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Abstract
● AIM: To explore the effect of the Notch signaling pathway 
on retinal ganglion cells (RGCs) and optic nerve in rats 
with acute ocular hypertension (OH).
● METHODS: Totally 48 Sprague-Dawley (SD) rats were 
included, among which 36 rats were selected to establish 
acute OH models. OH rats received a single intravitreal 
injection of 2 μL phosphate buffered solution (PBS) and 
another group of OH rats received a single intravitreal 
injection of 10 μmol/L γ-secretase inhibitor (DAPT). Quantitative 
real-time polymerase chain reaction (qPCR) and Western 
blot assay were adopted to determine the mRNA level 
of Notch and the protein levels of Notch, Bcl-2, Bax, 
caspase-3, and growth-associated protein 43 (GAP-43). 
The RGC apoptosis conditions were assessed by TUNEL 
staining.
● RESULTS: The OH rats and PBS-injected rats had 
increased expression levels of Notch1, Bax, caspase-3, 
and GAP-43, decreased expression levels of Bcl-2, and 
increased RGC apoptosis, with severer macular edema 
and RGCs more loosely aligned, when compared with the 
normal rats. The DAPT-treated rats displayed increased 
expression levels of Notch1, Bax, caspase-3, and GAP-
43, decreased expression levels of Bcl-2, and increased 
RGC apoptosis, in comparison with the OH rats and PBS-
injected rats. RGCs were hardly observed and macular 
edema became severe in the DAPT-treated rat.

● CONCLUSION: The Notch signaling pathway may suppress 
the apoptosis of retinal ganglion cells and enhances the 
regeneration of the damaged optic nerves in rats with 
acute OH.
● KEYWORDS: Notch signaling pathway; ocular hypertension; 
retinal ganglion cells; anti-apoptotic; neuroprotection; growth-
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INTRODUCTION

T he definition of ocular hypertension (OH) is accepted as 
intraocular pressure (IOP) increased more than 21 mm Hg, 

