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3.5 Experiment 3 – PFA Fixation-Cryoprotection-Cryosectioning  

The aim of these experiments was to investigate the effectiveness of fixation in 

paraformaldehyde fixative followed by cryoprotection in sucrose solution and cryosectioning 

for immunohistochemistry (after Grey et al., 2003; Jacobs et al., 2003). 

 

 

3.5.1 Methods 

 

Sample Collection and Tissue Processing 

Eyes were obtained and lenses removed as for the other experiments. Intact lenses were fixed 

in 4% PFA at room temperature for between 4 and 120 hours to determine optimum fixation 

time.  

 

Lenses were equilibrated in 10% w/v sucrose cryoprotectant solution (Grey et al., 2003; 

Jacobs et al., 2003) at room temperature for between 4 and 8 hours, followed by 20% and 

finally 30% w/v sucrose overnight (all in PBS) prior to cryosectioning. Fixed and 

cryoprotected lenses were mounted in O.C.T. compound at 4 
o
C on pre-chilled chucks, and 

then were immersed in liquid nitrogen for 25 seconds and stored at -80 
o
C until required for 

sectioning, or alternatively tissue blocks were stored on dry ice and immediately transferred to 

a cryostat pre-chilled to approximately  

-20 
o
C.  

 

Sections (16 µm) obtained as for fresh fixed lenses (see 3.4.1 Methods, above) were 

collected on to HistoBond
®
 adhesion microscope slides (Marienfeld GmbH & Co., Germany) 

factory coated with adhesive, and briefly air dried. Sections where rehydrated and cleared of 

embedding media with approximately 200 µL PBS, and then covered using CoverWell™ 

chamber gaskets (Molecular Probes, USA) so as to prevent evaporation and drying of the 

section between collection and subsequent steps. 

 

All staining was carried out as for the paraffin embedded sections (see section Staining 

Procedure, 3.3.1 Methods, above). Incubation of tissue in the presence of stains was adjusted 

due to the delicate nature of these sections in that it was carried out uncovered in a humid 

chamber (Jacobs et al., 2003; Reed et al., 2000). Section viewing and morphological 

assessment was as for paraffin embedded sections. 
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3.5.2 Results 

 

As for the PFA/paraffin lenses, the length of time of fixation for which lenses that were to be 

sectioned frozen was altered as necessary to improve the level of penetration and the resulting 

degree of tissue fixation. It was found 120 hours in 4% PFA fixative provided adequate 

fixation, however as with the paraffin embedded lenses the nucleus region of the lens would 

not always section consistently. This resulted in sections that lacked a large portion of the 

nucleus region of the lens.  

 

Tissue morphology was maintained to a reasonable degree in PFA fixed cryosections. 

Fibre cells near the periphery of the lens (page 42, fig. 3.5.1, a-c) were protected from 

freezing damage due to the cryoprotection step, and did not display damage seen in lenses 

frozen from fresh (compare with fig. 3.4.1). Across the cortex, cells maintained their expected 

morphology and did not suffer tearing or apparent shrinkage as experienced in sections 

acquired using the other methods attempted (i.e. fresh frozen or paraffin sections). Good 

preservation of the lens nucleus (fig. 3.5.1, d, e) was also possible when processing lenses 

using the 96-hour PFA fix prior to sectioning, although as mentioned above, this was not 

consistently achieved.  

 

The cryoprotection step used in this procedure, in contrast to fixation, did not require 

optimisation from what was originally set out in the protocol. In occasional sections fibre cell 

structure appeared shrunken/disfigured (e.g. fig. 3.5.1, c), possibly due to the fixation and 

cryosectioning steps that could potentially cause cells to lose rigidity and collapse through 

fluid exchange.  
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Figure 3.5.1 PFA-Cryoprotect-Cryosection Lenses 
Low magnification images showing intact cortex of PFA fixed cryosections obtained from lenses of 

sheep aged <12 months (a and b). Green signal, FITC, Red signal, PI. Inset schematic illustrating 

approximate location within the lens where the picture was taken (after Taylor et al., 1997). Scale 

bars: 100 µm. Nb. sections were obtained across the equatorial plane, while inset schematic shows 

axial view of lens.  
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Figure 3.5.1 PFA-Cryoprotect-Cryosection Lenses 
Fig. 3.5.1 (c) shows a 400x magnification of areas covered in fig. 3.5.1 (a) and (b). Intact cortical fibre 

cells with characteristic hexagonal pattern were visible. Fig. 3.5.1 (d) is a 100x magnification of lens 

nucleus. The intact nature of the compressed fibre cells was seen across a relatively large area of 

nucleus in this section was indicative of a high level of fixation in the nucleus when processed using 

the PFA-cryoprotect-cryosection method. Scale bars: c, 10 µm; d, 100 µm. Green signal, FITC, Red 

signal, PI. Inset as above. 
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3.6 Experiment 4 – Cataractous Lenses 

The aim of these experiments was to investigate the applicability of the PFA 

fix/cryoprotection based cryosectioning method to cataractous lenses, for future study of 

cataract lens with immunohistochemistry.  

