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Abstract

● AIM: To clarify the role of inducible nitric oxide synthase
(iNOS) in blood-retinal barrier (BRB) injury after acute high
intraocular pressure (IOP) in rats.
● METHODS: Forty-two Sprague-Dawley (SD) rats were
randomized into 7 groups [control (Cont), 3, 6, 12, 24, 48,
and 72h, n=6]. Except Cont group, other groups’ retina
tissue was obtained at corresponding time points after
a model of acute high IOP have been established in rats.
The expression of iNOS and tight junction protein zonula
occludens (ZO)-1 was detected by Western blotting. Evans
blue (EB; 3% ) was injected into the great saphenous vein
to detect the leakage of EB by spectrophotometer. Nine
rats were divided into Cont, 6h, 12h groups, the expression
of iNOS was localized by immunofluorescence. In order to
verify the role of iNOS in the damage to BRB, thirty-six rats
were randomly divided into 4 groups [Cont, Cont+inhibitor
(Inh), 6h and 6h+Inh, n=9]. After treatment with the iNOSspecific inhibitor 1400W, the expression of iNOS and ZO-1
and the leakage of BRB were detected again.

RESULTS: The immunofluorescence results showed that
the expression of iNOS was observed in the Cont group
and 6h group, but not in the 12h group. iNOS was mainly
expressed in the retinal nerve fiber layer, ganglion cell layer
and inner nuclear layer and that it did not colocalize with
the retinal ganglion cell marker NeuN but was co-expressed
with the vascular endothelial cell marker CD31. Western
blotting showed that in the early period (3h, 6h) after acute
high IOP, the expression of iNOS was upregulated, then
the down-regulation of iNOS were tested in the follow-up
timing spots. ZO-1 expression showed a continuous downregulation after 6h. The quantitative results for EB showed
that the amount of EB leakage began to increase at 3h after
acute high IOP. At 6h, the leakage of EB was lower, but at
12h, the leakage of EB was highest, after which it gradually
recovered but remained higher than that in the Cont group.
The expression of iNOS was down-regulated after 1400W
treatment. ZO-1 expression was not significantly changed
in the Cont+Inh group and the 6h group, and significantly
down-regulated in the 6h+Inh group, and the leakage of EB
was significantly increased after 1400W treatment.
CONCLUSION: These results suggest that the
upregulation of iNOS expression in the early stage after
acute high IOP may have a protective effect on BRB injury.
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INTRODUCTION
laucoma is the second most common irreversible
blinding eye disease in the world. In recent years,
many studies have focused on the death of retinal ganglion
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cells[1]. The survival of retinal neural cells is closely related
to the surrounding microenvironment. The blood-retinal
barrier (BRB) is the key to maintaining the homeostasis of
the retinal microenvironment[2]. The BRB consists of two
different barriers: the outer layer BRB (oBRB), which is
comprised of retinal pigment epithelial cells, regulating the
transport between the choroidal capillaries and the retina;
and the inner layer BRB (iBRB), which regulates transport
between retinal capillaries[3]. The iBRB is not an absolute
barrier because substances in the blood can pass through it
through two different mechanisms, vesicle-mediated transport
(transcellular) and paracellular transport [3]. Paracellular
transport is strictly dependent on tight junctions (TJs), such as
claudins and zonula occludens (ZO); adhesion junctions (AJs),
such as vascular endothelial (VE) cadherin; and gap junctions
(GJs), such as junction protein 43 (Cx43). Studies have shown
that ZO-1 is a sign of BRB integrity, and the loss or decrease
of ZO-1 is related to the increase in barrier permeability[3-4].
Many diseases can cause retinal ischemia-hypoxia[5], such as
diabetic retinopathy, age-related macular degeneration, retinal
detachment, and partial acute glaucoma. Hypoxia-ischemia
damage to the BRB is one of the causes of the degeneration of
retinal nerve cells[5]. The acute high intraocular pressure (IOP)
animal model is an acute experimental glaucoma model[6]. The
expression of hypoxia-inducible factor-1α (HIF-1α) increases
in the retina after acute high IOP in rats and plays an important
