Diabetologia (1987) 30: 966-968

Diabetologia

© Springer-Verlag 1987

Pathogenetic heterogeneity in retinal capillary basement membrane

thickening in the diabetic BB-rat

S.Chakrabarti and A. A.F.Sima

Neuropathology Research Laboratory, Department of Pathology, University of Manitoba, Winnipeg, Manitoba, Canada

Summary. In the present study, we compared the effects of
good blood glucose control and that of aldose reductase in-
hibitor (Statil) treatment on diabetic retinal capillary base-
ment membrane thickening in the diabetic BB-rat. Aggressive
insulin treatment maintaining euglycaemia for 4 months pre-
vented the characteristic basement membrane thickening in
both the superficial and deep capillary beds of the diabetic

retina. Statil treatment of hyperglycaemic rats for the same
length of time prevented basement membrane thickening in
the deep capillary bed but not in the superficial capillaries.
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Capillary basement membrane (BM) thickening is a
characteristic structural abnormality of diabetic micro-
angiopathy [1]. The exact mechanism(s) underlying this
abnormality is (are) not known, although hypergly-
caemia has been suggested to play a key role in the
production of diabetic microangiopathic changes [2].
Factors thought to be involved in the thickening of BM
in diabetes include non-enzymatic glycation of BM
proteins and an altered synthesis of BM precursors [1,
2]. The prevention of retinal capillary BM thickening
in the galactosaemic animal models by aldose reduc-
tase inhibitors (ARI) suggests that increased polyol
pathway activity may play an important role in the
pathogenesis of this abnormality [3, 4]. On the other
hand treatment of diabetic animals with an ARI have
shown conflicting results as to its preventive effect on
microangiopathy [5, 6], suggesting that factors other
than increased polyol pathway activity may account
for these changes. In order to evaluate the pathogenet-
ic role of an increased polyol pathway activity in dia-
betic BM thickening in retinal capillaries, diabetic BB-
rats treated with the ARI Statil were compared with
BB-rats subjected to aggressive insulin therapy in order
to achieve and maintain euglycaemia.

Materials and methods

Animals

Male prediabetic diabetes-prone BB-rats as well as non-diabetes
prone male BB-rats were obtained from the University of Massa-
chussetts, (Worchester, Mass., USA, courtesy of Dr. A.A.Like).

Three weeks after onset of diabetes, defined by detection of glycosu-
ria and hyperglycaemia, diabetic rats were randomly assigned to var-
ious treatment groups: diabetic animals with poor diabetic control
were kept insulin-deficient and maintained with small doses
(0.5-3.0 U/day) of protamine zinc insulin (PZI) (Connaught Labora-
tories Ltd., Toronto, Ont, Canada) designed to prevent ketosis but to
maintain blood glucose levels between 19.3-24.8 mmol/1 [Diabetic].
A second group of diabetic animals maintained at similar blood glu-
cose levels received the ARI Statil, (Stuart Pharmaceuticals, ICI
Americas Inc, Wilmington, Del, USA) 25 mg/kg per day [Statil(D)).
A third group of diabetic animals were treated aggressively with PZI
(3.0-6.0 U/day) to achieve and maintain euglycaemia throughout
the experimental period [Insulin(D)]. Age-matched non-diabetes
prone BB-rats served as controls and were divided into two groups;
one received no treatment [Control] and one received 25 mg/kg per
day of Statil [Control(S)]. Statil was added to rat-chow (80 g Statil
per 100 kg of rat chow). All animals were maintained in individual
air filtered metabolic cages as previously described [7]. Blood glu-
cose levels were measured every second week and glycosylated hae-
moglobin(Hb) every 3 months. Five animals in each group were
killed after 4 months of treatment.

Tissue collection

The animals were anaesthetized with Na-pentobarbital (50 mg/kg)
and killed by whole body perfusion with 2.5% gluteraldehyde in ca-
codylate buffer, pH 7.2. Radially oriented retinal segments from the
superior temporal quadrant of the left eye within 3 mm of the optic
nerve head were processed and examined using an electron micro-
scope.

BM thickness measurement

Twenty cross-sectioned capillaries were measured in each animal; 10
located in the nerve fibre layer and ganglion cell layer (superficial
capillary bed), and 10 in the outer plexiform layer and inner nuclear
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layer (deep capillary bed). BM thickness was measured as previously
described in detail [8]. The investigator was unaware of the source of
the samples.

Statistical analysis

The data are expressed as mean+SEM, and significance of differ-
ences was calculated by ANOVA, linear contrast, paired Student’s t-
test and linear regression by the least squares methods.

