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Abstract Inhibition of RhoA/Rock could promote axon
growth and alleviate optic nerve injury. However, the role
of RhoA/Rock in the traumatic retinal nerve in vivo was
not completely clear. In this study, we established a rabbit
model of traumatic retinal nerve injury, and primary reti-
nal ganglion cells (RGCs) were isolated and cultured un-
der hypoxia-hypoglycemia condition that was mock to the
microenvironment in the injured retinas in vivo. The Rock
inhibitor fasudil was used to treat primary RGCs and ear
vein injected into the model rabbits in vivo. RhoA/Rock
signaling was activated in the injured optic nerve in rab-
bits. Western blotting analysis showed that RhoA/Rock
signaling in the retina was activated during the traumatic
optic neuropathy. Data on gene expression examination
and Annexin V/PI dual staining combined with flow cy-
tometry analysis displayed that fasudil injection reduced
expression of Rho/Rock and apoptotic genes, as well as
the apoptosis of RGCs in traumatic retinal nerve injury
in vitro and in vivo. Moreover, fasudil injection reduced
expression of Rho/Rock and apoptotic genes, as well as
the apoptosis of RGCs in the rabbits with traumatic retinal
nerve injury in vivo. In conclusion, fasudil treatment
could significantly reduce the apoptosis of RGCs and re-
lieved retinal nerve injury in vitro and in vivo.
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Introduction

Traumatic optic neuropathy is an indirect injury to the retinal
nerve caused by external force through bone or eye move-
ment. Forty to 50 % of the cases of optic nerve injury devel-
oped to be blindness (Wilhelm 2009). This is a main cause of
traumatic visual defect. A previous study indicated that the
visual defect after optic nerve injury is caused by primary
and secondary injuries caused apoptosis of retinal ganglion
cells (RGCs) (Stone 2013). The primary injuries mainly in-
cluded concussion, tear, distraction, and compression of the
optic nerve. The histopathological events caused by primary
injuries were mainly circulation disorders, inflammatory reac-
tions, and electrochemical disorders, etc. (Li et al. 2015;
Giacci et al. 2014).

RGCs are intrinsically important components of the retinal
nerve and are responsible for the communication between the
eye and the brain (Steketee et al. 2014). Their axons extend to
the optic nerve papilla, pass through the sieve plate, and form
optic nerve. On one hand, the apoptosis of RGCs directly
resulted in defects of optic nerve (Fernandes et al. 2014). On
the other hand, when the RGC axons were disrupted, the sup-
ply of target-derived neurotrophic factors would be blocked.
And then, glial cells (especially microglia) were activated re-
leasing a large number of inflammatory factors and toxic sub-
stances to aggravate the injury of optic nerve (Benowitz et al.
2015). Therefore, to slow down or inhibit the degeneration of
RGCs after optic nerve injury is important for the therapy of
optic nerve injury and the recovery of visual function.

Compared with the peripheral nerve, the regeneration abil-
ity of the central nervous system (CNS) is relatively weak
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(Cho et al. 2005). After central nerve injury, the microen-
vironment in the nervous tissues was changed, and several
axon growth inhibitory factors were induced, including
myelin-associated glycoprotein (MAG), Nogo myelin-
a s s o c i a t e d g l y c o p r o t e i n (No g o -A ) , my e l i n -
oligodendrocyte glycoprotein (MOG), etc. (Hasegawa et
al. 2005; Hannila et al. 2013; Vajda et al. 2014). Studies
revealed that Nogo-A and its receptor NgR were upregu-
lated in retinal nerve injury and inhibited RGC axon
growth (Vajda et al. 2014; Pernet and Schwab 2012).
Rho is a famous subfamily of Ras oncogene super family
of low molecular weight GTPases (Strutt et al. 1997).
They have been involved in many physiological activities
including cell migration, adhesion, cytokinesis, prolifera-
tion, differentiation, and apoptosis (Takeda et al. 2006;
Wang et al. 2013; Andalib et al. 2013). According to
cutting-edge researches, Rho and their associated protein
kinase Rock played a key role in the alternation of the
microenvironment and lead to the growth inhibition of
neuron axons after injury (Fujita and Yamashita 2014).
In the injured area, RhoA/Rock was robustly activated.
Some studies indicated that inhibition of RhoA/Rock
could promote axon growth (Gu et al. 2013; Tan et al.
2012). Moreover, Rock inhibitors have been applied in
the inhibition of leukocyte adhesion and migration, regen-
eration of neuron axon, and protection of neurons (Yang
et al. 2013; Wang et al. 2012). However, the role of
RhoA/Rock in the traumatic retinal nerve in vivo was still
not completely clear.

