
Introduction

Diabetic retinopathy (DR) is a major cause of blindness, 
and considerable attention has been given to the vascular 
changes in eyes of patients with DR.1 Pathological changes, 
such as apoptosis and progressive loss of neurons and 
altered glutamate metabolism, also develop in other retinal 
elements of diabetic retinas.2 In addition, there is evidence 

that the neurons in the inner nuclear layer (INL) and the 
retinal ganglion cell layer (RGCL) undergo apoptosis in 
eyes of patients with DR.3 These changes manifest clinically 
as a progressive loss of visual function independent of the 
presence of neovascularization.4 Very little is known about 
the mechanisms inducing neuronal apoptosis in the retina 
of diabetic patients, which may, in part, explain why no 
major advances in the treatment of this disease have been 
achieved.

In diabetes the plasma concentrations of both glucose 
and proinfl ammatory cytokines increase,5,6 which leads to 
an increase in the expression of inducible nitric oxide 
synthase (iNOS) through the activation of NF-κB.7–10 This 
increase is accompanied by an increase in the generation of 
nitric oxide (NO). It has recently been suggested that NO 
and proinfl ammatory cytokines such as interleukin (IL)-1β 
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Abstract

Purpose: To examine the nitrosative and oxidative DNA damage induced by 8-nitroguanine and 
8-hydroxy-2-deoxy guanosine (8-OHdG), and to determine the role played by inducible nitric oxide 
synthase (iNOS) in damage to DNA in the retina of the Goto-Kakizaki (GK) rat.

Methods: Experiments were performed on GK rats, an animal model of spontaneous type 2 diabetes 
without obesity or visible diabetic vascular lesions. Immunohistochemistry was used to determine the 
retinal distribution of 8-nitroguanine, 8-OHdG, and iNOS in GK rats and control rats. The change in 
the expression of 8-nitroguanine and 8-OHdG in GK rats was also determined following an intravitreal 
injection of 1400W, an inhibitor of iNOS activity.

Results: Immunohistochemical analysis showed that 8-nitroguanine and 8-OHdG were expressed 
strongly in the inner nuclear layer of GK retinas but only weakly in control retinas. This expression was 
correlated with an increase in the expression of iNOS in GK retinas, which was confi rmed by the inhibi-
tion of iNOS activity by 1400W.
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and tumor necrosis factor (TNF)-α are the mechanisms 
underlying insulin resistance, type 1 (insulin-dependent) 
and type 2 (insulin-independent) diabetes, and diabetic 
complications.9,11–15 NO is known to infl uence apoptosis in a 
variety of animal models of diabetes, and its effect can be 
pro- or antiapoptotic.16 NO reacts with superoxide (O2•−) to 
form peroxynitrite (ONOO−), a powerful oxidant causing 
oxidative and nitrosative DNA damage.17,18 ONOO− can 
mediate the formation of 8-hydroxy-2-deoxy guanosine (8-
OHdG)19 and 8-nitroguanine, markers of nitrosative DNA 
damage.20

Sennlaub et al.21,22 reported that retinal apoptosis in a 
murine model of ischemic proliferative retinopathy is 
dependent on iNOS, not only in retinal neovascular disease 
but also in retinal degeneration. Carmo et al.23 examined 
Goto-Kakizaki (GK) rats by Western blot analysis and 
immunohistochemistry and found that iNOS is expressed in 
the retina, and that the expression is blocked by nitric oxide 
synthase (NOS) inhibitors. Kowluru and Odenbach24 
showed that the level of 8-OHdG is elevated more than 
twofold in streptozotocin (STZ)-induced diabetic retinas 
compared with in control retinas. However, previous studies 
of NO in DR have not examined 8-nitroguanine as a nitro-
sative marker of NO activity, nor have they addressed the 
pathogenic link between excessive iNOS activity and nitro-
sative and oxidative cell damage.

