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■ MRS applied on animal models for scientific questions that 
cannot be probed directly with human MRS

■ The scope of this presentation will focus on rodent models 
(rats and mice), and on applications to brain studies.

PRECLINICAL MRS: WHAT?
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PRECLINICAL MRS: WHAT?
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■ Usefulness of preclinical MRS (rats and mice in most cases)

– Ethical considerations (ultimately, the goal is not to find ways to cure rodents…)

■ Usefulness in terms of biological aspects
– Animal models

■ Usefulness in terms of MR physical aspects
– New MR acquisition approaches

PRECLINICAL MRS: WHY?
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■ Usefulness in terms of biological aspects
– Rats and mice are good biological models of tissue 

development, function and metabolism

– Mimicking multiple aspects of the human disease (Transgenic mouse models)

– In vivo state : leaving tissue works as a whole, 
not as the sum of its components. 

Cell cultures can be used for basic cellular/metabolic questions, 
while in vivo studies are key for complex organ functions.

– Non invasively characterize disease progression, effect of treatments 
(longitudinal studies)

PRECLINICAL MRS: WHY?
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■ Usefulness in terms of MR physical aspects
– The availability of MRI/MRS systems at magnetic field strength of 9.4 T and 

higher enables studies with high sensitivity and spectral resolution

– Use of anaesthetics enables long experimental acquisition with minimal motion 
artefacts and instabilities

– Opens the way to study deeper biochemical pathways with dynamic MRS 
(e.g. 13C MRS)

– Lower restrictions on the gradients and RF limits enable the developments of 
new MR approaches at lower risk

PRECLINICAL MRS: WHY?
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■ Anaesthesia is critical for in vivo preclinical MRI and MRS
– decreases the stress of the animals, 

potential pain in case of surgical intervention, 
biological motions

– decreases respiratory and cardiac activities

■ MRS in awake rodents (very few studies)
– MRS with awake rodents is challenging and requires a relatively long training period1,2

– For awake-rodent MRS studies, monitoring serum cortisone levels and heart rate of the animals 
is recommended

Effective and standardized rodent MRI/MRS studies 
require attention to many aspects of the experimental design.

ANIMAL PHYSIOLOGY AND ANESTHESIA
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[1] Xu et al., MRM 2013 [2] Low et al., Pain. 2016
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ANIMAL PHYSIOLOGY AND ANESTHESIA
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■ The correct dosage of the anaesthetic should provide adequate sedation 
but also adequate analgesia and less variability in physiological parameters 
during MRI/MRS experiments

■ Monitoring and recording the respiration rate and temperature of animals 
under anaesthesia is essential (if available, pulse oximetry and 
electrocardiography can provide further control)

Stress, strain, sex, circadian cycles, weight and age of the animals affect:
 - effectiveness of anaesthesia
 - direct impact on MRS measurements of the neurochemical profile

PRE-ANESTHETIC CONSIDERATIONS 

FOR IN VIVO MRS STUDIES
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■ Human MRS scans are rarely performed over longer periods (>45 minutes) 
and typically split into 10 minutes scans blocks
BUT -> You can have a direct feedback from the subject

■ Rodent MRS scans can be performed over extended periods 
(> 4 hours) and are less prone to motion
BUT -> You cannot have a direct feedback from the subject

  -> The animal is invisible in the magnet

Major practical difference for the experimentalist

SUBJECT FEEDBACK
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Schrödinger's cat experiment
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ANIMAL PHYSIOLOGY MONITORING AND REGULATION
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Main differences with human MRS:

- small brain size

- strong B0 inhomogeneity induced in the brain 
by the air/tissue interface

     

HARDWARE

12[1] in 't Zandt, Proc. Intl. Soc. Mag. Reson. Med. 24 (2016) [2] Gruetter, MRM 1993 [3] Gruetter and Tkac, MRM 2000 [4] Miyasaka et al., MRM 2006

■ Small VOIs (rats 50-150 μL, mice 2-15 μL) benefit from ultra-high field (UHF) (≥ 9.4T)