role in the destruction of the BRB[7]. Under hypoxic conditions,
HIF-1α binds to HIF-1β to form a HIF-1α/β complex [8].
The complex binds to HIF-responsive elements (HREs)
and triggers the transcription of more than 100 downstream
genes[8]. The target genes regulated by HIF-1α mainly include
erythropoietin (EPO), vascular endothelial growth factor
(VEGF), heme oxygenase-1 (HO-1), adrenomedullin (ADM),
glucose transporter-1 (GLUT-1), basic fibroblast growth
factor (bFGF) and inducible nitric oxide synthase (iNOS) [8].
Among them, the cell signalling pathways of EPO[9], VEGF[10],
and HO-1[11-12] have significant effects in mediating retinal
neuroprotection. In experimental diabetic rats, EPO can protect
the integrity of the BRB by inhibiting the downregulation of
TJ proteins ZO-1 and occludin expression, especially in the
outer BRB, thereby maintaining barrier function[13]. Although
VEGF plays an important role in the physiological function
of the retina, anti-VEGF drugs have been widely used in
the treatment of BRB injury-related retinal diseases [14] .
However, ADM [15] , GLUT-1 [11,16] , bFGF and iNOS are
rarely reported to have roles in retinal neuroprotection. At
present, three NOS subtypes have been found in the central
nervous system: NOS1 or neuronal NOS (nNOS), NOS2 or
iNOS, and NOS3 or endothelial NOS (eNOS). The activity of
iNOS is closely related to its expression level and is induced
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by cellular inflammation, while the activities of nNOS and
eNOS depend on the level of intracellular Ca2+[17]. In summary,
some downstream molecules of HIF-1α are involved in
retinal neuroprotection. After acute high IOP, glial cell
activation and iNOS expression are related to the severity of
retinal and optic nerve damage[18]. Glial cells and iNOS may
play an important role in the mechanism of acute high IOP
ischemia-reperfusion, but the specific mechanism of action is
still unclear. Subsequent experiments showed that in the rat
glaucoma model, the expression of iNOS is upregulated 7d
after high IOP and that glaucoma can cause redox imbalance
by upregulating iNOS, thereby causing damage to the central
nervous system[19]. However, the mechanism of action of iNOS
during BRB injury in a rat model of acute high IOP is still
unclear. Therefore, we designed an experiment to explore the
expression of iNOS after acute high IOP in rats and to clarify
its role in BRB injury.
MATERIALS AND METHODS
Ethical Approval We adhered to the ARVO Statement for the
Use of Animals in Ophthalmic and Vision Research.
Materials
Experimental animals and groups The inclusion criteria
for experimental animals were healthy SD rats with a
bodyweight of 200-250 g and good growth and development.
The animals were purchased from Hunan SJA laboratory
animal Co., Ltd. and Haikou Yushi Biotechnology Co., Ltd.
During the experiment, the rats were housed 2-3 in each cage
under standard conditions and provided with standard food
and water. Animal certificate numbers: 1107262011000875,
430727211101955725 and 430727211102090613. The
expression of iNOS was detected by immunofluorescence
localization method, the expression of iNOS protein after
high IOP was detected by Western blot, and the damage of
the BRB in the retina at different periods of acute high IOP
was quantitatively detected by Evans Blue (EB) quantitative
detection, and then iNOS specific inhibitor 1400W was used
to study the role of iNOS in BRB injury. Nine rats were
divided into control (Cont) group, 6h group, and 12h group by
immunofluorescence double-standard staining; 21 rats were
used for Western blot, and the animals were randomly divided
into Cont, 3h, 6h, 12h, 1d, 2d, and 3d groups, with 3 rats in
each group; 21 rats were used for EB quantitative detection,
and the grouping was the same as that of Western blot. Twelve
rats were used for Western blot and 24 rats were used for EB
detection after treatment with 1400W (Med Chem Express), a
specific inhibitor of iNOS. The animals were randomly divided
into Cont group, Cont+inhibitor (Inh) group, 6h group and
6h+Inh group, with 3 rats in each group. The antibodies used
in this study were showed in Table 1.
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Table 1 Antibodies used in this experiment
Antibody name

Host

Manufacturer

Cat.

