


























fibril connections. Model 1 is the stiffest model
essentially because its chains must reach all the way
between fibrils, (see Fig. 7).

The first maximum of g(r) is of rather special
interest because it can be very easily approximated
using Eqs. (2), (3),* and because disorder ensuing

from the fixation process is expected to be least
noticeable for small 7. Equation (2) yields
- 4)
£ first maximum = g J
2w, b A |
and substituting the values listed in the table yields

4.1 Model 1

2.2 Model 2(a)
g first maximum = ) 2.6 Model 2(b)

2.6 Model 2(c)
Thus, the last three models continue to agree with
our estimate of /(p?) rather better than does
Model 1, again because its chains, being required
to reach all the way from one fibril to another, are
stretched relatively tightly so that there is relatively
little dispersion from the minimum energy con-
figuration. Model 1 could, of course, be in good
accord if its chains were composed of mucopoly-
saccharide and mucoprotein chains hooked in series.
We are, therefore, unable with confidence to
discriminate between the various models on the
basis of presently available information.

Structure and Swelling Pressure

Since the previously described study led to a
way of connecting the mucopolysaccharides and the
collagen fibrils in such a way as to yield a reason-
ably satisfactory microstructure, we were led to
consider the swelling properties of such a network.

If a piece of cornea is removed from the eye,
denuded of its limiting layers, and placed in saline,
it will swell in thickness by taking in saline. The
extent of the swelling may be controlled by an
externally applied force, and the pressure that is
just sufficient to maintain the stroma at some fixed
thickness is known as the swelling pressure associ-
ated with that thickness. The experimentally deter-
mined relationship between swelling pressure and
stromal thickness for rabbit cornea in physiological
saline is shown by the data points of Fig. 10. The
molecular and structural basis for this behavior has
remained obscure, however, in the absence of a
detailed model of the stroma.

It turns out that an approximate theoretical
relationship between swelling pressure and the
thickness of stroma in a salt solution can be derived
quite readily for our models of chain fibril topology.
The basis of the swelling theory derives from the fact
that swelling pressure is related thermodynamically

*Only the six nearest neighbor sites contribute appreciably to the sum of
Eq. (2), and the value of r at which the peak occursis r = 7 = b
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Fig.
dependence of swelling pressure on thickness vs.
experimental data, for rabbit stroma. (Data points
from Ref. 7.)
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to the free energy. The free energy, in turn, can be
approximated in terms of the properties of the
molecular chains and the topology of their connec-
tions to the collagen fibrils, by using well-known
techniques of polymer theory. The result of the
calculation for Model 2(a) is shown by the smooth
curve of Fig. 10, where one parameter, whose value
is as yet unknown, has been arbitrarily assigned a
plausible value that yields good agreement at one
point, namely at normal hydration. It seems note-
worthy that the agreement is satisfactory over about
one and one-half decades of swelling pressure
variation, so that the theory may indeed be near the
truth in its essentials.

Concluding Remarks

In summary, therefore, the theoretical calculations
relating to the transparency, fibril distribution, and
swelling pressure support the basic validity of a
model of the stroma in which the collagen fibrils
are held together by polymeric chains. The detailed
topology of the connections remains open, and
probably will be settled ultimately only by new and
improved electron microscope techniques. Neverthe-
less, we believe that the basic model is sufficiently
representative of the stroma that it will be valuable
for the illumination of the molecular and structural
basis of many other physiological properties of
stroma.
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