
Macular edema and retinal neovascularization are asso-
ciated with visual loss in several diseases, such as ischemic 
retinopathies (including diabetic retinopathy and retinal 
vascular occlusive diseases). Although vascular components 
are the most obvious pathology of these diseases, neurodegen-
eration and some degree of inflammation also contribute to 
the pathogenesis [1,2]. The pathology in diabetic retinopathy 
is related not only to vascular problems but also to microglial 
activation, increased expression of inflammatory cytokines, 
adherence of leukocytes to retinal microvasculature, and 
death of neurons [3-6]. There is a strong connection between 
vascular, inflammatory, and neuronal components in the 
pathogenesis of these retinopathies. It has been hypothesized 
that by causing leukocytosis, subsequent microvascular occlu-
sion, increased vascular endothelial growth factor (VEGF), 
and inflammation contribute to the development of vascular 
abnormalities resulting in retinal ischemia, which becomes 

the initiating event in neurodegeneration and neovasculariza-
tion [5-9].

VEGF, a neuroprotective molecule, might also be 
secreted as an adaptive response to inflammation, in turn 
creating vascular permeability and angiogenesis. VEGF is 
one of the main causes of neovascularization and increased 
vessel permeability associated with many retinopathies. 
VEGF antagonism can diminish edema and neovascular-
ization in ischemic and inflammatory retinopathies. This 
has been shown in clinical trials and case studies [10,11]. 
However, there is a concern that the inhibition of VEGF, a 
neuroprotective molecule, might cause neurodegeneration 
[12]. In one clinical trial, the constant blocking of VEGF 
caused the death of retinal ganglion cells (RGCs) [13]. None-
theless, in other trials the opposite was shown, and animal 
studies suggest this risk is minimal [14-16].

Bevacizumab (BEV) is a human monoclonal recombi-
nant antibody that attaches specifically to VEGF and binds all 
isoforms of VEGF-A. BEV is the first anti-VEGF molecule 
used in clinical settings. BEV prevents the VEGF molecule 
from binding to its receptor on endothelial cells. BEV has two 
antigen-binding sites and weighs 140 kDa. It is frequently 
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used in ophthalmology with off-label status for the treatment 
of retinal diseases. Repeated clinical trials have shown that 
0.125 mg of BEV is effective with minimal side effects, and 
subsequent injections can be 4 or 5 weeks apart due to the 
antibody’s long half-life [17].

The model of ischemia and reperfusion (IR) by increasing 
intraocular pressure includes temporary ischemia followed by 
reperfusion, which causes inflammation and degeneration in 
the retina. This procedure is a model of the neuronal damage 
in transient retinal vessel occlusion. In most IR studies, 
ischemia lasting from 45 to 120 min is employed, and the 
retinal function and histological changes are observed after 7 
to 10 days of reperfusion; an electroretinogram (ERG) shows 
reduced a- and b-waves, indicating a decrease in neuronal 
function, and the reduced thickness of the retinal layers, 
including the ganglion cell layer (GCL), inner nuclear layer 
(INL), and inner plexiform layer (INP), are shown by histo-
logical analysis after IR [18-21]. Terminal deoxynucleotidyl 
transferase-mediated dUTP Nick-end labeling (TUNEL) 
of the retina after ischemia shows neuronal apoptosis in all 
retinal layers. One study also mentioned that IR might be 
a model for diabetic retinopathy. The study suggested the 
hypothesis that diabetic retinopathy damage occurring to the 
vasculature, in turn, damages the retina is not entirely correct; 
the neuronal retina is damaged first. This, in turn, damages 
the vasculature and augments the pathology. The results 
were coherent with the study hypothesis, showing there was 
a loss in the neuronal retina but no apparent damage to the 
vasculature 2 days after ischemia. The number of degenerated 
vascular cells was observed only after 7 and 8 days [22].

