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Effects of Topical Nipradilol on Early Diabetic Retinopathy in SDT Rats
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Abstract: We tested the effect of topical nipradilol, an antiglaucoma drug with a- and B-blocker and nitric oxide (NO)
donor activities, on the early retinal changes using electron microscopy in Spontaneously Diabetic Torii (SDT) rats. In
seven young male SDT rats (17 to 18 weeks old), nipradilol solution was instilled in the right eyes and nipradilol-free base
solution in the left eyes three times daily for 3 months. All rats were sacrificed and both eyes were enucleated for electron
microscopy at the end of the experiments. All rats had blood glucose levels exceeding 350 mg/dl within 2 weeks after the
beginning of the experiment (mean final blood glucose level, 558+100.2 mg/dl). In untreated eyes of young SDT rats, the
overall pathological features were almost comparable to those in older SDT rats, although the pinocytotic vesicles and
free ribosomes were not as remarkable in the latter. In contrast, in nipradilol-treated eyes of SDT rats, although the
basement membrane was thickened, microvilli were seen, and a larger number of electron-dense mitochondria were in the
wide cytoplasm. Lipofuscin-like electron-dense granules and lamellated myelin figures also were identified. Nipradilol
reduced the early morphologic changes in the endothelial cells, which reflects the metabolically active state of diabetic
retinopathy in SDT rats through its action as a NO donor.
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INTRODUCTION

The Spontaneously Diabetic Torii (SDT) rat is a novel
animal model of proliferative diabetic retinopathy (DR).
Large retinal folds of thickened retina with vitreous traction
and extensive dye leakage around the optic disc combined
with vascular tortuosity by fluorescein microangiography are
the most typical characteristics of advanced retinopathy in
SDT rats (Fig. 1). The prevalence of advanced retinopathy in
SDT rats is about 80% by 60 weeks of age, but advanced
retinopathy is rarely seen before 50 weeks of age [1].
Microscopic changes of DR can be observed much earlier
than those macroscopic changes. Microscopic changes of DR
in old SDT rats include basement membrane (BM)
thickening in the form of reduplication caused by
invagination of the cytoplasmic process into the membrane.
Furthermore, in the endothelial cells, clear mitochondria and
dilated rough endoplasmic reticulum are abundant. Those
findings are not observed in old normal non-diabetic SD rats.
Thus, these morphologic changes are not age-related but
caused by diabetes (Fig. 2) [2].
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In early-stage DR, electrophysiologic changes such as the
absence of oscillatory waves in the electroretinogram are
seen even with no funduscopic changes. Previous studies
showed that leukocyte adhesion to the retinal endothelial
cells initiated DR [3-6]. Using acridine orange leukocyte
digital fluorography, we previously reported that topical
nipradilol, an antiglaucoma agent with o- and B-blocker and
nitric oxide (NO) donor activity (3,4-dihydro-8-(2-hydroxy-
3-isopro-pylamino)  propoxy-3-nitroxy-2H-1-benzo-pyran;
molecular weight, 326.34) (Fig. 3) significantly reduced
leukocyte adhesion to the endothelium of retinal vessels in
early-phase DR in streptozotocin (STZ)-induced diabetic rats
[71.

In the current study, we tested the effect of nipradilol on
early retinal changes in SDT rats using electron microscopy.
METHODS

All procedures were performed according to the
Association for Research in Vision and Ophthalmology
(ARVO) Statement for the Use of Animals in Ophthalmic
and Vision Research and approved by the Jichi Medical
University Animal Care and Use Committee.

Animals

Seven young male SDT rats (17 to 18 weeks old, CLEA,
Inc., Tokyo, Japan) were used. Nipradilol 1% ophthalmic
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Fig. (1). Proliferative DR in SDT rats. Large retinal folds of thickened retina with vitreous traction (arrows) are the most typical
characteristics of advanced retinopathy (left). Fluorescein microangiography shows extensive dye leakage around the optic disc with vascular
tortuosity (right) (modified from Kakehashi [2]) in SDT rats over 50 weeks of age.
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Fig. (2). Electron microscopic findings in the retinal capillary in older SD rats and SDT rats (modified from Kakehashi [2]).
Basement membrane (BM) thickening by invagination of the endothelial cytoplasm is prominent in an older untreated SDT rat (right)
compared with the thin clean membrane in a normal SD rat (left). Clear mitochondria (Mi) and dilated rough endoplasmic reticulum (rER)
and reduplication (Du) of the BM are seen in an older untreated SDT rat (right).