Dilution

Application

Mouse

Abcam

ab104224

1:200

IF

Donkey anti-mouse IgG H&L (Alexa Fluor 488)

Donkey

Abcam

ab150105

1:500

IF

Anti-CD31 antibody

Mouse

Abcam

ab24590

1:200

IF

IgG H&L (Alexa Fluor 594)

Donkey

Abcam

ab150076

1:400

IF

Anti-iNOS antibody

Rabbit

Abcam

ab15323

1:250

WB

Anti-iNOS antibody

Rabbit

Abcam

ab15323

1:100

IF

Anti-ZO-1 antibody

Rabbit

Abcam

ab96587

1:2000

WB

Anti-alpha tublin antibody

Mouse

Abcam

ab7291

1:5000

WB

Anti-β-actin mouse monoclonal antibody

Mouse

Cwbio

CW0096

1:4000

WB

Anti-NeuN antibody[1B7]
®

®

Goat anti-mouse IgG, biotin

Donkey

Cwbio

CW0106

1:4000

WB

Goat anti-rabbit IgG, biotin

Donkey

Cwbio

CW0107

1:4000

WB

NeuN: Neuron-specific nuclear protein; IgG H&L: Immunoglobulin G containing heavy chains and light chains; CD31: Platelet endothelial cell
adhesion molecule-1; iNOS: Inducible nitric oxide synthase; ZO: Zonula occludens; IgG: Immunoglobulin G; IF: Immunofluorescence; WB:
Western blot.

Methods
Establishments of the acute high intraocular pressure
model in rats The rats were anaesthetized by intraperitoneal
injection of 10% chloral hydrate solution 3-5 mL/kg. After a
few minutes, the rats were pinched to determine whether the
anesthesia was good. If there was no response, the anesthesia
was considered acceptable. The rat was placed on a Jiangwan
Type I locator (Second Military Medical University), the
upper teeth of the rat were hung with an iron block, and the
limbs were tied and fixed with cotton thread with a slipknot.
Chloramphenicol Eye Drops were applied to the eyes of the
rats to inhibit bacteria, Proparacaine Hydrochloride Eye Drops
(Alcaine Company, Imported Drug Registration Number:
H20160133) were used as eye analgesics, and Compound
Tropicamide Eye Drops (Univision Pharmaceutical, National
Medicine Standard: H20066782) were used as a mydriatic
agent. After pupil dilation was completed, the infusion device
was adjusted to make the needle droplets drip out slowly.
Then, we inserted the needle from the junction between the
cornea and the conjunctiva into the anterior chamber of the
eye. The insertion is successful if whitening of the iris and no
fluid flows from the eyes[20-21]. After the needle insertion, the
scalp needle was fixed. We moved the saline bottle up by
0.3 m every 2min until it reached 1.5 m, and started timing
for 1h. To prevent the rats from moving, 0.1-0.2 mL of chloral
and eye analgesics were given every 30min as appropriate.
After 1h, the 0.3 m was moved down every 2min until it was
parallel to the rat. After 2min, the needle was placed in
parallel to complete the modelling. The rats were placed flat
for 10min and chloramphenicol eye drops were applied to
the eyes of the rats and then they were returned to their cages.
In the process of making high IOP model in rats, the exclusion
criteria were to exclude the animal model with leakage of