and it occurs without obvious injury to the papilla or visual 
field[1]. OH makes more than 3 000 000 individuals suffer in 
the United States, and 4%-7% of which are 40y or older[2]. 
OH has been well recognized as the commonest risk factor 
for the occurrence of primary open angle glaucoma (POAG)[3]. 
According to the reports of Ocular Hypertension Treatment 
Study (OHTS), the risk contributing to POAG reduced 
from 9.5% to 4.4%, when the patients with OH underwent a 
reduction of more than 20% IOP[4]. The reduction of IOP to a 
favorable level is beneficial in stopping or slowing down the 
onset and progression of POAG and it can protect the optic 
nerve head from the direct mechanic or vascular effects caused 
by IOP elevation[5]. The elevated IOP has been commonly 
highlighted to be linked with death of retinal ganglion cells 
(RGCs)[6]. However, OH therapy for glaucoma is not always 
sufficient in preventing the progressive loss of ganglion cells 
and a subset of treated patients continues to lose vision[7-8].
Multiple studies pointed out that the retina acts as a model 
system, and they focused on the mechanisms of cell diversity 
generation during the development of vertebrate nervous 
system[9-11]. The critical role of one cell-cell signaling system 
has been indicated in the development of retina, which is 
controlled by Notch, which is a cell surface receptor. In 
the retinal cells, Notch1 and its Notch ligand, Delta-1, are 
expressed during cellular development[12-13]. Furthermore, the 
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Notch signaling pathway is conserved and exerts its effect on a 
broad range of cell types and at different stages during normal 
development[14]. The Notch signaling pathway is clearly 
implicated in regulating the RGC development. Previous 
studies supported the view that the inhibition of the Notch 
signaling pathway intensifies the generation of RGC during 
the peak period for RGC genesis[15-17]. On the other hand, the 
Notch activity is repressed just before the differentiation of 
the RGC differentiation[18]. In addition, the neuroprotection 
is conferred through the activation of the Notch signaling 
pathway to accelerate the survival of the neuronal cells[19]. 
The cell-cell interactions are associated to some extent by the 
Notch signaling pathway, which in the early developing retina 
affects RGC production. Currently, the association has been 
documented between RGC apoptosis and OH, and studies 
have been performed for investigating the effect of molecular 
factors on RGCs in OH[20-22]. This study was conducted 
with the establishment of rat models of OH, in which the 
alternations of the Notch signaling pathway were identified in 
order to explore the effect of the Notch signaling pathway on 
RGCs and the involvement in rats with OH.
MATERIALS AND METHODS
Experimental Animals  A total of 48 healthy Sprague-Dawlay 
(SD) rats (SCXK 2011-0011, Beijing Vital River Laboratory 
Animal Technology Co., Ltd., Beijing, China) weighing 
between 160 g and 80 g were bred in quiet, well-ventilated and 
clean cages. The environment of the cages was controlled with 
a temperature of 21℃-22℃, with intermittent illumination of 
12h light and dark periods as well as free access to water and 
food intake. After one week of adaptation feeding, the rats 
were prepared for the following experiment. This study was 
performed in strict accordance with the recommendations in 
the Guide for the Care and Use of Laboratory Animals of the 
National Institutes of Health. The protocol was approved by 
the Institutional Animal Care and Use Committee of the First 
Affiliated Hospital of Hainan Medical University.
Animal Grouping and Treatment  Totally, 48 SD rats were 
evenly classified into four groups (n=12 for each group): 
normal group, model group (rat models with acute OH), 
phosphate buffered solution (PBS) group (rats with acute OH 
were subjected to a single intravitreal injection of 2 μL PBS), 
and γ-secretase inhibitor (DAPT) group [rats with acute OH 
were subjected to a single intravitreal injection of 10 μmol/L 
γ-secretase blocker DAPT, an inhibitor of the Notch signaling 
pathway (Sigma Aldrich Chemical Co., Saint Louis, MI, USA)]. 
Modeling of Acute Ocular Hypertension Rats  The rat 
models of OH was established[23]. After an aesthesia with 
3% pentobarbital sodium (30 mg/kg, Sigma, Saint Louis, 
MI, USA) through intraperitoneal injection, the rats were 
fixed in the prone position. Their eyes were rinsed by 
using chloramphenicol eye drops, and then with topical 

