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Figure 3.6.1 Cataractous Lenses 
The above images (c, TRITC, red; d, green, FITC) show lens sections obtained from lenses that scored 

2 on the cataract scale. It can be seen that the cataract damage has amplified, with large areas of 

atrophied cells (indicated by arrow-heads) appearing beneath the area where cataract damage first 

became apparent in stage 1 cataracts (as indicated by the arrows in fig. 3.6.1 a and b). Punctuate 

staining of fibre cell membranes was observed in cataract lens sections (as indicated by the arrows in 

fig. 3.6.1 d). Scale bars and insets are as for fig. 3.6.1. (a) and (b).  

 

 



Section 3 – Optimisation of a Protocol for Processing of Ovine Lenses for Immunohistochemistry 49 

 

 

a) 

 

 

 

 

 

 

 

 

 

 

 

 

 

b) 

 

 

 

 

 

 

 

 

 

 

 

Figure 3.6.2 Late Cataract Lens Morphology 
Figures a) and b) show the general pattern of staining that was observed in sheep aged less than 12 

months afflicted with cataracts that were scored at greater than 2. Little intact lens fibre cell 

morphology can be observed. The arrows in (a) indicate the last vestiges of the intact outer cortex (as 

referred to in the main text). FITC staining was very weak in these lenses, and the above images have 
been enhanced. Scale bars are 100 µm and images obtained at 100x magnification.  
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3.7 Discussion 

 

There is currently no specifically optimised method available for processing normal or 

cataractous ovine lenses for immunohistochemistry. In light of this, three methodological 

paradigms were investigated in the attempt to find a suitable protocol for fixing sheep lenses. 

These were lenses fixed in paraformaldehyde then embedded in paraffin for sectioning, fresh 

frozen lenses fixed following cryosectioning (after Girao et al., 2005; Alizadeh et al., 2003; 

Reed et al., 2003; and Reed et al., 1999) and finally lenses fixed in paraformaldehyde, 

followed by cryoprotection and frozen sectioning (after Grey et al., 2003 and Jacobs et al., 

2003). Each of the methods was evaluated on the basis of a set of criteria that revolved around 

preservation of tissue morphology primarily, as well as the ability to successfully replicate the 

procedure, and the overall ease of the procedure. 

Figure 3.6.2 Late Cataract Lens Morphology 
Few sections obtained from lenses that were affected with late stage cataract made it to the staining 

stage of the procedure, and the ones did displayed degradation of the lenses internal structure with 

areas becoming isolated from the surrounding tissue, and a loss of connectivity between fibre cells. 

Staining was very weak in these lenses, and the above images have been enhanced. Scale bars are 100 

µm, and insets are as for fig. 3.6.1. All images are at 100x magnification. 
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Immunohistochemistry on paraffin-processed tissue sections was initially investigated, as 

this method is known to offer several advantages over frozen tissue processing, including long 

term storage of tissue, the ability to obtain multiple sections from the same tissue sample at 

the user's discretion over an extended period, superior long-term preservation of cellular 

features compared to frozen sections and enhanced durability of both the tissue and sections 

taken there of (Walker, 2006; Krenacs et al., 1999; Bratthauer, 1999). While paraffin 

processed tissue is generally thought to offer the advantage of being conducive to 

retrospective studies for potentially several decades owing to the apparent stability of proteins 

in wax, there is some evidence to suggest there is some deterioration of protein once the 

sections have been cut from the main block (Walker, 2006; Bertheau et al., 1998). Also 

paraffin sections, and in particular those taken from the lens (Reed et al., 2001), can be 

affected by autofluorescence (Niki et al., 2004; Nuemann & Gabel, 2002) that could 

potentially interfere with fluorescence microscopy used in this investigation.  

 

Following the “standard” technique (Krenacs et al., 1999) for fixing and embedding lenses 

prior to sectioning for immunohistochemistry, lenses were fixed in 4% PFA followed by 

dehydration and embedding in paraffin. To begin with, 4 hours fixation of lenses was tested 

and found to be inadequate, resulting in an incompletely fixed lens where the outer most 

edges of the lens would “fix”, while the inner regions of sections typically would fall out at 

some stage during the remaining procedure. The fixed edges of the lens would section from 

the tissue block as an entire intact section and attach to a coated microscope slides 

completely, and displayed good morphology with FITC-lectin staining. The nucleus region in 

contrast would not section evenly and did not display good morphology, if only for the fact 

that this part of the lens would usually become detached from the slide and be lost from 

further analysis.  