In this study, we investigated the effects of an intravitreal 
injection of BEV on the retina in a model of IR. The retinal 
cells were counted, and the apoptotic index was calculated 
in the GCL. The VEGFR-2 level was analyzed qualitatively 
in the RGC layer and in the choroid. The results demon-
strated that although decreased VEGFR-2 and subsequent 
action of VEGF due to BEV had no adverse effect on the 
retina, VEGFR-2 reduced apoptosis and ganglion cell death 
compared to the other group that did not receive BEV. This 
study demonstrates that although VEGF is a neurotrophic 
factor when it is secreted in high amounts in response to 
ischemia, VEGF might become harmful. Thus, reducing it 
with an antagonist in ischemic situations helps to limit the 
extent of the pathology.

METHODS

Animal model: In total, 18 Wistar albino rats weighing 
200–300 g were used. The rats were obtained from the 
Yeditepe University Experimental Animal Laboratory, 
Istanbul, Turkey, were housed under a constant light-dark 
cycle, were fed ad libitum with normal rat chow, and were 
given free access to water. Animals were treated in accor-
dance with the guidelines of the Yeditepe University Labora-
tory Animals Ethical Committee (Permission No: 184) and in 
compliance with the ARVO Statement for the Use of Animals 
in Ophthalmic and Visual Research.

VEGF antibody BEV: A pharmaceutical-grade formulation 
of humanized VEGF antibody BEV (25 mg/ml solution: 
Avastin; Genentech Inc., South San Francisco, CA) was used. 
The drug was injected intravitreally (0.005 ml/eye) with a 
30-gauge needle 48 h before IR or the sham treatment.

Figure 1. Stereological analysis 
of the rat retina demonstrates 
surviving cells in the ganglion 
cell layer. The control group has 
the highest number of living cells 
as expected since they did not 
receive any manipulation. The 
important data in this graph is that 
the bevacizumab (BEV) group has 
more living cells than the ischemia 
and reperfusion (IR) group. This 
is an important finding that shows 
bevacizumab is neuroprotective in 
the event of ischemia and reper-
fusion. *p<0.01, **p<0.001 and 
***p<0.0001. Error bars are median 
± standard error of the mean (SEM), 
where n=6. 
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Ischemia-reperfusion: Deep anesthesia was induced in the 
rats with an intraperitoneal injection of ketamine (100 mg/
kg) and chlorpromazine (25 mg/kg). Ischemia was applied 
to the eye by increasing the intraocular pressure and thus, 
cutting off the blood supply from the retinal artery. Increased 
pressure was achieved through the introduction of sterile 
saline through a 30-gauge needle that was inserted into the 
anterior chamber of the eye through the cornea. The sterile 
saline reservoir was raised to a 100-cm height to achieve a 
74 mmHg pressure in the anterior chamber, and the reservoir 
was maintained at that height for 45 min. The measurement 
of intraocular pressure was conducted using a TonoPen XL 
tonometer (Mentor, Inc., Norwell, MA) calibrated according 
to the manufacturer’s instructions. The retina was monitored 

for blanching, indicating loss of blood flow. After 45 min, the 
saline reservoir was lowered, allowing for natural eye reper-
fusion for 48 h. Reperfusion was confirmed by observing 
the retina returning to its original color. Sham-treated eyes 
were treated by briefly inserting a 30-gauge needle into the 
anterior chamber of the eye through the cornea.

The rats were divided into three groups of six animals 
each: Group 1 was the control group with the sham treatment 
and was euthanized after 48 h. Group 2 was the IR group but 
did not receive BEV and was euthanized 48 h after IR. Group 
3 received 0.125 mg (0.005 ml) of BEV (BEV) 48 h before IR 
and was euthanized 48 h after IR.

