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Effect of antioxidant N-acetylcysteine on diabetic retinopathy
and expression of VEGF and ICAM-1 from retinal blood vessels

of diabetic rats
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Abstract Diabetic retinopathy (DR) is a leading cause of
blindness globally and its pathogenesis has still not been
completely elucidated. Some studies show a close relation
between oxidative stress and DR. This study was aimed to
investigate the effects of anti-oxidant in DR and expression
of vascular endothelial growth factor (VEGF) and inter-
cellular adhesion molecule-1 (ICAM-1) from retinal blood
vessels in diabetic rats. Diabetic rat models were estab-
lished by intraperitoneal injection of streptozotocin
(60 mg/kg) and confirmation of high serum glucose levels
in the animals. Antioxidant N-acetylcysteine was given to
diabetic rats to elicit antioxidative responses, and rats were
sacrificed at 3 and 5 months. Ultrastructures of retinal
vascular tissues were observed under transmission electron
microscope, and pathology of retinal capillaries was
examined using retinal vascular digest preparations.
Changes in the expression of VEGF and ICAM-1 were
examined by immunofluorescence; and reactive oxygen
species contents in the retinas were detected using
dichlorofluorescein assay. Compared with normal rats,
diabetic rats displayed significant retinopathy both
under electronic and light microscopy, accompanied by
elevated reactive oxygen species contents in the retinas;
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N-acetylcysteine treatment alleviated the pathological
changes and also decreased reactive oxygen species, most
significantly at 5 months. VEGF and ICAM-1 expressions
were significantly up-regulated in retinal blood vessels
from diabetic rats, and such up-regulation was attenuated
by N-acetylcysteine treatment. The expression of both
factors returned to basal levels after 5-month treatment
with N-acetylcysteine. Long-term N-acetylcysteine treat-
ment exerts protective effects on the diabetic retinas, pos-
sibly through its down-regulation of the expression of
VEGF and ICAM-1, and reduction of reactive oxygen
species content in retinal vascular tissues in diabetic rats.
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Introduction

Diabetic retinopathy (DR) is the most common and serious
microvascular complication of diabetes, and also a major
cause of blindness in adults. The probability of blindness is
positively correlated with duration of disease course [1]. It
is a duration-dependent disease that develops in stages; the
incidence of retinopathy is rarely detected in the first few
years of diabetes, but the incidence increases to 50% by
10 years, and to 90% by 25 years of diabetes [2].
Although pathogenesis of DR has not been fully eluci-
dated, it is believed to be related to synergistic effects of
many factors. Recent studies have shown that reactive
oxidative species (ROS) play the most critical role in the
pathogenesis of DR [3], which is also closely related to
other diabetic abnormalities such as dyslipidemia and
hyperglycemia. When ROS exceeds the antioxidant
capacity of the cell, excess ROS are capable of modifying
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both structure and function as a result of injury to lipids
loss of membrane function and increased permeability, as
well as modifying nucleic acids and proteins in DR [4, 5].
The retina has high content of polyunsaturated fatty acids
and has the highest oxygen uptake and glucose oxidation
relative to any other tissue. This phenomenon renders ret-
ina more susceptible to oxidative stress [3]. At the same
time, other studies have shown that vascular endothelial
growth factor (VEGF) plays a key role in diabetic micro-
vascular complications by promoting retinal angiogenesis
and increasing vascular permeability [6]. Oxidative stress
is strongly associated with increased VEGF expression in
investigations of ischemic retinopathy [7]. Studies on
micro-circulation in diabetes research also showed that
leukocyte aggregation caused by over-expression of inter-
cellular adhesion molecule-1 (ICAM-1) is an important
contributing factor to the damage of retinal blood-retinal
barrier, loss of retinal vascular perfusion, and initiation of
angiogenesis [8]. There is growing evidence that leukocyte
adhesion plays an important role in the pathogenesis of DR.
Adjacent to the static leukocytes were areas of endothelial
cell damage, capillary loss, and leukocyte extravasations
[9]. Therefore, increased levels of ICAM-1 and VEGF have
been commonly used to assess the oxidative stress as well
as retinal vascular injury in diabetic models. Recent studies
showed that diabetes-induced retinal vascular dysfunction
can be prevented by inhibitors of ROS, further supporting
for the role of oxidative stress in DR [10].

