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The Association of Polyol Pathway in Onset and Progression of
Diabetic Retinopathy

Noriaki KATO

Abstract: The pathological changes of diabetic retinopathy, a vascular complication of diabetes, are thought to be caused by
metabolic disturbances. Pericytes are involved in endothelial cell stimulation and guidance, as well as in endothelial stabilization and
maturation in the vascular network. Once the pericyte-endothelial cell interaction breaks down, thickening of the basement
membrane and increase in permeability occur, resulting in the onset of proliferative retinopathy. We focused on the polyol pathway,
and investigated the association between the abnormality of the polyol pathway and the pericyte damage in a rat model of
streptozotocin-induced diabetes. Correction of the polyol pathway disturbance by treatment with an aldose reductase inhibitor
inhibited the onset of pericyte loss, thickening of the basement membrane and development of microaneurysms of the retinal
capillaries. Therefore, to elucidate the significance of the polyol pathway, we examined whether activation of the pathway may
potentiate the damage to the retinal pericytes. The damage to the pericytes was potentiated by activation of the polyol pathway.
Furthermore, we investigated the inhibitory effects of the polyol pathway on advanced diabetic retinopathy in spontaneously diabetic
Torii rats, a type I diabetic model. Correction of the disturbed polyol pathway suppressed the progression of diabetic retinopathy.
In conclusion, these results suggest that abnormality of the polyol pathway may contribute to the pathology in all stages of diabetic
retinopathy.
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Fig. 1 Schematic representation of the progression of diabetic retinopathy

Pericytes interact directly with the normal retinal capillary endothelium (a) within the basement membrane via close contacts and
gap junctions ensuring basal tone a( i ) and growth arrest a(ii ). Persistent hyperglysemia leads to RhoGTPase induction of
pericyte contraction b( i ) causing reversal of EC growth arrest b( i ) and disrupted matrix contact b(iii) prior to or in the absence
of pericyte death/dropout. Basement membrane thickening and leaky, narrow capillaries contribute to thrombosis, ischemia, and
the first detectable abnormalities of NPDR. In response to the resultant hypoxia, soluble mediators of angiogenesis, such as VEGF,
are released to develop collateral nutrient supply by forming nascent capillary tubes (c). These new blood vessels are highly
permeable and fragile and disrupt easily causing hemorrhage and the vision loss characteristic of PDR (d).

(Reprinted from Willard et al.(2012), with permission)
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Fig. 2 Acceleration of polyol pathway and related
metabolic disturbances

AR: aldose reductase, SDH: sorbitol dehydrogenase,
GR: glutathione reductase, GP: glutathione peroxidase,
SOD: superoxide dysmutase, DAG: diacylglycerol,
G3P: glycerol 3-phosphate, PA: phosphatidic acid,
F3-P: fructose 3-phosphate, 3-DG: 3-deoxyglucosone
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Fig. 3 Microaneurysm in the retinal capillaries of
streptozotocin-induced diabetic rats

a: normal capillary, b: microaneurysm

The result was cited from ref 14.
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Fig. 4 Effects of fidarestat on the histopathological
changes in the retina of streptozotocin-induced diabetic
rats

Each column represents the percent of appearance. Figures in
parentheses indicate the number of rats with and without the
change, respectively. “ P<0.01; ", P <0.001 vs. diabetic
control group (chi-square test). mH : appearance, [ :
absence

The result was cited from ref 14.
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Fig. 5 Effect of fidarestat on the decrease in pericytes in
the retinal capillaries of streptozotocin-induced diabetic
rats

Each column and vertical line represents mean + S.E.M. for
6to10rats. ,P<0.01; P <0.001vs. diabetic control
group (ANOVA plus LSD methods). mmm : The area
between the outer plexiform layer and the inner nuclear layer.
= : The area between the inner plexiform layer and the
nerve fiber layer.