Thus, the purpose of this study was to determine whether 
nitrosative and oxidative DNA damage play a role in the 
pathological changes in the retina of GK rats, a spontane-
ous animal model of insulin-independent diabetes without 
obesity or diabetic retinopathy. An important advantage of 
using this animal model is that pharmacologic agents do not 
need to be injected to induce the diabetes, and the diabetic 
state is moderate, resulting in a relatively long follow-up 
time during which the plasma insulin response to glucose is 
impaired.25 We investigated the DNA damage by examining 
the expression of 8-nitroguanine and 8-OHdG in GK retinas 
by immunohistochemistry. In addition, we investigated the 
infl uence of iNOS on retinal DNA damage by using the 
iNOS inhibitor 1400W.26

Materials and Methods

Animals

Male GK and Wistar rats were handled according to the 
principles of the ARVO statement for the Use of Animals 
in Ophthalmic and Vision Research. The animals were 
obtained from Pharmacological Research Laboratories 
(SLC Japan, Hamamatsu, Japan). The GK rats were created 
by repeated selective breeding of normal Wistar rats using 
glucose intolerance as the selective breeding index.25 GK 
rats develop glucose intolerance at 2 weeks of age, and 
signifi cant hyperglycemia is found as early as 4 weeks of 
age.25,27

For our experiments, three 4-month-old and fi ve 6-
month-old GK rats were used. Age- and sex-matched Wistar 

rats were used as controls. The animals were housed in 
metal cages and given food and water ad libitum. The 
ambient temperature was set at 21°C with a 12 h light: 12 h 
dark light cycle. The blood glucose level was measured 
twice a week with a portable blood sugar measurement 
system (Xtra; Abbott Laboratories, Abbott Park, IL, 
USA).

Production of Anti-8-Nitroguanine Antibody

Anti-8-nitroguanine polyclonal antibody was produced by 
a modifi ed method.28 Initially, 8-nitroguanosine was incu-
bated with sodium metaperiodate for 20 min at room tem-
perature, and then conjugated with rabbit serum albumin 
(RSA) for 1 h, followed by incubation with sodium borohy-
dride for 1 h. The conjugate was dialyzed against 150 mM 
NaCl overnight. The 8-nitroguanine-aldehyde–RSA conju-
gate was mixed with Freund’s complete adjuvant and 
injected intracutaneously into a rabbit. Four weeks after 
the initial immunization of the rabbits, the same antigen 
was given and the blood was collected 10 days later. The 
8-nitroguanine was immobilized in a Cellulofi ne GCL-
2000 m column (Seikagaku Kogyo, Tokyo, Japan), and the 
antibody was purifi ed by affi nity chromatography. The 
specifi city of the purifi ed antibody was examined by dot 
immunobinding assays and adsorption tests.29

Histological Processing

Immunohistochemistry was used to determine whether 8-
nitroguanine, 8-OHdG, and iNOS were expressed in the rat 
retina. Rats were deeply anesthetized with an intraperito-
neal injection of sodium pentobarbital and perfused through 
the heart for 30 s with 0.2 mol/l phosphate-buffered saline 
(PBS). The animals were then perfused through the heart 
with a fi xative consisting of 4.0% paraformaldehyde in 
0.1 mol/l PBS. The eyes were immediately enucleated, and 
the cornea and lens were removed. The eyecups were 
immersed overnight in the same fresh fi xative. The retina 
was cut into small wedges using a razor blade, and pieces 
were embedded in paraffi n and cut with a microtome. The 
paraffi n sections (6 μm thick) were deparaffi nized in xylene 
and then placed in 0.3% H2O2 in methanol for 5 min to 
block the endogenous peroxidase activity.

The sections were incubated with a rabbit polyclonal 
anti-8-nitroguanine antibody (2 μg/ml), mouse monoclonal 
anti-8-OHdG antibody (5 μg/ml, Japan Institute for the 
Control of Aging, Shizuoka, Japan), or mouse monoclonal 
anti-iNOS antibody (1 : 400, Sigma, St. Louis, MO, USA) 
overnight at room temperature. Next, the sections were 
incubated with biotinylated secondary antibody solution 
and VECTASTAIN ABC reagent from a VECTASTAIN 
ABC kit according to the manufacturer’s protocol (Vector 
Laboratories, Burlingame, CA, USA). Then, the sections 
were incubated in peroxidase substrate solution until the 
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desired stain intensity developed. Negative control experi-
ments with 4-month-old GK retinas were performed by 
omitting the fi rst antibody, and no staining was found. 
Additional sections were stained with hematoxylin and 
eosin and used for morphological studies.