 

Increasing the length of fixation to approximately 120 hours in approximately 8 to 12 hour 

increments (essentially increasing fixation by the length of a workday or overnight) had little 

effect up until approximately 96 hours, at which time sectioning of the lens would produce the 

most complete sections. It was found that this length of fixation did not always produce 

uniform sections between tissue samples, possibly as a result of differences in lens size, and 

further increases in fixation did not prove beneficial in this regard. The use of “Plus” slides 

(ColorFrost/Plus Microscope Slides, Fischer Scientific, catalogue number 12-550-17) as 

mentioned in Reed et al. (2001) to overcome the loss of lens nucleus was also investigated 
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when it became obvious that further alteration of the fixation procedure was not practicable. 

According to the manufacturer, these slides are treated so as to provide electrostatic attraction 

of tissue for better adhesion to the glass microscope slides, and indeed sections did stick better 

to these types of slides. Controlled tests were not carried out however, so no definitive 

conclusion can be made in that regard, nonetheless the “Plus” slides were persisted with for 

the collection of paraffin sections.  

 

Morphology of sections was evaluated by comparison with other light microscopic studies 

of the lens from the literature (particularly Jacobs et al., 2003; Grey et al., 2003; Young et al., 

2000; Bond et al., 1996; Bassnett, 1995), as well from experience derived from sectioning 

several lenses that gave one some appreciation of what may be deemed as “good” 

morphology. It has been noted that the preservation of morphological detail in histological 

sections is deemed “good”, in somewhat of a circular manner, in that it is only what has come 

to been expected from a particular histological specimen. This is an accepted feature however 

of semi-quantitative observational methods such as immunohistochemistry (Cregger et al., 

2006; Taylor & Levenson, 2006; Berod et al., 1981). The morphological preservation was 

thus deemed good for lenses processed using paraffin, with no noticeable deterioration in the 

shape of fibre cells. No problems were encountered with regards to autofluorescence. This 

was possibly owing to the fact that the FITC-lectin stain used was a robust and bright marker 

of cell membranes and was able to overcome any background autofluorescence. 

 

Cryosectioning was tested in this investigation, as it is the favoured method for 

immunohistochemical labelling of lenses in other species (Girao et al., 2005; Grey et al., 

2003; Jacobs et al., 2003; Reed et al., 2001; Ma et al., 2001). The method of Grey et al. 

(2003) and Jacobs et al. (2003) was adapted, incorporating elements of the procedure devised 

by Reed et al., (2001). The method of Reed et al. (2001) was also attempted. For the Jacobs 

and Grey et al. (2003) method, lenses were fixed in a PFA fixative, prior to embedding in 

O.C.T and freezing. As for PFA/paraffin lenses, fixation duration was altered as necessary to 

improve the level of penetration and therefore tissue fixation. It was found 120 hours fixation 

provided adequate fixation, however again the nucleus region of the lens would not section 

consistently. This is possibly due to differences in lens size and fixative penetration. Another 

possibility is that differences in the cryostat temperature during sectioning may have added to 

difficulties in obtaining consistent sections (Jacobs et al., 2003). Sections were cut with the 

cryostat temperature set to -20 
o
C to maintain an optimum cutting temperature of -18 

o
C. The 
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chamber temperature would however fluctuate between -20 
o
C and -15 

o
C depending on 

ambient conditions, and on particularly hot days would require the cryostat temperature to be 

set at its lower limit of -30 
o
C in an attempt to maintain an ideal cutting temperature. 

 

Morphological preservation of cryosectioned lenses was acceptable following fixation for 

approximately 120 hours coupled with cryoprotection. Cryoprotection did not require 

optimisation from what was originally set out in the method, and was effective in preventing 

the appearance of damage seen in sections that were not cryoprotected prior to freezing that 

tended to affect the outer-most cells in the lens (see for example fig. 3.4.1, a). The method of 

Jacobs et al. (2003) stated 1 hour cryoprotection only was necessary for rat lenses, however it 

was assumed that as fixation of the ovine lens took up to 5 times longer than in the rat lens, 

over night cryoprotection would be necessary. Potentially this length of cryoprotection was 

excessive, and some sections did appear to have degraded morphological preservation 

(compare the fibre cell morphology of fig. 3.5.1, c, with 3.3.1, a), but it was not outside of 

what was to be expected when treating lenses in this manner (freezing etc). The alternative of 

foregoing cryoprotection altogether definitely produced sections of a lesser quality as 

witnessed by the results of using the fresh frozen lenses fixed post sectioning (compare fig. 

