





Fig 2.—Nerve beading by gold chloride impregnation (arrowheads) in control rats at 16 (left) and
36 weeks (right) (X950).

M
ot
* 7'l
,"
Bt I *
10 um

Fig 3.—Nerve beading by goid impregnation {(arrowheads) in diabetic rats at 16 (left) and 36
weeks (right) for comparison with beading in Fig 2. Note interbeading spaces of diabetic rats are

irregular (X950).

Table 2.—Number of
Schwann Cells Showing
Irregularity of Basal Lamina

No. (%) lrregular’

Time, Diabetic Control
wk Rats Rats
4 2/37 (5.4) 2/40 (5.0)
16 6/69 (8.7) 2/42 (4.8)
36 12/55 (21.8) 4/40 (10.0)

* Number of cells with irregular basal lamina over
total number of observed Schwann cells.

3and 4) (P <.01 by Student’s £ test). In
addition, evidence of the irregularities
in the thickness of the basal lamina of
Schwann cells became much more
frequent as compared with the con-
trols (Fig 5 and Table 2). A notable
electron microscopic feature at this
time was the occasional presence of
axonal degeneration in the diabetic
rats but not in the controls (Fig 5).
Even at this stage, changes were con-
spicuously absent in myelinated
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Fig 4.—Histograms of periodicity of nerve beading in diabetic and control groups. Differences of
distribution between groups were observed at 16 weeks (left). Differences were more

pronounced at 36 weeks (right).

nerves, in intraepithelial nerves, and
in the peripheral stromal nerve densi-
ty using nonspecific acetylcholines-
terase reaction (P >.05). With the use
of 1-um thick-plastic-embedded sec-
tions, no demonstrable difference was
found between the two groups on light
microscopy.

COMMENT

Corneal complications of diabetes
nellitus are poorly understood clini-
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cal phenomena.! Decreased corneal
sensitivity,*!! noted in these patients,
may be an underlying factor for some
of these problems.” It is not clear,
however, if this change in sensitivity
is a reflection of altered corneal inner-
vation. A number of reports*** have
alluded to the changes in other
peripheral nerves of the body in dia-
betics, whereas others have demon-
strated duplication and thickening of
the basal lamina surrounding the
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Fig 5.—Irregularities in basal lamina of Schwann cells in 36-week-old diabetic rat are
demonstrated as thickening (thick arrows) and thinning (long thin arrows). Axonal degeneration
(short arrow) is also seen (original magnification X16,000). Inset, Note epithelium (Ep) and

stroma (St) (original magnification X4,060).

endoneural capillaries.**

In the present study, we observed
that the basal lamina of Schwann
cells of diabetic corneas had irregular
patches of thickening and thinning.
To our knowledge, this finding has not
been previously reported. Rats began
to demonstrate this phenomenon 16
weeks following induction of diabetes,
with more marked and frequent
changes occurring at 36 weeks, when
compared with age-matched control
animals. Although these changes are
probably a manifestation of the aging
process,” our study clearly demon-
strated that such changes become
much more pronounced and frequent
in diabetics, suggesting that diabetes
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may accelerate these age-related
alterations.

We observed occasional axonal
degeneration in unmyelinated corneal
nerves of the 36-week-old diabetic
rats. This change could be the corneal
component of distal diabetic polyneu-
ropathy.?3%3 It is conceivable that in
diabetes the metabolic support for the
axon normally provided by Schwann
cells may be impaired, which is a fact
supported by alterations in basal lam-
ina of Schwann cells in corneal
nerves. At this time, however, it is not
possible to rule out a concomitant
effect on the axon or neuronal soma.

Segmental demyelination of the
peripheral nerves has been reported

as characteristic of diabetic peripher-
al neuropathy.”®*** The myelinated
portions of corneal nerves in the dia-
betic animals of the present study
demonstrated no such change. Our
results indicate that the early mani-
festations of corneal neuropathy in
diabetes begin in nonmyelinated
branches. Changes in the myelin, if
they occur at all, may be a late compli-
cation.

Another significant observation in
this study relates to the distribution
of nerve beading. Diabetic rats had a
marked irregularity in the periodicity
of nerve beading. Since the exact func-
tional correlates of nerve beading are
not yet known,** the importance of
these changes remains to be eluci-
dated. However, these alterations
could represent a morphologic coun-
terpart of the changes in norepineph-
rine levels described by Felten et al*’
in rats with streptozocin-induced dia-
betes.

From the present study, it appears
that alterations in the thickness of
the basal lamina of Schwann cells,
axonal degeneration, and irregular
distribution of nerve beading consti-
tute a constellation of early patholog-
ic changes in corneal innervation of
diabetics. These observations may
provide a basis for some of the
observed clinical phenomena. Since
changes occur in nerve fibers inner-
vating an avascular tissue, vascular
involvement cannot be a necessary
prerequisite for the development of
diabetic neuropathy as is commonly
believed.” In addition, our study high-
lights the deleterious effects of diabe-
tes on nonmyelinated nerves, a phe-
nomenon not previously observed to
our knowledge in any other peripheral
nerves.

In conclusion, the early manifes-
tions of diabetes mellitus may indeed
occur in the nonmyelinated nerves
before manifesting in myelinated
nerves. Qur observations may provide
a basis for the understanding of clini-
cal corneal manifestations encoun-
tered in diabetic patients. The diabet-
ic cornea provides an excellent model
to study the effects of diabetes on
peripheral nerve branches without
additional effects of vascular abnor-
mality or mechanical trauma that
complicate the interpretation of
results obtained by studying other
peripheral nerves.
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