The 8-nitroguanine, 8-OHdG, iNOS, and 8-OHdG 
immunoreactivity in GK retinas was also assessed by a 
double-immunofl uorescence labeling method. The sections 
were incubated with a rabbit polyclonal anti-8-nitroguanine 
antibody (2 μg/ml) and a mouse monoclonal anti-8-OHdG 
antibody (5 μg/ml), or a rabbit polyclonal anti-iNOS anti-
body (1 : 200; Sigma), and a mouse monoclonal anti-8-
OHdG antibody (5 μg/ml) overnight at room temperature. 
Then, the sections were incubated for 3 h with an Alexa 
594-labeled goat antibody against rabbit IgG (1 : 400) and 
an Alexa 488-labeled goat antibody against mouse IgG 
(1 : 400; Molecular Probes, Eugene, OR, USA). The stained 
sections were examined under an inverted laser scan micro-
scope (LSM 410, Zeiss, Gottingen, Germany).

Statistical Analysis of 8-Nitroguanine and 
8-OHdG Immunostaining

To determine whether the number of 8-nitroguanine- and 
8-OHdG-positive cells in the INL and the RGCL of 6-
month-old GK rats (n = 5) was signifi cantly different from 
that in age-matched control rats (n = 5), the cells were 
counted in sections from both types of rats. The average 
number of the cells in the INL/mm2 of retina and the RGCL/
retinal cross section was determined. The signifi cance of the 
differences in the number of cells between the 6-month-old 
GK rats and the control rats was assessed by the Mann-
Whitney U test.

Effect of 1400W, an iNOS Inhibitor

The right eyes of three 4-month-old GK rats were injected 
intravitreally twice (separated by a 5-day interval) with 2 μl 
of 15 mg/ml 1400W (Calbiochem, France Biochem, Merdon, 
France), a highly specifi c inhibitor of iNOS.21,26 The left eyes 
of GK rats were injected intravitreally with 2 μl of 1% PBS 
as controls. Both eyes were enucleated 1 week later, and 
the treated eyes were assessed by immunohistochemical 
methods with anti-8-nitroguanine and anti-8-OHdG 
antibodies.

Results

Animals

The glucose concentration in the blood of the GK rats was 
signifi cantly higher than that in the control rats at 4 to 6 
months of age (P < 0.01; Fig. 1). During this period, cata-
racts and signs of DR were absent.

Hematoxylin and Eosin-Stained Sections

Takeo-Goto et al.30 observed no remarkable pathological 
differences between GK and control retinas in 7-month-old 
rats. We also found that sections across the retina of 4- and 
6-month-old GK rats did not differ morphologically from 
those of control rats (Fig. 2).

Formation of 8-Nitroguanine and 8-OHdG in Eyes 
of GK and Control Rats

Retinas of GK and control rats stained immunohistochemi-
cally for 8-nitroguanine are shown in Fig. 3A. In control 
retinas, only weak immunoreactivity for 8-nitroguanine was 
detected in the RGCL and no immunoreactivity was 
detected in the INL. On the other hand, many 8-nitrogua-

Figure 1. Relationship between age and blood glucose level in Goto-
Kakizaki (GK) (�) and control rats (�). Blood glucose levels were 
signifi cantly higher in GK rats than in age-matched control rats at 4 to 
6 months of age. *P < 0.01. Points and error bars represent means ± 
SD.

Figure 2. Hematoxylin and eosin-stained sections through retinas of 
6-month-old GK and control rats. Examination of retinas of 6-month-
old GK and control rats showed that all retinal layers were intact, and 
no remarkable pathologic changes were seen in either type of rat. 
RGCL, retinal ganglion cell layer; IPL, inner plexiform layer; INL, 
inner nuclear layer; ONL, outer nuclear layer. Bar = 50 μm.
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nine-positive cells were found in the RGCL and INL in 
retinas of 4- and 6-month-old GK rats.

The retinal sections of GK and control rats similarly 
stained immunohistochemically for 8-OHdG are shown in 
Fig. 3B. In control retinas, weak immunoreactivity against 
8-OHdG was detected in a few cells of the RGCL but no 
immunoreactivity was detected in the INL. 8-OHdG-posi-
tive cells were detected in the RGCL, the INL, and the 
outer nuclear layer (ONL) of 4- and 6-month-old GK rat 
retinas, and 8-nitroguanine and 8-OHdG immunoreactivity 
was colocalized in the nuclei of cells in the INL and the 
RGCL (Fig. 4A, yellow in merged image).