anesthesia with 0.4% benoxil for three times with one drop 
every 5min. A steel sleeve of 30 degrees was connected 
with a container containing isotonic saline, which was 
stuck into the anterior chamber near corneal limbus. 
The container was lifted to increase the IOP to 120 mm Hg,
and the changes of anterior segment were observed. The 
Tono-Pen tonometer was adopted to record IOP before the 
operation and 1, 2, 3, 4, 5d after the operation by touching 
the corneal with the stylus. The IOP of the moments of initial 
touching and initial leaving of the stylus was abandoned for 
unreliability. Three values of IOP were recorded each time 
with the mean value calculated. After the operation, the eyes 
were supplemented with chloramphenicol ophthalmic solution 
to prevent infection.
Separation of Retina and Optic Nerve Tissues of Rats  Five 
days following the grouping, the rats were anaesthetized by 
intraperitoneal injection with 3% pentobarbital sodium (30 mg/kg, 
Sigma, Saint Louis, MI, USA) and then fixed in the supine 
position on a perfusion table. A scissor was used to open 
the abdominal skin and abdominal wall into the abdominal 
cavity, through the septum into the chest cavity, and the ribs 
were cut to expose the heart. A needle was inserted into the 
aorta via the left atrium, and the blood bled with the incision 
on right auricle. The heart of rats was perfused with 0.9% 
physiological saline rapidly and then into the liver. When 
the effluent water was clear, the rats were then perfused with 
cold fixative containing 4% paraformaldehyde to stiffen the 
limbs and tail. After removal of the rat eyeball, 8 mm of the 
retrobulbar optic nerve was kept. And the eyeball was fixed 
in 4% paraformaldehyde/PBS for 24h, then eye cup was 
made after detachment of the eye lens and removal of anterior 
segment. The eyeball was dehydrated at room temperature and 
then gradient dehydrated 1h using different concentrations of 
ethanol. Then the eye cup was soaked in mixed wax I for 2h, 
and followed by mixed wax II for 1h, soft wax for 1.5h, and 
hard wax for 1.5h, finally embedded in paraffin and cut into 3 μm 
thickness slices for reservation.
Hematoxylin-eosin Staining  The tissue sections were baked 
for 2h at 62℃, which were subsequently soaked in xylene I for 
10min, xylene II for 10min, absolute alcohol for 5min, 95% 
alcohol for 5min, and 80% alcohol for 5min, finally followed 
by rinsing with distilled water. There was no need of repair 
of high temperature and high pressure antigen. Following the 
nuclear staining with hematoxylin for 5min, and then color 
development was conducted by using alcohol solutions of 
hydrochloric acid for 1min, distilled water for 1min, 70% 
ethanol for 2min, and 80% ethanol for 2min. Then the sections 
were dyed with fine wine for 1 to 2min, and 95% ethanol for 
2min, and absolute ethanol for 3min. The sections were cleared 
in xylene and finally mounted with neutral balsam. Under the 
light microscope, the staining results were observed.
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RNA Isolation and Quantitation  A single-step Trizol 
method, Invitrogen (Waltham, MA, USA) was employed to 
extract the total RNA, based on the instructions. The purity 
and concentration of RNA were evaluated by ultra-violet 
(UV) analysis and formaldehyde gel electrophoresis. Reverse 
transcription was carried out to transform 1 μg RNA into 
cDNA through the avian myeloblastosis virus (AMV) reverse 
transcriptase. The primers for quantitative real-time polymerase 
chain reaction (qPCR) were designed and synthesized by 
Invitrogen (Waltham, MA, USA). Glyceraldehyde-3-phosphate 
dehydrogenase (GAPDH) was used as the internal reference 
(Table 1). The PCR amplification conditions were listed as 
follows: pre-denaturation at 94℃ for 5min, denaturation at 
94℃ for 40s, annealing at 60℃ for 40s, extension at 72℃ 
for 1min, which run for 40 cycles and a final extension at 
72℃ for 10min. The samples were treated in agarose gel 
electrophoresis, and the PCR results were evaluated by using 
Opticon Monitor 3 software (Bio-Rad Laboratories, Hercules, 
CA, USA). The cycle threshold (Ct) of each reaction tube was 
the inflection point on the logarithmic amplification power 
curves, and the gene expression was calculated with the 2-∆∆Ct 
method: ∆∆Ct=(Cttarget gene-Ctreference gene) experimental group-(Cttarget gene

-Ctreference gene) control group. The experiment was repeated in 
triplicates and the mean values were calculated. 
Western Blot Assay Analysis  The bicinchoninic acid (BCA) 
Protein Assay Kit (Wuhan Boster Biological Technology, Ltd., 
Wuhan, Hubei Province, China) was used to determine the 
concentration of proteins extracted from the rat retina and optic 
nerve, according to the manufacturer’s instructions. Then 
the extracted proteins were supplemented with the loading 
buffer, boiled at 95℃ for 10min. Subsequently, 30 μg protein 
was supplemented to each well. The 10% polyacrylamide 
gel electrophoresis (Wuhan Boster Biological Technology, 
Ltd., Wuhan, Hubei Province, China) was adopted to separate 
proteins, with a voltage changed from 80 V to 120 V. Then 
the protein was transferred onto the polyvinylidene fluoride 
(PVDF) membranes with a voltage of 100 mV for 45-70min. 
The membrane was blocked with 5% bovine serum albumin 
(BSA) for 1h and then cultured with the following primary 
antibodies (Notch1, Bcl-2, Bax, caspase-3, GAP-43, 1:1000 
dilution, Cell Signaling Technologies, Beverly, MA, USA) 
at 4℃ for overnight. The samples were rinsed by using tris-
buffered saline with tween-20 (TBST) solution for 3 times 
(5min each time), and cultured with the corresponding 
second antibodies (Miao Tong Biological Technology Co., 
Ltd., Shanghai, China) for 1h at room temperature. After 
the membrane was rinsed for 3 times (5min each time) and 
coloration, β-actin was set as an internal reference. The 
samples were then developed using a Bio-Rad Gel Doc EZ 
Imager (Bio-Rad, Hercules, CA, USA). The gray values of 
the target bands were analyzed by the Image J software. The 