OH solution (Kowa Pharmaceutical Company, Ltd., Japan) was
| CHs instilled in the right eyes and nipradilol-free base solution
OCH,CHCHy;NHCH was instilled in the control left eyes three times daily for 3
o \CHa months. Blood glucose levels were measured at baseline, 2

weeks, and 1, 2, and 3 months after the start of treatment.

Procedure to Observe Early Retinal Changes in SDT
ONO, Rats

All rats were sacrificed and both eyes were enucleated
Fig. (3). Nipradilol. Nipradilol (3,4-dihydro-8-(2-hydroxy-3- about 3 months after the start of the experiment (about 28
isopropylamino)propoxy-3-nitroxy-2H-1-benzopyran;  molecular weeks of age). We performed electron microscopy to
weight, 326.34) has not only antiglaucomatous effects that depend compare the changes in retinal vasculature between
mainly on selective ol-receptor and nonselective p-receptor nipradilol-treated eyes and untreated control eyes in the SDT

blocking activity to reduce intraocular pressure but also NO donor rats. The anesthetized SDT rats were perfused via the left
activity through its nitroxyl group.
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ventricle with 300 ml of 2.5% glutaraldehyde in 0.2 M
phosphate buffer (pH, 7.4). The retina was dissected from
the eye cup and post-fixed in phosphate buffered 1%
osmium tetroxide (pH, 7.4), dehydrated in ascending
concentrations of ethanol, and passed through n-butyl
glycidyl ether. The retinal blocks were embedded in epoxy
resin. Thin sections were cut and stained in uranyl and lead
salt solutions and observed by electron microscopy (JEM-
1200EX, JEOL Ltd., Tokyo, Japan).

RESULTS

All rats were confirmed to have blood glucose levels
exceeding 350 mg/dl within 2 weeks after the beginning of
the experiment. The mean final blood glucose level 3 months
after the beginning of the experiment was 558+100.2 mg/dl.

When we observed retinal specimens from nipradilol-
treated and nipradilol-untreated eyes using electron
microscopy, the retinal capillaries had well-preserved
ultrastructural features and many features of the endothelial
cells, including the plasma membrane and basal lamina,
could be identified.

In untreated eyes of young SDT rats (Fig. 4), BM
thickening was apparent despite the younger age, and the
morphology was almost identical to that of the older SDT
rats (Fig. 2). Although the endothelial cells were plump, the
cytoplasmic space was smaller compared with the older non-
diabetic SD rats. In this relatively narrow cytoplasmic space,
pinocytotic vesicles, clear mitochondria, dilated rough
endoplasmic reticulum, and free ribosomes were remarkable.

28-week;old untreated male SDT rat
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Moreover, pericytes were generally shrunken and decreased
in number. These overall features were almost comparable to
those in older SDT rats, although the pinocytotic vesicles
and free ribosomes were not as remarkable in the latter.

In contrast, in nipradilol-treated eyes of SDT rats (Fig.
5), the cytoplasmic space in the endothelial cells was broader
despite the flattened morphology compared with those in
untreated eyes (Fig. 4). Thus, the cytoplasmic organelles
were seen more clearly. Although the pinocytotic vesicles
were not abundant, microvilli were observed. The
mitochondria were electron-dense, and the numbers were
greater compared with those in untreated eyes. Another
difference was the electron-dense granules, some of which
were reminiscent of lipofuscin. Lamellated myelin figures
also were seen. In the nipradilol-treated eyes, there were
more and larger pericytes. The alterations of the BM were
similarly observed, and no significant difference was found
compared with those in the untreated eyes.

DISCUSSION

In early-stage DR, adhesion of leukocytes to the retinal
endothelial cells (retinal leukostasis) is considered a key
pathogenic process [3-7]. Furthermore, recent studies have
suggested that vascular endothelial growth factor (VEGF)
levels are increased not only in late-stage [8, 9] but also in
early-stage DR [10]. As a result of VEGF-induced leukocyte
adhesion to the diabetic retinal vasculature, retinal vascular
endothelial cells are affected by leukocytes, resulting in
breakdown of the blood-retinal barrier and capillary
nonperfusion [11]. In the alloxan-induced diabetic rat,

Fig. (4). Electron microscopic findings of the retinal capillaries in a young untreated SDT rat. In the untreated group, BM thickening is
apparent despite younger age. The endothelial cells of the retinal capillaries are plump but have narrow cytoplasm (right and left).
Pinocytotic vesicles (PV), clear mitochondria (Mi), dilated rough endoplasmic reticulum (rER), and free ribosomes are remarkable (left).
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Fig. (5). Electron microscopic findings of the retinal capillaries in a young nipradilol-treated SDT rat. In the nipradilol-treated group,
the endothelial cells in the retinal capillaries are flattened but have larger cytoplasm. Microvilli (MV) and electron-dense mitochondria (Mi)
are seen (right). Electron-dense lipofuscin (LF)-like granules (right) and lamellated myelin figures (MF) (left) also are seen. The alterations
of the basement membrane (BM) were similarly observed compared with those in the untreated eyes (left).