Euthanasia and cardiac perfusion tissue processing: Eutha-
nasia was achieved by thoracotomy and intracardiac perfusion 

Figure 2. Comparison of histological cross sections of the control, IR, and BEV groups. White arrows indicate the cells at the retinal ganglion 
cell layer. Staining: Hematoxylin and eosin. Scale bar: 50 µm. C = control; IR = ischemia and reperfusion; BEV = bevacizumab.
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of 2.5% glutaraldehyde in a cacodylate buffer solution (0.1 
M cacodylic acid sodium salt, pH 7.4) under deep anesthesia 
with an intramuscular injection of ketamine hydrochloride 
(100 mg/kg) and chlorpromazine (25 mg/kg). Right eyes of 
all rats were enucleated after euthanasia and were used for 
histological evaluation. The eye was fixed with immersion in 
10% neutral formaldehyde in 0.1 M PBS (140 mM NaCl, 10 
mM Phosphate Buffer, 3 mM KCl, pH 7.4) at 4 °C for about 
48 h. Dehydration was performed by treatment with a graded 

ethanol series (50%, 70%, 80%, 96%, and 100% ethanol) 
followed by treatment with 125 xylene, and the eye from each 
animal was embedded in paraffin wax. A paraffin-embedded 
20-μm-thick section was cut from each block in six animals.

Stereological analysis: The nuclei numbers of cells in the 
RGC layer per eye were estimated using the optical fraction-
ator. This technique is composed of an optical dissector with 
the fractionator sampling design [23].

Figure 3. The apoptotic indices of 
the three groups. As expected, the 
lowest apoptosis is in the control 
group since they did not receive 
any insult. The important finding 
in this graph is the significantly 
lower apoptosis in the bevacizumab 
(BEV) group compared with the 
ischemia-reperfusion (IR) group. 
**p<0.01 and ***p<0.001. Error 
bars are median ± standard error of 
the mean (SEM), where n=6.

Table 1. ToTal cell counT in RGcl and opTical dissecToR paRameTeRs.

Groups name 
 

Control 
n=6

IR 
n=6

Bevacizumab 
n=6

Mean Total Retinal Ggl Cell Count ± 
SEM 203.712±27.749 131.133±16.025 173.289±5.336
Dissector Particle Number 446 319 393
Section Thickness (µm) 20,5 19,5 19,7
Number of Sampled Sections 25,2 23 24
CE 0,05 0,05 0,05
CV 0,09 0,14 0,09

Mean total ganglion cell count ±SEM, mean dissector number, section thickness, number of sampled sec-
tions, coefficient of error (CE), and coefficient of variation (CV) of stereological analysis between sub-
jected to ischemia/reperfusion and treatment groups in the rodents. The stastical difference between all 
the groups is significant ; between C and IR p<0.0001, C and BEV p<0.01 and IR and BEV p<0.01. The 
neurodegenerative effects of IR and the neuroprotective effects of BEV were examined by inducing 45 
min of an ischemic insult and following a reperfusion of 48 h. There were 203.712±27.749 cells in the 
RGCL in the control group and 131.133±16.025in the IR group, showing a 36% decrease in living cells 
as a strong sign of neurodegeneration (p<0.0001). When we compared the cell numbers in the BEV group 
173.289±5.336to the IR group 131.133±16.025we clearly saw there was a higher number of cells in the 
BEV group, and the difference was statistically significant (p<0.01). This is a strong clue that BEV has a 
neuroprotective effect in the event of ischemia.
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Equipment, delineation of the region of interest and cell 
counting: The total nuclei number of cells in the RGC layer 
was counted using the Stereo Investigator version 7.5 (Micro-
BrightField, Colchester, VT) and observed on a computer 
screen connected to a Leica DM 4000 microscope (Leica, 
Weltzlar, Germany). The x and y planes had a stage that 

moved a motorized connected joystick. To move the z-axis, 
the focus button on the microscope was used manually. This 
axis distance was measured using the Heidenhain electronic 
microcator (Heidenhain, Traunreut, Germany). A general 
examination of the sections was observed using a 4X objec-
tive lens, but the counting of the nuclei was performed using 
a 63X Plan Apo objective (NA = 1.40).

