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ABSTRACT 
Primary open-angle glaucoma (POAG) is the most common form of glaucoma in 

individuals over forty-years of age in North America. In POAG, outflow resistance is 

pathologically elevated due to a malfunctioning or impairment of the filtration 

mechanisms with the eye; consequently, prolonged elevation of IOP may ultimately lead 

to irreversible blindness.  The human eye appears to be particularly vulnerable to POAG 

when compared to eyes of non-human species.  The reason for this increased 

susceptibility remains unknown.  An interesting corollary of this distinction is that all 

studies of non-human mammalian eyes performed to date demonstrate a volume-related 

increase in outflow facility when undergoing prolonged intraocular perfusion.  This 

phenomenon, known as “washout”, does not occur in the human eye.  Currently, is 

unclear what physiological mechanisms are involved in governing the washout effect.  

Washout is a reversible process and a correlation is observed between the degree of 

physical separation between the juxtacanalicular connective tissue (JCT) and basal 

lamina of the inner wall of the aqueous plexus (bovine equivalent of Schlemm’s canal) 

and changes in outflow facility in enucleated bovine eyes. In these studies, we focused on 
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structural differences between species that do and do not exhibit the washout effect, 

developed a better method for tracing and investigating the macroscopic patterns of 

aqueous humor drainage in bovine eyes.  Our studies demonstrated that the measured 

increase in outflow facility due to washout correlates with JCT/inner wall separation from 

the bovine aqueous plexus.  In human eyes, which do not exhibit washout, neither of 

these changes occurred after prolonged intraocular perfusion.  Compared to bovine eyes, 

there are more elastic fiber connections in the JCT of the human eye that may limit 

JCT/inner wall separation, thereby potentially explaining the lack of washout in human 

eyes.  A preliminary study was performed to investigate whether changes in outflow 

facility correlate with changes in outflow patterns before and after washout in bovine 

eyes.  Outflow patterns were examined using confocal microscopy and two colors of 

fluorescent microspheres to probe for changes in outflow patterns before and after 

washout.  Our results showed the pre-washout macroscopic pattern of outflow appeared 

punctate whereas the post-washout pattern appears more uniform.  Changes in outflow 

facility did not correlate with the area available for outflow through the inner wall of the 

bovine aqueous plexus.  A better understanding of the mechanisms that augment the total 

area for outflow could be exploited to increase outflow facility in eyes with elevated IOP.  
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Figure 2.2 Morphological assessment of separation between the inner wall/JCT in the bovine eye.  The 
degree of inner wall/JCT separation observed in each section was assessed based on a scale of 0 (no 
separation), + (~less than 1/3 of total length of the inner wall),  ++ (~more than 1/3 but less than 2/3 of the 
total length of inner wall), and +++ (~more than 2/3 of the total length of the inner wall). The length of the 
double-headed arrows corresponded to the estimated length of inner wall/JCT separation in each case.  
(Magnification 747X) 
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Figure 2.3 Electron Microscopy Images of Cell-Matrix vs Matrix-Matrix Separation in the Bovine Eye (A) 
Cell–matrix separation (double-headed arrow) occurred between the endothelial cell and basal lamina 
(arrowheads) along the inner wall of the aqueous plexus (AP). In this image, two inner wall cells were 
displaced into the lumen, but retained contact with the basal lamina through multiple cellular processes 
(arrows). The extracellular matrix within the JCT remained well organized beneath the site of cell–matrix 
separation. A giant vacuole was seen extending from the outer wall. (B) Matrix–matrix separation (double-
headed arrow) occurred between the basal lamina (arrowheads) of the inner wall and the underlying JCT 
matrix. The basal lamina remained attached to the inner wall cell, and together they were displaced from 
the JCT. Bars, 2 µm. (Photo and description from Overby et al. 2002 in Investigative Ophthalmology and 
Visual Science. 2002;43:3455-3464.) 
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2B.3.3c: Transmission Electron Microscopy        

 Ultra-thin sections (90 nm) from each of the four quadrants of each eye, were cut 

with an ultramicrotome, counterstained with uranyl acetate and lead citrate, and 

examined with an electron microscope (Model 300: Philips, Eindhoven, The 

Netherlands).  Micrographs from the four quadrants of both human and bovine eyes, 

taken along the inner wall of Schlemm’s canal (or AP) at an original magnification of 

3300X, were compared to determine if differences were evident between bovine and 

human, and between eyes from short and long perfusions. Representative micrographs 

were also examined to determine how change seen at the light microscopic levels 

responded to the electron microscopy grading system of Overby et al (2002).  

 

2B.3.4: Statistical Methods         

 Two-tailed Student’s t-test and linear regression analysis were applied (Systat for 

the Macintosh, ver. 5.2.1; Chicago, IL) with a required significance level of 0.05.  For the 

regressions, the residuals (the difference between the fitted value of the dependent 

parameter and its measured value) were examined and in all cases appeared random when 

plotted against the independent variables.  

 

 

 

 