experiment was repeated in triplicates and the mean values 
were calculated.
TUNEL Staining  The sections were dehydrated with 
concentration of gradient ethanol, and rinsed by using PBS 3 
times for 3min. Then the sections were soaked in 200 mL of 
0.1 mol/L sodium citrate buffer with microwave heating at 
350 W for 5min. After that, the samples were removed and 
rinsed with 80 mL distilled water, and followed by washing 
with PBS 3 times for 3min after cooling. The samples were 
supplemented with TUNEL reaction mixture, and then blocked 
in a damp dark box at 37℃ for 1h and rinsed by using PBS 
3 times for 3min. The samples were then supplemented with 
converter-POD and blocked in a damp dark box at 37℃ for 
1h and rinsed by using PBS 3 times for 3min again. And the 
samples were cultured with direct aluminum bonded (DAB) 
substrates for 15min at room temperature, finally rinsed by 
using PBS 3 times for 3min. The samples were re-stained with 
hematoxylin and dehydrated with gradient concentration of 
ethanol, and then were cleared in xylene and finally mounted 
with neutral gum. Cells stained with brownish-yellow granules 
in the nucleus or cytoplasms were considered as positive cells. 
The number of apoptotic neurons was counted by NIK0N80i 
software to calculate the apoptotic index.
Statistical Analysis  The SPSS software 21.0 (SPSS Inc., 
Chicago, IL, USA) was employed for the statistical analysis 
in the present study. The measurement data were presented 
using the mean±standard deviation (SD). Comparisons 
between two groups for normal distributed measurement data 
were performed by the t-tests. The comparisons between two 
groups were analyzed with the least significant difference 
(LSD) method, and comparisons among multiple groups were 
conducted by one-factor analysis of variance (ANOVA). The 
level of significance was P<0.05.
RESULTS
Successfully Established Rat Models of Acute Ocular 
Hypertension  During establishment of acute OH, no 
rats died during the course of rat models, and the anterior 
capsule of the lens and the lens were non-injury in the 
process. Tono-Pen tonometer was used to measure IOP 
of rats in the normal group and the model group every 
day. IOP in rat models of OH in all the groups stabilized 

Table 1 The primers sequence of Notch1 and GAPDH used for 
qPCR

Gene Sequence

Notch1 F: 5’-GCCGCCTTTGTGCTTCTGTTC-3’

R: 5’-CCGGTGGTCTGTCTGGTCGTC-3’

GAPDH F: 5’-CAAGTTCAACGGCACAGTCA -3’

R: 5’-CCCCATTTGATGTTAGCGGG-3’

