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Summary

(1) Changes with age in the Young’s modulus of elasticity of human lens capsule
and Bruch’s membrane have been determined. In lens capsule the modulus
decreases with age whereas in Bruch’s membrane it increases.

(2) Changes with age in the hydraulic conductivity of the human lens capsule and
Bruch’s membrane have also been determined and again show opposite changes
with age. In the former membrane the hydraulic conductivity increases while in the

latter it decreases.

(3) The ageing changes in the respective membranes indicate that, in man, some
time after 100 years in all cases the lens capsule would have a similar hydraulic
conductivity to lenses with advanced cataract, while in the same subject Bruch’s
membrane would have lost its permeability to water.

In the last century, those tissues which were
observed by light microscopy and which
appeared to be structureless were named
‘glass membranes’. In the eye these are
Decemet’s membrane, lens capsule and
Bruch’s membrane. The arrangement of
tissues adjacent to lens capsule or Bruch’s
membrane are similar (Fig. 1). The arrange-
ment comprises a nutrient surface, aqueous or
chorio-capillaris associated with a complex
tissue of lens fibres, or rods and cones. Inter-
deposed between surface and tissue is a ‘glass
membrane’ in contact with an epithelium
from which it is thought to be derived. Elec-
tron-microscopy however has revealed that
these apparently homogeneous glass mem-
branes have a structure peculiar to the mem-
brane concerned. In the case of lens capsule
the membrane is a homogeneous matrix of
layered filaments! (Fig. 2a), whereas Bruch’s
membrane has a much more complex struc-
ture? (Fig. 2b).

The structural difference between lens cap-

sule and Decemet’s membrane is not very
great and their respective permeabilities are
similar, so in this paper only the lens capsule
and Bruch’s membrane are considered. Hith-
erto changes with age in Bruch’s membrane
have been confined to the electron-micro-
scopic appearances of the membrane and its
associated retinal pigment cells.?# In the pres-
ent paper two biophysical properties of this
membrane and their changes with age have
been investigated, namely elasticity and
hydraulic permeability, and contrasted with
lens capsule for which these properties have
already been reported.>¢

Method

The choroid was dissected out from 12 human eyes
ranging from 20 to 80 years old and a piece of
choroid from the posterior pole was carefully
brushed on its retinal surface to remove the pig-
ment cells. The chorio-capillaris was subsequently
removed by means of a scalpel blade, the resulting
almost transparent membrane being pared down to
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Fig.2. Comparison of the structure of (a) lens capsule and (b) Bruch’s membrane.
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Note: Both the basement membrane of the lens (lens
capsule and Bruch’s membrane show a decrease in
hydraulic conductivity with pressure as predicted by
the deformable matrix theory.

a thickness of about 5 to 6 microns. The membrane
was then clamped between 2 stainless steel circular
plates and drilled with a central hole (2.5 mm diam-
eter). Hydraulic permeability was determined at
varying pressures up to a maximum of 2,700 Paby a
previously described methode. Subsequently on the
same specimen Young’s modulus of elasticity was
also determined by a previously described method’.

In the past it has been thought that basement
membrane consisted of pores or collagenous rods
through or over which water percolated. Fisher¢
showed that the membrane of lens capsule
deformed and decreased in thickness with the pres-
sure necessary to cause water to pass through it. In
consequence the hydraulic conductivity was not
constant and independent of the applied pressure.
Infact, it decreased with pressure and a deformable

R. F. FISHER

matrix theory was developed to explain this (Fig.
3). As Bruch’s membrane behaves in a similar man-
ner, for the purpose of the comparison of per-
meability therefore of lens capsule and Bruch’s
membrane itis important that each is measured at a
similar stress and therefore deformation through-
out the age range. Since lens capsule on average is
about 5 times the thickness of Bruch’s membrane,
to obtain a similar degree of stress in each mem-
brane the hydraulic permeability of lens capsule
was measured at S times the pressure of Bruch’s
membrane, namely 100 mm mercury and 20 mm
mercury respectively.

Results

(a) Hydraulic conductivity

In Figure 4 the changes in hydraulic con-
ductivity with age for lens capsule and Bruch’s
membrane respectively are shown. It will be
seen that at the age of 40 years the hydraulic
conductivity of lens capsule is about 5 times
greater than Bruch’s membrane. This could
be expected since Bruch’s membrane is about
S times thinner than lens capsule. However,
lens capsule and Bruch’s membrane*behave
quite differently as the eye ages. For lens cap-
sule the hydraulic conductivity increases with
age whereas for Bruch’s membrane the
hydraulic conductivity decreases with age.

