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Introduction Proton MR spectroscopy (1H MRS) is widely used to non-invasively assess levels of intramyocellular lipids (IMCL) in humans [1] and 
rodents [2]. Yet, studies in mice are sparse due to the challenges associated with small sampling volumes. In small animals, noise originating from 
sample is comparable to electronic noise. The latter contribution can be significantly reduced by lowering the temperature of the RF detector and thereby 
increasing the sensitivity of MR measurements [3,4]. In this work, we evaluated the reproducibility of single voxel 1H MRS  to detect IMCL levels in the 
tibialis anterior (TA) muscle in mice using a cryogenic transceiver RF coil. IMCL levels in normal mice were analyzed under different feeding conditions; 
moreover, ob/ob mice, a frequently used model for obesity, have been studied. 
Methods Animals: Female C57Bl/6 and male ob/ob mice have been used for the study. 
Animals were anesthetized with isoflurane (2.0%), placed on a water heated cradle with the 
TA muscle carefully aligned along the main magnetic field direction. The study groups 
comprised 6 C57Bl/6 mice with free access to standard rodent chow and 3 animals that were 
fasted for 4h. The ob groups comprised 4 (ob/-) control and 3 (ob/ob) transgenic animals. All 
animal experiments were performed in strict adherence to the Swiss law for Animal 
Protection.  
In vivo NMR setup: All in vivo MRS measurements were performed on a Bruker BioSpec 
94/30 (Bruker BioSpin MRI, Ettlingen, Germany) system using a cryogenic transceive RF coil. 
For each session, the mouse was laid on the back, with the hindleg positioned in the center of 
coil. A RARE pulse sequence (Rapid Acquisition with Relaxation Enhancement) was applied 
for accurate positioning of the voxel using the following parameters: field-of-view=20*20mm2, 
matrix dimension= 256*128, TR=1.5s, TE=8ms, Rare factor=8 (Fig. 1). Single-voxel localized 
1H MR spectra were acquired using the PRESS sequence (point-resolved spectroscopy) with 
additional outer volume suppression with the following parameters: voxel 
volume=2.0*0.8*2.0mm3

 and 1.0*0.8*2.0mm3
, TR=2000ms, TE=25ms, number of 

averages=512. For water suppression the VAPOR sequence has been used [6].  
Data analysis: All data were processed using Topspin (Bruker BioSpin MRI, Ettlingen, 
Germany). After applying a 2-Hz line broadening filter, phasing, and baseline correction, 
individual resonances were fitted using a mixed Lorentzian and Gaussian lineshape (Fig. 2). 
Signal intensities were determined from integral of the fitted lines. The peak area for total 
creatine (ItCr with tCr at 3.02ppm) was used as reference. IMCL levels in tibialis anterior are 
given as the intensity ratio IIMCL/ItCr.  
Statistics: All results are presented as mean±SEM. Two sample t-tests were used for 
statistical comparison with a significance level of 0.05.   
Results For all spectra, the muscle fiber in tibialis anterior were parallel or only slightly tilted 
to the main magnetic field direction to maximize the separation of IMCL and EMCL 
(extramyocellular lipid). IMCL/tCr ratios in tibialis anterior in C57Bl/6 mice with unlimited 
access to rodent chow was 1.65±0.37, yielding a coefficient of variation of 22%. This values 
were independent on the size of the voxel sampled.Reducing the volume from 3.2 to 1.6mm3 
the ratio IIMCL/ItCr remained constant within error limits, 
IIMCL/ItCr(1.6mm3)/IIMCL/ItCr(3.2mm3)=1.03±0.06, indicating that for the region of interest the 
distribution of IMCL was homogeneous. In mice fasted for 4h the value decreased to 
1.26±0.59. The IIMCL/ItCr ratio in ob/ob mice was 4.12±0.47, thus significantly higher than in the 
corresponding ob/- control mice with IIMCL/ItCr=0.48±0.09. Averaged SNR for the IMCL signal 
was 31.94±2.55, obtained from 13 measurements, demonstrating the high sensitivity of the 
cryogenic transceive device.  
Discussion Measurements of IMCL signals under different diet conditions revealed that the 
nutritional states affect IMCL levels, which has been observed in human studies. Using 
constant physiological and nutritional conditions, coefficient of variations of the order of 20% 
are achieved for sampling volumes of 3.2mm3 and less. As expected IMCL levels in ob/ob 
mice were significantly increased as compared to ob/- animals. This study demonstrated that 
high quality spectra maybe obtained from a 3.2mm3 voxel located in the mouse TA muscle with a SNR of the order of 30 in acquisition times of 17min 
using cryogenic RF detection. This is highly attractive for studying mechanism underlying IMCL deposition using genetically engineered mouse models. 
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Fig.1: Transversal (A) and longitudinal (B) spin-echo images of the 
hindleg of a mouse. A voxel with size 2.0*0.8*2.0 mm3 was 
positioned within the TA. Acquisition parameters: TR=1500.00ms, 
TE=8ms. 

 
Fig. 2: Fitted TA muscle spectrum with mixed Lorentzian and  
Gaussian model. (a) measured  spectra; (b) fitted spectra; (c) 
residual of the difference between the  measured and fitted spectra. 
Peak of creatine was referenced at 3.02ppm. 

 
Fig. 3: IMCL/tCr detected in tibialis anterior in normal diet, fasted (4 
hours), ob/- control, and ob/ob  mice. The first two groups are 11-14 
weeks old, female. The last two groups are 22-29 weeks old, male. 
After fasting, IMCL/tCr decreased. ob/ob mice have much higher 
IMCL/tCr than control ones.   
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