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Figure 5 Change in distribution of endothelial cell shape
of corneas organ cultured in medium without FBS. (A)
Medium containing 1-glutamine, (B) medium containing
Glutamax.

cells) at a rate that is inversely related to
temperature: at 35°C, it has a half life of
approximately 9 days (data from Sigma
Chemical Company), which suggests that after
4 weeks its concentration in organ culture

Figure 4 Corneal endothelium stained with trypan blue and alizarin red S after 3 weeks

in organ culture medium containing L-glutamine. (A) Medium without FBS, (B) medium 60 —
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every few days is considered to be necessary for
maintaining a stable environment for the
growth of cells in vitro. Not only are depleted
substrates and labile components replenished,
but potentially harmful products of cellular
metabolism are removed. The frequency of the
change, the composition of the medium, and
the requirements for supplements, such as
serum, can vary markedly depending on the 4
cell type and whether the cells are proliferat- 60 —
ing."" A number of eye banks that use organ M
culture for storing human corneas, however, do 50 [—
not change the culture medium during the
storage period, which may extend up to 4
weeks. In order to counter the loss of substrates
utilised by the cells, the volume of medium
used for organ culture of corneas tends to be
relatively large, but the depletion of labile com-
ponents, such as L-glutamine, will not be miti-
gated by this strategy.

Even though L-glutamine can be synthesised
by cells from glutamic acid in an ATP
dependent reaction catalysed by glutamine
synthetase, it is considered to be a necessary

supplement to tissue culture medium for many Figure 6 Change in distribution of endothelial cell shape

of corneas organ cultured in medium containing 2% FBS.
cell type.s. It has, hovyever,' been shown to (A) Medium containing L-glutamine, (B) medium
degrade in culture medium (in the absence of  containing Gluramax.
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medium should have fallen by almost 90%.
Our results, however, could not demonstrate
any advantage to substituting L-glutamine with
the more stable peptide, L-analyl-L-glutamine.

The balance between glucose and glutamine
as energy sources varies markedly between dif-
ferent cell types.® ' Cells also vary in their abil-
ity to adapt to glutamine-free media.” For
example, deprivation of glutamine leads to an
increase in glutamine synthetase activity in
both mouse fibroblasts (McCoy cells), which
readily adapt to the absence of glutamine, and
canine kidney epithelial cells (MDCK), which
do not. But McCoy cells, unlike MDCK cells,
also show a substantially increased rate of
glutamate transport, which, coupled with the
increased activity of glutamine synthetase, is
likely to account for their tolerance of
glutamine-free conditions.

There are perhaps three explanations for the
apparent lack of benefit from using L-analyl-L-
glutamine during organ culture of porcine cor-
nea: firstly, glutamine may not be an important
energy source for porcine corneal endothelial
cells; secondly, these cells may adapt to and
tolerate glutamine deprivation; and thirdly,
other changes occurring in the medium may
have masked any benefit derived from the con-
tinued presence of the stable form of
glutamine. Apart from substrate depletion,
there would also be a build up in the medium
of potentially harmful metabolites such as lac-
tate from glucose metabolism and, presumably,
ammonia from glutamine metabolism. For
example, Hjortdal, et al'* reported that after 28
days of corneal organ culture, glucose concen-
tration had fallen from 5.1 to 0.25 mmol/l and
lactate concentration had risen from 2.5 to 11
mmol/l.

Although there appeared to be no benefit
from using a stabilised form of glutamine dur-
ing organ culture, there was a clear advantage
gained from the presence of serum, albeit at a
low concentration. It was notable, however,
that even in the absence of serum, there was no
loss of endothelial cells during the first week of
organ culture, although the subsequent decline
in endothelial cell density was rapid. With 2%
FBS, cell density remained unchanged for 2
weeks, but then reduced by approximately
50% over the next 2 weeks. This loss of endo-
thelial cells was much greater than would be
expected for human corneas during organ
culture—for example, a recent study reported
endothelial cell loss of only 12% from human
corneas after 3 weeks of organ culture.”
Despite the initial period of apparent stability
in terms of cell density in the porcine corneas,
changes in the distribution of cell shape were
evident within 1 week, even in the presence of
FBS.

The concentration of FBS (2%) used for
corneal organ culture is typical of that used in
holding media for cell cultures that have
reached confluence or where cell division is
undesirable." The actual requirements of cor-
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neal endothelial cells for the trace elements,
hormones, proteins, polypeptide growth fac-
tors, and other constituents of serum have not
yet been established precisely. It is clear,
however, that serum does contribute one or
more components that do improve the mainte-
nance of porcine corneal endothelium in organ
culture.

In conclusion, no advantage was gained from
using a stabilised form of glutamine during
organ culture of porcine cornea, but a need for
serum was established. The next step will be to
determine whether serum can be effectively
substituted by specific components, such as
selenium, insulin, and transferrin, to allow cor-
neal organ culture in a serum-free medium.
The other main question is whether the decline
in endothelial cells after 2 weeks of organ
culture in the presence of serum would be sig-
nificantly lessened by changing the medium.
Any perceived gain in terms of reduced endo-
thelial cell loss would have to be balanced
against the disadvantages of having to change
the organ culture medium several times. Each
change of medium would carry the risk of bac-
terial or fungal contamination, which could
render corneas unsuitable for transplantation.
Moreover, such a practice would complicate a
relatively straightforward storage method and
lead to a substantial increase both in workload
and expense in an eye bank such as Bristol,
which has 150-200 corneas in organ culture at
any one time.
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