Table 2. apopToTic index of The expeRimenTal GRoups.

Group name Control (n=6) BEV (n=6) IR (n=6)
Mean apoptotic index % (TUNEL [+] cells/total cells) ±SEM 0.018±0.004 0.243±0.203 0.647±0.212

The comparison of apoptotic indices of control, bev and IR groups. Among the groups that were manipulated IR group has higher apop-
totic index compared to the BEV group. This is an indication showing the probable neuroprotective effect of bevacizumab. The statistical 
difference between all groups is significant; between C and IR p<0.001, C and BEV p<0.01 and IR and BEV p<0.01.

Figure 4. Immunohistochemical evaluation of TUNEL-stained tissue samples: control, IR, and BEV. The black arrows point out the apoptotic 
ganglion cells in the retina layers. Scale bar: 50 µm. C = control; IR = ischemia and reperfusion; BEV = bevacizumab.
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Sampling: The total nuclei number of cells in the RGC layer 
was counted using an unbiased estimation with systematic 
random sampling of 1 to 10. All of the retinal tissue was 
included in the counting. In focusing continually to a depth 
of 16 µm in the tissue section, a 2-μm zone at the uppermost 
part of the section was counted at every step as the upper 
guard zone. The mean thickness was a thickness-sampling 
fraction, which was 16 μm/t.

Estimate of total cell numbers: The total nuclei number (N) 
of cells in the RGC layer was estimated, as described by West 
et al. [23,24]. The equation in this study was **n = ΣQ- × 
1/ hsf × 1 / asf × 1 / ssf [1]. ΣQ- is the total number of cells 
in the RGC layer counted in all optically sampled fields of 
the retina (ssf is the section sampling fraction [1/10], asf is 
the area sampling fraction [900/40,000], and hsf is the height 
sampling fraction [defined by dissector height (16 μm)] sepa-
rated by the estimated mean section thickness).

Eye histology: Paraffin-embedded eye blocks from six 
animals were inspected for histological procedures. A 
paraffin-embedded 20-μm-thick section was cut from each 
block. We used poly-L-lysine-coated slides for these sections.

The eye sections were deparaffinized in xylene and rehy-
drated with descending amounts in an ethanol series (100%, 
96%, 80%, 70%, and 50%). Then, they were brought to the 
distillated water. Sections were immersed in filtered Harris 
hematoxylin (St Louis, MO) for 1 min. Then, the sections 
were rinsed with tap water until the water was clear. They 
were immersed in an eosin stain for 5 min, and the eye slides 
were washed in tap water until the water was clear. Next, the 
sections were dehydrated by ascending into ethanol solutions 

(50%, 70%, 80%, 95% × 2, and 100% × 2). After dehydra-
tion, the slides were cleared with xylene. The sections were 
mounted on a labeled glass slide with Permount. (Milan, 
Italy) The sections were analyzed with stereological rules.

Immunohistochemical processing: Paraffin-embedded eye 
blocks in six animals for each group were inspected for 
two immunohistochemistry procedures. In total, 36 serial 
20-μm-thick sections of paraffin-embedded blocks were 
inspected. First, to detect apoptotic cells, 18 sections were 
chosen for the in situ cell death detection kit, POD (Roche 
Diagnostics; Mannheim, Germany) according to the instruc-
tions supplied by the manufacturer. The other 18 sections 
were used for the VEGF Receptor 2 (Cell Signaling; Danvers, 
MA).

