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Abstract. The aim of the present study was to evaluate the 
effects of blocking the Rho kinase pathway on non-perfused 
regions and angiogenesis in the retina of rats using a rat 
model of oxygen-induced retinopathy (OIR) by observing the 
sequential expression of intercellular adhesion molecule-1 
(ICAM-1), hypoxia-inducible factor-1 (HIF-1), B-cell 
lymphoma/leukemia-2 gene (Bcl-2) and caspase-3 mRNA 
following the administration of the Rho kinase inhibitor, fasudil 
(FSD). A total of 240 newborn rats were randomly divided into 
a normoxia control (N) group, a hyperoxia (H) group and a 
H + FSD (HF) group. The rats were sacrificed, and the eyes 
were enucleated from postnatal day (P)12 to P21. Samples were 
prepared for retinal flat mounts, mRNA and protein quanti-
fication. On P14, a higher number of circuitous retinal veins 
was observed in the H group compared with the HF group. 
In the HF group, the avascular area was significantly reduced 
compared with the H group on P18 (P<0.01). In the HF group, 
the mRNA expression of Bcl-2 was significantly increased on 
P15 compared with the N and H group (P<0.01). On P15 and 
P17 in the H group and on P13 in the HF group, the mRNA 
expression of ICAM‑1 was significantly increased compared 
with the other groups (P<0.05). In the H and HF group, the 
expression of HIF-1α was significantly increased on P12 
compared with the N group (P<0.05). On P19 and P21, HIF-1α 
expression was significantly increased to a maximum level in 
the HF group compared with the H and N group (P<0.01). In 
conclusion, these results suggest that FSD inhibits the expres-
sion of ICAM-1, assisting in the release of Bcl-2, suppressing 

caspase-3. In the HF group, the retinal flat mounts revealed that 
FSD had a vasorelaxant effect. On P18, a double-layered retinal 
vascular network was formed, and the number of non-perfused 
regions was significantly reduced. However, the late-phase 
peak expression of HIF-1α resulted in an inevitable increase 
in vascular endothelial growth factor expression and further 
accelerated neovascularization and vascular reconstruction in 
the immature retinal model.

Introduction

The incidence of retinal neovascular diseases, including diabetic 
retinopathy, retinopathy of prematurity (ROP), and age-related 
macular degeneration (1), has significantly increased in recent 
years and is one of the major causes of blindness in China. ROP 
is one of the leading causes of premature blindness in infants. 
In the oxygen-induced retinopathy (OIR) model frequently 
used in retinal neovascular research, retinal vessel constric-
tion is induced by high oxygen, resulting in retinal ischemia 
and hypoxia. Due to immaturity, the contraction of the retinal 
vascular smooth muscle in infants is sensitively regulated by 
oxygen concentration (2). Inhalation of high concentrations of 
oxygen may induce retinal vessel occlusion. Upon removal of 
high oxygen conditions, hypoxia stimulates the formation of 
new blood vessels, abnormal vascular proliferation and expan-
sion. The endothelial cells in these new blood vessels lack 
normal vascular barrier properties. The absence of vascular 
integrity results in retinal detachment and neonatal blindness 
due to the proliferation of new blood vessels (2).

Neovascularization (i.e., angiogenesis) is the physiological 
process that involves the growth of new blood vessels from 
existing vessels (3). The non-perfused (NP) region, i.e.,  the 
hypoxic-ischemic region, is the site of neovascularization and 
release of vascular endothelial growth factor (VEGF). Hypoxia-
inducible factor-1α (HIF-1α) (4) regulates VEGF transcription 
via signal transduction proteins that in turn enhance neovas-
cularization in the retina. The B-cell lymphoma/leukemia-2 
(Bcl-2) gene is an oncogene that inhibits apoptosis  (5,6). 
Caspase-3 degrades poly(ADP-ribose) polymerase (PARP), 
resulting in inhibition of DNA repair, DNA degradation, and 
apoptosis. Regulatory mechanisms of retinal apoptosis are 
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involved in normal development and reconstruction of the 
retina under hypoxic-ischemic conditions (7). The neovascu-
larization of endothelial cells, disintegration of the capillary 
basement membrane and intercellular adhesion have been 
extensively investigated over the past decade (8,9). Intercellular 
adhesion adhesion molecule-1 (ICAM-1), also known as CD54, 
is a member of the immunoglobulin superfamily that includes 
antibodies and T-cell receptors. ICAM-1 can be induced by 
interleukin-1 and tumor necrosis factor-α and is expressed 
in the vascular endothelium, macrophages and lymphocytes. 
ICAM-1 is a ligand for integrin lymphocyte function-associ-
ated antigen-1 (LFA-1) (10). When activated, leukocytes bind to 
endothelial cells via ICAM-1/LFA-1 and transmigrate into the 
tissues (11,12). A potential role for ICAM-1 in signal transduc-
tion has been suggested based on research involving ICAM-1 in 
cell-cell adhesion, extravasation and infection. Characterizing 
the role of ICAM-1 has been a major focus of research over the 
past number of years.