 

 

3.6.1 Methods 

 

Sample Collection & Tissue Processing  

Eyes were obtained from an experimental flock of similarly aged (<12 months) sheep that 

were genetically predisposed to develop cataract (Robertson et al., 2005; Brooks et al., 1982). 

A range of cataract damaged lenses were investigated. Cataract damage was scored on a scale 

Figure 3.5.1 PFA-frozen Sections 
High (630x) magnification of intact lens nucleus shown in fig. 3.5.1 (e), showing compressed 

fibre cells found in this region of the lens. Good preservation of this area that was difficult to 

obtain in other lens processing methods was possible in PFA-cryosections. Inset as above. Scale 

bar 10 µm.  



Section 3 – Optimisation of a Protocol for Processing of Ovine Lenses for Immunohistochemistry 45 

of 1-6 following the procedure of Robertson et al. (2005) by a veterinary ophthalmologist 

using a slit lamp (Kowa, SL/5, Japan) and ophthalmoscope (Vista Diagnostic Instruments, 

Kellar, UK). Cataract lenses that scored 2 or less (“early stage cataract”) were dissected from 

the eye as for normal lenses using a posterior approach. Lenses that scored over 2 (“late stage 

cataract”) were extremely delicate, and could not be removed from the eye in the same way as 

normal lenses or early cataract lenses and fixed as a completely dissected lens. Late stage 

cataract lenses required a modified fixation procedure in which the back of the eye behind the 

lens was removed, along with vitreous humour, and eye tissue was carefully trimmed from 

around the lens but the lens fixed while still attached to suspensory ligaments and the cornea 

and iris intact. Lenses were fixed in 4% PFA at room temperature for 120 hours to determine 

optimum fixation time, after which they were processed for cryosectioning as for lenses in 

3.5.1 Methods, above, and sections and staining were carried out in the same manner as 

above. Lenses that were fixed with surrounding eye tissue were trimmed further, and the 

cornea and iris material carefully removal post fixation prior to further processing (i.e. 

cryopreservation and embedding in O.C.T.).  

 

 

3.6.2 Results 

 

Fixation for 120 hours was found to provide adequate preservation of cataract lenses. This 

was the upper end of which useful fixation could be had in normal lenses, and as cataract 

lenses were at a premium the decision was made to not sacrifice several of these lenses in 

determining an optimum fixation.  

 

Cataract damage in lenses scored at 2 or less was visible as isolated perturbations (as 

opposed to widespread damage) in the otherwise uniform hexagonal structure typical of 

lenses of normal animals (fig. 3.6.1 a-c). Damage to the fibre cells was generally present in 

these lenses at a distance of approximately 600 µm from the surface of the lens, wherein this 

600 µm zone fibre cells were present that appeared normal (see arrows, fig. 3.6.1 a and b). 

The fibre cell membranes of cataract lenses did not take up the FITC-lectin stain as well as in 

normal lenses, possibly due to degradation related to the cataract condition, and consequently 

were found to produce much dimmer images when visualised. Interestingly this problem was 

not as apparent with the TRITC-lectin stain (see fig. 3.6.1 a and c, versus d). 
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“Adequate” fixation in the case of late stage cataract lenses was difficult to define, as the 

amount of damage to these lenses was often such that there was not much lens tissue left that 

could be fixed. As such, late stage cataract lenses were fixed for 120 hours, cryoprotected and 

sectioned. Sections collected from late stage cataracts tended to be full of ice that rapidly 

melted and washed away a lot of tissue following collection, resulting in loss of most of the 

tissue. The nucleus of late stage cataract lenses tended to section with less of the problems 

encountered in normal lenses, and indeed was typically the only remaining intact part of the 

lens in late stage cataracts.  

 

Very weak punctuate staining interrupted irregularly by areas of intense staining was 

observed in sections obtained from late stage cataract lenses, and revealed a highly disordered 

state of the fibre cell membranes. The characteristic hexagonal shape of fibre cells was absent, 

and the large areas of atrophied cells observed in earlier cataracts (arrow-heads, fig. 3.6.1 c 

and d) appeared to have become more widespread at depth in the cortex, and some fibre cells 

dissociated into the milieu of liquefied interior of the lens. The sub-capsular area of 

unaffected cells seen in earlier stage cataracts (fig. 3.6.1, a and b) extended only 

approximately 100 µm (fig. 3.6.2 a), compared to about 600 µm in early cataracts. The fibre 

cells within this 100 µm boundary were not as well defined in terms of the cell morphology as 

those in the early cataract, and were possibly shrunken. 
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Figure 3.6.1 Cataractous Lenses 
The above images (a, TRITC and b, FITC stain + PI stained cell nuclei) show sections obtained from 

lenses that scored 1 on the scale of cataract damage developed by Robertson et al. (2005). Damage to the 

lens was similar to that encountered in poorly fixed lenses, however it was characterized by a continuous 

area of essentially normal lens morphology directly beneath the lens capsule/surface, followed by distinct 

degeneration of the regular lens structure around 600 µm in from the edge of the lens (as indicated by the 

white arrows). Scale bars are 100 µm. Inset schematic illustrating approximate location within the lens 

where the picture was taken (after Taylor et al., 1997). 


