





1122

Figure 3 Transmission electron micrograph of a retinal capillary in the nerve fibre layer of
a 1 year diabetic rat showing a pericyte ghost (large arrow) and thickened basement
membrane (small arrow). E=endothelial cell; L=Ilumen; RBC=red blood cell. X 10 800.

Results show that the BMs of both AE and
VE capillaries from diabetic animals were
significantly thicker than those of capillaries in
the corresponding retinal layers from the con-
trol animals (p<<0-005). In the control rats, the
AE capillaries had significantly thicker BMs
compared with the VE capillaries in the same
retinal layer (p<0-005). However, in the
diabetic group the BMs of the AE capillaries
were thicker than those of the VE capillaries
only in the NFL and OPL (p=<0-005). In the
IPL of diabetics the mean BM thickness of AE
capillaries was greater than that of VE capil-
laries although the difference was not statisti-
cally significant.

In both AE and VE capillaries from control
rats, and in AE capillaries from the diabetics,
the BM in NFL capillaries was significantly
thicker than that in those of either the IPL or
OPL (p<0-005). There was no significant dif-
ference in capillary BM thickness between IPL
and OPL capillaries in either normal or dia-
betic animals. However, in the VE capillaries
from the diabetic animals, the BMs of capillar-
ies in the NFL were significantly thicker than
those in the IPL (p=<0-005) which, in turn, had
thicker BMs than capillaries located in the
OPL (p=<0-005).

Discussion

BM thickening is one of the most widely
studied morphological changes occurring to
the microvascular system during diabetes.
Although the disease is characterised by

Table 1 Mean basement membrane thickness values (um) for retinal capillaries from the
nerve fibre layer (NFL), inner plexiform layer (IPL), and outer plexiform layer (OPL) in
arterial (AE) and venous (VE) environments from control and 1 year diabetic rats.
(Values=mean (SEM). For each value shown n=60)

Controls Diabetics

AE VE AE VE
NFL 0-164 (0-032) 0-146 (0-020) 0-381 (0-139) 0-307 (0-138)
IPL 0-114 (0-019) 0-101 (0-018) 0-233 (0-100) 0-200 (0-025)
OPL 0-120 (0-019) 0-108 (0-020) 0-186 (0-058) 0-150 (0-014)
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hyperglycaemia, it is not clear which of the
many sequelae of hyperglycaemia contribute to
the development of the vascular disease. A
number of factors have been implicated in con-
tributing to increased BM thickening during
diabetes. These include increased polyol path-
way activity within the microvascular cells!3 14
and changes in the activities of enzymes
involved in BM synthesis or breakdown.!>-17
Important biological properties of BMs, such
as their susceptibility to proteolytic resorption,
may also be altered in diabetes through non-
enzymatic glycosylation and associated oxida-
tive modification of the BM proteins.18-22

The results of the present investigation show
that, within the retina of both control and 1
year diabetic rats, capillary BM thickness
varies between the different retinal layers, with
the capillaries located in the nerve fibre layer
consistently having thicker BMs than capillar-
ies found in either the inner or outer plexiform
layers. Similar differences in capillary BM
thickness with respect to retinal layers have
been reported previously in both normal and
diabetic rats.’ 11 It is interesting that the values
which Sosula et al !! reported for the mean BM
thickness of capillaries in each of the three vas-
cularised layers of normal albino rats approxi-
mate to the measurements for AE capillaries of
control animals in the present study. Also,
their values for hooded rats, which were some-
what lower than the albinos, closely parallel
those of VE capillaries. The results of Fischer
and Girtner® for the ‘average basal lamina
width’ of retinal capillaries in the NFL, IPL,
and OPL of control rats were lower than our
values for the AE capillaries of normal rats, but
were similar to those of VE capillaries. In the
present study we found that in normal rats the
BM:s of AE capillaries were significantly thicker
than those of VE capillaries. Therefore, in
morphometric studies of BM thickness it is
important that equal numbers of AE and VE
capillaries should be included in order to
ensure an accurate determination of the mean
BM thickness.

The values for the thickness of retinal capil-
lary BM in 1 year diabetic rats which Fischer
and Girtner’ reported were considerably lower
than the results from the present investiga-
tion. However, the discrepancy between
these studies could be due to differences in the
diabetic state of the animals. In Fischer and
Gdirtner’s study the rats were classified as dia-
betic if their fasting blood sugar levels exceeded
170 mg/100 ml (9-4 mmol/1),23 whereas, in the
present study the rats in the diabetic group had
blood sugar levels of 15-20 mmol/l.

The present study showed that within each
of the three retinal layers studied in both con-
trol and diabetic rats, the BMs of capillaries
located close to major retinal arteries were
significantly thicker than those of capillaries
found in close proximity to retinal veins. A pre-
vious study on 5 year diabetic dogs also
showed that retinal capillaries residing in an
arterial environment had significantly thicker
BMs than those from a venous environment
regardless of whether they were actually
arterial or venous capillaries.” Thus, the data
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from the present investigation together with
those from previous studies collectively indi-
cate that in diabetes, retinal capillary BM
thickening varies with respect to different reti-
nal layers and relative to arterial or venous
environments.

In the present study normoglycaemic con-
trol animals showed the same local gradations
in capillary BM thickening as the diabetics. As
the control animals were age-matched to the
diabetic group (15 months), regional differ-
ences of BM thickness in the retinal capillaries
of the controls may represent an age-related
change. Diabetes-like modifications in long
half-life components of the extracellular matrix
such as BM proteins are known to occur
during the aging process owing to the com-
bined effects of glycation and oxidative dam-
age.?4 25 Thus, the increased BM thickening of
AE capillaries in normal rats may be related to
increased oxidative stress at the arterial side of
the circulation.26 Likewise, the greater thicken-
ing of BMs in capillaries within the nerve fibre
layer may result from the higher tissue oxygen
tension close to the vitreous body.2¢ That such
gradients of capillary BM thickness relative to
the retinal arteries and vitreous body were
accentuated in the diabetic animals is probably
the result of the massively increased glycation
of BM components in diabetes. BM protein
modification caused by oxidative damage is
also likely to be increased in diabetes through
the action of oxidising free radicals generated
by products of protein glycation.1®2728 Such
oxidative damage may be further exacerbated
by depletion of antioxidant defences in dia-
betic animals.?°

Recently there has been considerable interest
in the idea that oxidative stress may represent a
common pathway linking several pathophysio-
logical mechanisms of tissue damage to the
pathogenesis of diabetic complications.!® Also,
glycoxidation, a process combining glycation
and oxidation, has been implicated as being
more important in the modification of proteins
of the extracellular matrix than either process
alone.?> Therefore, it is possible that the
increased hyperglycaemia in diabetes induces
glyco-oxidative changes in BM proteins which
are exacerbated by increased oxidative stress at
sites where the microenvironment is rich in
oxygen, such as close to major retinal arteries or
the vitreous body.

This investigation was supported by a grant from the Guide
Dogs for the Blind Association.
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