Rho-associated protein kinases (ROCKs) belong to the AGC 
(PKA/PKG/PKC) family of serine-threonine kinases  (13). 
ROCKs were identified as the first effectors of Rho in rats. 
They induce the formation of stress fibers and focal adhesion 
by phosphorylating myosin light chains. In response to ROCK 
phosphorylation, actin binds to myosin II and increases the 
contractility of capillary endothelial cells. As such, ROCKs 
regulate cell-cell adhesion. The loss of ROCK activity disrupts 
the integrity of tight junctions in endothelial cells. Active 
ROCK in endothelial cells interferes with E-cadherin-mediated 
cell-cell contact by activating actomyosin contractility (14). 
ROCKs are key regulators in the formation of the epithelial 
apical junctional complex (AJC) (15-17), which is involved in 
the collapse of the vascular endothelial barrier and the induc-
tion of intercellular adhesion. The AJC determines the polarity 
of retinal capillary endothelial cells, maintains endothelial 
tight junctions and ensures the integrity of the blood-ocular 
barrier. Although ROCKs regulate cytoskeletal structure and 
form AJC structures, cytoskeletal contraction regulated by 
the increased expression of ROCK can destroy tight junctions 
and AJC epithelial cell integrity, promoting the expression of 
inflammatory factors and intercellular adhesion adhesion.

Fasudil (FSD) is a potent ROCK inhibitor and vasodi-
lator (18). Since its development, FSD has been used to treat 
cerebral vasospasms, which may result in subarachnoid hemor-
rhage and lead to cognitive decline in stroke victims. It also 
is effective for the treatment of pulmonary hypertension (19). 
In general, ROCK inhibitors are valid treatment options for 
ischemic cardiovascular and cerebrovascular diseases (20). 
Over the years, FSD has emerged as a potential therapeutic 
agent for the treatment of neovascular retinopathy due to its 
post-ischemic vasorelaxant and neuroprotective effects (21).

There is some controversy as to the application of ROCK 
inhibitors in the treatment of retinal neovascularization (22). 
Amano et  al reported that ROCK inhibitors regulate the 
endothelial actin cytoskeleton and the underlying micro-
system, thereby determining endothelial cell polarity (15). 
They suggested that the increased expression of Rho-ROCKs 
improves the vascular endothelial cell number in diabetic 
retinal diseases, potentially promoting the development of 
neovascularization. Alternatively, the use of ROCK inhibitors 
may decrease neovascularization (15). Another study indicated 

that ROCK inhibitors promote VEGF-mediated proliferation 
and the neovascularization of endothelial cells in vitro (24). In 
the present study, we established a rat model of OIR as previ-
ously described (25-28) to determine whether ROCK affects 
retinal neovascularization and to determine the effects of the 
ROCK inhibitor, FSD, on the expression of ICAM-1, HIF-1α, 
Bcl-2 and caspase-3. Using this model, we observed the NP 
region and retinal blood vessel networks around the optic 
nerve, examined the mRNA expression of ICAM-1, Bcl-2, 
caspase-3 and HIF-1α in samples from 3 treatment groups at 
different time points, and assessed the effects of FSD on the 
NP region and vascularization in the retina of rats with OIR.

Materials and methods

Animal model of ROP (OIR in  vivo). Newborn Sprague-
Dawley rats and their mothers were obtained from the Animal 
Experimental Center at China Medical University, Shenyang, 
China. All animal experiments adhered to the Association for 
Research in Vision and Ophthalmology Statement for the Use 
of Animals in Ophthalmic and Vision Research. Newborn rats 
were divided into 3 groups: group 1 [normoxia control (N) n=6] 
that was not exposed to hyperoxia; group 2 [hyperoxia (H) only, 
n=6] that was subjected to hyperoxia without treatment; and 
group 3 [H + FSD (HF) n=6] that was subjected to hyperoxia 
and treated with FSD injection.

