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Introduction Magnetic resonance imaging (MRI) studies have documented 
consistent patterns of brain injury in human alcoholics [1], which include gray 
matter (GM) and white matter (WM) volume reductions in the severe case of 
treatment-seeking individuals. In contrast, in treatment-naïve alcohol-dependent 
individuals [2], GM, but not WM brain volume reductions have been reported. 
This raises the possibility that brain volume changes are less severe in the 
general population of alcoholics than within hospitalized alcoholics (Fig. 1). 
Similarly, a longitudinal study of nonhuman primates that underwent an 
established voluntary ethanol drinking protocol [3] exhibited gray matter but not 
white matter volume reductions following 6 months of 22 hr/day access to ethanol 
[4]. Diffusion tensor imaging (DTI) studies of human individuals that do not exhibit 
WM volume reductions have found that microstructural disturbances can be 
detected [5]. Therefore, diffusion MRI experiments were conducted here to determine whether the sequence of gray 
matter volume, followed by white matter microstructure, followed by white matter volume differences can be characterized 
in a longitudinal context a nonhuman primate model of human alcoholics. 
 
Methods Twelve adult rhesus macaques (8 males) served as subjects for this 
study. All subjects were scanned at baseline and following 6-months of voluntary 
alcohol drinking on a SIEMENS 3T Tim Trio scanner equipped with a 15-
element human knee coil. Diffusion-weighted images (DWIs) were acquired 
using a 2D diffusion-weighted, spin-echo EPI sequence with TR/TE = 5600 
ms/90 ms, in-plane resolution of 1.25 mm2, and slice thickness of 1.5mm. A total 
of 6 b0 images and 30 isotropic DWIs (single b = 1000 s/mm2) was acquired and 
averaged 4 times. Field maps were also acquired to correct magnetic 
susceptibility induced image distortions present in EPI experiments. FA maps 
were calculated from the corrected DWIs using FSL (http://fsl.fmrib.ox.ac.uk). 
Voxelwise statistical analysis of the FA data was carried out using the TBSS 
module of FSL. TBSS projects all subjects' FA data onto a mean FA skeleton 
before applying voxel-wise cross-subject statistics. A FA atlas generated from 
271 rhesus monkeys [6] was used as registration target in our TBSS analyses. 
 
Results The average daily ethanol intake over 6 months voluntary drinking 
ranged from 1 to 4.2 g/kg/day (equivalent to 4 to 13 drinks per day for a human 
of average weight). The mean±standard deviation of the distribution was 2.2±0.9 
g/kg/day. Results of the TBSS analysis are shown in Fig. 2. Voxels with significantly (P<0.05) reduced FA was highlighted 
with red/yellow. A symmetric reduction in FA was detected within left and right interior frontal gyral WM (Fig.2a, b, and c). 
In addition, another cluster of voxels within ventral prefrontal WM showed decreased FA (Fig. 2d and e) at 6 month time 
point compared to baseline. 
 
Conclusion We find that six months of alcohol self-administration in a rhesus macaque model of human alcoholics 
disrupts frontal white matter microstructure as indicated by decreased FA in multiple WM tracts. When combined with 
neuroimaging studies of other rhesus cohorts that underwent similar drinking procedures, these results indicate that the 
progression of GM and WM damage observed in this animal model is consistent with observations made in studies of 
human alcoholics. Nonhuman primates that undergo 6 months of voluntary drinking exhibit greatest similarity to non-
treatment-seeking, alcohol-dependent people.  
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Fig.1. A diagram comparing findings in brain 
structural changes between human 
alcoholics and non-human primates. 

 

Fig.2. Voxels with significantly decreased FA 
after 6 months voluntary alcohol drinking are 
highlighted in red/yellow. Results are shown in 
coronal (a), sagittal (d) and axial (b, c, and e) 
views  
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