In this study, rabbit model of traumatic retinal nerve injury
was established, and primary RGCs were isolated and cul-
tured. The role of Rock inhibitor fasudil on the apoptosis of
RGCs was explored in vitro and in vivo.

Materials and Methods

Preparation of the Model of Traumatic Optic Neuropathy

Two hundred adult male New Zealand rabbits (clean grade)
were numbered and weighed. After anesthesized with 3 %
phenobarbital, their optic nerve around the nerve bone pipe
(or ring) was separated under an operation microscope
(ZC-X-4B, ZhuochuangMedical Tech Co., LTd., Zhengjiang,
China). Yasargil Aneurgsm clip (65742) then was
stretched into the bone pipe (or ring) to clamp the
nerve. After 30 s, the clip was removed. The pupil size
and light reflex of the rabbits were measured to evaluate
the model establishment. As the right side direct light
reflex disappeared and the Marcus-Gunn’s pupil with
indirect light reflex appeared, we confirmed the model
was established successfully.

Sampling and Histological Examination

After anesthetized with 4 % phenobarbital, the optic nerves of
the rabbit eyes were exposed. Remove the cornea and then
take on the entire retina (the cross stitch structure). Gently snip
off the laser-disc (white) in the center of the retina. The retina
and laser-disc were respectively fixed with 3 % formaldehyde
and then sectioned (4 μm) post-paraffin embedded. Then, the
sections were stained with hematoxylin-eosin method (H&E)
and observed under a microscope (400×).

For the detection of degree of inflammatory infiltration in
the tissue, an automatic counting software image pro-plus
(IPP) was applied. Inflammatory cells in each area were se-
lected, and the parameters of each inflammatory cell was set
according to the instructions of the software. The inflamma-
tory cells were counted and statistically analysed.

Transmission Electron Microscopy (TEM)

The retinal ganglions were fixed with 3 % glutaraldehyde.
Then, the tissues were post-fixed with 1 % osmium tetroxide
at 4 °C for 2.5 h. After a graded series of dehydration, they
were embedded in epoxy resin at room temperature for 4 h and
sectioned (10 nm). Ultrathin sections were obtained using a
RMC MT6000 XL ultra-microtome and stained with uranyl
acetate and lead citrate. Samples were then examined under an
electron microscope (JEM-1200EX, JEOL, Tokyo, Japan) at
an accelerating voltage of 75 kV.

Culture of Retinal Ganglion Cells

RGCs were isolated with the method described in a previous
study (Vecino et al. 2014). The cells were cultured in high
glucose (4.5 mg/mL) B27-supplemented Neurobasal-A medi-
um (Invitrogen) containing L-glutamine and gentamicin for
6 days at 37 °C in a humidified atmosphere containing 5 %
CO2. Medium was changed every 3 days, and no growth
factors were added to the culture medium. Three independent
experiments were repeated.

Hypoxia-Hypoglycemia and Fasudil Treatment

After culture for 24 h, the medium was replaced with
low-glucose B27-Neurobasal-A medium (1 mg/mL) supple-
mented with 300-μM CoCl2 (to simulate a hypoxic environ-
ment in vitro). RGCs cultured in high-glucose B27-supple-
mented Neurobasal-A medium with 300-μM DMSO were
regarded as the control (normal control).

The cells under hypoxia-hypoglycemia (HO-HG) condi-
tion were treated with fasudil at the dosages of 0, 25, 50, 75,
and 100 μM. After incubation for 48 h, the cells were collect-
ed for the following detection.
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Cell Viability and Apoptosis Detection In Vitro

The cell viability assay was performed with the tetrazolium
salt colorimetric assay (MTT) method (Promega, Madison,
Wisconsin) according to the manufacturer’s instructions. After
stained with 0.1 % crystal violet for 20 min, the absorption
was detected under excitation of 550 nm.

