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Cerebricon’s monthly white papers are published in order to reflect our understanding 
of the science behind our products and the rational e for why we make these products 
available to our clients. All data and images have been generated by Cerebricon 
scientists using the Cerebricon proprietary 7.0 Tes la MRI which is housed in 
Cerebricon’s proprietary laboratories.    
 
 

Preclinical Imaging at Cerebricon Ltd.  

MRI and 1H-MRS Methodology and Applications  
 

Conventional Contrasts  

T1, T2 (and spin density) are most often used for imaging of anatomical 
structures, brain volume changes and well-demarcated lesions, tumors and 
morphological changes. Depending on the application and pathology 
conventional contrasts are easily manipulated for routine screening. 

 

While T1- and T2-weighting alone may in many instances be suitable 
approach to detect pathological tissue and/or response to treatment, absolute 
quantification of tissue relaxation times significantly enhance the visibility of 
many pathologies and provides quantitative measure for the tissue status. 
Additionally, absolute quantification enables threshold-based analysis of 
lesion size and allows better comparison of results between different 
laboratories. 
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Diffusion 

Displacement of the molecules by random thermal motion (Brownian motion) 
within the tissue is called diffusion. Physical factors such as temperature, 
viscosity and hydrodynamic radius of diffusing molecules affect the diffusion 
coefficient. However, in MRI diffusion is greatly influenced by cytoarchitecture 
in the tissue and measured diffusion coefficient is therefore called apparent 
diffusion coefficient (ADC). The main diffusion MRI applications concentrate 
on the detection of extracellular water and in the tissue, size and shape of the 
cells, degree of myelinisation, cell density and overall status of cellular matrix 
(membrane health/permeability) dominate the diffusion process.  

Possibilities of diffusion contrast are easily demonstrated using time course of 
diffusion changes in acute stroke as an example. At the onset of acute stroke 
affected brain tissue is undergoing relatively rapid transition from normal 
tissue to the state of cytotoxic edema. This leads to significant cell swelling, 
subsequent reduction of relative extracellular water compartment size and 
drop in ADC (less free space water to diffuse). Over upcoming few days, 
cytotoxic edema alone is accompanied with reversible processes (surviving 
cells) and irreversible damage such as cell death and cell-lysis. As a result of 
such processes relative extracellular space is increased after initial cytotoxic 
edema and subsequent dynamic increase in ADC curve is detected.   

 



�

�

�������������������������������������������������������������������������������Lehtimäki, Yrjänheikki, Sweeney 09 

 

 

 

Diffusion Tensor Imaging 

Whereas the apparent diffusion coefficient indeed provides important 
information about cytotoxic oedema and overall tissue cellularity it is limited to 
quantitative directionally independent measure of rate of the diffusion alone.  
In many cases however, directionality of the diffusion may be of particular 
interest. 

Diffusion tensor imaging provides tools for the detection of directional 
dependency of the diffusion. In DTI acquisition at least 7 sets of images have 
to be acquired; 1 control image and at least 6 diffusion weighted images 
having diffusion encoding in non-collinear directions. From these, the diffusion 
tensor model may be resolved. 

Tensor provides principal diffusion directions (eigenvectors) and the rate of 
the diffusion in each direction (eigenvalues). These eigenvectors may easily 
be understood as principal axes of diffusion ellipsoid – ellipsoid that has main 
axis pointing certain direction in space and having certain rate on that 
direction. The shape of diffusion ellipsoid describes the most common tensor 
index; fractional anisotropy (FA).  
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If the shape of ellipsoid closes to 0 then both FA and the directional 
dependency are very low (e.g. in CSF where the water diffusion is almost free 
in all directions).  If the tensor is highly ellipsoidal (principal axis strongly 
dominates and the fractional anisotropy closes to value 1) it follows that there 
is preferred direction of the diffusion, e.g. in any white matter fiber bundle or 
group of cells forming highly organized structure. 

DTI findings can be intuitively found very interesting just by thinking white 
matter fiber bundle that has normal integrity. In such case extracellular water 
has dominating preferred direction of the diffusion along the fibers. If there are 
degenerating fibers the water movement is allowed more also in the direction 
perpendicular to fibers, the shape of the diffusion tensor will be modified and 
this can be detected. Similarly for example demyelinization leaves more 
extracellular space available in the direction perpendicular to the axons and 
the radial diffusion (average of the second and third eigenvalues) increases. 
On the other hand, regeneration of fibers/structures enhances the directional 
dependency and increased fractional anisotropy can be evaluated. 