GAPDH: Glyceraldehyde-3-phosphate dehydrogenase; qPCR: 
Quantitative real-time polymerase chain reaction.
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approximately at 120 mm Hg (the normal IOP: 10-21 mm Hg),
which was higher than that in the normal group. Based on 
the Figure 1, the IOP of the DAPT, PBS and model groups 
were all significantly higher than the normal group, and it was 
stabilized. No difference was identified in IOP among the three 
groups, which suggested the successful establishment of rat 
models with acute OH.
DAPT Suppresses the Activation of the Notch Signaling 
Pathway  The results of PCR detection and Western blot assay 
for Notch1 mRNA and protein expression in rat retinal and 
optic nerve tissues of each group exhibited that Notch1 mRNA 
and protein expression in rat models of OH were significantly 
increased when compared with the normal group (P<0.05), 
which demonstrated that the Notch signaling pathway was 
activated by the occurrence of OH. In comparison with the 
model group and the PBS group, the Notch1 mRNA and 
protein expression in rats in the DAPT group were decreased 
(P<0.05). Compared with the normal group, the DAPT 
group showed higher exression of Notch1 without significant 
difference (P>0.05). DAPT successfully repressed the 
activation of the Notch signaling pathway in retinal and optic 
nerve tissues (Figure 2). No difference was identified in Notch1 
expression between the model group and the PBS group.
HE Staining Identified the Morphological Changes of Rat 
Retinal Tissues  In the normal group, every layer of retina 
was clear, with the RGCs densely arranged. The nucleus 
boundaries were clear. Retinal pigment epithelial cells were 
uniformly aligned in a single layer. While in the model group 
and the PBS group, all the retinal layers, inner and outer 
nuclear layers, and nerve fiber layer were observed with severe 
edema. The inner plexiform layer and outer plexiform layer 
got thinner with vauge boundaries. The inner and outer nuclear 
layers showed reduced and loosely arranged cells and enlarged 
nucleus. Part of the nucleus underwent changes of getting 
dissolved and broken. The cells of inner and outer nuclear 
layers in the DAPT group were irregularly aligned and reduced 
with almost invisible RGCs. The severe edema was observed 
in all the retinal layers, and the edema was more serious when 
compared with the model group and the PBS group, which 
indicated that the inhibition of the Notch signaling pathway 
exacerbated the damage of retina and optic nerve in rat models 
of OH (Figure 3A). The model and PBS group had thicker 
full-thickness layers, inner and outer nuclear layers, and retinal 
nerve fiber layers than the normal group (P<0.05); the DAPT 
group showed significantly far thicker full-thickness layers, 
inner and outer nuclear layers, and retinal nerve fiber layers 
than the model and PBS groups (Figure 3B-3E).
The Inhibition of the Notch Signaling Pathway Enhances 
RGC Apoptosis  TUNEL staining was performed to observe 
the apoptosis of RGCs in rat retinal tissues (Figure 4). The 
apoptotic RGCs in the model, PBS and DAPT groups were 

Figure 1 Changes of IOP in rats between the normal group and the 
model group.

Figure 2 Expression of Notch1 in rat retina and optic nerve tissues 
among normal, model, PBS, and DAPT groups  A: Grey value of 
the Notch1 protein bands in retinal tissues; B: Expression levels of 
Notch1 mRNA and protein in retinal tissues, measured using qPCR 
and Western blot assay; C: Grey value of the Notch1 protein bands 
in optic nerve tissues;  D: Expression levels of Notch1 mRNA and 
protein in optic nerve tissues. aP<0.05 in comparison with the normal 
group; bP<0.05 in comparison with the model group. PBS: Phosphate 
buffered solution; DAPT: γ-secretase inhibitor; qPCR: Quantitative 
real-time polymerase chain reaction.
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increased, with significant increase of apoptotic index, 
compared with the normal group (all P<0.05). As compared 
with the model group and the PBS group, the apoptotic RGCs 
and apoptotic index increased more significantly further in the 
DAPT group (all P<0.05).
The Notch Signaling Pathway Controls the Expression of 
Apoptosis-related Factors  Western blot assay was performed to 
determine the expression levels of Bcl-2, Bax, and caspase-3 in 
rat retinal tissues so as to further find out the effect of the Notch 
signaling pathway on RGC apoptosis. As Figure 5 shown, 
when compared with the normal group, the expressions of pro-
apoptotic proteins, Bax and caspase-3, were up-regulated in 
model, PBS and DAPT groups, while the expression of anti-
apoptotic protein, Bcl-2, was down-regulated (all P<0.05). 
However, the protein expressions of Bax and caspase-3 in 
the DAPT group were increased more significantly, and the 
protein expression of Bcl-2 was reduced more significantly as 
compared with the model and PBS groups (all P<0.05). These 
results concluded that the Notch signaling pathway repressed 
the apoptosis of RGCs in retina tissues of OH rats.
The Notch Signaling Pathway Accelerates Optic Nerve 
Regeneration  In order to find out the effect of the Notch 
signaling pathway on optic nerve regeneration, Western blot 
assay was used to measure the alternation of GAP-43 expression 
that was a specific protein during axonal regeneration of optic 
nerve in rat optic nerve tissues in each group. And the results 
indicated that expression of GAP-43 was enhanced in the 
model group when compared with the normal group, which 
indicated that GAP-43 was activated after the optic nerve 
in rats with OH was damaged. When the Notch signaling 
pathway was repressed by DAPT, the expression of GAP-43 

