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lesions, little or no difference among strains was noted with
regard to the severity of diabetes-induced tactile allodynia.

DISCUSSION

In the present study, three different rat strains were compared
with respect to their susceptibility to develop early-stage
diabetic retinopathy. These vascular and neural abnormalities
also develop in diabetic humans, and evidence suggests that
they contribute to the later development of clinically
meaningful visual impairment in diabetic patients. We found
that diabetes-induced degeneration of retinal capillaries
occurred relatively faster in Lewis and Wistar strains than in
Sprague Dawley rats. Diabetes-induced degeneration of
retinal ganglion cells likewise developed at different rates
among the strains, but the results were not the same as for
capillary degeneration. Only Lewis rats showed a significant
loss of retinal ganglion cells within four months of diabetes.
Importantly, these strain differences in susceptibility or
resistance to retinal vascular and neuronal lesions in diabetes
seem not to be attributable to differences in glycemia.

Differences between rat strains have also been reported
for other parameters, including susceptibility to blood-retinal
barrier breakdown in diabetes. Diabetic Brown Norway rats
developed sustained vascular hyperpermeability in the retina
over a period of 16 weeks, whereas diabetic Sprague Dawley
rats showed only transient hyperpermeability immediately
following diabetes onset [25]. The strain difference in
vascular leakage between diabetic rats of the two strains was
partially ascribed to different VEGF expression and VEGF
signaling in these strains. In our studies, VEGF expression
was significantly increased in all three strains, and thus could
not be clearly correlated with the rate at which the strains
developed vascular pathology in diabetes. Sprague Dawley
and Lewis strains have also been shown to respond differently
in studies of oxygen-induced retinopathy, hyperoxia causing
significantly larger areas of retinal avascularity in Lewis rats
compared to Sprague Dawley rats [50]. Differences between
these two strains have also been reported with respect to
neuropathy and pain, immunoglobulin A (IgA) nephropathy,
and inflammation [51-60]. Previous investigators have
reported a 10%—15% loss of thickness of the inner plexiform
layer and subnormal thickness of the photoreceptor layer one
month after the induction of diabetes in Sprague Dawley and
Brown Norway rats [61].

At the durations of diabetes studied, Lewis rats showed
accelerated loss of both capillaries and ganglion cells in
diabetes, whereas diabetic Wistar rats showed degeneration
of the capillaries without significant neurodegeneration and
Sprague Dawley rats showed neither. Although degeneration
of retinal capillaries and ganglion cells in diabetes developed
slower in Sprague Dawley rats than in the other strains tested,
both lesions nevertheless do eventually develop in Sprague
Dawley rats at longer durations of diabetes [35,38,39,62].
Thus, these studies apparently demonstrate genetic
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Figure 4. Comparison of diabetes-induced changes in inflammatory
molecules among rat strains. Diabetes of four months’ duration
increased retinal expression of (A) inducible nitric oxide synthase
(iINOS), (B) cyclooxygenase 2 (COX2), and (C) vascular endothelial
growth factor (VEGF) in Sprague Dawley, Lewis, and Wistar rats.
All diabetes-induced increases were statistically significant, except
that COX2 expression only tended to increase in Lewis rats.
Expression data are expressed as a ratio to expression of actin in the
same sample. Groups contained six animals per group. Mean+SEM.
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differences among the strains that influence the rate at which
retinal cells degenerate. However, whether the final extent of
degeneration likewise differs has yet to be determined.

Retinal function was also disturbed in diabetic rats of all
three strains, but differences among the strains were again
apparent. In contrast to findings of vascular and neuronal
degeneration, diabetics from the Sprague Dawley and Lewis
strains showed more abnormalities in rod-mediated retinal
function than did those from the Wistar strain at the duration
of diabetes studied. Whether development of these functional
defects are related to or predict the rate at which vascular and
neural cells degenerate in diabetes cannot be learned from the
present study. We previously [63] found that Lewis rats
diabetic for a longer duration (nine months) had different
responses than reported herein (latency response was not
significantly altered in diabetes), raising the possibility that
the disturbances of retinal function might change with
increasing duration of diabetes.

Differences in the severity of hyperglycemia or insulin
deficiency between strains obviously might influence the
development rate of pathology. The observed differences in
GHb between the diabetics of each strain seem modest, but
even if one assumes that those differences are important, the
strain with the apparently highest hyperglycemia (Sprague
Dawley) developed the pathology the slowest, and the strain
with the apparently lower hyperglycemia (Lewis) developed
the pathology fastest. The amount of insulin administered to
maintain that level of hyperglycemia also seemed different
between strains. Insulin can directly affect retinal cells [64],
but the amounts of insulin administered to the strains
developing capillary degeneration fastest (Lewis) and slowest
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Figure 5. Diabetes also affects the peripheral nervous system. Two
months of diabetes results in hypersensitivity to light touch (tactile
allodynia) in the hind paws of all three rat strains studied (Sprague
Dawley, Lewis, and Wistar rats). Groups contained at least six
animals per group. Mean+SEM.

© 2010 Molecular Vision

(Sprague Dawley) were not significantly different. Thus, we
conclude that differences in hyperglycemia and the amount of
insulin administered are not likely to account for the observed
differences in histopathological development in these
animals.

Retinas from diabetic animals exhibit biochemical and
physiologic abnormalities consistent with inflammation [43,
63,65-69], and we and others have postulated that
inflammatory processes play an important role in the
pathogenesis of diabetic retinopathy [48,49]. Intravitreal
administration of the proinflammatory growth factor VEGF
has been observed to cause diabetic-like capillary lesions,
including capillary leakage and closure, microaneurysms, and
intraretinal hemorrhages [70-72]. The extent to which
diabetes induced retinal levels of the proinflammatory
molecules iNOS, COX2, and VEGF, however, was similar
among the three strains studied. Thus, expression levels of at
least these inflammatory molecules in the retina seems not to
account for the observed strain differences in the rates at
which diabetes-induced retinal cell degeneration develops, at
least at the duration of diabetes when they were measured. The
amount of these proteins expressed might have been quite
different at different durations of diabetes. Although
inhibition of inflammatory-like  processes inhibit
development of the retinopathy in animal models [39,42,43,
48,63,73—77], other factors, including perhaps blood pressure,
lipid levels, and genetic differences, likely also contribute and
perhaps are even more important than inflammatory changes
in determining the rate at which the retinopathy develops.

Diabetic neuropathy is one of the most common
complications of diabetes and includes clinical symptoms
such as tactile allodynia (nociceptive responses to normally
innocuous stimuli), hyperalgesia (augmented pain response to
painful stimuli), and spontaneous pain. Mechanical allodynia,
assessed using Von Frey filaments, develops rapidly in
diabetic rats and can be inhibited by a variety of therapies,
including good glycemic control [46,78]. Although diabetes
appreciably enhanced sensitivity to sensory stimuli in our
studies, we did not observe differences in the rate at which
this complication developed among the different strains
tested.

Genetic differences between animal strains or genetically
different populations have been used to identify genes
responsible for pathology in other diseases (phenotype-to-
gene approach). The genetic factors underlying the
phenotypic variation among animal strains or populations
have been mapped by quantitative trait locus (QTL) analysis,
and genes for several QTLs (such as obesity, insulin
resistance, taste, susceptibility to cytomegalovirus, and
hypertension) have been identified [79—84]. This or similar
approaches might be used successfully to identify genes that
contribute to susceptibility to diabetic retinopathy. The data
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we report herein provide essential information for designing
such experiments.
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