The result was cited from ref 14.
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Fig. 6 Effects of 5 or 30 mM glucose on intracellular
reactive oxygen species generation in SDH- or
mock-transfected pericytes

SDH- or mock-transfected pericytes were treated with 5 or 30
mM glucose in the presence or absence of 0.3 mM fidarestat
or 1 mM NAC for 2 days. Then, reactive oxygen species were
guantitatively analyzed. *, P < 0.01 vs. control with mock-
transfected cells (Student’s t-test). *, P < 0.01 vs. mock-
transfected 30 mM glucose-treated cells. HG, 30 mM glucose;
SDH, sorbitol dehydrogenase; NAC, N-acetylcysteine; ROS,
reactive oxygen species.

The result was cited from ref 17.
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Fig. 7 Effects of 5 or 30 mM glucose on [3H]thymidine
incorporation in SDH- or mock-transfected pericytes.
SDH- or mock-transfected pericytes were treated with 5 or
30 mM glucose in the presence or absence of 0.3 mM
fidarestat or 1 mM NAC for 4 days, and then, [3H]
thymidine incorporation was determined as described under
“Material and methods.” ", P < 0.01 vs. control with
mock-transfected cells (Student’s t-test). * P<0.01vs.
mock-transfected 30 mM glucose- treated cells. HG, 30
mM glucose; SDH, sorbitol dehydrogenase; NAC,
N-acetylcysteine.

The result was cited from ref 17.
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Fig. 8 Effects of 5 or 30 mM glucose on VEGF mRNA
regulation in SDH- or mock-transfected pericytes

(A) SDH- or mock-transfected pericytes were treated with 5
or 30 mM glucose in the presence or absence of 0.3 mM
fidarestat or 1 mM NAC for 6 days, and then 30 ng
pon(A)+ RNAs were transcribed and amplified by PCR.
Each lower panel shows the expression of b-actin genes.
PCR amplification for b-actin mMRNA was performed for 25
cycles. (B) Quantitative representation of VEGF gene
induction. Data were normalized by the intensity of b-actin
mRNA-derived signals and related to the value of the
control with mock-transfected cells. *, P <0.01 compared to
the value of the control with mock-transfected cells
(Student’s t-test). HG, 30 mM glucose; SDH, sorbitol
dehydrogenase; NAC, N-acetylcysteine; VEGF, vascular
endothelial growth factor. The result was cited from ref 17.
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Fig. 9 Effects of 5 or 30 mM glucose on intracellular
sorbitol and fructose levels in cultured pericytes

SDH- or non-transfected pericytes were treated with 5 or 30
mM glucose in the presence or absence of 0.3 mM
fidarestat for 6 days. Then, intracellular sorbitol and
fructose levels were deterrpined as described under
‘Materials and methods”. " and *, P < 0.01 compared to
sorbitol and fructose levels of the control cells, respectively
(Student’s t-test). HG, 30 mM glucose; SDH, sorbitol
dehydrogenase. The result was cited from ref 17.
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Fig. 10 Effect of fidarestat on diabetic retinopathy

(A): Large retinal folds mimic tractional retinal detachment (arrow) in SDT control group, but not in fidarestat-treated SDT groups
and normal group. B): Extensive leakage of fluorescein around the optic disc in SDT control group, but not in fidarestat-treated
SDT groups and normal group. SDT, spontaneously diabetic Torii rat; Fida, fidarestat.

The result was cited from ref 20.
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PR RRBE OIS Y L e b — L& (232147
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MEHR 7N a— A REICE R G- 2 e ho Tz,

sDT

SDT+Fida SDT+Fida
(low-dose) (high-dose)

Normal

Fig. 11 Effect of fidarestat on the increase in vascular
endothelial growth factor in ocular fluids in
spontaneously diabetic Torii rats

Each value represents mean £S.E.M. for 6 to 9 rats.

* P <0.01 vs. normal group (Student’s t-test). " P<0.05;
™ P <0.001 vs. SDT control group (Dunnett’s test). SDT,
spontaneously diabetic Torii rats; Fida, fidarestat; VEGF,
vascular endothelial growth factor. The result was cited
from ref 20.
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