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Speculation

Diffusion Tensor Imaging with Quantitative 
Anisotropy

DTI was acquired with a diffusion-weighted (DW) spin-echo echo-planar-imaging (EPI) pulse sequence having 

the following parameters: TR/TE 00/20 ms, eight EPI segments, and 10 non-collinear gradient directions with 
a single b-value shell at 1000 s/mm2 and one image with a b-value of 0 s/mm2 (referred to as b0). Geometrical 
parameters were: 60 slices, each 0.313 mm thick (brain volume) and with in-plane resolution of 0.313×0.313 
mm2 (matrix size 96×96; FOV 30 mm2). The imaging protocol was repeated two times for signal averaging.  
Each DTI acquisition took 44 min and the entire MRI protocol lasted about 1 hour 28 min. 

Diffusion Tensor Imaging

Genetic models of Parkinson’s disease (PD) that recapitulate many of the 
neurobiological and behavioral aspects of disease progression are highly desired 
as we look to identify early biomarkers of PD long before the symptomology.  
With the hope of identifying early biomarkers prior to any signs of PD we 
investigated the PINK1 (PTEN-induced putative kinase 1) knock-out (KO) rat.   
PINK1 is a mitochondrial protein kinase involved in protecting neurons from 
stress-induced mitochondrial dysfunction. Mutation in the PINK1 gene is a 
leading risk factor in familial PD.  The behavioral onset of motor dysfunction in 
the PINK1 KO rat is well characterized with changes occurring by post-natal 
weeks 18-20.  In this study, we combined analytical methods using a 3D 
segmented and annotated MRI rat atlas with quantitative anisotropy to identify 
sites of gray matter injury from 171 brain areas in wild type (WT) and PINK1 KO.  
These MRI studies were conducted between weeks 12-15 almost a month earlier 
than any signs of motor dysfunction. 

Summary 

Image analysis included DTI analysis of the DW-3D-EPI images to produce the FA, AD and RD maps. DTI 
analysis was implemented with Matlab (©Mathworks, USA) and MedINRIA (1.9.0; http://www-
sop.inria.fr/asclepios/software/MedINRIA/index.php) software. Because sporadic excessive breathing during 
DTI acquisition can lead to significant image motion artifacts that are apparent only in the slices sampled 
when motion occurred, each image (for each slice and each gradient direction) was automatically screened, 
prior to DTI analysis, for motion artifacts. Following the elimination of acquisition points with motion artifacts, 
the remaining acquisition points were corrected for linear (motion) and non-linear (eddy 
currents/susceptibility) artifacts using SPM8 (Welcome Trust Centre for Neuroimaging, London, UK). 

Diffusion Tensor Imaging
Quantitative anisotropy include measures of fractional anisotropy (FA), radial diffusivity (RD), which is the diffusivity in directions perpendicular to the principal 

axis of diffusion (i.e. (λ2 + λ3)/2) and axial diffusivity (AD), which is the diffusivity along the principal axis (i.e. λ1) (see DTI figure in Methods). The determinants of 
indices of diffusion at a microscopic level are many as the microarchitecture of the brain parenchyma is composed of neurons and their axonal and dendritic fibers, 
glia, connective tissue, capillaries, and intracellular and extracellular water. It should be noted that microscopic axonal properties and general microarchitecture of a 
voxel are the key determinants of diffusion anisotropy and not myelination as originally posited (Mosely et al., 1991).  At a macroscopic level, the coherence of the 
axons in a voxel, i.e., are they parallel or crossing, is the key determinant. Accordingly, diffusion tensor imaging is a very sensitive method that can detect subtle micro-
and macrostructural changes in tissues, but cannot specify what changes occurred. The specificity of the changes is better addressed by histological methods. 