We implemented a cyclic oxygen exposure protocol that 
was modified from previous studies on oxygen-induced 
retinopathy using rats (25-27). Hyperoxic experiments were 
conducted in an airtight glass container constructed in our 
laboratory. The chamber was 40x40x50 cm3 (4.5 l) in volume 
and equipped with inlet and outlet ports. The inlet port 
received 100% medical-grade oxygen. Throughout the entire 
exposure period, airflow from the outlet was monitored for 
oxygen content using an oxygen monitor. The interior of the 
chamber was maintained at room temperature. Cyclic hyper-
oxic conditions of 80% oxygen for 1 day followed by 21% 
oxygen for 1 day were applied from postnatal day (P)1 to P14. 
FSD was injected intraperitoneally daily (15 mg/kg) from P7 
to P21, and intraocularly on P12, and the rats were sacrificed 
on P12, P13, P14, P15, P17, P18, P19 and P21.

Experimental reagents. FSD was purchased from Asahi Kasei 
Pharma Corp. (Tokyo, Japan). Rat ICAM-1, Bcl-2, caspase-3, 
HIF-1α and GAPDH primers for reverse transcription 
(RT)‑PCR were synthesized by Takara Bio, Inc. (Shiga, Japan). 
RT kits, the Finnzymes SYBR Premix Ex Taq qPCR kit and 
TRIzol reagent were purchased from Takara Bio, Inc. Rabbit 
anti-rat ICAM-1, caspase-3, HIF-1α polyclonal antibodies, a 
streptavidin-biotin complex (SABC) antibody and diamino-
benzidine (DAB) were obtained from Wuhan Boster Biological 
Technology, Ltd. (Wuhan, China).

Retinal flat mounts. The rats were sacrificed on P14 or P18. 
Following intracardial perfusion with saline, both eyes were 
excised, injected intraocularly with approximately 5 µl of 4% 
paraformaldehyde and immersed in 4% paraformaldehyde at 
4˚C. After 24 h, 1 eye was prepared as a retinal flat mount with 
adenosine diphosphate (ADP) histochemical staining and the 
other eye was embedded in paraffin. For retinal flat mounts, 
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the anterior segment was removed and 4 or 5 radial cuttings 
were made. The cuttings were rinsed, incubated in ADP and 
lead nitrate, stained with ammonium sulfide and covered 
with coverslips. Micrographs (x40 and x100) were obtained 
using a MetaMorph/Evolution MP5.0/BX51 medical imaging 
system (Olympus, Tokyo, Japan). The NP area, the whole 
retina area (WRA) and the NP/WRA ratio (%) were measured 
(mean ± standard deviation).

RNA isolation and real-time PCR. Total RNA was isolated 
from the tissues using TRIzol reagent. cDNA was synthesized 
using RNA reverse transcription reagents. The 10 µl reaction 
volume for cDNA synthesis included total RNA (1.0 µl), 5X 
PrimerScript buffer (2.0 µl), PrimerScript RT Enzyme Mix I 
(0.5 µl), 50 µM Oligo(dT) primers (0.5 µl), 100 µM random 
6-mers (0.5 µl) and RNase-free dH2O (5.5 µl). For cDNA 
synthesis, the samples were incubated at 37°C for 15 min. The 
reaction was stopped at 85˚C for 5 sec, and the samples were 
preserved at 4˚C.

Quantitative PCR amplification was performed in 32-well 
PCR plates using the primers listed in Table I. The 20‑µl reac-
tion volume included 2X SYBR Premix Ex Taq (10 µl), 10 µM 
forward primers (0.4 µl), 10 µM reverse primers (0.4 µl), a 
cDNA template (2 µl) and water (7.2 µl). The reaction condi-
tions were as follows: pre-denaturation at 95˚C for 10 sec and 
PCR amplification for 40 cycles at 95˚C for 10 sec and 65˚C 
for 20 sec. The data were analyzed using LightCycler software 
(Roche Diagnostics, Indianapolis, IN, USA).

