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Synopsis

There is a growing interest in the development of new animal models of non-alcoholic fatty liver disease. In this study, we use T1, proton
density fat fraction (PDFF) and R2* mapping to characterise hepatic parenchymal tissue and the evolution of MR properties over time in a high-
fat, high-cholesterol diet model of fatty liver disease.

Purpose:

There is growing interest in the development of new animal models of non-alcoholic fatty liver disease (NAFLD) to better match human disease
phenotypes. In this study, we aim to use T1, proton density fat fraction (PDFF) and R2* mapping to characterise (a) tissue properties and (b) the
evolution of these properties over time, in a high-fat, high-cholesterol diet (HFHC) model of fatty liver disease.

Methods:
Subjects

Healthy Sprague-Dawley rats were maintained on either a HFHC diet (65% fat content; n=16) or control isocaloric diet (10% fat content; n=16) for 16
weeks. Resected left liver lobe from animals terminated at 4 weeks (n=5, each cohort), 10 weeks (n=4, each cohort) and 16 weeks (n=7, each cohort)
were fixed in 4% paraformaldehyde solution. Samples were cut into 3-5 mm thick slices and mounted in a 2% agar phantom and stored at 4°C.
Samples were scanned using a 9.4T scanner (Agilent, Oxford, UK) for T1 mapping and a 3.0T scanner (Ingenia, Philips Healthcare, Best, Netherlands)
with a 15-channel head coil (dStream HeadSpine, Philips Healthcare, Best, Netherlands) for PDFF and T2* mapping.

T1 mapping

T1 measurements were undertaken for an axial slice through each specimen using a spoiled gradient-echo Look-Locker readout (FOV 30x30 mm?,
128x128 matrix, 1mm slice thickness, TE=1.16 ms, Tl ook-Locker=20 Ms, TRre=3.11 ms, a;;=8°, TR=10.5 seconds, 100 inversion recovery readouts).
Pixel-wise fitting using in-house developed Matlab code was used with a Look-Locker correction for T1 estimation’.

PDFF and R2* mapping

Raw complex images were acquired using five interleaved 3D-spoiled gradient recalled multi-echo acquisitions (SENSE factor=2, TR=25ms, a=5°), with
progressively increasing first-TE (1.7ms, 1.8ms, 2.2ms, 2.3ms and 2.6ms) and constant TE spacing (1.35ms). To mitigate phase errors, PDFF and R2*
maps were generated using in-house MatLab code implementing a previously described magnitude based reconstruction®3.

Image analysis

For T1, PDFF and R2* maps, freehand regions-of-interest were placed over as much parenchyma as possible, with care to avoid any vessels/non-
hepatic tissue.

Results:

Mean hepatic parenchymal T1 increased gradually over 16 weeks, becoming significantly different in rats receiving the HFHC diet at 16 weeks
(control vs HFHC diet: 4 wks T1 498+49ms vs 565+51ms, p=0.3772; 10wks T1 526+41ms vs 657+46ms, p=0.0752; 16 wks T1 560+27ms vs 671+16ms,
p=0.0045; figures 1a, b&c). Although there was a trend for higher fat fraction in rats fed the HFHC diet, this was only significantly different at 4 and 16
weeks (control vs HFHC diet: 4 wks 1.67+0.50% vs 7.74+0.68%, p<0.0001; 10 wks 5.50+1.77% vs 9.65+0.50%, p=0.0653; 16 wks 1.96+0.39% vs
6.24+0.40%, p<0.0001; figures 1d, e&f). Mean hepatic parenchymal R2* decreased in the HFHC diet animals over 16 weeks, while controls increased
at 10 weeks, becoming significantly higher that HFHC diet rats and then decreased at 16 weeks (control vs HFHC diet: 4 wks 0.047+0.0024 ms™' vs
0.055+0.0041 ms!, p=0.1207; 10 wks 0.058+0.0025ms"" vs 0.050+0.0015ms™!, p=0.0404; 16 wks 0.044+0.0020ms™" vs 0.044+0.0021ms™", p=0.8465;
figures 1g, h&i).

Looking at changes over time, hepatic parenchymal T1 changes were not significant for rats receiving the control (p=0.5050) or HFHC diet (p=0.1130;
figure 2a). Both cohorts demonstrated significant increases in hepatic parenchymal fat fraction at 10 weeks, followed by a decline at 16 weeks
(control diet p=0.0199, HFHC diet p=0.0024; Figure 2b). Hepatic parenchymal R2* in rats receiving the control diet demonstrated a similar trend to
the fat fraction data (p=0.0040), whereas HFHC diet fed rats significantly decreased over time (p=0.0364; figure 2c).
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Discussion:

We have shown that multi-echo fat fraction measurements can characterise ex vivo hepatic tissue, and distinguish disease phenotypes and evolving
steatosis in models of fatty liver disease. Hepatic parenchymal T1, previously linked with tissue fibrosis?, increased in the HFHC diet cohort at later
stages suggestive of underlying fibrotic change. The relationship of liver R2* with iron content is well established® but the significance of the decline
in R2* observed over time relative to model evolution is uncertain, as iron deposition is typically a feature of liver disease. Hepatic steatosis and R2*
are known to affect T1 signal®” and further exploration of the quantitative relationship between liver tissue composition and T1 signal, is an
important area of future work®.

Finally, this cross-platform study reflects the complexities of imaging small samples at lower field strengths. Although bench-based validation is
essential to refining animal models at an early stage, the use of in vivo multiparametric MRl may help to directly minimise numbers of animals
sacrificed during the development of new models of liver disease.

Conclusion:

Multiparametric MRI can be used to characterise ex vivo animal models of NAFLD and track the evolution of tissue properties over time.
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Figure 1: T1 mapping, fat fraction and R2* measurements in high-fat, high-cholesterol and isocaloric diet control rats, over time

Data presented with raw data plots and overlay of the sample meantstandard deviation. Hepatic parenchymal T1 at (a) 4 weeks, (b) 10 weeks and (c)
16 weeks; fat fraction at (d) 4 weeks, (e) 10 weeks and (f) 16 weeks; and R2* mapping at (h) 4 weeks, (i) 10 weeks and (j) 16 weeks.
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Figure 2: Evolution of changes in hepatic parenchymal T1, fat fraction and R2* over time

Single data point mean for each cohort sample (o = isocaloric diet control; A = high-fat, high-cholesterol diet) with overlay of the sample standard

error. Data presented for hepatic parenchymal (a) T1, (b) fat fraction and (c) R2*.
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