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Fig. 4B K-Solpreservation for two weeks. Scleral rim. Transmission electron micrograph ofthesame cornea seen in Fig.
4A. A fewsmall vacuolations can beseen. Cytoplasmic organelles are intact. DM=Descemet's membrane; N=nucleus;
M=mitochondria; AC=anterior chamber. Bar=O* 7 tun.

The intercellular cytoplasmic membranes were well
preserved, and the hexagonal endothelial cells
demonstrated a normal mosaic-like appearance. The
endothelial sheets were almost intact (Fig. 4A). By
transmission electron microscopy the corneas pre-
served in JM showed large clefts and small vacuola-
tions. The cytoplasmic organelles were almost
normal (Fig. 3B). In the corneas preserved in K-Sol
the endothelial cells were almost intact except for
small vacuolations (Fig. 4B).

Discussion

JM, which contains no bicarbonate, was developed
by modifying glutathione bicarbonate Ringer's
solution. (GBR).1 Endothelial function is almost
stopped by cooling to 40C. Mayes et al.6 reported that
a preserving medium with low bicarbonate concen-
tration intensifies this effect. Therefore, nutritional
materials are not included in this medium except for
glucose. In contrast, K-Sol contains tissue culture
medium for corneal nutrition, though K-Sol preser-

vation also reduces corneal endothelial function by
cooling to 4°C.

Because cooling of the cornea to 4°C stops the
function of the corneal endothelium, it also triggers
corneal swelling. Dextran 70 and chondroitin sul-
phate are both high molecular weight materials that
prevent stromal swelling.9" JM contains dextran 70
(MW 70 000) and K-Sol contains purified chondroitin
sulphate (MW >10000). For penetrating kerato-
plasty it is desirable to use grafts of normal thickness.
In our experiments corneas with scleral rims pre-
served in K-Sol maintained normal thickness for up
to two weeks. No stromal swelling was seen (Fig.
4A). However, corneas with scleral rims preserved in
JM were thicker than those in K-Sol and stromal
swelling was prominent (Fig. 3A); thus K-Sol preser-
vation appears to be superior in preventing stromal
swelling. It is believed that purified chondroitin
sulphate prevents corneal swelling, as first reported
by Kida.9

Characteristic changes seen by transmission
electron microscopy in the endothelium were clefts,
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cytoplasmic vacuolations, and decreased cytoplasmic
densities. The clefts were parallel to the cytoplasmic
membrane and crescentic in shape. Small vacuola-
tions were located on the apical side. Similar changes
have been reported in the past with 40C preserva-
tion." 2 Sakimoto et al.'2 reported that the clefts
disappeared after penetrating keratoplasty. This
change may be the result of the loss of endothelial
function during 40C preservation. The density of the
cytoplasmic organelles was somewhat decreased in
the endothelial cells, but the organelles were almost
intact. Overall, the endothelial sheets were in good
condition in both corneas preserved for two weeks,
though nearly all the endothelial cell nuclei were
swollen.
By scanning electron microscopy the changes seen

in endothelial cells preserved in both media for one
week were negligible. Endothelial cell size was
normal and the cytoplasmic membranes were almost
intact (Figs. 1B, 2B). Corneas preserved for
two weeks showed no endothelial cell loss. The
hexagonal cells were well preserved. However, a few
endothelial cells were enlarged, and endothelial
pleomorphism was prominent. Endothelial swelling
and pits in the cytoplasmic membrane were also
visible, though the cytoplasmic pits were not con-
firmed by transmission electron microscopy. These
endothelial changes (pleomorphism and pits) were
more prominent in the corneas preserved in JM.
Mizukawa et al.' reported that even at 40C the
function of the cornea cannot be stopped completely;
therefore a preserving medium should contain some
nutritional additives. It is conceivable that lack of
nutrition results in more changes in corneas pre-
served in JM, and that chondroitin sulphate exerts a
beneficial effect on corneal endothelial cells pre-
served in K-Sol, as reported by Lindstrom and
associates. 13
K-Sol preserved corneas have been used in corneal

transplantation in humans with good results.4 Human
corneal endothelium degenerates much faster than
that of rabbits,6 and the reproductive power of the
endothelium in the rabbit is much greater than in
humans. Therefore it seems likely that the results

obtained with rabbit corneas in this study are better
than those obtained with human tissue. However, it
may also be true that some histological changes that
may occur in human tissue during storage may be
reversible when the cornea is transplanted into the
eye. In this study, although the corneas with scleral
rims preserved for two weeks in both K-Sol and JM
remained in good condition, somewhat better results
were obtained with K-Sol.
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