Electrophoresis and western blot analysis. Equal amounts 
of protein (30  µg) were loaded onto 6 or 12% gels for 
sodium dodecyl sulfate-polyacrylamide gel electrophoresis 
(SDS-PAGE) following denaturation in 5X SDS gel loading 
buffer [60 mM Tris-HCl (pH 6.8), 25% glycerol, 2% SDS, 
14.4 mM 2-mercaptoethanol and 0.1% bromophenol blue]
in boiling water for 10 min. Electrophoresed proteins were 
electrotransferred onto a polyvinylidene difluoride (PVDF) 
membrane (Millipore, Bedford, MA, USA) at a constant 
voltage of 10 V for 30 min. The membranes were washed 
twice with 1X Tris-buffered saline (TBS) with 0.1% Tween-20 
(TBST, pH 7.4) and pre-incubated with blocking buffer (5% 
non-fat dry milk in TBST) at room temperature for 1 h. The 
blots were incubated with rabbit anti-rat polyclonal ICAM-1 
and β-actin primary antibodies in TBST (1:1,000) at 4˚C 

overnight. Following incubation with the primary antibodies, 
the blots were incubated with horseradish peroxidase-
conjugated anti-rabbit secondary antibody (1:2,000; Santa 
Cruz Biotechnology, Inc., Santa Cruz, CA, USA) at room 
temperature for 1 h. The PVDF membranes were washed 
and developed using ECL Plus Western Blotting Detection 
Reagent (GE Healthcare, Amersham, UK). The band densities 
were quantified by densitometry (Multi Gauge software; Fuji 
Photo film, Tokyo, Japan).

Statistical analysis. SPSS 15.0 software was used to conduct 
the statistical analyses. Data are presented as the means ± stan-
dard deviation. One-way ANOVA and the least significant 
difference (LSD) were used for group comparisons. The corre-
lation between multiple variables was analyzed with Pearson's 
correlation test. A P-value <0.05 was considered to indicate a 
statistically significant difference.

Results

The retinal flat mounts indicated that the posterior poles in 
the H (Fig. 1A) and HF groups (Fig. 1B) appeared avascular 
on P14 (t=2.311, P=0.237, n=6). The central retinal veins were 
more circuitous and the vascular walls were less smooth in 
the H group (Fig. 1A) compared with the HF group (Fig. 1B). 
On P18, the avascular areas in the posterior poles were larger 
in the H group (Fig. 1C) than the HF group. In the H group, 
retinal neovascular sprouting was evident and disorganized. 
By contrast, the avascular areas of the posterior poles in the 
HF group (Fig. 1D) were almost repaired, and retinal double-
layer vascular networks were indistinct. In the HF group, the 
NP/WRA ratio (Fig. 1E) was significantly lower than that in 
the H group on P18 (t=6.793, P=0.001, n=6).

In the N group, the mRNA expression of caspase-3 (Fig. 2) 
was significantly increased compared with the H and HF group 
on P13, P15 and P17 (P<0.01). In the H group, the mRNA 
expression of caspase-3 (Fig. 2) was significantly increased to a 
maximum level on P12 compared with the HF group (P<0.01). 
In the HF group, the mRNA expression of Bcl-2 (Fig. 4) was 
significantly increased on P15 compared with the N and H 
group (P<0.01). On P15 and P17 in the H group and on P13 
in the HF group, the mRNA expression of ICAM-1 (Fig. 3) 
was significantly increased compared with the other groups 
(P<0.05). In the H and HF group, the expression of HIF-1α 

Table I. Sequences of rat GAPDH, caspase-3, Bcl-2, ICAM-1 and HIF-1α primers used for RT-PCR and mRNA quantification.

Gene	 Forward (5'-3')	 Reverse (5'-3')

GAPDH	 GCAAGTTCAACGGCACA	 CATTTGATGTTAGCGGGAT
Caspase-3	 CAGACAGTGGAACTGACGAT	 TTTCAGCATGGCGCAAAGTG
Bcl-2	 TGAACCGGCATCTGCACA	 CGTCTTCAGAGACAGCCAGGAG
ICAM-1	 ACCAGACCCTGGAGATGGAGA	 ACCGTGGGCTTCACACTTCA
HIF-1α	 CCAGATTCAAGATCAGCCAGCA	 CTGTCCACATCAAAGCAGTACTCA

Bcl-2, B-cell lymphoma/leukemia-2 gene; ICAM-1, intercellular adhesion adhesion molecule-1; HIF-1α, hypoxia-inducible factor-1α; 
RT-PCR, reverse transcription-PCR.
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Figure 1. Retinal flat mounts of (A and C) the hyperoxia (H) group and (B and D) the hyperoxia + fasudil (FSD) (HF) group on (A and B) postnatal day (P)14 
and (C and D) P18 at magnifications of (A and B) x40 and (C and D) x100. (E) Area ratio comparison of non-perfused (NP) and whole retina area (WRA) in the 
H and HF group. 