Figure 3 RGCs of DAPT-treated OH rats were almost invisible and the retinal pigment epithelial cells irregularly-arranged and 
significantly decreased. DAPT-treated OH rats had severe edema in retinal layers (×400)  A: Morphological changes of rat retinal tissues 
of all the layers; B: The thickness of full-thickness layer; C: The thickness of inner plexiform layer; D: The thickness of outer plexiform layer; 
E: The thickness of retinal nerve fiber layer. 1: Ganglion cell layer; 2: Inner plexiform layer; 3: Inner nuclear layer; 4: Outer plexiform layer; 
5: Outer nuclear layer; 6: Layer of rods and cones. aP<0.05 compared with the normal group; bP<0.05 compared with the model group. PBS: 
Phosphate buffered solution; OH: Ocular hypertension.

Figure 4 DAPT-treated OH rats showed increased RGC apoptosis 
in retinal tissues  A: TUNEL-stained RGCs (×400). The arrows point to 
brown-stained cells that are defined as apoptotic cells. The DAPT group 
showed the most brown-yellow granules, and the model and PBS groups 
took the second place; B: The apoptosis index of RGCs in rat retinal 
tissues.  aP<0.05 compared with the normal group. bP<0.05  compared 
with the model group. PBS: Phosphate buffered solution; OH: Ocular 
hypertension; RGC: Retinal ganglion cell.
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was significantly declined, showing that the Notch signaling 
pathway accelerated the regeneration of optic nerve in rats 
with OH (Figure 6). 
DISCUSSION
The conflicting effects of the Notch signaling pathway have 
been reported in various brain injury models. Arumugam 
et al[24] reported that the blockade of Notch signaling pathway 
improved functional outcome in stroke. However, Yang et al[25] 
found that the activation of Notch signaling pathway confers 
neuroprotection against transient cerebral ischemia by 
increasing neuronal survival in mice. In this study, we explored 
the neuroprotective role of Notch signaling pathway in rat 
models of acute OH. We found that the activation of Notch 
signaling pathway may prevent OH progression in rats with OH.
Initially, we measured the expression levels of Notch1 in 
retinal and optic nerve tissues in rats with acute OH. The Notch 
signaling pathway was activated once acute OH occurred at 
early. Actually, OH may cause retinal ischemia-reperfusion 
(I/R) injury[26]. Li et al[27] presented the results that the Notch1 
signaling pathway was activated at the early stage. More 
consistent with our study, Guan et al[28] obtained the results in 
a rat model of middle cerebral artery occlusion/reperfusion 
(MCAO/R), in which MCAO/R resulted in cerebral infarction, 

hippocampus neuronal injury and apoptosis, and also activated 
the Notch1 signaling pathway. However, the study also found 
that osthole treatment further activated Notch1 signaling 
pathway to reduce the cerebral infarction as well as the 
hippocampus neuronal injury and apoptosis. In addition, we 
found the inhibition of Notch1 signaling pathway facilitated 
RGC apoptosis. Notch signaling pathway exists in all known 
animal cells, and it is a classic signaling pathway implicated 
in modulating neural stem cell (NSC) proliferation and 
differentiation, and dendrite morphology[29]. Notch1 activation 
promotes the proliferation and differentiation of neural 
progenitor cells after ischemic stroke[30]. Hill et al[31] indicated 
that NSCs protected rat RGCs and promoted their regeneration. 
Furthermore, Notch1 activates microglia cells following focal 
cerebral ischemia, and Notch1 shows the ability to regulate the 
inflammation, clear the damaged neurons, and repair the injury 
after ischemia[32]. Chiu et al[33] reported through promoting the 
growth of microglia cell, whereby RGCs were rescued from 
OH. In our study, we also determined the expression levels 
of anti-apoptotic factor, Bcl-2, pro-apoptotic factors Bax, and 
caspase-3, in retinal tissues of rats with the blockade of Notch 
signaling pathway, further indicating the anti-apoptotic effect 
of this signal on RGCs. Oishi et al[34] found Notch increased 