A signifi cant increase in the number of 8-nitroguanine- 
and 8-OHdG-positive cells was observed in the INL of 
6-month-old GK rat retinas (Fig. 5A, B). The number of 8-
nitroguanine-positive cells was increased more than four-
fold, and the number of 8-OHdG-positive cells more than 
2.5-fold, in the INL of 6-month-old GK rat retinas com-
pared with age-matched control retinas (P < 0.05). Although 

a slight increase in the number of 8-nitroguanine- and 
8-OHdG-positive cells was found in the RGCL of GK 
retinas, the increase was not signifi cantly different from that 
found in control retinas (8-nitroguanine, P = 0.059; 8-OHdG, 
P = 0.093; Fig. 5D, E).

Because the 8-nitroguanine- and 8-OHdG-positive cells 
were located primarily in the INL and the RGCL, we 
further assessed the diabetes-induced neuronal loss by 
counting the nuclei in the INL and RGCL in GK and age-
matched control retinas (Fig. 5C, F). We found that the 
numbers of 8-nitroguanine- and 8-OHdG-positive cells in 
the INL and RGCL in the two types of rats were not sig-
nifi cantly different; the INL typically had about 500–600 
cells/mm2 and the RGCL about 190–210 cells/retinal cross 
section.

Together, these results indicate that nitrosative and oxi-
dative DNA damage was present in the INL and RGCL in 
GK rat retinas but that these changes did not lead to sig-
nifi cant loss of neurons at 6 months of age.

Figure 3A, B. Immunohisto-
chemical retinal sections for 
8-nitroguanine (A) and 8-
hydroxy-2-deoxyguanosine (8-
OHdG) (B). A 8-Nitro-
guanine-positive cells are seen in 
the RGCL and the INL of 4- and 
6-month-old GK retinas. Control 
retinas show weak immunoreac-
tivity for 8-nitroguanine in a few 
cells of the RGCL and no immu-
noreactivity in the INL. B 8-
OHdG-positive cells are present 
in the RGCL, INL, and ONL of 
4- and 6-month-old GK rat 
retinas. Control retinas show 
weak immunoreactivity for 8-
OHdG in a few cells of the RGCL 
and no immunoreactivity in the 
INL. Negative control experi-
ments on 4-month-old GK 
retinas, omitting the fi rst anti-
body, showed no staining. Bars = 
25 μm.
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Intravitreal Injections of 1400W in GK Rats

To evaluate the potential therapeutic use of iNOS inhibi-
tors in DR, we tested the effect of a highly potent iNOS 
inhibitor, 1400W,26 in GK rats. 1400W was injected intravit-
really twice (separated by a 5-day interval) into 4-month-
old rats to achieve more complete iNOS inhibition in GK 
retinas than with subcutaneous administration. The eyes 
from these rats were enucleated 1 week after the last injec-
tion and prepared for the immunohistochemical detection 
of 8-nitroguanine and 8-OHdG. The expression of 8-
nitroguanine and 8-OHdG was signifi cantly depressed in 
the retinas of 1400W-treated GK rats compared with in 
vehicle-injected rats (Fig. 7).

Discussion

Our immunohistochemical studies showed that the numbers 
of 8-nitroguanine- and 8-OHdG-positive cells were signifi -

Figure 4. A Double-immunos-
taining for 8-nitroguanine (red) 
and 8-OHdG (green) in GK and 
control rats observed with an 
epifl uorescence microscope. In 
4-month-old GK retinas, the 
immunoreactivity of 8-nitrogua-
nine and 8-OHdG was colocal-
ized in the nuclei of cells of the 
INL and RGCL. On the other 
hand, in control retinas, little 
or no immunoreactivity against 
8-nitroguanine or 8-OHdG 
was observed. Bar = 100 μm. 
B Double-immunostaining for 
iNOS (red) and 8-OHdG (green) 
examined with an epifl uorescence 
microscope. In 4-month-old GK 
rat retinas, iNOS expression was 
observed mainly in Müller cells, 
the INL, and the RGCL, whereas 
8-OHdG was observed in the 
nuclei of cells of the RGCL, INL, 
and ONL. Bars = 10 μm.