Figure 2. mRNA expression of caspase-3 in the hyperoxia + fasudil (FSD) 
(HF), hyperoxia (H) and normoxia control (N) groups at different time points 
(on postnatal days 12, 13, 15, 17, 19 and 21).

Figure 3. mRNA expression of intercellular adhesion molecule-1 (ICAM-1) in 
the hyperoxia + fasudil (FSD) (HF), hyperoxia (H) and normoxia control (N) 
groups at different time-points (on postnatal days 12, 13, 15, 17, 19 and 21).
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(Fig. 5) was significantly increased on P12 compared with the 
N group (P<0.05). Of note, HIF-1α expression was significantly 
increased to a maximum level on P19 and P21 in the HF group 
compared with the H and N group (P<0.01).

On P19, western blot analysis indicated that the protein 
expression of ICAM-1 (Fig. 6) was significantly increased in 
the H group compared with the HF group (t=3.768, P=0.013). 
ICAM-1 expression (Fig. 6) in the N group was lower compared 
with the HF group (t=-7.357, P=0.001). There was a statistically 
significant difference in the expression of ICAM-1 between the 
H and N groups (Fig. 6) (t=9.022, P=0.001). Western blot anal-
ysis on P19 indicated that the protein expression of caspase-3 
(Fig. 7) was significantly increased in the HF group compared 
with the H group (t=4.524, P=0.011). Caspase-3 expression in 
the HF and H group was significantly lower compared with the 
N group (Fig. 7) (t=-7.357, -5.688; P=0.002, 0.006). On P19, 
western blot analysis indicated that the protein expression of 
HIF-1α (Fig. 8) was significantly increased in the HF group 
compared with the H group (t=4.524, 3.765; P=0.003, 0.007).

Discussion

The results of the present study demonstrate the significant 
effects of FSD on NP areas and retinal neovascularization in 
rats with OIR. Retinal flat mounts were successfully prepared 

Figure 4. mRNA expression of B-cell lymphoma/leukemia-2 gene (Bcl-2) in 
the hyperoxia + fasudil (FSD) (HF), hyperoxia (H) and normoxia control (N) 
groups at different time points (on postnatal days 12, 13, 15, 17, 19 and 21).

Figure 6. Protein expression of (A1) β-actin and (A2) intercellular adhe-
sion molecule-1 (ICAM-1) in the hyperoxia (H), hyperoxia + fasudil (FSD) 
(HF) and normoxia control (N) groups. (B) ICAM-1 optical densities in the 
3 groups on postnatal day (P)19.

Figure 8. (A) Protein expression of hypoxia-inducible factor-1α (HIF-1α) in 
the hyperoxia (H), hyperoxia + fasudil (FSD) (HF) and normoxia control (N) 
groups. (B) Intercellular adhesion molecule-1 (ICAM-1) optical densities in 
the 3 groups on postnatal day (P)19.

Figure 5. mRNA expression of hypoxia-inducible factor-1α (HIF-1α) in the 
hyperoxia + fasudil (FSD) (HF), hyperoxia (H) and normoxia control (N) 
groups at different time points (on postnatal days 12, 13, 15, 17, 19 and 21).

Figure 7. (A) Protein expression of caspase-3 in the hyperoxia (H), hyper-
oxia + fasudil (FSD) (HF) and normoxia control (N) groups. (B) Caspase-3 
optical densities in the 3 groups on postnatal day (P)19.
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before performing immunohistochemistry. The development 
of retinal NP areas in the OIR model associated with neovas-
cularization damaged the blood-retinal barrier. We observed 
different microcirculatory alterations in the H and HF group 
on P14 (Fig. 1). Compared with the H group, retinal vascu-
larization in the HF group was characterized by dilation. On 
P14, the NP area and retinal vascularization in the HF group 
exhibited greater shrinkage and more orderly neovasculariza-
tion compared with the H group (Fig. 1). The internal limiting 
membranes (ILMs) of the animals in the H group were not 
integral and a greater number of neovascular endothelial 
cell nuclei were observed to break through the ILM into the 
vitreous. In the HF group, the ILM was integral, and more 
neovascular endothelial cell nuclei were observed under the 
ILM in the retinal nerve fiber layer. This suggests that the 
intraocular concentrations of FSD were effective.