3.4.1, a-c with fig. 3.5.1, a-c). 

 

The fresh frozen lenses with fixation post-cryosectioning method (Reed et al., 2001) was 

found to be unsuitable for the ovine lens, as a host of morphological abnormalities related to 

freezing damage were encountered in sections obtained in this manner (see fig. 3.4.1, a-d). 

Apparently the fresh frozen lenses with fixation post-cryosectioning method has been used 

with success on larger lens types such as the human lens (Ma et al., 2001), and it was 

surprising that it did not transfer successfully to the ovine lens as they are also a large lens – 

that is, both human and ovine lenses are larger than the rodent lenses that are typically fixed 

this way. The ovine lenses (1000-1200 mg; Augusteyn & Cake, 2005) are much larger in 

terms of their wet weight than human lenses 200-270 mg (Augusteyn & Cake, 2005; 

Sanderson et al., 2000), which could explain why this method did not transfer as was 

originally anticipated. As a result of the poor degree of morphological preservation, as well as 

discussions with other researchers in the field of lens immunohistochemistry, the fresh frozen 

lenses with fixation post cryosectioning method was not persisted with. Elements of the Reed 

et al. (2001) protocol were however incorporated into the overall protocol developed, such as 

the use of BSA for blocking sections, the use “Plus” microscope slides for superior section 



Section 3 – Optimisation of a Protocol for Processing of Ovine Lenses for Immunohistochemistry 54 

adherence to slides over that encountered with the use of poly-L-lysine coated slides, and 

sectioning lenses at 16 µm.  

 

Incidentally, a similar method to that developed by Reed et al. (2001) involving fresh 

frozen lenses with fixation post-cryosectioning was used for research in the ovine lens by 

Kistler and co-workers in a series of papers published in the 1980s (Kistler et al., 1986; 

Kistler et al., 1986a; Kistler et al., 1985). Sheep lens sections used in these papers were fixed 

and sectioned following a protocol that appears to have been developed for rodent lenses 

covered in the earlier of the papers (i.e. Kistler et al., 1985) and were sectioned with a 

cryostat followed by fixation in 2% PFA fixative. Fixation and processing of ovine lenses in 

this manner did not produce sections of a high quality (see Kistler et al., 1986), in much the 

same way as was encountered here when sectioning fresh frozen lenses following the Reed et 

al. (2001) protocol. Cataractous lenses were also investigated in one of the papers by Kistler 

and co-workers (Kistler et al., 1986), but these were processed for immunohistochemistry in 

JB-4 plastic, (JB-4 Embedding Kit
®
, Polysciences Inc, Warrington, USA; see for example 

Choy et al., 2005), a method which was not investigated here. 

 

The PFA/cryoprotection method was applied to cataract-affected lenses with some success. 

Cataract lenses are fragile and consequently difficult to handle and obtain intact sections from 

for immunohistochemistry. They often require the use of thick vibrotome sections and 

confocal microscopy (see for example Bond et al. 1996). Pre-fixed cryosectioning of cataract 

lenses allowed for the collection of thin sections that could be observed with non-confocal 

microscopy. Early stage cataracts were fixed for the same duration as normal lenses, and 

sectioned similarly to normal lenses in that they could be collected such that sections 

remained largely intact throughout the rest of the staining procedure.  

 

The appearance of cataract damage in early cataract lenses (see fig. 3.6.1) at approximately 

600 µm from the lens surface may coincide with the boundary in the lens between the 

differentiating outer-fibre cells and the more mature, differentiated fibre cells. Interestingly, 

this boundary is known to be the location of lens fibre cell membrane-protein redistribution, 

which involves the processing and cleavage of membrane proteins including members of the 

connexin family (Grey et al., 2003). The coincident appearance of cataract damage at around 

this area in the lens where processing and cleavage of proteins is known to take place might 

indicate the involvement of aberrant protease activity associated with normal lens fibre cell 
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differentiation being involved in the early stages of cataract. This is however entirely 

speculative, based only on proximity, and further investigations would be required to bear out 

this conjecture. 