N-Acetylcysteine has been widely used as an antioxidant
in vivo and in vitro. It is the acetylated variant of the amino
acid L-cysteine, is an excellent source of sulfhydryl (SH)
groups, and is converted in the body into metabolites
capable of stimulating glutathione (GSH) synthesis, pro-
moting detoxification, and acting directly as free radical
scavengers. Administration of NAC has historically been
as a mucolytic agent in a variety of respiratory illnesses;
however, it appears to also have beneficial effects in con-
ditions characterized by decreased GSH or oxidative stress,
such as HIV infection, cancer, heart disease, and cigarette
smoking [11]. And the beneficial effects of NAC on long-
term diabetes observed in protecting the glomeruli from
diabetes-induced disorders [12]. Most importantly, NAC
could reduce oxidative stress and vascular endothelial
activation, in diabetic patients, which also are the key
features of DR.

Therefore, this study aimed to examine the relationship
of oxidative response and the expression of VEGF and
ICAM-1, and explore the roles of these factors in the
onset and development of DR. We established diabetic rat
models and investigated how antioxidant N-acetylcysteine
affected the morphology of and expression of VEGF and
ICAM-1 expression in retinal blood vessels from these
rats.
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Materials and methods
Establishment of diabetic rat models

Healthy adult male Sprague-Dawley (SD) rats weighting
300-350 g were provided by the Experimental Animal
Center, Medical School of Xi’an Jiaotong University. After
fasting for 12 h, they were intraperitoneally injected with a
dose of 1% streptozotocin (STZ) at 60 mg/kg in 0.1 mol/l
citric acid buffers (pH 4.5). Rats injected with the same
amount of citric acid buffer served as controls. 72 h after
the injection, blood was drawn from the tail vein and blood
glucose level was measured. The rats showing elevated
blood glucose level >16.7 mmol/l were defined as diabetic
model animals.

Animal grouping and treatments

Eighty rats were randomly divided into two normal control
groups (group C, n = 10) to receive no treatment, two
groups of diabetic rats (group D, n = 15) to receive STZ
alone as described above, and two groups of diabetic rats to
be further treated with NAC (group N, n = 15) by feeding
with NAC (N) added into the drinking water at 1.4 g/kg.
The weights of rats were measured regularly. Rats were
given standard pellet feed, free access to drinking water,
and raised under the natural light. Rats from one group in
all three treatments were sacrificed at 3 months (MON?3)
and the others at 5 months (MONS5) to be used for the
following experiments.

Retinal sample preparation for transmission
electron microscopy

Rats were anesthetized after intraperitoneal injection of
10% chloral hydrate, and their eyes were rapidly removed
and immediately placed in ice-cold 2.5% glutaraldehyde.
After fixing at 4°C for 2 h, eyes were cut open along the
edge of the cornea, all the anterior segment tissues were
removed, and the eye cup was placed back to the fixative
and incubated overnight. Then the eye cup was cut with a
razor blade centered at the optic nerve head to small tissue
pieces of 1 mm x 1 mm, and placed back to the fixative
for another 2 h. The fixed tissues were washed with 0.1 M
phosphate buffer for 30 min, fixed in 1% osmium tetroxide
at 4°C for 2 h, washed again with 0.1 M phosphate buffer
for 10 min, dehydrated by a series of ethanol solutions with
increasing concentrations, and stained with 70% ethanol
uranyl acetate for 2 h. After that, tissues were treated
sequentially with 90% ethanol twice, 10 min each, 100%
ethanol for three times, 10 min each, and propylene oxide
for 10 min once. They were then soaked and embedded in
Epoxy EPONS812 to allow polymerization of the resin.
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Then, tissue block was cut into 1-2 pm semi-thin sections.
Tissues in the sections were first visualized by methylene
blue staining and observation under a light microscope, and
then selected sections were further processed to ultrathin
sections of 50-70 nm with a Sweden LKB-V microtome.
Ultrathin sections were stained with Uranyl acetate and
lead citrate, observed and photographed under a Hitachi
H-600 transmission electron microscope.