Figure 5 Protein expressions of apoptosis-related factors in rat retinal tissues among normal, model, PBS, and DAPT groups  A: Protein 
levels of Bax, caspase-3, and Bcl-2 in rat retinal tissues, using Western blot assay; B: Grey value of Bax, caspase-3, and Bcl-2 protein bands, 
using Western blot assay. aP<0.05 in comparison with the normal group; bP<0.05 in comparison with the model group. PBS: Phosphate buffered 
solution; DAPT: γ-secretase inhibitor.

Figure 6 The protein expression of GAP-43 in rat retinal tissues among normal, model, PBS, and DAPT groups  A: Protein levels of GAP-
43 in rat retinal tissues, using Western blot assay; B: Grey value of GAP-43 protein bands, using Western blot assay. aP<0.05 in comparison with 
the normal group; bP<0.05 in comparison with the model group. PBS: Phosphate buffered solution; DAPT: γ-secretase inhibitor.
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Bcl-2 expression and promoted the survival of neural precursor 
cells, and Yu et al[35] found that the drug treatment increased 
Notch1 intracellular domain, Bcl-2 expression and p-Akt/Akt 
ratio, and down-regulates Bax and caspase-3 expression, thus 
offering cardioprotective effect against myocardial I/R 
injury. In the study reported by Sánchez-Migallón et al[36], they 
found that down-regulation of caspase-3 might delay RGC 
loss, thus suggesting Notch1 down-regulates caspase-3 to 
prevent RGC loss.
Another important finding in our study indicated that the 
activation of Notch signaling pathway confers neuroprotection 
in rats with acute OH. Retinal I/R injury is a common pathological 
process in many eye disorders. Oxidative stress and inflammation 
play a role in retinal I/R injury[37]. In an OH-induced retinal 
I/R injury model, and Chen et al[38] showed that oxidative 
stress reduction was achieved to alleviate retinal ischemia-
reperfusion injury. Zhou et al[39] supported the protective 
effects of Notch1 on myocardial I/R injury and found it 
inhibited cardiomyocyte apoptosis and reducing reactive 
oxygen species formation, which is also consistent with the 
study reported by Pei et al[40] suggesting the Notch signaling 
pathway offers protection in myocardial I/R injury by reduction 
of oxidative/nitrative stress. Meanwhile Shi et al[41] considered 
that activating Notch1 signaling pathway in vivo and in 
vitro had neuroprotective effects against cerebral I/R injury. 
Besides, we found the Notch signaling pathway facilitated 
the expression of GAP-43. GAP-43 plays an important role in 
the development and regeneration of central nervous system 
and the drug treatment causes an up-regulation of GAP-43, 
exhibiting a neuroprotection in glaucoma[42]. Since phospho-
GAP-43 is active in both the early and late stages of optic 
nerve regeneration[43], the down-regulation of GAP-43 in 
retinal tissues of rats with the blockade of Notch signaling 
pathway further indicated the protective effect of Notch 
signaling pathway against optic nerve injury. However, the 
underlying mechanism involving Notch signaling pathway and 
GAP-43 during optic nerve regeneration is beyond the scope 
of this article.
In conclusion, we established rat models of acute OH and 
found that the Notch signaling pathway may modulate RGC 
survival and had neuroprotective effects on rats with acute 
OH. These findings may provide some research basis for 
minimizing the conversion of OH to glaucoma. However, 
we fail to observe the persistence of Notch1 activation in 
rats with acute OH, which may be investigated in further 
study. Meanwhile, further studies are warranted to report the 
more specific mechanism responsible for the Notch signaling 
pathway in acute OH.
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