normal saline at the insertion needle of the anterior chamber
and the animal model with corneal ulcer or cataract after
making the model.
Drug intervention Rats in the Cont+Inh group were given
1 mg/100 g 1400W prepared with 10% dimethyl sulfoxide
(DMSO) and 90% [20% sulfobutylether-β-cyclodextrin
(SBE-β-CD) in saline] intraperitoneal injection[22] 1d before
sampling. Rats in the 6h+Inh group were intraperitoneally
injected with 10% DMSO and 90% (20% SBE-β-CD in saline)
1 mg/100 g 1400W 1d before the establishment of the acute
high IOP model, while the rats in the Cont group and 6h group
were intraperitoneally injected with 0.9% normal saline.
Tissue preparation The rat model of acute high IOP
was established, and the rats were anaesthetized at each
corresponding time point. The rat was infused with 200 mL
saline preheated to 37°C in a water bath, rapidly perfused with
200 mL 4% paraformaldehyde, and then slowly perfused with
200 mL 4% paraformaldehyde. Then, the eyes were dissected,
the cornea, lens, and vitreous were removed, and the eyeballs
were made into optic cups. The optic cup was dehydrated with
gradient sucrose solution and embedded with Tissue-Tek optimum cutting temperature (O.C.T.) compound (SAKURA,
Japan), and sliced on an automatically frozen slicer (Thermo,
USA). The slices were 10 μm thick and placed at room
temperature for 30min. After the sample was firmly attached
to the slide, it was placed in a refrigerator at 4°C for storage
until use. The samples used for Western blot were obtained
from rats that were anaesthetized immediately after making
the rat model of acute intraocular hypertension and from those
at the corresponding time points. The eyes were dissected, the
cornea, lens and vitreous were removed, and the retina was
scraped off. It was placed in a prechilled tube and frozen in
liquid nitrogen, then stored at -80℃ until use.
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Immunofluorescence The slices are taken out of the fridge
and left at room temperature to dry. After the sections were
blocked with a mixture of 5% donkey serum and 0.3%
Triton X-100 prepared in 1×phosphate buffer saline (PBS),
the primary antibody (Table 1) was added and incubated
overnight in a refrigerator at 4°C. After washing with PBS
for 3×5min, the sample and the secondary antibody (Table 1)
were incubated at 37℃ under dark conditions for 1h. After
washing with PBS for 3×5min, the slides were mounted with
an anti-fluorescence quencher containing 4’,6-diamidino-2phenylindole (DAPI). The slides were observed and images
were taken under a laser confocal microscope (Olympus
FV1000).
Western blot After extracting the retinal proteins, 60 μL of total
protein was tested with a BCA protein assay kit (Thermo)
to determine the protein content, and the remaining protein
was stored at -80°C until use. SDS-PAGE electrophoresis
was performed with 40 μg protein in each well. The voltage
was set to 80 V until the loading buffer reached the boundary
between the separation gel and the stacking gel (approximately
25min) and then changed to 120 V electrophoresis to separate
the proteins for 60min. After the electrophoresis, the protein
was transferred to a nitrocellulose membrane under a
current of 330 mA for 90min. The membrane was placed in
5% skimmed milk powder prepared with TBST, blocked at
room temperature for 2h, and washed with TBST for 3×10min.
Then, the membrane and the corresponding specific primary
antibody were diluted in TBST and incubated overnight at 4°C.
The membrane was washed again with TBST for 3×10min
and incubated with the diluted secondary antibody for 90min
at room temperature to detect the antibody-antigen complexes,
and the protein bands were visualized by chemiluminescence
with an ultrasensitive ECL chemiluminescence kit (Beyotime).
β-actin were used as standard proteins, and iNOS and ZO-1
were used as detection proteins (Table 1). Image J was used
to calculate the ratio of iNOS or ZO-1 to the gray value of the
standard protein, which represents the protein level of iNOS or
ZO-1.
Evans blue detection of the blood-retinal barrier damage
Rats in Cont group, Cont+Inh group, 6h group and 6h+Inh
group were anaesthetized by 10% chloral hydrate injection