Fluorimetric determination of ROS levels
in retinal tissues

ROS levels in retinal tissues were measured using a com-
mercial ROS kit based on the traditional dichlorofluores-
cein assay. The key reagent was the fluorescin derivatives
dichlorofluorescin, which is membrane permeable and
nonfluorescent. After entering cells and being oxidized by
various intracellular oxidants, it becomes dichlorofluores-
cein and emits fluorescence. By quantifying the fluores-
cence, the level of ROS generated in tissues under
oxidative stress can be qualified.

Rats were anesthetized as described above; the eyes
were removed and placed into pre-cooled PBS. Eyes were
cut open along the limbus, and the anterior segment was
removed. The retina was detached, and rinsed in pre-
cooled cleaning solution. Cleaned retinas were homoge-
nized in dilution buffer provided by in the kit, and protein
content of the homogenate was determined. After incu-
bation with the working solution for 20 min, ROS levels
were determined using a fluorescent detection kit
according to the manufacture’s instruction. Fluorescence
intensities were measured by a spectrophotometer under
excitation wavelength 490 nm and emission wavelength
520 nm. The increase in ROS level was calculated by
relative fluorescence units (RFU) of a sample over that of
the blank.

Retinal vascular digest preparations

Rats were anesthetized as described above; eyes were
removed, fixed in ice-cold 4% formaldehyde for 48 h, and
transferred into a dry Petri-dish. The anterior segment was
removed and retina was isolated. The retina was divided
into four portions centered at the optic nerve, rinsed with
running water for 24 h, transferred with a pipette into a
dry ampoule, and digested with 5 ml 3% trypsin in
0.1 mol/l Tris—Cl (pH 7.8) at 37°C for 1-2 h. The
ampoule was gently shaken every 15 min. Retina was
transferred into a Petri-dish with distilled water, subjected
to repeated blowing and suction with a pipette until a
transparent mesh of vessels was formed. Then the blood
vessel mesh was rinsed and lifted onto a glass slide and

dried naturally. Cares were taken to avoid folding of the
tissues.

H&E staining of retinal vascular digest preparations

Retinal vascular digest preparations were placed in double
distilled water for hydration for 1 min, stained with
hematoxylin for 10 min, rinsed in distilled water for 2 min,
stained with eosin for 2 min, washed with distilled water,
and dried naturally. Slides were cleared with xylene and
mounted with neutral gum. LEICA image signal acquisi-
tion and analysis system was used to analyze the stained
blood vessels.

Immunofluorescence (IF) for VEGF and ICMA-1
expression in retinal vascular digest preparations

Retinal vascular digest preparations were treated with 0.3%
TritonX-100 for 1 h, washed in PBS for 3 times, 3 min
each, and blocked in normal goat serum for 1 h. After the
serum was removed, the vessels were incubated with pri-
mary antibodies against VEGF and ICAM-1 (Mouse anti-
rat VEGF monoclonal antibody, Santa Cruz, USA, and
rabbit anti-mouse ICAM-1 polyclonal antibody, Beijing
BIOSS Company) (diluted 1:50 into 0.01 M PBS) at 4°C
overnight. After washing for 3 times in PBS, 5 min each,
the liquid was removed with a piece of filter paper. In the
dark room, 1-2 drops of secondary antibody conjugated
with Goat anti-mouse IgG/fluorescent and goat anti-rabbit
IgG diluted 1:100 in PBS was added to cover the tissue in
the slide, and incubated in a dark box at 37°C for 1-2 h.
After washing with PBS for 3 times, 5 min each, the excess
amount of liquid was removed by a piece of filter paper,
and the slide was washed again with distilled water for
2 min, mounted with buffered glycerol, and observed under
a fluorescence microscope and photographed. Applied
Medical Image Analysis System (provided by Xi’an Jiao-
tong University, Department of Pathology) was used to
process the images. Fluorescence optical densities were
obtained and semi-quantitative data were generated to
present the expression levels of VEGF and ICAM in the
retinal vascular preparations.

