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Fig. 2. Slit lamp photograph of left superior central cornea of affected male rabbit (FO 19 16). Note fine granular stippling 

Fig. 3. Slit lamp photograph of left inferior central cornea of affected male rabbit (FO 19 16). Superficial opacities are 

Fig. 4. Slit lamp photograph of right cornea of affected female rabbit (FO1920). Plaque-like opacity of superficial 

of anterior cornea. 

more coarsely granular than opacities seen in Fig. 2. 

paracentral cornea is delineated by the slit beam. Note distinct demarcation between affected and nonaffected cornea. 

mals. The housing provided was spacious, clean and 
well-ventilated. No enviromental irritants or husban- 
dry practices were identified which might have con- 
tributed to the occurrence of the corneal lesions. These 
observations combined with the finding that six of nine 
affected females were sired by one affected male, sug- 
gested a familial disease. 

In the affected rabbits mean values for serum tri- 
glycerides (1 l l  mg/dl) and total lipids (263 mg/dl) 
were less than the corresponding mean values for the 
unaffected rabbits (triglycerides 16 1 mg/dl; serum lip- 
ids 330 mgldl). However, numbers of animals in each 
group were not sufficient to state a significant differ- 
ence. 

Histologically, lesions were similar but varied in se- 
verity. Periodic acid-Schiff and Jones hematoxylin and 
eosin (HE) stains demonstrated irregularly thickened 
epithelial basement membrane throughout affected 
areas. Junctional areas between the abnormal epithelial 
basement membrane and the superficial corneal stro- 
ma appeared fimbriated and irregular (Fig. 5). The most 
prominent histopathologic changes were noted in areas 
where dense plaque-like lesions were seen biomicros- 
copically. In the most severely affected areas (i.e., most 
optically dense), the basement membrane was accen- 
tuated with Jones HE stain and appeared markedly 
thickened and irregular (Fig. 6). Differential interfer- 

ence contrast illumination also enhanced visualization 
of thickened basement membrane and adjacent ab- 
normal anterior corneal stroma which had disorgan- 
ized collagen lamellae (Fig. 7). Epithelium was fre- 
quently thin and disorganized in affected areas, and 
epithelial basal cell nuclei stained intensely (Fig. 7). 
Detachment of the basal epithelial cells from the base- 
ment membrane was occasionally noted within affect- 
ed foci. 

Discussion 
Spontaneously occurring ocular disease of labora- 

tory rabbits is of interest to the biomedical community 
because the rabbit is commonly used in toxicologic 
studies to assess the degree of ocular irritation induced 
by topically administered test substances. It is impor- 
tant to identify and define spontaneously developing 
ocular surface diseases which could result in misinter- 
pretation of ocular findings following exposure to in- 
vestigative materials. 

Morphologically, anterior corneal dystrophy of the 
American Dutch belted rabbit is unique among ani- 
mals but strikingly similar to human corneal dystro- 
phies biomicroscopically and histologically. Compar- 
isons of histopathologic features of anterior corneal 
dystrophy of the Dutch belted rabbit with three specific 
forms of anterior corneal dystrophy of man are pre- 
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Fig. 5. Histologic section of anterior cornea of left eye of male rabbit (FO1917). Note irregularly thickened basement 
membrane and fimbriated junction between abnormal basement membrane and anterior stroma (arrows). Jones HE. 

Fig. 6. Histologic section of anterior cornea of left eye of female rabbit (FO 1920). Note markedly thickened abnormal 
basement membrane in area normally occupied by basal epithelial cells (arrows). Jones HE. 

Fig. 7. Histologic section of anterior cornea of left eye of female rabbit (FO 1920) viewed with differential interference 
contrast illumination. Corneal epithelial thickness is diminished to 2-3 cell layers, basal cell nuclei are small and stain 
intensely, the basement membrane is thickened and irregular, and associated superficial corneal stroma (analogous to 
Bowman’s layer) is disorganized. Within the anterior stroma note relative acellarity and irregular arrangement of collagen 
lamellae. PAS. 
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Table 1. Comparison of histopathologic features of anterior corneal dystrophies of the American Dutch belted rabbit 
and man.1,4,7,20,26,33,34,36 

Anatomic Layers AffectedLesions 
Description 

Epithelium Basement Membrane (BM) Subepithelial Strorna 

Dutch belted rabbit 
anterior corneal 
dystrophy 

Meesman’s juvenile 
epithelial dystro- 
PhY 

Epithelial basement 
membrane dys- 
trophy 

Reis Bucklers’ dys- 
trophy 

Thin; disorganized; basal cell 
nuclei small and intensely 
stained, focal detachment of 
basal epithelial cells from 
basement membrane 

