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Target audience: Scientists interested in tissue clearing techniques, their relationship with MRI contrast mechanisms, and the source of MRI contrast. 
Introduction: CLARITY is a tissue clearing technique that uses hydrogel-embedding to maintain the structural integrity of the tissue and spatial 
organization of proteins, nuclei acids and other small molecules. Following the hydrogel embedding a detergent is used to remove the lipids that render 
the tissue optically opaque [1]. It is expected that biomolecules with an NH2 group will bind to the hydrogel and therefore not be removed by the clearing 
process. MRI of cleared tissue samples can serve the dual purpose of evaluating the efficacy of the tissue clearing and as a means to learn how much 
the cleared components, such as lipids, contribute to various types of MRI contrast. Here we demonstrate MR images with a range of different contrast 
mechanisms in a cleared human brain tissue sample and a cleared, whole, mouse brain.   
Methods: CLARITY: Two whole mouse brains were perfused with 0.5% acrylamide hydrogel solution and one human brain sample (obtained from 
Stanford neuropathology) was incubated in a 4% acrylamide hydrogel solution to form crosslinks with the surrounding hydrogel. After incubation and 
polymerization, the samples were removed from the hydrogel solution and passively washed in a clearing solution with detergent sodium dodecyl sulfate 
(SDS) for several weeks to wash out the lipids. MRI: The cleared samples were placed in plastic tubes and immersed in fomblin for scanning on a small 
bore 7T Varian animal scanner with Gmax=300mT/m and a 2 channel millipede coil at 0.5x0.5x0.5mm (human) and 0.5x0.5x1mm (mouse) resolution. The 
following types of MR contrast were acquired: T1-weighted (T1w) (human: T1-FLAIR: TE/TR=8.2/1500ms; mouse: FS-IR TE/TRTI=80/5000/1000ms), T2-
weighted (T2w) (human: T2-FLAIR: TE/TR=80/8000ms, mouse: Spin Echo: TE/TR=60/2000ms), proton density weighted (PDw) (Fast-GRE: 
TE/TR=1/6000ms) and diffusion-weighted (DW-SE-EPI: b=1000s/mm2 150 directions+10 b0-images, TE/TR=41.8/4200ms). Additionally, a quantitative 
T1 map (SE-IR: TI=[150, 300, 600, 1000]ms) and quantitative T2 map (SE: TE=[9, 15, 30, 60]ms) were acquired for the mouse brains.  
Results: Photographs display the transparency of the tissue samples after the clearing process. The transparency of the tissue depends on the 
progress of the clearing procedure and we see a few regions in each of these samples that are not completely transparent. Due to the low rigidity of the 
tissue samples after hydrogel embedding and fixation of the samples for the MR measurement, the samples took the shape of the measurement tube. 
Figure 1 shows T1w, T2w, PDw and diffusion tensor imaging (DTI) (fractional anisotropy (FA) and mean diffusivity (MD)) of the sample. Very little 
contrast (if any) can be visualized in any of these MR images. In order to emphasize possible features of interest, the images were windowed to a very 
narrow intensity range, accentuating strongly the existing bias fields due to the proximity of the sample to the RF coil. Arrows point to a few hyper or 
hypo intense regions. MD in both the mouse and human brain samples was near the value of free water at room temperature (2.1±0.1μm2/mm (human) 
and 2.0±0.1μm2/mm (mouse)). The measured relaxation times of the mouse brain samples were T1=519 ± 10ms and T2=305 ± 87ms. 
Discussion: Both myelin and membranes in brain tissue primarily consist of lipids and are therefore expected to have been removed during the clearing 
process. Myelin is known to be a major source of T1 contrast [2] and therefore the lack of T1 contrast in the cleared samples is potentially indicative of a 
successful tissue clearing procedure. Likewise axonal membranes and myelin are known to be the major source of DTI contrast [3] and therefore the 
lack of FA contrast is also potential evidence that lipids have been successfully removed. The MD map is potentially the most useful MR measurement in 
terms of guiding future staining experiments of cleared samples. A higher MD may indicate that it will be easier to permeate the tissue with antibodies 
used for histological staining. Inside one of the mouse brains, a region with slightly decreased MD that is also visible on the T1w image can be observed 
(red arrow), suggesting incomplete clearing in that region. The complete lack of T2 and T2* contrast suggests that another major source of MR contrast, 
iron, is also washed out during the clearing procedure. The lack of contrast in the PD image may be indicative of the homogeneous distribution of water 
across the sample. The T1 and T2 times are shorter than for free water. Given the that a hydrogel is essentially a polymer network that absorbs water 
molecules, the shorter relaxation times suggest that the water is not completely free but interacts with either proteins or the polymer chains that make up 
the hydrogel network. As expected for any MRI to CLARITY comparison, the MRI should be performed prior to tissue clearing. 

Figure 1: From left to right for a cleared human sample (top) and cleared mouse brain (bottom): Photograph of the cleared sample, T1-weighted (T1w), 
T2-weighted (T2w), proton density weighted (PDw), mean diffusivity (MD) and fractional anisotropy (FA). The hypo-intense region in the human sample 
(red arrow in T1w, first row) does not change contrast between T1w and T2w and it is therefore assumed that this contrast is not due to tissue properties 
but rather partial voluming with fomblin that accumulated inside a gap of the tissue sample. The hyper-intense region in T1w of mouse brain (red arrow 
in T1w, second row) is also present as a region with decreased MD (red arrow in MD, second row). This might point to incomplete clearing of the lipids in 
this region.  
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