(b) Young's modulus of elasticity

In Figure 5 a comparison between Young’s
modulus of elasticity of lens capsule, Bruch’s
membrane and skeletal tissue is shown. As
Bruch’s membrane has a central core of elastic
tissue it might be expected that its Young’s
modulus would be lower than lens capsule
which is a modified form of collagen. How-
ever, as age advances the fibrous collagenous
elements in Bruch’s membrane increases.?
and by the age of 40 years the Young’s modu-
lus of elasticity of both glass membranes ‘since
Young’s modulus of lens capsule decreases
with age™ are about equal.

Discussion

The hydraulic permeability of these glass
membranes has an important bearing on the
well being of the complex tissues which they
separate from their nutrient source (see
Fig. 1), so the respective values of each mem-
brane of hydraulic conductivity are compared
with capillary walls (Fig. 6). It will be seen
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Fig.4. A comparison of the hydraulic conductivity of
lens capsule and Bruch’s membrane and the changes
which occur with age
Notes:
(a) Lens Capsule shown ————
Ages 4 to 69 years number of capsules = 25.
Hydraulic conductivity measure at 100 mm/Hg.
Best fitting linear regression for hydraulic con-
ductivity and age
Lp = 40.9%10-124+0.373x10-12A where
A = Age (years) |_p = Hydraulic Conductivity
r = 0.679 p<0.001.
(b) Bruch’s membrane shown
Ages 22-71 years number of membranes = 6.
Hydraulic conductivity measured at 20 mm/Hg.
Best fitting linear regression for hydraulic con-
ductivity and age
LPp=337x10-12-2.6x10-2A where
A = Age (years) |_p = Hydraulic Conductivity
r = 0.885 p<0.02.

that Bruch’s membrane has a similar
hydraulic conductivity to the glomerulus of
the kidney and much above the permeability
of cardiac capillaries. On the other hand lens
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capsule has a greater permeability than the
latter but about the same as mesenteric capill-
aries (not shown). Neither membrane there-
fore offer negligible resistance to water
transfer as was previously thought.®

The relationship between ageing changes
and disease has always been a matter of great
interest. So far as the eye is concerned two of
the chief diseases associated with old age are
cataract and macular degeneration,!® and the
possible role of ageing permeability changes
in lens capsule and Bruch’s membrane will
now be discussed briefly.

(a) Age changes in the hydraulic
conductivity of lens capsule

A study of the various types of senile cataract

in relation to the moisture content of the lens
substance and the permeability of its capsule
have been described.!! Figures 7(a) and 7(b)
show the relationship between cuneiform
opacities and cuneiform opacities with water
clefts. So far as cuneiform opacities are con-
cerned there was no difference in the
hydraulic conductivity of the capsules in
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Fig. 5. The Young’s modulus of elasticity of Bruch’s
membrane and lens capsule compared with the body
connective tissues

Note: Young’s modulus of elasticity about the age of 20
years for both lens capsule and Bruch’s membrane.
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Fig. 6. The Hydraulic conductivity of Bruch’s mem-
brane and lens capsule compared with the walls of
capillaries

Note: The hydraulic conductivity at about the age of SO
years for both lens capsule and Bruch’s membrane.

lenses with cuneiform opacities (mean age 70)
than the capsules of normal lenses (mean age
71). However, if in addition the lenses pos-
sessed water clefts in the cortex (mean age 74)
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(b) cuneiform opacities with water fissuring
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the difference was significant, p<<0.05. The
linear regression of increase in hydraulic con-
ductivity with age predicts (Fig. 4) that all
lenses will have gross water clefts and become
intumescent by reason of the high water con-
tent of the cortex by about the age of 160
years.

(b) Age changes in hydraulic conductivity of
Bruch’s membrane

It has been suggested* that Bruch’s membrane
might have reduced permeability to nutrients
from the choroid because with increasing age
there is a dramatic increase in the number of
phagosomes and pigment granules within the
membrane. This suggestion is now confirmed
since the hydraulic conductivity of the mem-
brane decreases dramatically with age
(Fig. 4). Indeed, the linear regression of
hydraulic conductivity with age for Bruch’s
membrane would indicate that no flow of
water through the membrane should occur by
the age of 130 years. It is reasonable therefore
to postulate that the common occurrence of
senile macular degeneration after the age of
70 years may be due in part at least, to the
reduction in nutrient transfer between the
chorio-capillaris and the retinal pigment cell
as age advances.
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Comparison of the hydraulic conductivity of the lens capsule in the presence of (a) cuneiform opacities and
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