Expression of iNOS in Eyes of GK Rats and 
Control Rats

The expression of iNOS in eye sections of GK and control 
rats is shown in Fig. 6. In GK retinas, iNOS expression was 
observed mainly in Müller cells and cells of the INL and 
RGCL. The immunoreactivity in the ONL most likely indi-
cated staining of the distal processes of the Müller cells 
(labeled M in the fi gure) because of the staining pattern; 
that is, the stained processes extended through the ONL 
between the nuclei of the photoreceptor cells. In control 
retinas, little or no iNOS expression was observed in the 
Müller cells, the INL, or the RGCL. iNOS expression and 
8-OHdG formation in GK  retinas are shown in Fig. 4B. 
iNOS was expressed (red) mainly in the Müller cells and 
cells in the INL and RGCL, whereas 8-OHdG (green) was 
observed in the nuclei of cells in the RGCL, the INL, and 
the ONL. The immunoreactivity of iNOS and 8-OHdG was 
colocalized in the nuclei of cells in the RGCL and the INL 
(Fig. 4B, yellow in merged image).
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cantly higher in the INL of GK retinas than in that of 
control retinas. Although these fi ndings indicate that signifi -
cant neuronal DNA damage occurred in the retinas of GK 
rats, morphometric studies showed that the numbers of cells 
in the INL and the RGCL of 6-month-old GK rat retinas 
were not signifi cantly different from those in age-matched 
control rat retinas. These fi ndings indicate that the signifi -
cant neuronal DNA damage did not lead to a signifi cant 
loss of neurons, and they agree with the results of Takeo-
Goto et al.,30 who found no histopathological changes in GK 
rats at 7 months of age.

Another major fi nding of this study was the signifi cantly 
higher levels of iNOS protein in GK retinas than in control 
retinas. Immunohistochemical studies showed that iNOS 
protein was expressed mainly in Müller cells, the INL, and 
the RGCL of GK retinas, whereas iNOS protein was 

Figure 5A–F. Numbers of 8-
nitroguanine-positive (A) and 8-
OHdG-positive (B) cells, and the 
total number of cells (C) in the 
INL, and numbers of 8-nitrogua-
nine-positive (D) and 8-OHdG-
positive (E) cells, and the total 
number of cells (F) in the RGCL 
of 6-month-old GK rats (n = 5) 
versus age-matched control rats 
(n = 5). There were signifi cantly 
more 8-nitroguanine-positive (A) 
and 8-OHdG-positive cells (B) in 
the INL of GK retinas than in 
that of age-matched control 
retinas (*P < 0.05). Although a 
slight increase in the number of 
8-nitroguanine-positive (D) and 
8-OHdG-positive cells (E) was 
seen in the RGCL of GK retinas 
compared with the numbers 
found in control retinas, the dif-
ferences were not statistically 
signifi cant (8-nitroguanine-posi-
tive: P = 0.059; 8-OHdG-positive: 
P = 0.093). No signifi cant differ-
ence in the total number of cells 
in the INL (C) or the RGCL (F) 
was observed in the two types of 
retina. The INL typically had 
about 500–600 cells/mm2, and the 
RGCL about 190–210 cells/
retinal cross section.

Figure 6. Immunohistochemical retinal sections for inducible nitric 
oxide synthase (iNOS). In GK rat retinas, iNOS expression was 
observed mainly in the processes of Müller cells (M, arrows), the INL, 
and the RGCL. In control retinas, little or no iNOS expression was 
observed in Müller cells, the INL, or the RGCL. Bar = 25 μm.
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Figure 7. Intravitreal injections of 1400W (a specifi c iNOS inhibitor) 
in GK rats. Two microliters of vehicle [1% phosphate-buffered saline 
(PBS)] or 15 mg/ml 1400W was injected intravitreally twice (separated 
by a 5-day interval) into 4-month-old GK rats to achieve more com-
plete inhibition of iNOS in GK retinas than is possible with subcutane-
ous administration. One week after the last injection, the retinas were 
isolated, and the formation of 8-nitroguanine and 8-OHdG was inves-
tigated immunohistochemically. The expression of 8-nitroguanine and 
8-OHdG was signifi cantly depressed in the retinas of 1400W-treated 
GK rats compared with that in vehicle-injected rats. Bar = 25 μm.

expressed only weakly in Müller cells, the INL, and the 
RGCL of control retinas. These observations are in agree-
ment with the fi ndings of an earlier study in GK rats, which 
showed that iNOS protein was localized in the RGCL, INL, 
and ONL of GK retinas, whereas iNOS protein was 
expressed only in the INL of control retinas.23

Our results showed clear staining of Müller cells. Similar 
results were reported by Kobayashi et al.,31 who found 
higher iNOS expression in Müller cells in ischemic retinas, 
induced by bilateral common carotid artery occlusion, than 
in control retinas. Other studies have shown that iNOS is 
activated in both the acute and chronic phases of diabe-
tes.32,33 Taken together, these results suggest that DNA 
damage as assessed by the increased expression of 8-
nitroguanine and 8-OHdG in the GK rats is mediated by 
NO production through iNOS.