Cataract lenses fixed with surrounding eye tissue due to extensive cataract were fixed for 

120 hours and tended to be full of ice that rapidly melted and washed away a lot of tissue 

following collection of sections. Liquefaction of cortical tissue is a common occurrence in 

cataract-affected lenses (Bond et al., 1996), and was likely responsible for the large deposits 

of ice experienced in these lenses during sectioning. Often it was found in higher scoring 

cataract lenses that the vitreous humour that resides behind the lens was opaque, the result 

possibly of leakage of lens material, and was indicative of the delicate nature of lens in late 

stage cataract. It is likely that little lens tissue that could be visualised with FITC/TRITC or PI 

persisted in these regions in late stage cataracts, though cytoplasmic debris has been identified 

in the fluid-filled spaces of cataracts induced in rats (Bond et al., 1996).  

 

For the methods that required fixation prior to embedding, lenses were usually fixed 

whole, fixing lenses that cut in half along the equatorial or longitudinal axis was also 

attempted with mixed results. This alternative concept emerged from other reports (e.g. 

Alizadeh et al., 2003), as well as personal experience, which suggested fixative penetration in 

the lens was very slow. Slow and/or a low degree of fixation can consequently make it 

difficult to investigate the nucleus of the lens due to improper fixation, and it was thought that 

reducing the size of the tissue to be fixed so as to allow better fixative penetration would 

result in a more workable tissue block with regards to section collection. This is also the 

general consensus in the literature surrounding fixation and processing of tissue for histology 

in general (e.g. Taylor & Levenson, 2006; Bratthauer, 1999).  

 

All sections were cut from lenses through the equatorial plane. This allowed observation of 

lens cells at all stages of differentiation, maturation and ageing, given that lens cells are not 

turned over or lost from the lens, and differentiation occurs throughout the life of a lens with 

outside cells gradually becoming internalised to the lens nucleus (Jacobs et al., 2004; Ireland 

et al., 2000; Lee et al., 2000). Jacobs et al. (2004) mention that lenses cut in the axial 

orientation display epithelial cell nuclei extending over the anterior surface to the “bow 

region” located at the equator, whereupon they begin to differentiate and can be seen to 

concentrate and track in toward the lens nucleus. Fibre cells in this region appear to curve 

back on themselves, in addition to becoming smaller with depth into the lens (see for example 
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fig. 3.6.1, d). In occasional sections obtained through the equatorial axis the epithelial cells 

fitted this description of axially obtained sections. This was due to cells present in slightly 

different orientations and indicated that sectioning was not precisely through the equatorial 

plane (Blankenship et al., 2001); however this (imprecise equatorial sectioning) cannot be 

determined until after the sections have been collected and stained. Simple vetting of sections 

with a light microscope at the point of collection and appropriate adjustment of the microtome 

has been suggested (Marc Jacobs, personal communication, November 2005), however the 

microtome used to collection sections lacked the appropriate contrivances to alter the angle of 

sectioning in the first instance, and instead melting and resetting of the lens would have been 

required to alter the sectioning angle. This would have been time consuming and potentially 

pointless as it would have required several attempts before exact equatorial sectioning was 

possible, all the while to the detriment of the tissue and for little practical gain. Consequently 

this facet of sectioning was disregarded.  

 

Due to the time constraints it was decided that some degree of tissue degradation was to be 

expected during the fixation and sectioning process, and indeed could not be avoided in most 

cases. It is apparent from a review of the literature that the lens generally is a difficult tissue 

for immunohistochemical analysis owing to slow or low tissue penetration of fixatives 

combined with the compacted nature of the lens nucleus (Alizideh et al., 2003). Berod et al. 

(1981) suggest that the most systematic means of obtaining optimal tissue sections for 

immunohistochemistry is to compare a series of sections with a graded degree of fixation, as 

opposed to using a standard fixation procedure as a starting point and proceeding by altering 

the degree of fixation based on the interpretation of these results. It must be pointed out that 

the latter approach was used in this investigation, and future investigations may be remiss not 

to carry out optimisation of fixation of the lens using this strategy. The following passage 

from Taylor and Levenson (2006) illustrates there is generally a large amount of uncertainty 

regarding the length of fixation for any tissue:  

 

“… the ideal time for fixation of a 5 mm thick tissue block is perhaps 12–24 hrs (no 

uniform agreement here; Leong, 2004; Dapson et al., 2005), in practice, the total time in 

fixative is very variable … Fixation time in reality is almost entirely uncontrolled, varying 

anywhere from 6 to 24 hrs, or more [for a 5 mm thick tissue block]. Add to this, questions as to 

whether the formalin is freshly prepared and adequately buffered, plus variability in the rate 

of penetration of formalin in different types of tissues and into differently sized blocks, and the 
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result is a major impediment to standardization of an IHC [immunohistochemistry] stain and 

an obstacle to quantification.” 