in the abdominal cavity and 3% EB (4.5 mg/100 g; Sigma,
E2129) injection in the great saphenous vein before death.
After injection, the eyes and toes of rats turned blue. At the
corresponding time point, the rats were immediately put on ice
to take eyeballs, the cornea was cut off, the lens and vitreous
were dugout, and then placed in 4% paraformaldehyde under
the condition of light protection for 30min[23]. Then the retina
was covered and observed by fluorescence microscope
(Olympus IX51). In quantitative EB detection, 1 μL EB (2%)
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was diluted 1000 times with 1 mL methylphthalide to a final
concentration of 20 ng/μL, followed by 7 times of half-dilution
and a total of 8 standard tubes of methylphthalide blank tubes
for standard curve preparation of EB in methylphthalide[24].
The retina was removed, dried naturally and weighed, then
mixed with 160 μL formamide in an EP tube and incubated at
60℃ for 24h. Then the extract was centrifuged at a high speed
of 15 294 g at 4℃ for 30min. The supernatant of the standard
tube and sample tube was measured by spectrophotometer at
wavelength 620 nm. Dye concentration is calculated according
to the standard curve in methylphthalamide. EB (ng) content
was standardized with retinal dry weight (mg) and was
expressed as ng/mg.
Statistical Analysis GraphPad Prism 8 Software was used
for statistical analysis of the data obtained from the Western
blot and EB quantitative detection and for histogram drawing.
Student’s unpaired t-test was performed on samples between
Cont group and other groups, P<0.05 indicated that a
difference was statistically significant.
RESULTS
Localization of Inducible Nitric Oxide Synthase in the
Retina After Acute High Intraocular Pressure The positive
expressions of iNOS were observed in the retina of the Cont
group and the 6h group by immunofluorescence double
staining, but not in the 12h group. The expressions of iNOS
were mainly located in the retinal nerve fiber layer, ganglion
cell layer and inner nuclear layer; it was co-expressed with the
vascular endothelial cell marker CD31 and not with the retinal
ganglion cell marker NeuN (Figure 1).
Dynamic Changes in Inducible Nitric Oxide Synthase
and Zonula Occludens-1 Protein Expression After Acute
High Intraocular Pressure in Rats After acute high IOP,
the rat retinas were taken at different time points to detect the
expression of iNOS and ZO-1 by Western blot. The results
showed that iNOS began to increase at 3h after acute high IOP,
reached a peak at 6h (P<0.05), and then iNOS was basically
not expressed at 12, 24, 48, and 72h. The expression of ZO-1
at 3 and 6h had no difference compared with the normal group,
and then the expression was downregulated at 12, 24, 48, and
72h (P<0.05; Figure 2).
Blood-retinal Barrier Leakage at Different Time Points
After Acute High Intraocular Pressure in Rats After EB
was injected, the retinas were taken and the EB was used to
quantitatively detect the BRB damage. The results showed that
the leakage of EB began to increase at 3h after the induction of
acute high IOP but there was little leakage at 6h, and there was
no difference compared with the Cont group (P>0.05). The
amount of EB leakage was the highest at 12h and it gradually
decreased thereafter, but it was still greater than that of the
Cont group (P<0.05; Figure 3).
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Figure 1 Double-label immunofluorescence staining of frozen retinal sections of rats A: Double immunofluorescence staining of iNOS (red)
and CD31 (green) in the retina of Cont group, 6h group and 12h group, with DAPI (blue) marking the nucleus. Bar=100 μm. B: Double-label
immunofluorescence staining of iNOS (red) and NeuN (green) in the retina of the 6h group. The images on the next line were enlarged pictures
of the box, and DAPI (blue) marks the nucleus. Bar=50 μm. NFL: Nerve fiber layer; GCL: Ganglion cell layer; IPL: Inner plexiform layer; INL:
Inner nuclear layer; OPL: Outer plexiform layer; ONL: Outer nuclear layer; iNOS: Inducible nitric oxide synthase; CD31: Platelet endothelial
cell adhesion molecule-1; DAPI: 4’,6-diamidino-2-phenylindole; NeuN: Neuron-specific nuclear protein.

