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Abstract
· AIM: To evaluate the influence of an intravitreal
injection of bevacizumab and fasudil on the retinal
vascular endothelial growth factor (VEGF), tumor
necrosis factor alpha (TNF琢), and caspase 3 levels in a
diabetic rabbit model.

· METHODS: The study included 6 healthy rabbits
(Group 1), 6 rabbits with experimentally induced diabetes
mellitus (DM) (Group 2), 7 rabbits with experimentally
induced DM to which intravitreal bevacizumab was
administered (Group 3), and 7 rabbits with experimentally
induced DM to which intravitreal fasudil was
administered (Group 4). An intravitreal injection of
1.25mg/50滋L bevacizumab in the right eye of rabbits in
Group 3 and an intravitreal injection of 0.0064mg/50滋L
fasudil in the right eye of rabbits in Group 4 were
administered on day 21 after the induction of DM. The
studied eyes of the rabbits were enucleated three days
after the intravitreal injection. The TNF琢, VEGF, and
caspase 3 levels were determined using the ELISA
method.

· RESULTS: There was a statistically significant
difference in the VEGF and caspase 3 levels between
groups ( =0.005 and =0.013, respectively), but the TNF
琢 level did not differ significantly between groups ( =
0.792). It was found that VEGF levels were significantly
lower in Group 1 and Group 3 than in Group 2 using the
Mann-Whitney test with the Bonferroni correction ( =
0.004 for both comparison). There was no statistically
significant difference between other groups with regard
to VEGF levels (the value ranged between 0.015 and
0.886). Although the values of the caspase 3 levels
were 0.015 for Group 1 and Group 4, 0.038 for Group 2

and Group 3, and 0.018 for Group 3 and Group 4, these
values remained above the threshold value of 0.0083,
which was the statistically significant level for post hoc
tests.

·CONCLUSION: An intravitreal injection of bevacizumab
decreased both the VEGF level, which plays a role in
angiogenesis, and the caspase 3 level, which plays a role
in apoptosis. Although not as effective as bevacizumab,
fasudil had a beneficial effect on the VEGF levels but
significantly increased the caspase 3 levels.
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INTRODUCTION

T he growing prevalence of diabetic retinopathy, the
common ocular complication of diabetes mellitus (DM),

