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Abstract

Freezing the eyeball before cutting is effective in preventing deformation of the ultrastructure of
the vitreous body. The authors developed freeze-fracture deep-etching methods in order to avoid ice
crystal damage to the ultrastructure of the vitreous hody and the disappearance of glycosaminoglycan
in the vitreous body, and successfully observed the course of collagen fibril formation and the
interfibrillar ultrastructures. The vitreous bodies of mouse eye and the vitreous fragments of monkey
and rabbit eyes were observed three-dimensionally. A combined pretreatment of low-concentration
ethanol immersion and low-concentration cetylpyridinium chloride fixation before freezing the
eyeball revealed the lattice structure formed by collagen fibrils and the fine filaments 3~10nm in
diameter which twined around the collagen fiibrils. From these observations, morphological evidence
has been given for the first time that the vitreous gel is formed by a double network structure. (Acta
Soc Ophthalmol Jpn 92 : 1221—1229, 1988
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Fig. 1 A freeze-fracture deep-etching replica of mouse vitreous body. The
eyeball is fixed with 0.02% cetylpyridinium chloride (CPC) for a short duration

of 3~5 minutes and is immersed in 3~

5% ethanol as cryoprotectant.

Collagen fibrils extend straight and form a dense lattice. Fine filaments resem-

bling glycosaminoglycan filaments fill spaces between the collagen fibrils and
they twine around the collagen fibrils. The fine ivy-like filament and the linear-
ity of collagen fibril and lattice structure seen in this figure are thought to be
closest to the true fine structure in the mouse vitreous cavity. *75,000
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Fig. 2A&B High magnification views of freeze-fracture deep-etching replicas of
mouse vitreous body prepared with same fixatives as figure 1. Note that the fine
ivy-like filaments twine around the collagen fibrils. The diameter of the
filaments in figure 2B are smaller than that in figure 2A. It is assumed that this
difference depends on the depth of the etching and the shadowing angle. Fig.
2A X170,000, Fig. 2B =140,000

Fig. 3 A freeze-fracture deep-etching replica of mouse vitreous body. In eyeball

prepared by a short duration of immersion in low-concentration ethanol (3
~5%) and without using CPC, fine ivy-like filaments resembling glycosaminog-
lycan are seen, though only in small amounts. The vitreous gel and its lattice
structure do not shrink as compared with the vitreous gel treated with CPC. x
90,000
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Fig. 4 A freeze-fracture deep-etching replica of quickly frozen mouse vitreous
fragment from cut unfixed eyeballs. Widely spaced collagen fibrils, which states
do not seem to present the original density, are seen and interfibrillar ultras-

tructures composed of glycosaminoglycan fine filaments are quite similar to

those in the figures 1 and 2. > 80,000

Fig. 5 A dimethyl sulfoxide (DMSO) freeze-cracking replica of mouse vitreous
body with glutaraldehyde and paraformaldehyde fixation. Node-like substances
which distribute at intervals of 20~40nm on the collagen fibrils are found. X

120,000
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Fig. 6 A freeze-fracture deep-etching replica of mouse vitreous body with 10%
ethanol immersion for 15 minutes. The eyeball is fixed without CPC. The
collagen fibrils also extend straight and form a lattice. No filamentous structure
is found between the collagen fibrils. X 60,000

Fig. 7 A freeze-fracture deep-etching replica of posterior vitreous membrane of
the mouse vitreous cortex. The dense packed collagen fibrils are fastened in
bundles and the spaces between them are too narrow to be observed. 80,000

Fig. 8 A freeze-fracture deep-etching replica of monkey vitreous fragment very
close to the inner limiting membrane (ILM). The connecting filament (arrow-
heads) are found in the spaces among neighboring parallel collagen fibrils. x
145,000
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Fig. 9 A schematic representation of ultrastructure of mouse vitreous gel and
double network formed by collagen fibrils and glycosaminoglycan filaments
on the basis of these observations. Many quadrilatelals with 0.4~0.7¢m length

of each side are formed by collagen fibrils. And the glycosaminoglycan

filaments twine around the collagen fibrils and they occupy the spaces between

the fibrils.
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