Statistical analysis

All data were subjected to statistical analyses with SPSS
13.0 statistical package, and were expressed as mean =+
standard deviation (£SD). One-way ANOVA test was used
to compare the differences among groups and LSD test was
used for comparison among multiple groups. P < 0.05 was
considered statistically significant.

@ Springer



3730

Mol Biol Rep (2012) 39:3727-3735

Results

Ultrastructure of retinal cells by transmission
electron microscopy

Under a transmission electron microscope, retinal tissues
from control groups displayed the typical ultrastructures of
normal vessels: thin vascular wall composed of flat endo-
thelial cells with evenly distributed chromatins in the
nuclei attached to the basement membrane (Fig. 1a). At
3 months, ultrastructures of retinas from D and N groups
showed no significant differences. They both showed vas-
cular wall thickening and irregular endothelial cells bulged
into the lumen, but other pathological changes character-
istic of DR were not prominent (Fig. 1b, ¢). At 5 months,
more severe pathological changes in the retinal ultra-
structures were seen as vessel blockage of, infiltration of
inflammatory cells around vessels, large number of plate-
lets aggregated inside the lumen causing occlusion of
capillaries (Fig. 1d—g). However, rats in the N group
showed much less pathological changes compared with
these in the D group, which were mainly basement mem-
brane thickening and vascular destabilization (Fig. 1h, i).

Morphology of retinal vessels using retinal vascular
digest preparations

Retinal vascular digest preparations were made from all the
rat groups, and subjected to conventional H&E staining and
microscopic observation. Normal rat retinal capillaries
from the control groups were composed of pericytes and
endothelial cells. The endothelial cells were elongated oral
cells with lightly stained nuclei. The pericytes were small,
round or triangle cells with heavily stained nuclei. The
numbers of endothelial cells and pericytes was roughly 1:1
(Fig. 2a). At 3 months, vessels from D group showed
decreased number of pericytes but increased endothelial
cells, therefore the imbalanced ratio of endothelial cells
and pericytes (Fig. 2b). Those from N group also displayed
increased proliferation of endothelial cells but less exten-
sive than in the D group (Fig. 2c). At 5 months, in vessels
from diabetic rats, the decrease in pericytes and increase of
endothelial cells were more pronounced, which was
accompanied by the aggregation and adhesion of leuko-
cytes. In the most severe cases, segments of capillary
without associated pericytes were observed (Fig. 2d). In
NAC treated rats, proliferation of endothelial cells was also

Fig. 1 Ultrastructure of retinal cells by transmission electron
microscopy. a Normal vessels in the control group consist of flat
endothelial cells evenly distributed on the basement membrane
(x6,000); b vessels from diabetic rats at 3 months have some
narrowed area with bulged endothelial cells (x6,000); ¢ vessels from
N group at 3 months had some bulged endothelial cells and small
amount of platelet aggregation (x6,000); d—g D group at 5 months
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had vessel blockage (d, x3,000), infiltration of leukocytes around
capillaries (e, x5,000), larger number of platelets aggregated inside
the lumen causing blockage (f, x6,000) or occlusion of vessel and
thickening of basement membrane (g, x10,000); h, i N group at
5 months showed the flat endothelial cells, thickening of vascular
basement membrane (h, x6,000) with small amount of red blood cells
(i, x6,000)



Mol Biol Rep (2012) 39:3727-3735

Fig. 2 Morphology of retinal
vascular digest preparations.
Retinal vascular digest
preparations were made from all
the rat groups, and subjected to
conventional H&E staining and
microscopic observation
(x1,000). a Retinal capillaries
in the control groups consist of
endothelial cells (red triangle)
and pericytes (black triangle);
b D group at 3 months had
decreased number of pericytes
but increased endothelial cells;
¢ N group at 3 months displayed
less extensive increase of
endothelial cells; d, e D group at
5 months showed adhesion of
leukocytes in the vessels
(arrows, d) and segments of
acellular capillaries.

