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Fig. 6 upper, male aged 62;
lower, male aged 67. There
is irregular loss of nuclei in the
ONL as well as of their
photoreceptors. The retinal
pigment epithelium, Bruch's
membrane, and choriocapillaris
appear intact.

Discussion

In 24 of 104 necropsy eyes without significant ocular
disease we found a reduced population of nuclei in
the ONL along with a loss of their photoreceptors.
These observations of human eyes parallel the recent
finding that a progressive loss of cells occurs with
aging in the ONL in healthy rats.2
A loss of retinal neurons and photoreceptors at

the macula has been demonstrated by many authors
in eyes that had pigmentary migration into a degen-
erated retina or a disciform response.3-9 Those who
have studied senile macular degeneration have been
impressed with the associated changes in the layers

adjacent to the retina, and they have picked one or
another layer to assign as the primary site with
macular degeneration as a secondary consequence.
There is no question that with aging a variety of
changes occur in the retinal pigment epithelium,
Bruch's membrane, and the choroidal vasculature.
These structures are all so closely interrelated that it
has been difficult to ascertain the site of a primary
defect. However, the present study indicates that a
progressive degeneration of cells in the ONL and
their photoreceptors may occur without significant
changes in the adjacent layers.
The elongation of nuclei found in the rod and cone

layer has been explained as a consequence of com-
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pression by the adjacent photoreceptors.10 Com-
pression would not, however, explain the change in
shape of the nuclei displaced into the OPL. That
layer of fibres (Henle's layer) in the macular zone is
easily separated by fluid in cystoid oedema and by
exudates in diabetes.
What is the explanation for nuclear displacement

from the ONL? The nuclei in the ONL are attached
at one end to the photoreceptors and on the other to
their axonal fibres, which cross the OPL and join
with dendrites from the INL. We speculate that
nuclear displacement in either direction may be due
to traction exerted by shrinkage of the attached
fibres. A traction phenomenon could explain elonga-
tion of the displaced nuclei in the direction of the
nerve fibres in the OPL as well as in the layer of rods
and cones. Less likely is the possibility of active
nuclear migration.

It is noteworthy that Marshall et al.11 have
demonstrated by electron microscopy a change with
aging in human rods. Starting at age 40 some rods
become elongated and convoluted, and by the
seventh decade 10 to 20% of the rods are affected.
The degenerative changes we found also appear
after the fourth decade.
A normal retina has about 130 000 000 nuclei in

the ONL with a corresponding number of photo-
receptors.12 In our material we could not accurately
count the changes in numbers of nuclei with aging.
Our report is thus qualitative and notes only a sub-
stantial loss that is obvious by light microscopy. We
found that an appreciable number of nuclei were
displaced from the ONL after age 30. Some had
undergone degeneration characterised by a change
in their size and shape as well as the density of
chromatin; in some only a cellular ghost remained.
Nuclear displacement probably accounts for the loss
of cells in the ONL. In our study we found no cor-
relation between the loss of nuclei in the ONL and
changes in the pigment epithelium, Bruch's mem-
brane, or the choriocapillaris. It appears that the
cellular diminution in the ONL can be primary and

is most likely an aging phenomenon. Along with the
loss of cells in the ONL there was similar reduction
in number of the attached rods and cones and the
axons in the outer plexiform layer. The relation of
this process to senile macular degeneration is unclear
and requires further investigation.
The loss of nuclei in the ONL and their photo-

receptors is likely to cause some change in the visual
properties of the eye. It is well known that there are
parameters of visual function which diminish with
aging without obvious clinical alterations in the lens
or the fundus. Our findings may help to explain some
of this loss of function.
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