Increased levels of 8-OHdG have been reported in STZ-
induced diabetic rats,24 and we also showed increased nitro-
sative and oxidative DNA damage in GK rats. Increased 
oxidative stress in diabetes is considered to be a factor 
contributing to the development of diabetic complications, 
including DR,34 and reactive oxygen species are generated 
by high glucose levels and infl ammatory cytokines. Thus, 
diabetes shares many similarities with chronic infl ammatory 
diseases.

It has been reported that NO can react with O2•− to sub-
sequently induce DNA damage by deaminating DNA bases, 
resulting in mutations.35,36 Shibutani et al.37 illustrated muta-
genic replication of 8-OHdG as a template causing G→T 
transversion. 8-Nitroguanine formed in DNA is also chemi-
cally unstable, and thus can be spontaneously released, 
resulting in the formation of an apurinic site.17,18,20 The apu-

rinic site can pair with adenine during DNA synthesis, 
leading to G→T transversion.38

We did not detect any signifi cant loss of retinal neurons 
in the RGCL or the INL of GK rats despite increasing 
nitrosative and oxidative DNA damage, unlike the neuro-
nal cell loss in the RGCL and the INL observed in the 
retinas of diabetic humans3 and rats.39–41 Martin et al.40 sug-
gested that diabetes-induced neuronal loss in STZ-induced 
diabetic rats occurs in the RGCL through an apoptotic 
pathway. Barber et al.39 reported signifi cant changes in the 
thickness of the INL as a consequence of diabetes. Park et 
al.41 reported a thinning of the INL and marked thinning of 
the ONL by 24 weeks after onset of diabetes. Although no 
pathologic changes are observed in GK rat retinas until 7 
months of age,30 functional neuronal changes, including 
electroretinogram abnormalities42 and altered glutamate 
metabolism,30 can be identifi ed, suggesting that neuronal 
degenerative changes occur in GK retinas apart from the 
vascular cells of the retina. Our data also showed neuronal 
abnormalities in GK retinas and suggest that although dia-
betes induces nitrosative and oxidative DNA damage, the 
damage is probably not strong enough to evoke signifi cant 
loss of retinal neurons in GK retinas.

In support of the possible role of iNOS in the pathogen-
esis of DR, it has been shown that administration of amino-
guanidine, an inhibitor of iNOS, has many benefi cial effects 
on DR. Kern et al.43 reported that aminoguanidine inhibits 
capillary apoptotic cell death and development of DR. 
Hammes et al.44 also reported that secondary intervention 
with aminoguanidine retarded the progression of DR in a 
STZ-induced diabetic model. However, it is not possible at 
present to conclude that aminoguanidine inhibits retinopa-
thy solely by the inhibition of NO production, because that 
agent also inhibits other diabetes-induced biochemical 
abnormalities, notably the formation of advanced glycation 
end products.45

Thus, in this study, GK eyes were injected intravitreally 
with 1400W at 4 months of age, when iNOS is expressed. 
Among the inhibitors of nitric oxide synthases, 1400W is by 
far the most selective in inhibiting the activity of iNOS; its 
ratio of selectivity for iNOS versus endothelial NOS is more 
than 4000-fold, in contrast to that of aminoguanidine (11-
fold), N5-iminoethyl-L-ornithine (49-fold),46 and isothio-
ureas (two- to sixfold).47 In addition, the in vitro potency of 
1400W in inhibiting iNOS is 135 and 19 times that of amino-
guanidine and N5-iminoethyl-L-ornithine, respectively.46 
Our experimental approach using 1400W is thus more 
useful than those using aminoguanidine for defi nitive evalu-
ation of the role of NO in diabetic retinal damage.

Sennlaub et al.21 reported that 1400W (2 μl of 15 mg/ml, 
intravitreally injected) protected the hypoxic retina from 
degeneration in ischemic proliferative retinopathy. Our 
study also showed that 8-nitroguanine and 8-OHdG were 
signifi cantly suppressed in 1400W-treated eyes compared 
with in vehicle-treated eyes. This is good evidence that 
nitrosative and oxidative DNA damage in the retina of type 
2 diabetes patients is closely associated with NO via iNOS 
activation.
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In conclusion, our study demonstrated the neurotoxic 
effects of NO and O2·− on retinal neurons, and these fi ndings 
may implicate the iNOS pathway in the retinal DNA 
damage observed during the diabetic retinal pathological 
process.
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