In situ cell death detection: The staining procedure was 
performed according to the manufacturer’s instructions. 
Twenty-micrometer-thick eye sections were deparaffinized 
in xylene and rehydrated in ethanol. The sections were 
washed with PBS (0.1 mM, pH 7.2) and were incubated with 
detergent (Triton X-100 [Acros Organics; Geel, Belgium] was 
employed at 0.1% [v/v] in 0.1% [w/v] sodium citrate [Merck; 
Darmstadt, Germany] for 4 min on ice, and then, the slides 
were washed twice in PBS at room temperature [RT]). Next, 
the sections were kept in the citrate buffer (retrieval solu-
tion) in a 750 W microwave (Bosch HMT 812C domestic 
oven, Stuttgart, Germany, operating at a frequency of 2.45 
GHz with five power-level settings) at 45 s to 1 min, and the 
eye slides were then quickly immersed in PBS at RT (rapid 
cooling). The slides were placed in a humidified container 
and incubated with a Ready to Use (R.T.U.) VECTASTAIN 
Universal Kit (Vector Labs; Burlingame, CA, Cat No: PK 

Figure 5. VEGFR-2 staining inten-
sity of the RGC layer. There are two 
important points in this graph. The 
first one is the high VEGF response 
to the ischemia and reperfusion 
and its significant suppression by 
bevacizumab (** p<0.01 and *** 
p<0.001). Data expressed as median 
± standard error of the mean (SEM; 
n=6). BEV = bevacizumab; IR = 
ischemia-reperfusion.
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7800) in double-distillated water for 30 min at RT. Then, 
a terminal deoxynucleotidyl transferase-mediated dUTP 
Nick-end labeling (TUNEL) kit Label 1 (Stuttgart, Germany) 
was applied to the sections and incubated for 60 min in a 
humidified container and then in a 37 °C incubator. After 
incubation, the slides were washed twice with PBS for 5 min 
each time. This time, the sections were treated with a POD 
converter (horseradish peroxidase) for 30 min in a humidified 
container and then in the 37 °C incubator. The slides were 
washed using the same procedure. They were stained with 
0.05% 3,3′-diaminobenzidine tetrahydrochloride chromogen 
concentrate and diaminobenzidine substrate buffer (Thermo 
Scientific, Waltham,MA). Next, they were counterstained 
with Mayer’s hematoxylin (Darmstadt, Germany).

In situ cell death detection and cell counting: The staining 
procedure was performed according to the manufacturer’s 
instructions. Twenty micrometer-thick eye sections were 
deparaffinized in xylene and rehydrated in ethanol. The 
sections were washed with PBS (0.1 mM, pH 7.2) and were 
incubated with detergent (Triton X- 100 [Acros Organics; 
Geel, Belgium] was employed at 0.1% [v/v] in 0.1% [w/v] 
sodium citrate [Merck; Darmstadt, Germany] for 4 min on 
ice, and then, the slides were washed twice in PBS atroom 
temperature [RT]). Next, the sections were kept in the citrate 
buffer (retrieval solution) in a750 W microwave (Bosch HMT 
812C domestic oven operating at a frequency of 2.45 GHz 
with five power-level settings) at 45 s to 1 min, and the eye 
slides were 182 then quickly immersed in PBS at RT (rapid 

Figure 6. Immunohistochemical evaluation of VEGFR-2-stained tissue samples: C, IR, and BEV. VEGFR-2 staining intensity increased in 
the retina and choroid layers of the ischemia and reperfusion (IR) group, but this result was decreased in the bevacizumab (BEV) group. 
Stars indicate the choroid layer. C = control. Scale bar: 100 µm.
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cooling). The slides were placed in a humidified container 
and incubated with a Ready to Use (R.T.U.) VECTASTAIN 
Universal Kit (Vector Labs; Burlingame, CA, Cat No: PK 
7800) in double-distillated water for 30 min at RT. Then, a 
terminal deoxynucleotidyl transferase-mediated dUTP Nick-
end labeling (TUNEL) kit Label 1 was applied to the sections 
and incubated for 60 min in a humidified container and then 
in a 37 °C incubator. After incubation, the slides were washed 
twice with PBS for 5 min each time. This time, the sections 
were treated with a POD converter (horseradish peroxidase) 
for 30 min in a humidified container and then in the 37 °C 
incubator. The slides were washed using the same procedure. 
They were stained with 0.05% 3.3′-diaminobenzidine tetra-
hydrochloride chromogen concentrate and diaminobenzidine 
substrate buffer (Thermo Scientific, Waltham, MA). Next, 
they were counterstained with Mayer’s hematoxylin. The 
apoptotic, normal cells were marked using three different 
markers in each sampling frame.