Epithelial vesicles; abnormal 
maturation of cells with in- 
tracellular “peculiar sub- 
stance” 

Abnormal epithelial cells; epi- 
thelial microcysts; fibrillar 
epithelial material 

Irregular; abnormal basal cells; 
abnormal epithelial architec- 
ture 

Thickened; intensely staining; 
irregular 

Thickened (250 pm) 

Thickened (200-600 pm); in- 
tensely staining 

Basement membrane abnor- 
mal and focally absent; 
amorphous fibrillar materi- 
al found in place of BM 

Irregular junction with epithe- 
lial BM; relative acellularity; 
disorganized lamellae 

Normal 

Fibrillar subepithelial material; 
Bowman’s layer and stroma 
normal 

Abnormal Bowman’s layer (fi- 
brosis); fibrillar elements 

sented in Table 1. Similar pathologic features include 
abnormalities of the epithelial cells, basement mem- 
brane, and subepithelial stroma. 

Corneal opacities seen in this inbred strain of Amer- 
ican Dutch belted rabbits appear to fulfill criteria of a 
true corneal dy~ t rophy .~~  Corneal dystrophies occur 
spontaneously, are non-inflammatory, typically in- 
volve the central cornea, are often bilateral, and fre- 
quently occur symmetrically. They are unassociated 
with systemic disease, primarily involve a single cor- 
neal layer (although other layers may become second- 
arily affected), and are familial.36 Corneal opacities in 
affected rabbits occur spontaneously, and the central 
or paracentral cornea is involved. Lesions are often 
bilateral but not always symmetrical. No clinical or 
histologic evidence of local inflammation is present, 
and the animals are free of systemic disease. The cor- 
neal epithelial basement membrane is consistently ab- 
normal; however, abnormalities of the overlying epi- 
thelium and underlying stroma also occur. 

Clinicians have been concerned with the renewal of 
tight epithelial-basement membrane adhesions follow- 
ing abrasion of the corneal epithelium.12 Poor adhe- 
sions of the basal epithelial cells to the epithelial base- 
ment membrane may result in recurrent epithelial 
erosions of the corneal surface which are painful and 
disabling in human beings and animals. In human pa- 
tients, the anterior corneal dystrophies are a primary 
cause of recurrent corneal epithelial e r o ~ i o n s . ~ J ~ , ~ ~  

The importance of normal basement membrane 
complexes to the maintenance of tight adhesions be- 
tween the epithelial basal cells and the anterior stroma 
(analogous to Bowman’s layer) has been investigated 
in laboratory  animal^.^^-'^ Rabbit cornea was used to 

demonstrate that epithelial cells undergo rapid migra- 
tion and mitosis (i.e., 4 days) to cover denuded base- 
ment membrane. Tight adhesions formed between ep- 
ithelial cells and the original basement membrane 
within 7 days in normal rabbit cornea.Ig When the 
epithelium and basement membrane were removed 
from monkey corneas, 8 weeks were required for ref- 
ormation of the new corneal epithelium-basement 
membrane complex with resulting firm attachment by 
anchoring filaments to the underlying stroma.18 Precise 
contributions of corneal epithelium and Bowman’s 
layer keratocytes to the formation and renewal of the 
corneal epithelial basement membrane merit further 
study. 

Since rabbits in the present study with corneal epi- 
thelial basement membrane disease have abnormal 
corneal epithelium and superficial corneal stroma, these 
animals may be useful for investigating the basic in- 
terrelationships and sequential contributions of basal 
epithelial cells and adjacent stromal keratocytes to cor- 
neal epithelial basement membrane formation. Ultra- 
structurally corneal epithelial basement membrane 
consists of basal lamina collagen and a reticulum with 
ground substance and resembles other basement mem- 
branes. l6 It is believed that the basal lamina collagen 
is a product of the epithelial cells and that the reticular 
fibers, with their associated polysaccharide matrix, are 
products of connective tissue fibroblasts.2 

Based on present findings, the term anterior corneal 
dystrophy of American Dutch belted rabbits is sug- 
gested as the most appropriate designation for this dis- 
order. Researchers are alerted to this suspected familial 
disease and are encouraged to carefully screen all 
American Dutch belted rabbits prior to initiation of 
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biomedical studies relating to the eye. Ultrastructural 
and genetic studies are needed to further characterize 
this entity which is proposed as an animal model for 
the study of anterior corneal dystrophies of man. 
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