 

MR Spectroscopy (MRS) 

Neurochemical profiling by MR can be performed non-invasively by means of 
MR spectroscopy (MRS). MRS is based on a different electron shielding 
between the metabolites of interest. When a molecule is subjected to external 
magnetic field it has a characteristic resonance frequency and can thus be 
identified and resolved due to its chemical shift. 

Although the method has inherent restrictions caused by relatively low 
concentration of MR visible metabolites and subsequent low signal-to-noise 
ratio from common volume elements of 15-30 µl it is worth noting that contrary 
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to most imaging applications MRS is able to provide first hand information of 
cellular processes that will ultimately lead to morphological changes seen in 
MRI. 

Common 1H brain metabolites include N-Acetyl Aspartate (neuronal 
number/health), Cholines (synthesis of neurotransmitter acetylcholine, 
membrane synthesis and breakdown), Creatine and Phosphocreatine (energy 
metabolism), Lactate (hypoxic conditions, energy metabolism shifted in 
anaerobic state), N-Acetyl Aspartate Glutamate (source of glutamate, 
excitatory neurotransmitter), Taurine (osmoregulator, antioxidant, calcium 
regulator), myo-Inositol (cell growth, osmolite), Glutamate (excitatory 
neurotransmitter) and Glutamine (precursor and storage form of glutamate).  

 

 

Cerebral Blood Flow, Volume and Perfusion: 

Magnetic resonance provides wide range of methods to study cerebral blood 
flow, volume and perfusion. 

Dynamic Susceptibility Contrast (DSC-MRI, Bolus Tra cking MRI)  is 
sensitive for CBV/CBF changes and allows repeated measurements using 
contrast agent bolus.  
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MION-MRI 

 

This is another contrast-agent based method in which iron containing 
intravascular contrast agent is injected for the detection of cerebral blood 
volume change.  Contribution of either small vessels (spin-echo) or large and 
small vessels (gradient echo) may be determined from relative CBV maps.  
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Arterial Spin Labeling (ASL) MRI  

This is a method which gives a true and quantitative cerebral blood flow 
measure without the use of contrast agents.  Such acquisition may be 
repeated continuously and longitudinally since there are no contrast agent 
half-life issues. In ASL measurement series of images are acquired; control 
image without magnetic label and image having contribution from measurable 
magnetization from the region of interest plus magnetization from labeled 
blood pool.  Difference in between the two images is used to calculate the 
perfusion image. 

 

 

 

In addition, time-of-flight MR angiography  may be performed in a 
semiquantitative manner to reveal possible defects in vasculature. As an 
example, it has been proposed that cerebral amyloid angiopathy in Alzheimer 
mice can be detected by using MRA (Beckmann et al. J Neurosci. 2003; 
8453-8459).  MRA may also be used during the stroke surgery to evaluate the 
extent of occlusion and to exclude possible zero-lesions from the study. 
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BOLD Functional MRI (BOLD fMRI): 
Functional MRI is based on neurovascular activity and coupling in which 
metabolic activity is linked to hemodynamic response. Hemodynamic 
response leads to the blood oxygen level dependent (BOLD) effect 
subsequently yielding functional activation maps with high temporal and 
spatial resolution.  

When active, neurons are receiving oxygen at a greater rate than in inactive 
state – this leads to difference in ratio between oxyhemoglobin and 
deoxyhemoglobin, which have different magnetic susceptibilities, and 
subsequently MR signal variation that is detected using MRI scanner as a 
BOLD effect. Although the fMRI in rodents is limited only a few reasonable 
paradigms mainly due to the use of anesthesia, fMRI can be effectively used 
to detect pathological and treatment effect (whether the change is in signal 
processing at a cellular level or in modified ability to respond to a vasodilatory 
challenge) on sensory signal in sensory cortex. 
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Pharmacological MRI 

Similarl to functional (fMRI) MRI, pharmacological MRI is based on the BOLD 
effect  or the change in relative cerebral blood volume that yields functional 
activation maps associated with the administration of CNS-active drugs. This 
can be used to investigate cerebral activity following acute drug administration 
(single challenge) and CNS adaptation to long-term medication or its 
withdrawal. 

Results provide insight into brain physiology and neuropharmacological 
mechanisms which, in turn, is useful in preclinical pharmacological studies, 
responder analyses, and the investigation of pathogenetic models in CNS 
diseases. 

 