ATP levels measured using http://www.biovision.com/atp-colorimetric-
fluorometric-assay-kit-2856.html

DNA Methylation measured using Epigentek P-1034 DNA Methylation kit

8-OHdG measured using Cell Biolabs Kit  OxiSelect™ Oxidative DNA Damage ELISA 

Kit (8-OHdG Quantitation) Catalog Number STA-320

GSH levels measured using HPLC as previously described Trivedi 

et al Mol Pharmacology 2014 

Molecular Markers of
Oxidative Stress

Image Analysis

Experimental Design

mRNA levels of genes involved in Oxidative  
Stress and Mitochondrial Dysfunction

 Using quantitative anisotropy we identified the 
cerebellum and the deep cerebellar nuclei as a 
potential areas vulnerable to change in early 
Parkinson’s.

 In pilot studies (data not shown) the whole 
cerebellum was analyzed for markers of redox 
stress and proved to be significantly different 
from control cerebellum

 In a subsequent study, gross segmentation of the 
brain of wild-type and PINK KO rats corroborated 
the early study but included mesencephalic 
dopaminergic system, forebrain and brainstem.

 Consistent with the previous results, cerebellum 
showed significant changes in ATP levels, GSH 
levels, oxidative damage and DNA methylation 
levels.

 Genes associated redox stress and mitochondrial 
dysfunction were altered.

 Similar changes were also observed in other 
brain regions including deep cerebellar nuclei 
and striatum. 

 Some of these changes correlated with the 
changes in substantia nigra / VTA; however, the 
changes in cerebellum and cerebellar nuclei 
were more pronounced as compared to the SN / 
VTA

 Interestingly, no changes were observed in 
prefrontal cortex and brainstem, particularly 
since the latter showed alterations in anisotropy

Wild-type (WT) (n = 20) and PINK1 KO (n = 20) rats were obtained from Sage Labs.  The imaging period 
and biochemical analysis were confined to animals studies between 12- 15 weeks of age as shown below.  
This period presents with no significant changes in motor activity or change in thyrosine hydroxylase levels 
in the SN or striatum.   

 A new methodology referred to as “in vivo 
neuropathology” (Kulkarni et al., PlosOne
2015)  was used to identify the cerebellum 
as being vulnerable in the PINK1 KO model 
of Parkinson’s.

 The cerebellum has not been implicated in 
the pathophysiology of PD. No lesions, Lewy 
bodies or alpha synuclein aggregates.

 While there were also changes occurring in 
the mesencephalic DA system could the 
changes in the cerebellum be antecedent to 
any dopaminergic neuropathology?

 If so, could changes in the cerebellum 
contribute to the onset of  PD? 

 Could imaging of the cerebellum be used to 
identify biomarkers of presymptomatic PD? 

We are presently using immunohistochemistry 
to study the microstructural changes occurring 
at the cerebellum and midbrain DA system in 
these PINK1KO rats. 

This works was funded by SAGE Labs a Horizon 
Discovery Group Company and Ekam Imaging 

qRT-PCR Analysis.
ABI Prism was used for the qRT-PCR analyses as described previously [1,2]. Optical 96- well reaction plates were used for this purpose and assay was run on the cDNA
synthesized. qRT-PCR used 5 uL of cDNA template, 10 mM sense and antisense primers, 10 uL of SYBR Green I Master (Roche), and molecular biology grade H20 in
sufficient volume to reach final volume of 20 uL. The following thermal parameters were used for the q(RT)PCR reaction: incubation for 5 minutes at 95°C, followed by
45 cycles of 95°C for 10 seconds, 60°C for 20 seconds, and 72°C for 30 seconds, and then a single cycle of 95°C for 5 seconds, 1 minute at 65°C, and 97°C for the
melting curve, followed by cooling at 40°C for 90 seconds. Corresponding No template controls (NTC) were run on each plate, and internal plate controls were run to
compare results from different runs. The dissociation curves were also generated to determine any nonspecific products. Resultant Ct values were analyzed using the
Roche software via relative quantification method D(D(Ct)) and values were normalized to B-actin levels. The further statistical analysis was performed using the
GraphPad Prism 6.0 software and one-way ANOVA and post-hoc turkey tests were used for comparison between different groups (N=4 for each group).