Cell apoptosis was detected with Annexin V/PI dual stain-
ing combinedwith flow cytometry. After transfection for 48 h,
the medium was removed, and pre-cooled PBS was used to
wash the cells twice. Removing the supernatant, the cells were
suspended with 300 μL of 1× binding buffer (at the density of
5×105 /mL), 5-μL Annexin V FITC, and 5-μL PI was added
into the suspension, and then the mixture was incubated on ice
for 10 min in dark. The 300 μL of cold binding buffer was
added in each sample, and then the samples were analyzed
with flow cytometry.

Real-Time Quantitative PCR

Following treatment, total RNA of the cells was extracted
with Trizol reagent (Invitrogen), and its quantity and integ-
rity were then checked. Real-time qPCR reactions were car-
ried out in a final volume of 25 μL, using SYBR Premix Ex
Taq (TaKaRa), with 0.4 mM of each primer and 200 ng of
the cDNA template. Primers applied in the reactions are as
follows (F: forward; R: reverse): RhoA (F: 5′- CCG TGC
ATC TTG CAG TAC ATC T -3′, 5′- CTA CCC CAT TTC
GCC CAA GT -3′); Rock1 (F: 5′- ATG AGT TTA TTC
CTA CAC TCT ACC ACT TTC-3′, R: 5′- TAA CAT
GGC ATC TTC GAC ACT CTA G-3′); Rock2 (F: 5′-
CTG GTG GTC TGT GGG TGT TT-3′, 5′- CTA CCC
CAT TTC GCC CAA GT-3′); MAG (F: 5′- AGT AGG
GTA CTG CAT AAA AGG -3′, R: 5′-GCA GAA ATC
CAC CAC CAT GAA AC-3′); NgR (F: 5′-CTT ATG CTAT
AAC ACG CT-3′, R: 5′-TAG TCC ACG TCA CTC AT-3′);
Caspase-3 (F: 5′- ATG GAG AAC AAT AAA ACC T-3′, R:
5′- CTA GTG ATA AAA GTA GAG TTC -3′); BDNF (F:
5′-ATG GGA CTC TGG AGA GCC TGA A-3′, 5′-CGC
CAG CCA ATT CTC TTT TTG C-3′); Bcl-2 (F: 5′-ATT
GTG GCC TTC TTT GAG TTC G-3′, 5′-CAT CCC AGC
CTC CGT TAT CC-3′); GAPDH (F: 5′- ACC ATC TTC
CAG GAG CGA GA -3′, 5′- GGT TCA CGC CCA TCA
CAA AC -3′). Each individual sample was run in triplicate
wells. PCR amplification cycles were performed using the
iQTM5 Multicolor Real-Time PCR Detection System
(Bio-Rad) and SYBR Premix Ex Taq II kit (Invitrogen).
The reactions were initially denatured at 95 °C for 3 min
followed by 40 cycles of 95 °C for 10 s, 56 °C for 20 s,
72 °C for 20 s. The change in transcript abundance of all
tested genes was calculated using the 2-ΔΔCt method. All
messenger RNA (mRNA) levels were normalized to
GAPDH.

Western Blotting

Cells were lysed in lysis buffer (Beyotime) supplemented with
1-mM PMSF. The protein concentration was determined
using the BCA protein assay (Tiangen). Twenty micrograms
of protein in each sample were separated by 12 % SDS-PAGE
and electro-transferred to PVDF membranes (Millipore) for
immunoblotting analysis. The following primary antibodies
were used: anti-AMPK α2 (1:300, ab3760, Abcam),
anti-CREB (1:300, ab32515, Abcam), anti-CREB phosphor
S133 (1:300, ab32096, Abcam), anti-SIRT1 (1:300, ab32441,
Abcam), anti-BDNF (1:200, ab6201, Abcam), anti-Bcl-2
(1:400, ab117115, Abcam), and anti-β-actin (1:800, Santa
Cruz), which was used as the internal reference. After incuba-
tion with the appropriate HRP-conjugate secondary antibody,
proteins were detected using a ChemiDoc XRS imaging sys-
tem and analysis software Quantity One (Bio-Rad).

Fasudil Injection

Thirty-two normal rabbits (no-injury control group) and 96
model rabbits were enrolled in the injection experiment. The
model rabbits were divided into three groups on average: in-
jury fasudil injection group, injected with fasudil at the dosage
of 6 mg/kg; injury-control group, injected with equivalent
saline; injury-dexamethasone injection group (injury-DXM),
injected with DXM at the dosage of 1 mg/kg. The fasudil was
initially injected 6 days before the retinal injury day and then
injected into the rabbits once every 3 days.