Results

Diabetic animals with or without Statil treatment
showed hyperglycaemia, elevated glycosylated Hb lev-
els and decreased body weights compared with control
groups. Diabetic BB-rats treated aggressively with PZI
showed euglycaemia, and their glycosylated Hb levels
and body weights were similar to that of the two con-
trol groups (Table 1). The BM thickness of capillaries
from the superficial capillary bed in all experimental
groups was significantly greater than the correspond-
ing BM thickness of the deep capillary bed. In the su-
perficial capillary bed both diabetic and Statil treated
animals showed a significantly (p<0.01) thicker base-
ment membrane compared to that of controls, whereas
in animals treated aggressively with insulin the BM
thickening was completely prevented. In the deep cap-
illary bed diabetic animals showed significantly (p<
0.002) thicker BM compared to the controls. However
in contrast to the situation in the superficial capillary
bed, the BM thickening in deep capillaries was com-
pletely prevented by both Statil treatment and aggres-
sive insulin treatment. No significant differences were
noted in any of the capillary beds between the two
control groups (Table 1). BM thickening in both capil-
lary beds was closely associated with blood glucose
levels and glycosylated Hb values (Fig.1).

Table 1. Intergroup comparison using ANOVA 2p<0.005 and ®p< 0.001

Discussion

The present study has shown that good blood glucose
control in diabetic BB-rats prevents the characteristic
progressive BM thickening in both capillary beds of
the retina, suggesting that hyperglycaemia is pivotal for
BM thickening in diabetic BB-rats. In contrast, treat-
ment of hyperglycaemic animals with an ARI prevent-
ed BM thickening in the deep capillary bed but not in
the superficial one, indicating that an activated polyol
pathway does play a role in this process. This latter
finding in hyperglycaemic BB-rats is similar to that in
galactosaemic rats, in which ARI treatment prevents
the BM thickening in the deep capillaries [3, 4, 9].

The present findings, however, would suggest that
biochemical events are to various degrees involved in
the pathogenesis of BM thickening in diabetes, and
may be modified by topographical and physiological
differences between the two capillary beds [10]. Am-
bient high glucose levels appear to be the major factor
in the BM thickening of the superficial arterial capilla-
ries, probably inducing non-enzymatic glycation of
structural proteins, whereas an activated polyol path-
way seems to play a prominent role in the BM thicken-
ing in the venous low pressure deep capillary system.
Significant associations between blood glucose levels
and glycosylated Hb values with BM thickness in both
capillary beds suggest that hyperglycaemia is the com-
mon initiator of BM thickening, be it due to non-enzy-
matic glycation of structural proteins or due to an in-
creased polyol pathway activity via one as yet un-
known mechanism.

The reason for this suggested mechanistic differ-
ence in BM thickening in the diabetic retina of BB-rats
is not known. It is possible that factors like intravascu-
lar pressure differences [11] may account for a larger
non-facilitated glucose permeation in a high pressure

Blood glucose Body weight® Glycosylated haemoglobin® Basement membrane thickness
(mmol/1) ) %) (nm)
Superficial® Deep®
Control (n=5) 6.4£09 459.8111.81 43 iO.6—I 111.3£79 721+ 33
p<0.001 p<0.002 p<0.001 p<0.002
|
Diabetic (n=5) 17.8+£3.0 353.0+£10.3 79+08 179.6 £11.9 [—125.6115.9
p<0.01 p<0.01 p<0.05
Statil (D) (n=5) 172+1.2 362.6£16.7 72+04 1521129 934+ 7.7
p<0.001 p<0.001

Insulin (D) (n=5) 59+1.1 4480+£11.8 52+04 124.1+10.5 85.1+10.2
Control (S) (n=5) 6.0+1.3 473.8+253 43103 106.7+6.4 68.77+£8.3

Signiﬁf:ance of differ.ences among various groups were judged using linear contrast. All groups showed a significantly thicker basement mem-
brane in the superficial capillary bed compared to that of the deep capillary bed by paired Student’s t-test. Data is expressed as mean+SEM.

See text for definition of groups
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Fig.1a and b. Regression analysis of basement membrane thickness
(BMT) in retinal capillaries of the superficial —— and deep ()
capillary beds using a blood glucose levels as independent variable
(a=102.42, b=3.05, r=0.58, F=11.90 (p<0.005) for the superficial
capillary bed and a=67.47, b=2.01, r=0.46, F=6.24 (p<0.025) for
the deep capillary bed], and b glycosylated haemoglobin values as
independent variable (a=74.73, b=10.43, r=0.58, F=1139 (p<
0.005) for the superficial capillary bed, and a=33.80, »=9.58,
r=0.64, F=15.55 (p<0.005) for deep capillary bed]. The individual
BMT values obtained from the superficial capillary bed are indicat-
ed by A and those from the deep capillary bed by @

system allowing for a greater glucose concentration in
the superficial capillary bed. This would promote non-
enzymatic glycation of structural proteins, since this
reaction is highly dependent on glucose concentration
as well as time [12]. Other factors such as a much high-
er affinity of glucose to bind non-enzymatically to de-
oxyhaemoglobin than to oxyhaemoglobin [12] would
conceptually leave less glucose available for perme-
ation in venous capillaries. A similar reasoning may al-
so account for the normal difference in BM thickness

between the two capillary beds. However, the topogra-
phical and physiological factors responsible for this
difference in therapeutic response in retinal capillaries
need further evaluation.
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