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Figure 3 Transmission electron micrograph ofa retinal capillaty in the nerve fibre layer of
a I year diabetic rat showing a pericyte ghost (large arrow) and thickened basement
membrane (small arrow). E= endothelial cell; L=lumen; 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--0005). In the control rats, the
AE capillaries had significantly thicker BMs
compared with the VE capillaries in the same
retinal layer (p-,0005). 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 (p60O005). In the
IPL of diabetics the mean BM thickness ofAE
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 I Mean basement membrane thickness values (,um) for retinal capiUaries 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)

hyperglycaemia, it is not clear which of the
many sequelae ofhyperglycaemia 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 cells13 14
and changes in the activities of enzymes
involved in BM synthesis or breakdown.15-17
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.5 11 It is interesting that the values
which Sosula et al 1 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 Gartner5 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
BMs ofAE 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 Gartner5 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
Gartner'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.7 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 ofBM 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.24 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.26 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.19 27 28 Such
oxidative damage may be further exacerbated
by depletion of antioxidant defences in dia-
betic animals.29

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.'9 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.25 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.

1 Ashton N. Vascular basement membrane changes in
diabetic retinopathy. Br Ophthalmol 1974; 58: 344-66.

2 Engerman RL. Animal models of diabetic retinopathy. Am
Acad Ophthalmol Otol 1976; 81: 710- 8.

3 Engerman RL, Kern TS. Progression of incipient diabetic
retinopathy during good glycemic control. Diabetes 1987;
36: 808-12.

4 Engerman RL, Finkelstein D, Aquirre G, Diddie KR, Fox
RR, Frank RN, et al. Animals appropriate for studying
diabetes mellitus and its ocular complications. Diabetes
1982; 31: 82-8.

5 Fischer F, Gartner J. Morphometric analysis of basal lami-
nae in rats with long term streptozotocin diabetes. II
Retinal capillaries. Exp Eye Res 1983; 37: 55-64.

6 Leuenberger P, Cameron D, Staffacher W, Renold AE, Babel
J. Ocular lesions in rats rendered chronically diabetic with
streptozotocin. Ophthalmol Res 1971; 2: 189-204.

7 Stitt AW, Anderson HR, Gardiner TA, Archer DB.
Diabetic retinopathy: quantitative variation in capillary
basement membrane thickening in arterial or venous envi-
ronments. BrJ Ophthalmol 1994; 78: 133-7.

8 Williamson JR, Kilo C. Basement membrane thickening
and diabetic microangiopathy. Diabetes 1976; 25: 925-7.

9 Williamson JR, Kilo C. Current status of capillary base-
ment-membrane disease in diabetes mellitus. Diabetes
1977; 26: 65-75.

10 Yue DK, McLennan SV, Turtle JR. Pathogenesis of diabetic
microangiopathy: the roles of endothelial cell and basement
membrane abnormalities. DiabetMed 1992; 9: 218-20.

11 Sosula FC, Beaumont P, Jonson KM, Hollows FC.
Quantitative ultrastructure of capillaries in rat retina.
Invest Ophthalmol 1972; 11: 916-25.

12 Kuwabara T, Cogan DG. Studies of retinal vascular
patterns: Part 1 Normal architecture. Arch Ophthalmol
1960; 64: 904-11.

13 Beyer TA, Hutson NJ. Evidence for the role of the polyol
pathway in the pathophysiology of diabetic complications.
Metabolism 1986; 35: 1-3.

14 Kinoshita JH. Aldose reductase in the diabetic eye. XLIII
Edward Jackson memorial lecture. AmJ Ophthalmol 1986;
102: 685-92.

15 Cohen MP, Khalif A. Effect of diabetes and insulin on rat
renal glomerular protocollagen hydroxylase activities.
Biochim Biophys Acta 1977; 496: 88-94.

16 Spiro RG, Spiro MJ. Effect of diabetes on the biosynthesis
of renal glomerular basement membrane. Diabetes 1971;
20: 641-8.

17 Steinberg M, Andre J, Peyroux J. Inhibition of the a-glu-
cosidase specific for collagen disaccharide units in diabetic
rat kidney by in vivo glucose levels: possible contribution
to BM thickening. Diabetologia 1983; 24: 286-9.

18 Brownlee M, Vlassara H, Cerami A. Nonenzymatic glycosy-
lation and the pathogenesis of diabetic complications. Ann
Intern Med 1984; 101: 527-37.

19 Baynes JW. Role of oxidative stress in development of com-
plications in diabetes. Diabetes 1991; 40: 405-12.

20 Wolff SP, Dean RT. Glucose auto-oxidation and protein
modification. The potential role of 'autoxidative glycosy-
lation' in diabetes. BiochemJ 1987; 245: 243-50.

21 Brownlee M, Spiro RG. Glomerular basement membrane
metabolism in the diabetic rat. Diabetes 1979; 28: 121-5.

22 Lubec G, Poilak A. Reduced susceptibility of non-
enzymatically glucosylated glomerular basement mem-
brane to proteases: is thickening of glomerular basement
membrane due to reduced proteolytic degradation? Renal
Physiol 1980; 3: 4-8.

23 Fischer F, Gartner J. Morphometric analysis of basal
laminae in rats with long term streptozotocin diabetes I.
Vitreoretinal juncture. Exp Eye Res 1982; 34: 595-600.

24 Monnier VM, Cerami A. Nonenzymatic browning in vivo:
possible process for aging of long-lived proteins. Science
1981; 211: 491-3.

25 Lyons TJ, Thorpe SR, Baynes JW. Glycation and autoxida-
tion of proteins in aging and diabetes. In: Ruderman N,
Williamson J, Brownlee M, eds. Hyperglycaemia, diabetes
and vascular disease. New York, Oxford: Oxford University
Press, 1992: 197-217.

26 Pournaras CJ, Riva CE, Tsacopoulos M, Strommer K.
Diffusion of 02 in the retina of anaesthetized miniature
pigs in normoxia and hyperoxia. Exp Eye Res 1989; 49:
347-60.

27 Hunt JV, Dean RT, Wolff JP. Hydroxyl radical production
and autoxidative glycosylation. Biochem J 1988; 256:
205-12.

28 Gillery P, Monboisse JC, Maquart FX, Borel JP. Glycation
of proteins as a source of superoxide. Diabete Metabolisme
1988;14: 25-30.

29 Oberley LW. Free radicals and diabetes. Free Rad Biol Med
1988; 5: 113-24.

1123

 group.bmj.com on February 12, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


doi: 10.1136/bjo.79.12.1120
 1995 79: 1120-1123Br J Ophthalmol

 
H R Anderson, A W Stitt, T A Gardiner, et al.
 
arterial and venous environments.
capillaries in different retinal layers within
of basement membrane thickening of 
Diabetic retinopathy: morphometric analysis

 http://bjo.bmj.com/content/79/12/1120
Updated information and services can be found at: 

These include:

References
 http://bjo.bmj.com/content/79/12/1120#related-urls

Article cited in: 

service
Email alerting

the box at the top right corner of the online article.
Receive free email alerts when new articles cite this article. Sign up in

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 12, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/content/79/12/1120
http://bjo.bmj.com/content/79/12/1120#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com/