Immunohistochemical Staining

Following deparaffinization of the sections, immunohistochem-
ical staining was performed with streptavidin-biotinylated per-
oxidase to detect the expression of Rock, RhoA, Caspase-3, and
Bcl-2. A rabbit polyclonal antibody against rat Rock, RhoA,
Caspase-3, and Bcl-2 (diluted 1:100 to 1:500, Cell Signaling
Tech) was used as a primary antibody.

Terminal Deoxynucleotidyl Transferase dUTP Nickend
Labeling (TUNEL) Assay

The TUNEL assay was performed to detect internucleosomal
DNA fragmentation. The staining was performed as described
elsewhere (Ohno et al. 2012). The number (/0.2-mm length
of each area) of the TUNEL-positive cells were counted
by two authors in a blinded fashion. A confocal micro-
scope was used for the measurements. The apoptotic in-
dex was expressed as the percentage of TUNEL-positive
cells out of the total counted cells.
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Statistical Analysis

All data were obtained from at least three independent exper-
iments. Values are expressed as mean±SEM. Statistics were
calculated using SPSS 19.0. Multiple comparisons were
assessed by one-way ANOVA followed by Dunnett’s tests.
Differences between groups were considered statistically sig-
nificant if P<0.05.

Results

Rho/Rock Signaling was Activated in the Injured Optic
Nerve in Rabbits

To explore the role of Rho/Rock in the traumatic optic
neuropathy, model rabbits with traumatic optic neuropa-
thy were established. Their right retinal nerve was injured
and the left side was regarded as the control. At time
points of day 3, day 7, day 14, and day 21 post-trauma,
the retinal ganglions were sampled and detected with
H&E staining and TEM approaches. The H&E staining
for no-injury retinal ganglions showed that retinal

morphology and RGC distribution were normal (100×),
the cells in the core layer distributed uniformly (400×),
and there were only a few inflammatory cells were ob-
served (0 d of Fig. 1a). With the extension of injury time,
RGCs gradually reduced, and the distribution of layers
and the core layer cells gradually became disorder
(100×). Under higher magnification, we could observe
that the number of the core layer cells gradually lacked
accompanied with the increase of inflammatory cell infil-
tration (3 d to 21 d of Fig. 1a). In particular, core layer
cells sharply reduced, and inflammatory cell infiltration
robustly increased at day 14 and day 21 (14 d and 21 d
of Fig. 1a). TEM assay depicted that with the extension of
injury time, myelin distribution was gradually disorder,
the gap between the membrane and the myelin sheath
was gradually widened, the nerve fibers gradually de-
creased, and the bubble-like change of mitochondria was
gradually growing (Fig. 1b). At day 21, the axons were
severely separated, and the structures of mitochondria,
microtubules, and actin filaments were severely damaged
in the axoplasma (21 d of Fig. 1b). Subsequently, the
expression levels of RhoA, Rock1, and Rock2 were de-
tected with Western blotting. The results showed that

Fig. 1 RhoA/Rock was being upregulated during traumatic retinal nerve
injury of rabbits. a H&E staining for the retinal nerve from traumatic
retinal nerve injury of rabbits. The amplification of upper panel is 40×
and that of the lower is 400×; the length of the bars is respectively 0.8 and
2 cm. The retinas were removed from non-traumatic and retina-traumatic
side at day 3, day 7, day 14, and day 21, respectively. The retinas were
paraffin embedded and stained with H&E approach. b TEM detection for

the structure of RGC myelin sheath (10000×). The bar represents 2 cm. c
RhoA/Rock was being increased during traumatic retinal nerve injury.
Total protein of the retina was extracted from non-traumatic and retina-
traumatic side at day 3, day 7, day 14, and day 21, respectively. The
protein levels of RhoA, Rock1, and Rock2 were detected with Western
blotting
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expression of them did not change in the control side but
was gradually increased in the injured side (Fig. 1c).
These data above suggested that RhoA/Rock signaling
was activated during the retinal nerve injury and was like-
ly to play a key role in traumatic optic neuropathy.

