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Introduction: Multiple sclerosis (MS) is a chronic inflammatory demyelinating disease of the central nervous system (CNS) characterized by breakdown 
of myelin due to immune mediated inflammation. Understanding the pathophysiology of demyelination is important for diagnosis and for appropriate 
treatment. However, it is difficult to identify the exact location and the onset of the disease in humans. Hence, experimental model systems are necessary 
to monitor and study the pathophysiology of the disease progression beginning from the onset of demyelination to remyelination. Recently, we showed 
the potential of diffusion MR studies (DWI) in the study of the pathophysiology of demyelination and the remyelination process in an animal model (1). 
The aim of the present study was to investigate the changes in fractional anisotropy (FA) in addition to apparent diffusion coefficient (ADC) in LPC 
induced demyelinating rats at various stages of demyelination and remyelination using diffusion tensor imaging (DTI) and DWI. The advantage of this 
experimental model system is that both de- and re-myelination can be studied in a short duration of time (1).  
 
Materials and Methods: Stereotaxic injection of 1% Lysophosphatidylcholine (LPC) was administered in the internal capsule (ic) area of the rat brain (n 
= 10, male Wistar rats; body weight=150 to 250 gms) to create demyelination. Institute ethics committee approved the study. MR studies were carried out 
at 4.7 T animal MR scanner (Biospec, Bruker) using a 72 mm resonator coil. Initially, rats with dry needle insertion (sham control, n = 5) and saline 
injected (vehicle control, n = 4) were studied and no demyelination was observed on histology. DWI and DTI were carried out by sequential monitoring 
of rats at 7 time points (day 3, 5, 7, 9, 11, 15, 22 and 26). Due to mortality and other reasons, not all rats could be monitored at all time points. Out of 10 
rats, one was monitored at all 7 time points, while 4 were monitored at 4 time points till day 15 and 8 rats were at studied at 3 time points till day 7. 
Parameters used for DWI were: TR = 3000 ms, TE = 40 ms, and six ‘b’ values from 0 to 1000 s/mm2; while for DTI, TR = 3000 ms, TE = 38.3 ms, 30 
diffusion directions and maximum b value was used. ADC and FA were calculated from 
the lesion area as well as from the unaffected contralateral ic area by selecting uniform 
circular ROIs of 4 pixels (area = 0.0039cm2). ADC and FA were calculated from the 
lesion and contralateral unaffected ic area of the brain. 
 
Results: Demyelination was observed in 9/10 rats as hyperintense area on T2-weighted 
image (Fig 1a,b). Generally, the lesion size increased from day 3 (onset of demyelination; 
n=8) till day 11 (n=4). Thereafter the lesion size decreased from day 15 (n=2) indicating 
the onset of remyelination with complete disappearance on day 26 (n=1). During the 
course of demyelination, the lesion appeared hyperintense on ADC map (Fig. 1c,d) and 
hypointense on FA map (Fig. 1e,f). The lesion ADC showed gradual increase as a 
function of the progression of demyelination (Fig. 2a) from day 3 (n=8; 1024 ± 167 
μm2/s) till day 11(n=4; 1451 ± 183 μm2/s) compared to contralateral ic region (n=10; 
ADC = 663.1 ± 55.7 μm2/s). One rat monitored on day 26, showed ADC similar to that 
observed for the contralateral ic region. Further, a gradual decrease in FA value (Fig 2b) 
was observed during demyelination from day 3 (n=8; FA = 0.23 ± 0.02) till day 11 (n=4; 
FA = 0.14 ± 0.03). FA increased from day 15 (in the two rats studied) until day 26 (n=1; 
0.61 ± 0.05), indicating remyelination. 
 
Discussion: Measurement of ADC and FA in the 
present study at various stages of de- and re-
myelination in comparison to control showed an 
increase in ADC as demyelination progresses (i.e. 
up to day 11). This finding corroborates our earlier 
observation (1) and the results reported by Verhoye 
MR et al (2), wherein an increase in ADC was 
observed during demyelination in rat brain. 
Additionally, our present study also showed that FA 
decreases with increasing demyelination. A similar 
behavior was reported in LPC induced 
demyelinating rat with spinal cord lesion (3). Higher 
ADC and lower FA values compared to normal 
brain have also been reported in human MS patients 
(4). The diffusion phenomenon in normal neural tracts is explained by the fact that water molecules diffuse along the length of the nerve fibers since their 
motion in other directions is restricted by surrounding myelin sheath thereby resulting in higher anisotropy (diffusion along one direction) and 
subsequently low ADC. The increased ADC and reduced FA observed in our study is attributed to the fact that during demyelination (due to damage to 
the myelin sheath), the molecules tend to diffuse radially as well as perpendicular to the fiber direction and hence molecular diffusion along the fiber 
direction is reduced. Even though only two rats were monitored on day 15, both ADC and FA values were similar to that observed for the unaffected 
contralateral ic region, as myelin sheath begins to reform around the nerve fibers. Studies with more number of animals are required. However, our results 
demonstrate that the estimation of ADC and FA can be used to characterize the various stages of demyelination and remyelination in a quantitative way. 
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