(Color figure online)

significant but leukocyte aggregation was not significant
and no such acellular capillary segment was seen (Fig. 1f).

ROS levels in the retina of diabetic rats

Compared with the CON group, ROS levels in retinal tis-
sues from D group were significantly higher (*P < 0.01) at
3 months and further increased at 5 months. Retinal ROS
levels in the N group were lower than those of the D group
but the difference was not significant at 3 months (P = 0.
228) and became significant at 5 months (*P < 0.01). At
5 months, ROS levels in the N group was not significantly
different than the control group (P = 0.094, Fig. 3).

Immunofluorescence for expression of VEGF
and ICAM-1 from retinal vessels

In normal control rats, the basal level expression of VEGF
and ICAM-1 in retinal blood vessels were low, showing
little positive staining by IF at both 3 and 5 months. At
3 months, VEGF expression in D group was significantly
higher than both in CON and N groups (*P < 0.01). VEGF
expression in the N group was lower than in the D group
but still significantly higher than the CON group
(*P < 0.01). At 5 months, VEGF expression in retinal
vascular was further increased in D group (¥*P < 0.01) but
the increase was attenuated in N group (*P < 0.01). At this
later time point, the level of VEGF expression in N group
showed no significant difference from that in CON group
(P =0.591) (Fig. 4).

At the same time, ICAM-1 expression showed similar
patterns in response to different treatment at the two time
points. Compared with that in the CON group, ICAM-1
expression increased significantly in D group at 3 months
and further increased at 5 months (*P < 0.01 for both time
points). Compared with the D group, ICAM expression in
N group significantly decreased (*P < 0.01), which was
still higher that that of the CON group (*P < 0.05) at
3 months, but then became insignificantly different from
that in the CON group at 5 months (P = 0.94) (Fig. 5).

Discussion
Morphologic changes of diabetic retinopathy

In this study, using STZ induced diabetic rat models and
retinal vascular digest preparations, we documented path-
ological changes of the retinal blood vessels early in the
development of DR. In contract to some previous experi-
ments showing no significant morphological changes at
3 months [13], both transmission electron microscopy and
HE staining revealed reduced pericytes and over prolifer-
ation of endothelial cells at 3 months after rats were treated
with STZ. This observation suggests that the loss of peri-
cytes is one of the early pathological features of retinal
capillaries during diabetic microangiopathy [14]. Based on
literature report [15], aldose reductase from vascular cells
is only expressed in pericytes. High blood glucose can
active the polyol pathway, causing the swelling of pericytes
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Fig. 3 Fluorimetric

ROS levels in the retina of diabetic rats (x £ 5)

determination of ROS levels in

retinal tissues (a 3 months data Group n MON3-ROS MON5-ROS
after NAC-treated; b 5 months CON 6 23.15+2.08 24.75+1.12
data after NAC-treated). Data D 6 25 83+1.67 29.51+0.94
are presented as mean = SD
from 36 measurements shown in N 6 24.21+0.88 25.68+0.52
the table (upper) and a graphic
view (lower). ROS level in the
retina of diabetic rats. The data b * #*
in the table is transformed to 30. 00 f 1
statistic demonstration il
as a and b 25. 00 + o :

20. 00 4

20. 001
T 15.00 ot
= o=

10.00 1 10. 004

5. 00 1

0. 00 o 0 00 -

CON D N CoN D N
GROUP-MON3 GROUP-MONS

Error bars:95%CL

and ultimately cell damage and apoptosis. At the same
time, we observed thickening of basement membrane, and
deformation of endothelial cells breaking into the vessel
lumen at 3 months. Basement membrane thickening is
another earliest pathological feature in DR, which is related
to VEGF-induced damages of tight junctions between
endothelial cells, and activation of collagen through the
PKC pathway [16].