Fasudil Treatment Greatly Reduced Apoptosis of Rabbit
RGCs Under Hypoxia-Hypoglycemia Condition In Vitro

To verify the role of RhoA/Rock signaling in retinal nerve
injury in vitro, primary RGCs were isolated, HO-HG cul-
ture condition was used to simulate the environment sur-
rounding RGCs in vivo after retinal nerve injury, and
RhoA/Rock inhibitor fasudil was applied to treat the cells.
MTT analysis showed that fasudil treatment at the dosage
of 25, 50, 75, and 100 μM had a significant effect on
suppressing apoptosis of RGCs, among which the effect
of 75-μM fasudil treatment had a most significant effect
(Fig. 2a). Therefore, 75 μM was the dosage used in the
following experiment in vitro. Annexin V/PI dual staining
combined with flow cytometry analysis for cell apoptosis
showed that fasudil treatment reduced the apoptosis of the
RGCs by nearly 40 % to the HO-HG control (Fig. 2b).
Simultaneously, expression of key genes in regulation of

RGC apoptosis was detected with real-time qPCR and
Western blotting. The results displayed that as a specific
inhibitor of RhoA/Rock, fasudil treatment significantly
reduced the expression of RhoA, Rock1, and Rock2
(Fig. 3a–c, i) but did not change the expression of their
upstream genes MAG and NgR compared to the HO-HG
control (Fig. 3d, e, i). As a typical apoptosis inducer,
caspase-3 expression was also largely reduced by fasudil
treatment, while apoptosis suppressors BDNF and Bcl-2
were significantly increased (Fig. 3f–i). These data indi-
cated that RhoA/Rock had an important impact on RGC
apoptosis, and its inhibitor fasudil could alleviate RGC
injury in vitro.

Fasudil Injection Alleviated the Traumatic Retinal Nerve
Injury In Vivo

Finally, to investigate the effect of fasudil on the alleviation
of traumatic retinal nerve injury in vivo, fasudil was injected
into the rabbit ear vein at the dosage of 6 mg/kg. Immuno-
histochemical staining assay was used to detect the expres-
sion of Rock, RhoA, Caspase-3, and Bcl-2 after injection.
The results showed that, consistent with the results in vitro,
expression of Rock, RhoA, and Caspase-3 were reduced by

Fig. 2 Fasudil treatment reduced HO-HG-induced apoptosis of primary
rabbit RGCs. Different dosages of fasudil ranging from 0 to 100 μMwere
used to treat primary rabbit RGCs under HO-HG condition. After
incubation for 48 h, the cell viability was detected with MTT method
and Annexin V/PI dual staining combined with flow cytometry. a MTT
analysis for viability of primary rabbit RGCs treated or not treated with

fasudil. b Annexin V/PI dual staining combined with flow cytometry
assay for the apoptosis of primary RGCs treated or not treated with
75 μM fasudil. c Fsdl treatment reduced the proportion of apoptotic cells
after injury (statistical analysis for panel b). #P<0.05 vs HO-
HG-control,*P<0.05 vs both normal-control and HO-HG-control,
**P<0.01 vs both normal-control and HO-HG-control
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the fasudil injection compared with the injured rabbits
with no injection (Fig. 4a–c), while Bcl-2 expression
was markedly increased by the injection (Fig. 4d).
TUNEL assay for apoptosis of RGCs after injury for

14 days in vivo also displayed that the fasudil injection
distinctly alleviated the apoptosis of RGCs (Fig. 4e).
These results indicated fasudil could alleviate the traumat-
ic retinal nerve injury in vivo.

Fig. 3 Fasudil treatment reduced expression of RhoA/Rock1/2 and
apoptotic genes in primary rabbit HO-HG RGCs. The primary rabbit
RGCs were treated or not treated with 75 μM fasudil under HO-HG or
normal condition. After incubation for 48 h, total protein of the retina was
extracted and the mRNA levels of the following genes were detected with

real-time qPCR: RhoA, Rock1, Rock2, MAG, NgR, Caspase-3, BDNF,
and Bcl-2 (a–h, respectively). The protein levels of a–h were detected
with Western blotting (i). #P<0.05 vs HO-HG-control, *P<0.05 vs both
normal-control and HO-HG-control
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Discussion

As for mammalian optic nerve injury, there are several typ-
ical time points when distinct physiological and pathological
changes occur in the organisms: at 72 h, the retina displays
hemorrhage, vacuole-like changes and the peak of capillary
expansion; at day 7, optic nerve fiber and interstitial edema,
axonal infarction and thrombosis emerge apparently; at day
14, a most optimal time point to observe the arrangement
and structure of nerve fibers, the edema subsided and the
glial cells robustly proliferate; at day 21, nerve fibers adhere
and the retina begins to repair (Song et al. 2003). In this
study, we first examined the histological, cellular, and sub-
cellular changes at these four time points in the retinas of the
model rabbits. The results showed a series of pathological

changes during the injury accompanied with an increasing
expression pattern of RhoA/Rock.