Immunohistochemical labeling was scored considering 
the intensity and distribution of specific staining. Intensity 
of staining was reported based on H-score method, using 0 
for negative staining, 1+ for weak staining, 2+ for moderate 
staining, and 3+ for strong staining. From these semiquantita-
tive estimates of immunostaining, the H-score was derived 
according to a modification of a previously reported method 
[23]. The following formula produces an H-score in the range 
of 0–300, where 300 equals 100% of NF-κB positive cells 
stained strongly (i.e., 3+): H-score = (% of cells stained at 
intensity category 1 × 1) + (% of cells stained at intensity 

category 2 × 2) + (% of cells stained at intensity category 3 
× 3) [25].

Statistical analysis: All data are expressed as means ± stan-
dard error of the mean (SEM). Parametric test assumptions 
were available for the total cell number in the RGC layer and 
the apoptotic index of the RGC layer of the eye. They were 
analyzed with one-way ANOVA, and then multiple compari-
sons between the pairs of groups were performed according 
to Tukey’s test. The sections were stained for VEGFR-2 and 
scored accordingly, and then they were analyzed with a non-
parametric Mann–Whitney U test. The SPSS version 18.0 
system for PC (SPSS, Chicago, IL) was used, and a p value 
of less than 0.05 was considered statistically significant.

RESULTS

Stereological analysis for ganglion cell count: The neuro-
degenerative effects of IR and the neuroprotective effects 
of BEV were examined by inducing 45 min of ischemic 
insult and following reperfusion for 48 h. There were 
203.712±27.7490 cells in the RGC layer in the control group 
and 131.133±16.0250 cells in the IR group, showing a 36% 
decrease in living cells as a strong sign of neurodegeneration 
(p<0.0001). When we compared the cell numbers in the BEV 
group (173.289±5.33600) to the IR group (131.133±16.0250), 
we clearly saw there was a higher number of cells in the 
BEV group, and the difference was statistically significant 
(p<0.01). This is a strong clue that BEV has a neuroprotective 
effect in the event of ischemia (Figure 1, Figure 2, and Table 
1).

Figure 7. VEGFR-2 intensity of 
the choroid layer of the eye. Data 
expressed as median ± standard 
error of the mean (SEM; n=6). 
The response is the same as in 
the ganglion cell layer (GCL) as 
VEGFR-2 is suppressed by bevaci-
zumab (BEV) statistically signifi-
cantly (** p<0.01 and *** p<0.001). 
IR = ischemia and reperfusion.
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Immunohistochemical analysis for apoptosis: TUNEL-
positive stained cells were counted only in the RGC layer. 
Apoptotic and normal, and total cell numbers were calculated 
separately for each group. The apoptotic index was calculated 
by dividing the apoptotic cell number by the total cell number. 
The median values for the control, IR, and BEV groups were 
0.018±0.004, 0.647±0.0203, and 0.243±0.0203, respectively. 
The control group had the lowest apoptotic index compared 
to the other groups. The statistical difference between the 
control and IR groups (p<0.001) and the control and BEV 
groups (p<0.01) was statistically significant. When the BEV 
and IR groups were compared, the BEV group had a lower 
apoptotic index, and the difference was statistically signifi-
cant (p<0.01). This result was another strong sign showing 
the neuroprotective effect of BEV in the event of ischemia 
(Figure 3, Figure 4, and Table 2).