Verify the Role of Inducible Nitric Oxide Synthase
in Blood-Retinal Barrier Injury Western blotting was
performed to detect the expression of iNOS and ZO-1 in
the rat retinas of the Cont group, Cont+Inh group, 6h group
and 6h+Inh group. The results showed that the expression
of iNOS was up-regulated in the 6h group, but not in the
Cont+Inh group and 6h+Inh group. The expression of ZO-1
was not significantly changed in the Cont+Inh group and the
6h group, and was significantly down-regulated in the 6h+Inh
group (Figure 4). The rats in the Cont group, Cont+Inh group,
6h group and 6h+Inh group were injected with EB, and the

rat retina was used to do the whole retina mounted and to
quantitatively detect BRB leakage. The results showed that no
red EB fluorescent spots were observed outside blood vessels
in the Cont group, but such fluorescent spots can be observed
outside blood vessels after the addition of inhibitors. A little
amount of red EB fluorescent spots could be seen in the 6h
group outside blood vessels, while the inhibitor treatment made
obviously leakage of red EB fluorescent in the 6h+Inh group.
Quantitative results showed that the amount of EB leakage
increased in the Cont+Inh group and significantly increased in
the 6h+Inh group (P<0.001; Figure 5).
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Figure 2 Western blot detection of iNOS and ZO-1 expression changes at different time points after acute high IOP A: The expression
of iNOS and ZO-1 at 3h, 6h, 12h, 1d, 2d, and 3d after acute high IOP in rats; B, C: The statistical analysis diagrams of the expression levels
of iNOS and ZO-1, respectively. aP<0.05 compared with the Cont group. iNOS: Inducible nitric oxide synthase; ZO: Zonula occludens; IOP:
Intraocular pressure; Cont: Control.

Figure 3 EB quantitatively detects the amount of EB permeation
at different time points after acute high IOP in rats The longitudinal
ordinate indicates the EB content, and the horizontal ordinate
indicates the different time points. aP<0.05 compared with the Cont
group. EB: Evans blue; IOP: Intraocular pressure; Cont: Control.

DISCUSSION
This experiment showed that iNOS was mainly expressed
in the retinal nerve fiber layer, ganglion cell layer and inner
nuclear layer after acute high IOP, and it is co-expressed
with the vascular endothelial cell marker CD31. In the early
period (3h, 6h) after acute high IOP, the expression of iNOS
was upregulated, then the down-regulation of iNOS were
tested in the follow-up timing spots. ZO-1 expression showed
a continuous down-regulation after 6h. The quantitative
results of EB showed that there was obvious damage to the
BRB after acute high IOP, but at 6h, there was very little EB
leakage. To verify the role of iNOS in the early upregulation
of acute high IOP in BRB injury, we used an iNOS-specific
inhibitor (1400 W) and found that the expression of iNOS and
ZO-1 was downregulated, and the amount of EB leakage was
increased after the inhibitor treatment. These results suggest
that the early upregulation of iNOS after acute high IOP may
protect against BRB injury.
Previous studies have shown that the iNOS-induced expression
of ganglion cell layer, inner plexiform layer and inner
nuclear layer in the retina 5d after acute high IOP ischemiareperfusion is the most obvious[18], which is consistent with
the localization of iNOS expression in our experimental
results, but the time course and peak value of expression
1058

Figure 4 Western blot detection of the expression of iNOS and
ZO-1 before and after inhibitor treatment in the Cont group and
in the 6h group A: The expression of iNOS and ZO-1 in the Cont
group and the 6h and 6h+Inh groups after acute high IOP in rats; B,
C: The statistical analysis diagrams of the expression levels of iNOS
and ZO-1, respectively. aP<0.05 compared with the Cont group.
iNOS: Inducible nitric oxide synthase; ZO: Zonula occludens; IOP:
Intraocular pressure; Cont: Control; Inh: Inhibitor.

were different. This may be related to the different processes
used for making various animal models of acute high IOP. A
previous study showed that iNOS is not expressed by retinal
ganglion cells, which is consistent with our experimental
results (Figure 1). Studies have shown that the regulation of
iNOS subtypes occurs at the transcriptional level and is closely
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Figure 5 EB leakage of the Cont group and 6h group before
and after inhibitor A: Fluorescence image of retinal EB for the
qualitative detection of BRB damage (Bar=200 μm); B: The amount
of BRB leakage quantitatively detected by EB. bP<0.001 compared
with the Cont group. EB: Evans blue; BRB: Blood-retinal barrier;
Cont: Control; Inh: Inhibitor.