RhoA/Rock is a well-described signaling cascade transmit-
ting inhibitory cues to the axon growth in CNS, which could
be activated by the trimeric NgR/p75/Lingo1 receptor com-
plex (Trifunovski et al. 2004). Accumulating evidence indi-
cates that Rho/Rock plays an important role in a variety of cell
functions, regulating and controlling the proliferation and dif-
ferentiation of cells, movement and migration, and generation
and death. Abnormal Rock activation was believed to have an
important effect on adult mammalian CNS regeneration sup-
pression following lesion, for its role in the integration of
inhibitory signals for axon growth coming from several inhib-
itory receptors (Koch et al. 2014a). However, its role in the
regulation of cell survival in CNS regeneration gradually

Fig. 4 Fasudil injection alleviated trauma-induced apoptosis of rabbits
RGCs in vivo. Normal or traumatic model rabbits were ear vein injected
with 6 mg/kg fasudil and 1 mg/kg DXM or not injected. At day 14, their
retinal never fibers were removed, paraffin embedded, and sectioned. a–d

Immunohistochemical staining for Rock, RhoA, Caspase-3, and Bcl-2 in
the retinal nerve fibers. e TUNEL assay for apoptosis of RGCs in the
retinal never fibers and the apoptotic indexes were analyzed. #P<0.05 vs
injury-control, *P<0.05 vs both no-injury-control and injury-control
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aroused the attention of the researchers. A most recent study
revealed that knockdown of RhoA promoted neurite out-
growth of RGCs grown on the inhibitory substrate chondroitin
sulfate proteoglycan in vitro (Koch et al. 2014b). Rock inhib-
itors Y-39983 and Y-27632 were also proven to have a posi-
tive effect on axonal regeneration (Yang et al. 2013; Ichikawa
et al. 2008; Tokushige et al. 2011; Hirata et al. 2008). In this
study, we established a rabbit model with traumatic retinal
nerve injury. Rock inhibitor fasudil was used to treat primary
RGCs under HO-HG conditions and injected into the model.
Our date showed that fasudil treatment blocked RhoA/Rock
pathway and significantly reduced the apoptosis of RGCs and
relieved retinal nerve injury.

It has been reported that NgR-MAG/NogoA was a main
axis that suppressed axon regeneration upstream RhoA/Rock
(Pernet and Schwab 2012). Response to local hypoxia-
ischemia stress, NgR complex transducted the signals and
then MAG/Nogo-Awas activated, which led to the activation
of Rock and RhoA. We detected a marked increase in the
levels of MAG and NgR in the cultured primary RGCs under
HO-HG condition in vitro. Moreover, when treated with
fasudil, the levels of Rock and RhoA in the HO-HG RGCs
were significantly reduced, while their upstream MAG and
NgR expression was not changed.

For the treatment of optic nerve injury, researchers have
carried on interventions with different drugs to animal models
with optic nerve injury. The mechanisms of the interventions
were generally to reduce the edema and inflammatory reac-
tion, improve local blood circulation, prevent axonal injury,
and promote injured axonal regeneration. Fasudil is a typical
Rock inhibitor, which had an effect on reducing inflammatory
cytokines, inhibiting inflammatory cell adhesion and invasion
(Yamashita et al. 2007). and improving the microcirculation of
increase local blood flow (Shin et al. 2007). Whether fasudil
treatment could alleviate the secondary degeneration of RGCs
was not clear. Our results here indicated that fasudil treatment
did have a suppressive effect on apoptosis of rabbit primary
RGCs in vitro. Moreover, in the rabbits with traumatic optic
nerve injury, fasudil injection reduced Rock, RhoA and
Caspase-3 expression and apoptosis of RGCs. These data in-
dicated that fasudil could alleviate the secondary degeneration
of RGCs.

In conclusion, we established a rabbit model of traumatic
retinal nerve injury. Fasudil treatment significant reduced the
apoptosis of RGCs and relieved retinal nerve injury in vitro
and in vivo.
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