In recent years, studies on micro-circulation in DR
pathogenesis revealed that leukocyte adhesion and capil-
lary occlusion are hallmarks of early microcirculation
changes in DR [16]. Lin [13] studied vessel morphology
during DR and identified leukocyte adhesion in vessels,
retinal capillary occlusion, endothelial cell swelling, and
infiltration of extravascular macrophages. Electron micro-
scopic observation in this study also showed that the local
vascular endothelial cells formed small protrusions inside
the lumen in diabetic rats, therefore narrowing the vessels
and even causing blockage. Perivascular infiltration of
leukocytes, aggregation of a large number of platelets in
the lumen, and adhesion of leukocytes inside the blood
vessels were also seen. These are consistent with the results
of previous studies. After feeding with STZ for 5 months,
blocked blood vessels appeared in diabetic rats possibly as
the results of combined effects of intrusion of deformed
endothelial cells into the lumen, local stagnation of leu-
kocytes, and platelet aggregation. White blood cells con-
tribute to microcirculation disorder in DR through blocking
retinal capillaries, resulting in retinal ischemia and
hypoxia.
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Error bars:95%CL

In summary, retinal ischemia and hypoxia, as well as
abnormal endothelial cell metabolism can promote the
expression of adhesion molecules and monocyte adhesion
receptors at the membrane surface; together with changes
in the local microcirculation rheology and dynamics, they
all contributed to the onset and further development of DR.

In this study, based on electron microscopy and pathol-
ogy examinations of the retinal vessels, we not only
reported the retinopathy in diabetic rats, but also reported
the morphological alleviation of retinal blood vessels in
response to long-term intervention of antioxidant NAC in
these rats. Antioxidant intervention significantly decreased
the severity of pathological changes of retinal vascular
tissues, such as leukocyte aggregation and capillary occlu-
sion, and appearance of acellular capillaries. At 3 months,
pathological changes was not significant between D and N
groups but became significant at 5 months when D group
showed pathological changes typical of DR but N group
was similar to those in 3 months.

Oxidative stress and diabetic retinopathy

Currently, research has been focused more and more on the
roles of oxidative response in the development of diabetic
complications [17]. Diabetic patients show concurrent
increase in plasma levels of oxidative products such as
ROS and decreased antioxidants [17]. Persistent high blood
sugar can increase oxidative stress, damage cell membrane
integrity, and stimulate apoptosis, all leading to vascular
endothelial damage and breakdown of blood-retinal barrier
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Fig. 4 Immunofluorescence
staining for VEGF expression
from retinal vessels (g 3 months
data after NAC-treated;

h 5 months data after NAC-
treated). Upper panels: images
of IF stained vessels in retinal
vascular digest preparations
(x1,000). a—c At 3 months,
expression of VEGF was very
low in normal rats (a), but
significantly increased in D
group (b) and also increased in
N group less significantly (c);
d-f at 5 months, VEGF
expression in control vessels
was almost undetectable (d), but
further increased in D group (e);
however, the increase was
attenuated in N group (f).
Middle panel: the table shows
integrated optical density (IOD)

Immunofluorescence for expression of VEGF from retinal vessel (x + )

from images in a—f. Lower

X ! Group n MON3- VEGF MONS- VEGF
panel: a graphic presentation of
the IODs from above the table. CON 5 19.02+5.42 19.92+2.61
Data in the table and the graphs D 5 85.32+7.05 102.81+5.87
are presented as mean £ SD N 5 10.72+6.38 22.507.90
from 30 images. The data in the
table is transformed to statistic
. +
demonstration as g and h g [y h
100. 00 r : 17 - 1 120. 00 1
80. 00 - 100. 00 1
o 60. 00 4 - 80. 00 1
b © 60.00 1
40. 00 1
40. 00 1
20. 00 1 20. 00
0.00 - 0.00-
CON D N CON D N

GROUP-3MON
Error bars:95%CL

[18]. At the same time, oxidative stress can also induce
expression of cytokines and adhesion molecules, promote
the occurrence of microvascular diseases leading to reti-
nopathy. Cross-talking and synergistic effects exist among
several proposed mechanisms of diabetic complications.
Oxidative stress responses accompany the production
of advanced glycation end products (AGEs) and activation
of polyol pathway, and also in turn lead to the activation of
protein kinase C [19]. As the result, a theory on unified
mechanism of chronic diabetic complications has been
proposed. It explains that the four classical pathways
leading to various diabetic complications are all essentially
resulted from overly produced peroxides induced by high
glucose; in this regard, oxidative stress is considered the
key factor in the development of diabetic complications