On P14, the retinal flat mounts demonstrated significantly 
less expansion in retinal vascular tortuosity in the H group 
compared with the HF group, indicating the expanding effect 
of FSD on vascular spasms. However, a large NP area in 
both the H and HF group was observed in the posterior pole. 
On P18, the HF group displayed smooth walls in the retinal 
arteries and veins, and the NP area was significantly reduced 
compared with the H group.

These results suggest that FSD directly inhibits cytoskel-
etal contraction (15), protects the integrity of tight junctions in 
vascular endothelial cells, inhibits ICAM-1 transcription and 
translation, and regulates the distribution and aggregation of 
ICAM-1. In turn, these activities inhibit leukocyte adhesion 
in endothelial cells and control retinal inflammation and 
edema at the posterior pole. The results from the present study 
confirmed that ICAM-1 mRNA (Fig. 3) and protein expression 
(Fig. 6) in the HF group were significantly reduced compared 
with the H group on P17 in vivo. The RT-PCR and western blot 
analysis results were concordant with our retinal flat mount 
findings. In the OIR model, FSD protected endothelial cell 
tight junctions in the retinal vasculature and promoted the 
progressive formation of new vascular networks in the surface 
layers of the retinal nerve fibers.

In mRNA quantification, the expression of caspase-3 
(Fig. 2) in the N group peaked from P13 to P17, indicating 
possible apoptosis during normal retinal development (6). The 
expression of caspase-3 in the H group increased until P12 and 
then decreased, which suggests that apoptosis occurred due 
to retinal vascular contraction under hypoxic conditions. The 
expression of caspase-3 in the HF group on P12 was signifi-
cantly decreased compared with the H group, indicating the 
inhibitory effect of FSD on caspase-3 expression. The mRNA 
expression of Bcl-2 (Fig. 4) in the HF group peaked on P15 and 
its expression levels were higher or the same compared with 
the other 2 groups on the other days. The possible effects of 
apoptosis due to hypoxia and apoptosis during normal devel-
opment require further investigation. This study demonstrates 
that FSD has an inhibitory effect on caspase-3 expression and 
a stimulatory effect on Bcl-2 expression, thereby inhibiting 
retinal apoptosis in the rat model of OIR.

The mRNA expression of HIF-1α (Fig. 5) in the HF group 
was slightly higher than that in the N and H group on P12, 
followed by a stable decline on P15 and P17, which is consistent 
with the western blot analysis results (Fig. 8). The expression of 

HIF-1α in the HF group peaked on P19 and P21; on these days 
its expression was markedly higher compared with in the H 
and N group. The increase in HIF-1α expression may be associ-
ated with the repair of tissue damage induced by hypoxia (28). 
FSD stimulated the repair process and had a positive effect on 
nerve protection. However, the increase in HIF-1α expression 
led to an increase in VEGF expression, which further induced 
retinal neovascularization and the possible development of 
proliferative retinopathy. In the stretched preparation of the 
retina, reconstruction of the doubled-layered retinal blood 
vessels in the HF group was observed on P18, suggesting that 
reconstruction of the compensatory retinal circulatory system 
was possible following exposure to FSD during development, 
but that long-term efficacy requires further confirmation.

In conclusion, in our OIR model, FSD protected the nerves 
in the particularly thin layer of the retinal nervous system. 
Specifically, FSD inhibited caspase-3 and enhanced Bcl-2 
expression, which prevented retinal apoptosis, suppressed 
ICAM-1 expression, reduced inflammation and improved 
retinal blood circulation, while maintaining the normal struc-
ture of the retina. However, the increase in HIF-1α expression 
upregulated VEGF expression. In this model, FSD interfered 
with the repair of retinal vessels, escalated the contraction 
of the NP region of the retina, increased the inhibition of 
apoptosis and reduced inflammation. The reconstruction of 
neovascularization that was improved by retinal circulation 
and the accelerated formation of neovascularization requires 
further evaluation. It is anticipated that the damaging effects 
of accelerated neovascularization will be dominant over the 
protective effects in the long-term.
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