related to the neuroinflammatory process associated with
glial cells[17]. Therefore, we speculate that the upregulation of
iNOS expression in the early period (3h, 6h) after acute high
IOP may be related to acute neuroinflammation during retinal
ischemia and reperfusion in rats. Immunofluorescence staining
and Western blotting results showed that iNOS expression was
found in the Cont group, such expression may be induced by
the stimulation of ischemia caused by saline perfusion. We
found that iNOS is mainly expressed in the retinal nerve fiber
layer, ganglion cell layer and inner nuclear layer after acute
high IOP and is coexpressed with the vascular endothelial
cell marker CD31, suggesting that iNOS is expressed in the
vascular endothelial cells of the retina, which may be related
to the structural integrity and functional maintenance of the
BRB.
The BRB mainly consists of an iBRB and an oBRB. The iBRB
is made up of retinal capillary endothelial cells and their TJs,
supported by pericytes, Müller cells, and astrocyte effects[3].
Claudin is involved in the formation of the BRB, and ZO-1
participates in barrier assembly through interactions with
transmembrane proteins[3]. It has been shown that the loss of
ZO-1, the TJ to the actin cytoskeleton, leads to the destruction

of the iBRB[25]. Therefore, the expression of the TJ protein
ZO-1 is an index reflecting the degree of damage to the BRB.
Our results show that the BRB is significantly damaged after
acute high IOP, which is manifested as a significant increase
in EB leakage and downregulation of ZO-1 expression[1]. This
is consistent with the results of our previous studies. However,
we noticed that EB leakage increased at 3h after acute high
IOP, while ZO-1 expression was stable. As two indicators of
BRB injury, our experimental results (Figures 2 and 3) showed
that was not synchronous. EB leakage began to increase at
3h after acute high IOP, while ZO-1 was significantly downregulated at 12h after acute high IOP, with time delay in
reflecting BRB injury. The reasons for this phenomenon still
need to be further studied and determined. At 6h after acute
high IOP, EB leakage was not obvious, while iNOS was the
most expressed at this time. We speculate that iNOS works at
this time to protect BRB from damage. This was confirmed by
our experiments (Figures 4 and 5). Among the current iNOS
inhibitors, the small molecular 1400W has high specificity and
effectiveness, because it does not affect the biological activity
of eNOS and nNOS, and can penetrate the blood-brain barrier
(BBB)[26]. Inhibition of iNOS activity by a specific iNOS
inhibitor 1400W resulted in more severe EB leakage and more
obvious down-regulation of ZO-1 expression, suggesting that
the up-regulation of iNOS in the early stage after acute high
IOP may play a protective role in BRB injury. We must admit
that this study lacks data on the localization and expression
of iNOS in other cells of the retina (such as retinal pericytes,
Müller cells, and astrocytes), and there is no data on the
localization and expression of the three subtypes of NOS.
Second, there are many TJ proteins related to the BRB, such
as claudins, occludins, VE-cadherin and Cx43. They may also
play an important role in the process of acute high IOP causing
BRB damage, but there is a lack of data on other TJ proteins
in this study. Studies have shown[27] that in the BRB model
in vitro, high glucose induced BRB damage and increased
permeability, accompanied by a decrease in connexins such as
ZO-1 and VE-cadherin, and an increase in iNOS levels. The
results were basically consistent with our study, but the study
did not clarify the role of iNOS in BRB destruction. Previous
studies[17,28] believed that iNOS is one of the pro-inflammatory
mediators, and iNOS mediated NO generation is related to the
induction of early vascular changes[29], which may play a proinflammatory role in the process of BRB injury and promote
or aggravate the damage of BRB. However, our study showed
that in the early stage of BRB injury induced by high IOP,
the up-regulation of iNOS induced expression could protect
BRB from damage. In addition, the expression of iNOS was
downregulated at 24h and 72h after acute high IOP, while the
BRB was still damaged, showing an increase in EB leakage
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(peaked at 12h) and a downregulation of ZO-1 expression,
indicating that iNOS did not play a major role in BRB injury in
the later stage of acute ocular hypertension. We speculate that
it may be that other downstream molecules of HIF-1α, such as
GLUT-1[30], act on BRB damage or those other molecules are
involved in this process. Therefore, we still need to identify the
specific molecular mechanism of BRB damage in the late stage
of acute high IOP.
In summary, our study showed that iNOS is expressed in
retinal vascular endothelial cells after acute high IOP and that
its early upregulation may have a protective effect on BRB
injury. This reveals a possible molecular mechanism of early
BRB protection after acute high IOP in rats. These results are
of great significance for understanding the pathogenesis of
ischemic-hypoxic retinal diseases.
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