is a critical problem for global public health [1]. While visual
acuity is not always affected in early stages, progression of
the diabetic retinopathy leads to severe vision loss[2].
Vascular endothelial growth factor (VEGF) has been shown
to play a major role in macular edema and retinal
neovascularization [3,4]. Activation of the VEGF-receptor
pathway triggers a network of signaling processes that
promotes endothelial cell growth, migration, survival from
preexisting vessels, differentiation, and mobilization of
endothelial progenitor cells from the bone marrow into the
peripheral circulation[5-7]. Furthermore, VEGF increases vessel
permeability, leading to the deposition of proteins in the
interstitium that facilitate the process of angiogenesis[8].
Bevacizumab is a complete full-length humanized antibody
that binds to all subtypes of VEGF and is successfully used in
tumor therapy as a systemic drug [5]. Recent studies have
demonstrated the usefulness of an intravitreal injection of
bevacizumab in the reduction of macular edema secondary to
central retinal vein occlusion, vascular permeability, and
proliferative diabetic retinopathy[9,10].
The Rho/Rho-associated protein kinase (ROCK) pathway
promotes leukocyte adhesion to the microvasculature by
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affecting the expression and function of adhesion molecules,
including intercellular adhesion molecules (ICAMs)-1 and
integrins[11-13]. Moreover, ROCK causes firm adhesion through
the activation of ezrin, radixin, and moesin in endothelial
cells, which jointly form the anchoring structures for
leukocyte integrins [14,15]. These findings suggest that the
elevated activity of the Rho-ROCK pathway is involved in
the pathogenesis of diabetic microvasculopathy mediated
through leukocyte adhesion[2].
The specific Rho-kinase inhibitor fasudil is relatively safe
and effective in cardiovascular disease [16]. Fasudil prevent
development of diabetic nephropathy in diabetic rats [17]. The
therapeutic potential of fasudil for ocular angiogenic diseases
through the blockade not only of Rho-kinase signaling but
also of extracellular signal-related kinase and Akt signaling is
demonstrated study [18]. Intravitreal fasudil protects
the vascular endothelium by inhibiting neutrophil adhesion
and reducing neutrophil-induced endothelial injury in
diabetic rats[19].
During the acute stages of diabetes, retinal neuropathy
symptoms, including retinal neural function disorder,
increases in the apoptosis of retinal ganglion cells and
caspase 3 activity, and abnormal metabolic changes in retinal
glial cells, have been observed [20,21]. VEGF is elevated in
diabetic retinopathy and causes both proliferation and
increased permeability in vascular endothelial cells [4]. Tumor
necrosis factor alpha (TNF琢) is an important pro-
inflammatory factor in retinal and central nervous system
neurodegenerative diseases, such as diabetic retinopathy and
Parkinson's disease[22,23].
We evaluated the effect of intravitreal bevacizumab and
fasudil on retinal VEGF, TNF琢, and caspase 3 levels in a
diabetic rabbit model.
MATERIALS AND METHODS
Materials Thirty-six male albino New Zealand rabbits
weighing 2.0-2.5kg were included in the study. They were
housed in a room held at 22 依1℃ and 66% 依3% humidity
with a 24-hour light-dark cycle. They were handled in
accordance with the ARVO statement for the Use of Animals
in Ophthalmic and Vision Research. The study was carried
out with approval from the Committee on the Ethics of
Animal Experiments of Abant Izzet Baysal University.
Methods Animals were randomly assigned to the groups.
Diabetes was induced by a single intraperitoneal injection of
150mg/kg streptozotocin (Calbiochem, Massachusetts, USA)
dissolved in freshly prepared citrate buffer (0.1mol/L citrate
and 0.2mol/L sodium phosphate, pH4.5) under intraperitoneal
50mg/kg ketamine and 5mg/kg xylazine anesthesia [24]. Two
days after the streptozotocin injection, streptozotocin-injected
rabbits were considered diabetic when the fasting glucose
level was found to be >145mg/dL with an Accu-Chek Go
(Roche, Basel, Switzerland) by puncturing the marginal vein
of the rabbit's ear. The fasting blood glucose level was
monitored weekly. We excluded 9 rabbits from the study (2

rabbits died before the initiation of the study, 1 rabbit died
after the day of streptozotocin injection, 5 rabbits did not
become diabetic after the streptozotocin injection, and 1
diabetic rabbit had a normal blood glucose level during the
follow-up period). The rabbits were divided into 4 groups.
Group 1 comprised 6 untreated, healthy rabbits; Group 2
comprised 6 diabetic rabbits; Group 3 comprised 7 diabetic
rabbits treated with single intravitreal bevacizumab injection
(1.25mg/50滋L); and Group 4 comprised 7 diabetic rabbits
treated with single intravitreal fasudil injection [0.0064mg
(180滋mol/L)/50滋L], which was dissolved with intraocular
irrigating solution (Bausch&Lomb, Waterford, Ireland).
Bevacizumab and fasudil were purchased from Roche
Pharma AG (Basel, Switzerland) and Calbiochem
(Massachusetts, USA), respectively. The diabetic rabbits
were kept under diabetic conditions for 21d, after which
intravitreal bevacizumab and intravitreal fasudil were
injected over a period of 1min intravitreally to rabbits in
Group 3 and Group 4 with a sterile 30-gauge needle from
1mm of the limbus. After 3d of single intravitreal injection,
rabbits were sacrificed by an intraperitoneal injection of
200mg/kg sodium pentobarbital. The eyes were enucleated,
and the retina was dissected, and samples were prepared and
stored according to the manufacturer's instructions until the
ELISA was performed. The VEGF and TNF琢 levels were
estimated with kits from Cusabio Biotech Co., Ltd. (Wuhan,
China), and the caspase 3 levels were estimated with a kit
from BioVision Inc. (California, USA) according to the
manufacturers' instructions. We performed all measurements
in duplicate, and the tissue sample concentration was
calculated from a standard curve.
Statistical Analysis All values were expressed as the mean依
standard deviation. The statistical analysis was performed
using the Kruskal Wallis test and the Mann-Whitney test,
using the Bonferroni adjustment as the post hoc test.
Differences were accepted as significant for <0.05.
RESULTS
We did not encounter any clinically visible gross
complication in any group due to diabetes or any intervention
during the study. The blood glucose levels measured during
the study are presented in Table 1. The levels of VEGF,
TNF琢, and caspase 3 in all groups are presented in the
Figures (Figures 1-3).
There was a statistically significant difference between the
groups for the VEGF levels (Table 2). The Mann-Whitney
test using the Bonferroni adjustment revealed significant
differences between Group 1 and Group 2 and between
Group 2 and Group 3 (the values were 0.004 for both).
The significance of the difference between Group 2 and
Group 4 was 0.015, which was over the significance level of
0.0083 obtained by the Bonferroni adjustment. There was no
statistically significant difference between the groups for the
TNF琢 levels (Table 2). There was a statistically significant
difference between the groups for the caspase 3 levels (Table 2).
The Mann-Whitney test using the Bonferroni adjustment
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did not reveal a significant difference between groups (the
values were over 0.0083).