GROUP-5MON
Error bars:95%CL

[19]. In the diabetic model rats, blood glucose elevation
induced vascular endothelial cell dysfunction. Excessive
production of oxygen free radicals such as O,  and
ONOO' reduced the effective circulating volume of the
blood, accompanied with an increase of vascular per-
meability and protein leakage. All of these changes can
increase VEGF, endothelial proliferation and retina
angiogenesis. As a results, ROS and increased expression
of VEGF and, ICAM-1 induced leukocyte adhesion in
retinal vascular tissues. In our another in vitro study,
Western Blot analysis showed that VEGF can induce
ICAM-1 expression in retinal vascular endothelial cells,
which is not affected by blocking NO or PKC, but
blocking PI3K, or ROS can significantly reduce ICAM-1
expression [20].
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Fig. 5 Immunofluorescence
staining for ICAM-1 expression
from retinal vessels. Upper
panels: images of IF stained
vessels in retinal vascular digest
preparations (x1,000). a—c At
3 months, expression of ICAM-
1 was very low in normal rats
(a), but significantly increased
in D group (b) and also
increased in N group less
significantly (c); d-f at

5 months, ICAM-1 expression
in control vessels was almost
undetectable (d), but further
increased in D group (e);
however, the increase was
attenuated in N group (f).
Middle panel: the table shows
10D from images in a—f. Lower
panel: a graphic presentation of
the IODs from above the table.

.

Immunofluorescence for expression of ICAM-1 from retinal vessel (x £ s)

Data in the table and the graphs Group n MONS3- ICAM-1 MONS5- ICAM-1
are presented as mean £ SD CON 5 11.68+1.41 10.871.73
0]
from 30 images D 5 26.98+1.44 26.89+2.82
N 5 14.74+2.43 11.10+1.49
W
I |
g + h' 46.00 1
30. 00
25.00 30. 00 1
20. 00 o
a o
0'15.004 20.00
10. 00 A
10. 00 1
5. 00
000 CON [1} N 00 CON ] N
GROUP-3MON GROUP-5MON

Error bars:95%CL

In this study, we applied antioxidant N-acetylcysteine to
diabetic rats and observed the changes in retinal tissue ROS
and two important factors VEGF and ICAM-1 in response
to 3-5 months treatment. At the end of 3 and 5 months
treatment regimens, ROS contents increased in the retina of
diabetic rats while NAC treatment significantly attenuated
such increase of ROS levels, most significantly at
5 months. These observations are in agreement with results
from Xi et al. [21] in their studies on the role of NAC in
diabetic nephropathy. Immunofluorescence of retinal vas-
cular digest preparations showed little vascular VEGF and
ICAM-1 expression n normal rat retinas, which is consis-
tent with immunohistochemistry results on the same tissue
preparations. We further showed that retinal vascular
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VEGEF and ICAM-1 expression was significantly increased
in diabetic rats but this increase was attenuated by N-ace-
tylcysteine treatment. The inhibitory effect of NAC on
VEGF and ICAM expression was time-dependent, which is
similar to its effects on ROS levels; and long term NAC
treatment can bring these factors back to basal levels.
These results suggest that NAC down-regulates the
expression of VEGF and ICAM, possibly through inhibi-
tion of ROS production, and that the effect of NAC is
persistent and most significant with long-term treatment.
The changes at the molecular levels in retinal tissues are
well-coordinated with the change in the retinal morphology
and ultrastructures of retinal vessels. Central to the
pathology of early DR are the increases in retinal ICAM-1
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and neutrophil surface integrins. These molecules mediate
leukocyte adhesion, a process that leads to blood-retinal
barrier breakdown, capillary nonperfusion, and endothelial
cell injury and death [22].

In conclusion, we demonstrated that antioxidant N-ace-
tylcysteine decreased oxidative stress and attenuated dia-
betic vasculopathy. However, further investigation is
needed to examine the dietary supplementation with such
specific antioxidants may delay the clinical process of DR.
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