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MATERIALS AND METHODS 

Generation of Two Dimensional (2D) Blood Flow Images.  The discrete locations for fluorescent 

microspheres were visualized as a 2D spatial probability distribution using image convolution  

(Russ, 1999).  Virtual 2-mm-thick sections were created in the plane of sectioning that 

corresponded to 53 coronal tissue block face images and all the microspheres locations identified 

therein.  Tissue edges of each 2 mm section were defined using the middle tissue block image by 

threshold routines that were manually verified; this created precise “masks” that defined tissue 

areas.  The microsphere locations were registered on the tissue mask image as an integer number 

corresponding to the number of microspheres (0,1,2) at any Z location for each pixel 

(2000x2000) in the X-Y plane.  These images were convolved with a 1 mm radius circular kernel 

whose elements were evenly weighted and were the same size as the image pixels.  The 

luminosity of each pixel in the convolved image thus represented the number of microspheres in 

a 1 mm radius from each pixel in the tissue image.  These convolved microsphere image flow 

values were divided by an image created by an identical convolution of the binary, tissue mask 

image.  This normalized flow to the volume of tissue available for flow and prevented tissue 

edges from appearing to be hypo-perfused.  Finally, the image was converted to a pseudo-color 

flow image using the reference blood sample microsphere to flow ratio. 

Generation of Composite Pseudo-color TUNEL maps.  The distribution of cerebral lesions was 

plotted in the same regions from which digitized images of TUNEL-labeled nuclei were 

acquired.  Two sections at frontal and parietal levels were analyzed in each of four animals 

subjected either to 30, 37 or 45 of ischemia (i.e., eight sections were used to generate each 



composite image of the distribution of lesions for the four animals in each experimental group).  

For each section, a low-power digital fluorescent image of the distribution of Hoechst 33324 

stained nuclei in the entire section was acquired with a BioRad ChemiDoc (QuantityOne version 

4.4.1 image acquisition software), contrast-enhanced and enlarged (Adobe Photoshop 8.0).  

These digital images were traced to generate maps that defined the boundaries of major cortical 

and subcortical structures.  The location of each lesion was recorded on these maps.  Lesion 

boundaries were defined by the distribution of TUNEL-labeled nuclei and confirmed by Hoechst 

33324 fluorescent counterstain, which permitted identification of condensed nuclei associated 

with degenerating cells. 

The composite pseudo-color TUNEL maps for each level were generated by overlay of 

the individual lesion maps onto a representative control map.  The control map was generated 

from a Nissl-stained control section that was imaged at high resolution on a color flatbed scanner 

(CanonScan 9900F with Adobe Photoshop 8.0).  In order to match anatomical boundaries 

between sections, digital images from the lesion maps were overlaid onto the control map and 

resized to the edges of the control section, lateral ventricle and basal ganglia (Adobe Photoshop 

8.0).  A composite image of the eight lesion maps for each experimental group was then 

generated.  Briefly, the eight anatomically-registered images were added as layers to a single 

document (Adobe Photoshop 8.0).  The area encompassed by each lesion was filled in and the 

opacity of each layer was reduced to 20%.  The image was then flattened to create a gray-scale 

image with up to seven gray intensities correlating to the number of times lesions overlapped at a 

given point.  The grayscale palette was then replaced with a pseudocolor palette ranging from 

blue (no lesions) to red (7 lesions). 

 



 