DISCUSSION
Inflammation, angiogenesis, and apoptosis play a role in the
development of diabetic retinopathy and its complications.
VEGF, also known as vascular permeability factor, has been
demonstrated to increase retinal vessel permeability and plays
a critical role in the pathogenesis of diabetic retinopathy [25].
Because VEGF has been shown to play a major role in
macular edema and retinal neovascularization, anti-VEGF
treatments have been used for the treatment of diabetic
retinopathy [3]. Bevacizumab is a complete full-length
humanized antibody that binds to all subtypes of VEGF. Ma

[26] reported that a single intraocular injection of
bevacizumab (25mg/mL) may be beneficial as a therapy for
preventing retinal vascular endothelial cell growth in the eyes
of diabetic rats. In the current study, VEGF level decreased
nearly to control group level in diabetic eyes after a single
intravitreal bevacizumab injection.
The ROCK pathway plays an important role in pathological
vascular conditions. The ROCK pathway promotes leukocyte
adhesion to the microvasculature by affecting the expression

Figure 2 Retinal tumor necrosis factor alpha levels of the
groups The box represents 50% of the sample. The remaining 50%
of the sample is contained within the areas between the box and the
whiskers, with some exceptions (outliers). Single line inside the box
represents median. Small circle represents the outlier with its
number in fasudil group.

Figure 3 Retinal caspase 3 levels of the groups The box
represents 50% of the sample. The remaining 50% of the sample is
contained within the areas between the box and the whiskers, with
some exceptions (outliers). Single line inside the box represents
median. Small circle and asterisk represents the outlier with its
number in bevacizumab group and diabetes group, respectively.

Figure 1 Retinal vascular endothelial growth factor levels of
the groups The box represents 50% of the sample. The remaining
50% of the sample is contained within the areas between the box
and the whiskers, with some exceptions (outliers). Single line inside
the box represents median.

Table 1 Fasting blood glucose levels of the groups                                      sx ±  
Fasting blood glucose level (mg/dL) 

Groups 
Initial 2nd day 9 th day 16th day 23 rd day 

Group 1 87±8.07 86±9.13 88±8.62 82±10.02 90±9.06 
Group 2 90±7.92 238±17.13 230±17.13 224±22.34 236±23.04 
Group 3 84±8.24 229±21.18 223±21.18 220±18.54 230±21.73 
Group 4 91±8.62 230±18.65 231±19.42 224±20.22 226±21.38 

 Table 2 VEGF, TNFα  and caspase 3 levels of the groups 
Groups Group 1 Group 2 Group 3 Group 4 1P 
VEGF (pg/mL)±SD 0.814±0.568 2.910±1.032 1.025±0.633 1.403±0.551 0.005 
Caspase 3 (%)±SD 97.33±96.26 202.33±54.87 127.71±79.15 296.00±128.87 0.013 
TNF α (pg/mL)±SD 1.319±1.194 1.003±1.251 1.177±0.698 1.264±0.739 0.792 

