. This allows 1) a number of variables to be assessed in the same
animal; 2) more comprehensive analyses of mouse phenotype without time and expense of
mouse transfer to multiple institutions; and 3) serial measurements needed to establish time
courses in the same mouse. It was our objective to expand the already broad panel of non-
invasive testing available to investigators using the Vanderbilt MMPC to include the non-
invasive assessment of regional fat using magnetic resonance imaging (MRI). Specifically we
set out to develop and validate a method for measuring accumulation of fat in the liver in mice
maintained on a high fat diet or a chow diet. A long-term aim is to merge the resources of the
Center for Small Animal Imaging (Director: John Gore, PhD) with the expertise of the
Vanderbilt MMPC.

MRI data were acquired using a 9.4T, 21 cm bore Varian Inova MR
imager/spectrometer equipped with actively shielded gradients. This project was performed in
conjunction with Dr. Bruce Damon of the VUIIS. The animal was anesthetized and then
positioned prone on a plastic support with the upper abdomen in the center of a 25 mm
transmit/receive radiofrequency coil. The animal was prepared for continuous respiratory
monitoring using an MRI-compatible, air displacement plethysmography system with a pillow
placed under the chest. Two phantoms containing respectively 0.05 mM MnCl, and corn oil
were placed adjacent to the abdomen. After introducing the animal to the magnet isocenter
and tuning the coil to the frequency of interest, gradient-echo scout images were obtained in
three planes in the region of the liver. A ~1 cm’ voxel was defined within the liver, manually
shimmed, and then automatically shimmed to a line width of 25-30 Hz using a Faster-map
shimming routine. Respiratory-gated, T,-weighted anatomical images were obtained of the
liver using 2 excitations with DC offset correction, a 32 mm square field of view, 128x128
matrix, and 800 mm slice thickness (250%250%x800 mm resolution). The echo time (TE) was
12 ms and the repetition time (TR) is gated to the respiratory cycle. Within this TR period, six
slices can be obtained and so two separate image data sets need to be acquired in order to
cover the liver fully. In each image data set, the slice gaps will equal the slice thickness, and
the second image set will be offset by 800 mm relative to the first. Finally, two separate
gradient-echo image data sets were acquired using 2 excitations with DC offset correction and
the same geometric parameters as the anatomical images. These TE values produce complex
images with water and lipid methyl signals being in-phase, 180° out-of-phase, and in-phase,
respectively. Finally, fat and water T, values were measured in the region of the portal vein,
using an inversion-recovery, single-voxel sequence.

Data analysis was performed using custom routines written for Matlab v. 7.1. To
produce maps of the distribution of the water and fat signal percentages, the gradient echo
images were processed according to the three-point Dixon method. Processing includes
correction for static magnetic field inhomogeneities using a field map generated from the in-
phase images. The water-only and fat-only images were verified using the MnCl, and corn oil
phantoms, respectively. Sample images were shown in Figure 1. To produce maps of the
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distribution of the actual water and fat tissue volume fraction percentages, differences in the
water and fat T; values must be taken into account. The water and fat equilibrium signal
values (Sow and S g, respectively) are calculated from the measured signal (S) assuming that
fat and water were the only two significant contributors to the signal (i.e., Sor = (1 — Sow) and
that the effect of T,* differences between fat and water is not significant at these very short
TE values. The quotients correspond to the mass distributions of water and fat, respectively,
and were converted to water and fat volumes using known values for lean liver and fat tissue
densities. Finally, using the anatomical images, regions of interest were specified in the liver
in the area of the portal vein, and fat and water volume percentages calculated.

C57Bl1/6] mice were fed a high fat diet (HFD) (35.5% by wt) or chow (5% by wt)
diet. At selected times (2, 4, 8, 12, and 20 weeks after weaning to diet), the liver and
peritoneal fat of these mice were imaged using serial magnetic resonance imaging (MRI).
The mice were then sacrificed after scanning. Liver was obtained and analyzed three
different ways: 1) MRI, 2) histologically for steatosis and fibrosis by a staff pathologist
who was blinded as to diet and duration, and 3) biochemically using high performance
thin layer chromatography (HPTLC).

MRI data revealed insignificant change in hepatic steatosis until weeks 12 when
steatosis increased dramatically when compared to chow controls. Starting at 8 weeks,
liver lipids increased by 1.3% per week. MRI data was found to closely correlate with
HPTLC-determined hepatic lipids, which we regard as the gold standard (r*: 0.8). Visual
histologic quantification by a staff pathologist consistently overestimated fat content (r*:
0.6). No fibrosis was evident at any time point. Figure 1 compares MRI and hisotological
images in the progression of fatty liver. Figure 2 shows a comparison of MRI- and
biochemical-determined fatty liver.

HPTLC was used to separate hepatic lipids into four subsets; triglycerides (TG),
diglycerides (DG), cholesterol esters (CE), and phospholipids (PL). As expected, the fat
fed mice became increasingly steatotic, noting changes as early as 8 wks with increases
in lipids (expressed in pg/g); CE (0.65 vs 0.33), DG (1.87 vs 0.76), and most significantly
TG (16.0 vs 5.6) compared with chow mice. Interestingly, PL showed a mild decrease
overall in HF mice by 20 wks (21.1 vs 27.3). We are currently examining the liver
sections immunohistochemically for CD68 and F4/80 mRNA, to quantify macrophage
infiltration into the liver and their consequent production of inflammatory cytokines.

Figure 1.
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