 

The fickle nature of the fixation and sectioning process thus lends itself to a small amount 

of what may be described as luck, and while immunohistochemistry may be a valuable 

scientific research and diagnostic procedure, there appear to be concerns in the literature 

regarding its reproducibility as well as lack of standardisation and quantification that must be 

taken into account when interpreting an immunohistochemical stain (Cregger et al., 2006; 

Walker, 2006). 

 

A summary of the key elements of each procedure used in these investigations is shown in 

Table 3.2. Preservation both the microscopic detail of the tissue as well as the lower-level 

gross preservation as it is sectioned is related to the fixation treatment and sectioning method 

used to obtain sections. PFA fixed paraffin-embedded sections provided a high degree of 

preservation of tissue, although the overall procedure itself was time consuming and 

somewhat inconsistent with regards to fixation of the deeper regions of the lens. In contrast, 

the method of cryosectioning lenses that were not fixed prior to sectioning was quick but was 

found to produce sections of poor quality. PFA fixation, cryoprotection and cryosectioning 

was a simple procedure to carry out that resulted in good morphological preservation and the 

ability to obtain sections with the lens nucleus region (generally) intact. 
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Table 3.2  Summary of Results of Fixation and Sectioning Protocols Attempted with Adult 

Ovine Lenses 

Procedure Findings 

1. PFA fixed paraffin-

embedded 

sections 

+ High degree of morphological preservation in cortical fibre 

cells 

+ Sturdy sections 

! Parts of the lens nucleus not fixed, frangible  

! Reliant on third parties for parts of the procedure  
 

2. Fresh frozen, fixed 

post 

cryosectioning 

+ Cells in the lens nucleus well preserved  

+ Quick procedure compared to others attempted 

! Poor preservation of cortical fibre cell morphology  

! Inconsistent sectioning,  

! “Chattered” appearance of sections on slides 
 

3. PFA fixation-

cryoprotection-

cryosection 

+ Acceptable degree of morphological preservation 

+ Easily completed on-site without having to rely on third 

parties 

+ Transferred to cataract lenses 

! Fragile sections 

! Time consuming  

Nb. “+” indicates a desirable quality of the method, while “-” indicates an undesirable feature  

 

 

 

3.7.1 Final Protocol 

A method based on cryosectioning with lenses prefixed in paraformaldehyde fixative was 

developed, and was desirable for several reasons. Among these was that cryosectioning based 

processing appears to be the favoured method for immunohistochemical labelling of lenses in 

other species (Girao et al., 2005; Grey et al., 2003; Jacobs et al., 2003; Reed et al., 2001; Ma 

et al., 2001). Additionally, this method lent itself to convenience as the equipment to perform 

this type of procedure was readily accessible and the procedure itself was slightly less time-

consuming overall compared to paraffin processing, in that all parts of the procedure could be 

carried out on site without having to rely on third parties for sectioning. This had the added 

bonus of allowing for better control of the entire procedure.  

 

The developed protocol is for the processing of ovine lenses for immunohistochemisty is 

as follows: 

 

1. Remove lens from eye via posterior approach and fix whole for 120 hours in 4% (w/v) 

PFA fixative in PBS. 
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2. Cryoprotect lens in 10% (w/v) sucrose in PBS for between 4 and 8 hours, followed by 

20% and 30% sucrose in PBS each overnight. 

 

3. Embed lens in chilled O.C.T. tissue freezing medium on pre-chilled chucks, and freeze 

for 25 seconds in liquid nitrogen. 

 

4. Transfer frozen embedded lenses to -20 
o
C cryostat and section lenses at 16 µm. 

Collect sections on HistoBond
®
 adhesion microscope slides (Marienfeld GmbH & Co., 

Germany), briefly air dry, and then cover with 180 µL PBS in CoverWell
TM

 chamber 

gaskets to prevent drying.   