RGC layer VEGFR-2 analysis: The VEGFR-2 concentration 
scores in the RGC layer for the IR, BEV, and control groups 
were 53.3±2.97, 29.6±2.09, and 46.8±3.73, respectively. The 
differences between the groups were statistically significant. 
Given that VEGF is a neurotrophic factor for the retina, we 
wanted to determine whether the VEGFR-2 levels correlated 
with apoptosis and live cell numbers. However, these find-
ings showed a negative correlation because as the VEGFR-2 
levels increased, the number of living cells decreased, thus, 
increasing apoptosis. This result suggests that BEV by way of 
VEGF and VEGFR-2 antagonism might have an antiapoptotic 
effect (Figure 5 and Figure 6).

Choroid-level VEGFR-2 analysis: The VEGFR-2 concentra-
tion scores for the IR, BEV, and control groups were 47±2.28, 
30.7±3.12, and 53.40±4.50, respectively. The differences 
between the groups were statistically significant. The results 
are the exact same as the results in the RGC layer; the only 
difference is that it is less suppressed in the choroid compared 
to the retina, which might indicate that BEV, because of its 
large size, penetrates the choroid less (Figure 6 and Figure 7).

DISCUSSION

In this present study, we used pressure-induced retinal IR 
injury to model the pathology in an ischemic retinal disease. 
This is a useful model of the damage and responses that occur 
on a smaller scale during focal ischemic events caused by 
vessel dropout or vessel occlusion during diseases, such as 
diabetic retinopathy [22]. Although the vascular components 
are the most obvious pathology in ischemic diseases, various 
degrees of inflammation and neurodegeneration precede the 
vascular changes [1,2]. In this IR model, by increasing the 
ocular pressure, the blood supply to the retina is blocked 
because the pressure exceeds the systolic pressure of the 

retinal artery. Although not tested independently in this 
experimental model, it is reported in the literature that this 
model also causes neurodegeneration through the direct effect 
of increased intraocular pressure [26]. This neurodegenera-
tion and subsequent inflammation cause microvascular occlu-
sion, production of vasoactive compounds, such as VEGF, 
followed by vascular permeability increase and cell dropout. 
These events can initiate neovascularization [8,9]. Alterna-
tively, adaptive responses to neurodegeneration and inflam-
mation might cause the secretion of vasoactive compounds, 
causing neovascularization [10].

The retina responds to an ischemic insult with neurode-
generation and increased secretion of VEGF. VEGF contrib-
utes to vascular angiogenesis and permeability associated 
with many ischemic retinopathies [27]. In many clinical and 
case studies, it has been shown that VEGF antagonists reduce 
edema and neovascularization in ischemic and inflammatory 
retinopathies, supporting the previous statement [11,27]. 
VEGF is also a neurotrophic molecule, which is why it is 
likely that inhibition of this molecule might cause neurode-
generation [12,13,28]. In some animal studies, it has been 
observed that VEGF inhibition causes neurodegeneration 
[13]. Especially when used in high doses, VEGF antagonism 
creates a high degree of neurodegeneration, but in small 
doses, the toxic effects do not cause any important pathology 
[14,16,29]. In the present study, we used 0.005 ml (0.125 mg) 
of BEV intravitreally, which reduced cell death and apoptosis 
after the IR insult.

We also measured the VEGFR-2 amounts in the retina 
and the choroid to assess their responses to ischemic insult, 
as well as whether this affects apoptosis and cell death. 
VEGFR-2 levels increased mostly in the IR group. This 
finding is in accordance with other clinical studies in the 
literature, which show an increase in VEGF and VEGFR-2 
expression [30,31]. In a clinical study of rats, after 90 min of 
ischemia, VEGF levels were found to be 2 times the normal 
level after 7 days [32]. In another study conducted with rats, 
VEGF mRNA and protein expression was increased after 
cerebral ischemia [33-35].