1Kruskal Wallis test. TNF: Tumor necrosis factor; VEGF: Vascular endothelial growth factor. 
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and function of adhesion molecules. ROCK activation
dephosphorylates endothelial nitric oxide synthase and
decreases NO, which is an antiapoptotic factor[27,28]. Fasudil is
a potent ROCK inhibitor, and it has a therapeutic potential
for lung cancer by inhibiting cell proliferation, migration,
invasion, matrix metalloproteinase activity, and down-
regulating the expression of RhoA and VEGF[29]. Kuno [30]

reported that fasudil inhibits TGF-beta-stimulated VEGF
synthesis in osteoblast-like cell cultures. As a first study of
intravitreal fasudil injection, Arita [19] applied intravitreal
fasudil injections after diabetes onset and reported that the
ROCK pathway plays a critical role in diabetic retinal
microvasculopathy [19]. They repeated the fasudil injection
every 3d after diabetes onset for 2 weeks due to the low
half-life of fasudil. In the current study, we applied a single
injection and studied the retinal parameters after 72h of
injection. The VEGF level in the fasudil-injected group was
lower than that in the diabetic group, but this difference was
not statistically significant, most likely due to the small study
group. The VEGF level of the fasudil-injected group was
slightly higher than the VEGF levels of the control and
bevacizumab-injected groups. Future studies are needed to
determine the appropriate intravitreal dosage and form of
fasudil due to the short half-life of fasudil and the limited
number of studies.
TNF琢 contributes to the development of inflammation and
the secretion of other cytokines. TNF琢 leads to the loss of
retinal microvascular cells and plays a role in the early
pathogenesis of diabetic retinopathy [31]. The widespread
distribution of TNF琢 and the nature of the adhesion
molecules expressed by vascular endothelial cells in
proliferative diabetic retinopathy membranes suggest that the
local activation of TNF琢 and the enhanced expression of
vascular cell adhesion molecules may play an important role
in the development of the proliferative phase of diabetic
retinopathy [32]. TNF 琢 and other inflammatory factors are
expressed at significantly high levels under high glucose in
human mesangial cells, and fasudil pretreatment decreases
the TNF琢 secretion [33]. We investigated the effects of
bevacizumab and fasudil on retinal TNF琢 levels in an
experimental diabetes model. We did not determine a
significant difference between the groups. This was most
likely due to the shorter study period in the current study; the
duration was not long enough for the development of the
neovascularization process.
Li [34] reported that there is a significant increase in
caspase 3 protein expression and that localization occurs in
the nerve fiber layer, ganglion cell layer, and inner plexiform
layer of the retina 2 weeks after the induction of diabetes.
The intravitreal injection of 1.25mg of intravitreal
bevacizumab does not result in structural changes in a
porcine retina or changes in retinal caspase 3 levels [35]. The
ROCK inhibitor prevented hepatocyte damage in acute liver
injury in rats and merits consideration as a hepatocyte-

protective agent in liver injury, considering its direct
antiapoptotic effect on hepatocytes by decreasing
caspase 3 [36]. In the current study, caspase 3 was significantly
increased in the diabetic group. We determined that there was
a significant difference in the caspase 3 levels of the groups
( =0.013). The caspase 3 level in the bevacizumab-applied
group decreased nearly to control group levels, but the
caspase 3 level in the fasudil-applied group exceeded the
levels of caspase 3 in the diabetic group. According to the
results of this study, we can propose that bevacizumab has an
antiapoptotic effect but fasudil increases apoptosis at this
dosage when applied as an intravitreal injection. Future
studies investigating the dosage and application model of
fasudil are needed.
There are some critical limitations to this study. This study
was designed to investigate short-term changes. We induced
an experimental diabetes model in rabbits using
streptozotocin, which is not preferred in studies investigating
long-term diabetes effects; in those studies, alloxan is
frequently preferred. Alloxan produces severe diabetes;
streptozotocin is less toxic, and the mortality rate of animals
is lower for streptozotocin than for alloxan. Therapeutic and
toxic dosages of intravitreal fasudil injections have not yet
been determined. The dosage injected in the current study
decreased the VEGF level but increased the caspase 3 level.
Further research using test with higher specificites (Western
blot), detecting apoptosis by other method (terminal
deoxynucleotidyl transferase dUTP nick end labeling) and
studying more cytokines (interleukins) are needed to
elucidate the effect of intravitreal fasudil injection.
Bevacizumab decreased VEGF and caspase 3 levels as a
standard intravitreal agent. For the injected route and dosage,
fasudil decreased VEGF levels but not as effectively as
bevacizumab. However, fasudil increased the caspase 3 level,
and this effect might alter either the dosage or application
route of fasudil. The ROCK pathway plays a role in the
pathogenesis of diabetes, and applications of the ROCK
inhibitor may play a potential therapeutic role in diabetic
retinopathy. Future research is required to fully determine the
presumed effect of fasudil on diabetic retinopathy.
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