Schroder et al. reported that neutrophils and monocytes
occluded retinal capillaries in histologic sections and that
areas of endothelial cell damage were present around the
leukocytes [12]. Therefore, preventing retinal leukostasis
may be a possible therapeutic approach [6].

Both reduced retinal blood flow and vasoconstriction of
retinal vessel progress in early-stage DR [13]. The important
roles of NO in the retinal microcirculation, i.e., increased
blood flow through nitroglycerine-like vasodilation and
decreased microvascular occlusion through suppression of
platelet coagulation and leukocyte adhesion to the
endothelium, are well recognized [14]. Nipradilol works as a
NO donor agent through its nitroxyl moiety in the molecule
in addition to a- and B-blocking effects (Fig. 3). We reported
that topical nipradilol significantly suppressed retinal
leukostasis [7], suggesting that the NO derived from
nipradilol inhibits leukocyte adhesion to the vascular
endothelium.

It is well known that pericyte loss, BM thickening, and
proliferation of endothelial cells occur in the retinal
capillaries of STZ-induced diabetic rats and mice [15-17]
and humans with diabetes [18]. However, the initial changes
in early DR are still uncertain. The endothelial changes and
subsequent changes in the BM seem to be the initial changes
in early DR in SDT rats.

In the current study, pathological changes were observed
in the BM, endothelial cells, and pericytes in SDT rats,

which are uncommon findings in old non-diabetic SD rats,
indicating that those findings are diabetes-related rather than
age-related. Moreover, since BM changes also were seen in
the nipradilol-treated group, morphologic BM changes seem
to be established in early-phase diabetes and cannot be
prevented. We also showed that the endothelial cells of the
retinal capillaries were plump with smaller cytoplasm in
untreated eyes. Furthermore, the ultrastructural findings,
such as abundant pinocytotic vesicles, dilated rough
endoplasmic reticulum, and free ribosomes reflect the
metabolically active state of the endothelial cells. The
decrease in the number of pericytes was consistent with a
previous study [18]. Among these several findings, abundant
pinocytotic vesicles and free ribosomes were more
conspicuous. In turn, in nipradilol-treated eyes, the microvilli
were preserved and electron-dense granules and presumably
lipofuscin were prominent. The coexistence of lamellated
myelin figures, often observed as lipofuscin derivatives,
supports this. Considering the other findings, including
fewer dilated rough endoplasmic reticulum, pinocytotic
vesicles, and free ribosomes, these overall results suggested
that the metabolic activity elicited and up-regulated by
diabetes was suppressed after nipradilol treatment, and
nipradilol may further cause “wear-and-tear changes”
represented by the appearance of lipofuscin. Thus,
endothelial cells may not functionally revert, but their
proliferative capacity definitely is down-regulated by topical
nipradilol, since these pathological changes in the
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endothelial cells decreased significantly in the treated eyes.
These findings also may suggest that the NO activity of
nipradilol protects the vascular endothelial cells by
suppressing retinal leukostasis.

Mizuno et al. reported that nipradilol reaches the
periocular tissues around the optic disc in rabbit eyes at an
effective concentration 60 minutes after topical instillation
[19]. Geroski and Edelhauser reported that nipradilol may
reach the retina-choroid through the periocular transscleral
route, since the molecular weight of nipradilol is as small as
326.34 [20, 21]. Therefore, topical nipradilol may contribute
NO to the retinal circulation.

CONCLUSION

In conclusion, the pathological changes of the BM in DR
are established in the early phase and treatment with topical
nipradilol did not prevent them. However, nipradilol reduced
the early morphologic changes in the endothelial cells, which
reflects the metabolically active state of DR in SDT rats.
Therefore, this drug may have prophylactically prevented
development of proliferative changes in the endothelial cells
in DR through its activity as a NO donor. In the future, our
next experimental work will clarify whether nipradilol can
prevent advanced DR or not.
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