■ higher requirements on gradient strength (ideally ≥400 mT/m) compared with that for human systems 
(typically 70 mT/m for 7 T clinical MR systems)

■ Ultra-high field -> increased chemical shift dispersion
but increased B0 inhomogeneity requires efficient shimming methods and shim system (FAST 
(EST)MAP2,3 or 3D B0 mapping4)

[1] human

rat
mouse
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■ Lower RF power requirements (much smaller and more efficient coils)

■ Surface coils provide much higher SNR from regions close to the RF coil and higher B1 
efficiency than volume coils, but B1 field is spatially inhomogeneous

■ adiabatic RF pulses can mitigate B1 inhomogeneity

■ Contrary to humans, legally unlimited B1 and strong gradients enable the optimum RF coil 
choice for optimal SNR and chemical shift displacement error

HARDWARE
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RF aspects
Surface Tx/Rx Volume Tx, array Rx

The problem of tissue heating is still present and should be considered, especially at UHF 
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■ For small sample volumes, 
the thermal noise in the coil 
and the receive pathway is 
the dominant noise source

■ Cryogenically cooled RF coils 
can be used1-4

HARDWARE

14[1] Kovacs et al., Prog Nucl Magn Reson Spectrosc. 2005 [2] Baltes et al., NMR Biomed. 2009 
[3] Mispelter et al., Imperial College Press; 2006 [4] Junge, eMagRes. 2012

RF aspects
Cryo-coils
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■ ultra-short-TE (≤10 ms) spectroscopic localization sequences are usually possible to 
achieve

■ preferentially used because they provide the most accurate quantitative information 
(minimal J-evolution and T2 losses)

■ TR of 4-5s are typically used (minimizes signal attenuation due to T1)

SEQUENCES AND ACQUISITION PROTOCOLS: 
1H MRS
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(1) an ability to detect signals originating from the VOI

(2) an ability to suppress signals from outside of the VOI

(3) minimal CSD error related to the bandwidth of the localization pulses

(4) insensitivity to B1 inhomogeneity, especially when using surface coils

(5) efficient water suppression is important to eliminate the strong water 
signal

localization performance of a 1H MRS sequence 
is very important

SEQUENCES AND ACQUISITION PROTOCOLS: 
1H MRS
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@ 9.4 T
(A) STEAM spectrum: rat brain, 2.3 x 1.3 x 2.5 mm3 voxel placed in the hippocampus, TR = 5 s, TE = 2 ms, TM = 20 ms, number of 
averages = 448. Spectrum is shown with Gaussian factor = 0.15. 
(B) SPECIAL spectrum: rat brain, 2 x 2.8 x 2 mm3 voxel placed in the hippocampus, TR = 4, TE = 2.8 ms, number of averages = 160. 
(C) LASER spectrum: mouse brain, 1.7 x 2.25 x 2.25 mm3 voxel placed in hippocampus, TR = 4 s, TE = 27 ms, number of averages = 
384.

[1] Frahm et al., J Magn Reson. 1987 [2] Tkac et al., MRM 1999 [3] Mlynarik et al., MRM 2006 [4] Garwood and DelaBarre, J Magn Reson. 2001

[1,2] 

[3] 

[4] 
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SEQUENCES AND ACQUISITION PROTOCOLS: 
1H MRS

17[1] Frahm et al., J Magn Reson. 1987 [2] Tkac et al., MRM 1999 [3] Mlynarik et al., MRM 2006 [4] Garwood and DelaBarre, J Magn Reson. 2001

[1,2] [3] [4] 
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X NUCLEI MRS – 9.4T 

18Lanz et al, 2017, 2020; Cudalbu et al 2021; 
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MAIN BIOCHEMICAL PATHWAYS

IN BRAIN ENERGY METABOLISM

FDG-PET,

13C MRS, 2H MRS

13C MRS

11C-PET, 13C MRS

13C MRS, 1H fMRS

15N MRS

ATP ADP
31P MRS

2H MRS
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Questions ?

THANK YOU FOR YOUR ATTENTION
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