There is not much information in the literature about the 
role of VEGFR in IR. It has been shown that in some cerebral 
IR models, VEGF inhibition limits vascular permeability. In 
one study, the inhibition of VEGF receptor kinase reduced 
edema after cerebral ischemia [11]. In another study with an 
opposite result, Nishijima et al. mentioned that after optical 
sheath occlusion, VEGF receptor agonist infusion minimized 
neuronal death [13]. In a similar study, increasing the expres-
sion of VEGF through an adenovirus also reduced neuronal 
death [36]. Abocouwer et al. showed that BEV administered 
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intravitreally in a retinal IR model did not change apoptosis 
but diminished vascular permeability [37]. In the present 
study, we found that BEV decreased the apoptosis of cells 
in the RGC layer. It has been extensively shown that BEV 
reduces vascular permeability. This reduction prohibits the 
excessive amount of oxygen during the reperfusion phase, 
which creates free oxygen radicals, thus reducing damage. 
In addition, when vascular permeability is limited, leukocyte 
infiltration is reduced, thus decreasing the inflammation that 
damages the tissue. It is also known that VEGF has different 
effects on different tissues. After cerebral ischemia, the 
VEGF expressed by microglial cells might have a neuro-
trophic effect [38], but the VEGF expressed after retinal 
ischemia might have a neurodegenerative effect [39].

Tsuchihashi et al. studied the effects of an anti-VEGF 
serum in an IR model of a rat liver [30]. The results showed 
that the group that received the anti-VEGF serum had less 
apoptosis, fewer proinflammatory cells, and more proteins 
that were antiapoptotic. The same study also showed that 
the anti-VEGF serum inhibits leukocytes migrating to 
the damage zone. The conclusion was that the anti-VEGF 
serum, being antiapoptotic, anti-inflammatory, and a leuko-
cyte migration inhibitor, is neuroprotective in IR injuries. 
However, Tsuri et al. showed that in an IR injury of the liver, 
VEGF serum had cytoprotective effects [39]. Similar findings 
were observed in an animal model of myocardial ischemia. In 
light of these findings, it has been hypothesized that system-
atically given VEGF saturates leukocyte receptors and limits 
their responses to locally secreted VEGF, thus limiting the 
damage.

Another important finding of the present study regards 
tissue penetration by BE . Mordenti et al. showed that mole-
cules larger than 70 kDa do not cross the internal limiting 
membrane (ILM) to the subretinal space [40]. In light of 
this study, we should assume that BEV, which is larger than 
70 kDa, will be unable to go to the subretinal space when 
given intravitreally. However, in the medical literature it has 
been shown that BEV can penetrate the ILM and go into the 
subretinal space. The reasons behind this finding might be 
the increased permeability of the ILM with old age, the high 
dosage used in ILM permeability studies, and the increased 
permeability in the macula compared to the peripheral retina. 
In the present study, we found that BEV reduced the amount 
of VEGFR-2 in the retina and the choroid, indirectly showing 
that VEGFR-2 penetrates both tissues. We also observed that 
the reduction in the level of VEGFR-2 in the choroid was 
lower than the level in the retina. In our opinion, this suggests 
the amount of BEV that reached the choroid was smaller than 
the amount that reached retina. The one reason behind this 

finding is the retina being a semipermeable barrier for BEV 
[41].

Anti-VEGF therapies are commonly used to treat reti-
nopathies [42]. Clinical studies of diabetic macular edema 
BEV and ranibizumab increased vision more when compared 
with laser therapies [43]. Similar results were obtained in 
studies of central or branch vein occlusion [44-48]. Although 
in some animal studies repeated VEGF injections caused the 
death of cells in the RGC layer [13], other studies have been 
unable to demonstrate this adverse effect [15,16]. In human 
trials, no significant adverse effects were observed [14].

The present study demonstrated that VEGF function 
contributes to the pathology in retinal IR and thus, suggests 
the IR model can be a useful tool in the study of VEGF-
induced retinopathies. The finding that the inhibition of 
VEGF activity by BEV decreases apoptosis after retinal 
IR further supports the conclusion that this treatment is not 
neurodegenerative; however, it might be neuroprotective. 
These data are highly important regarding the concerns 
that treatments, including blocking VEGF and VEGFR-2 
expression, might cause neuronal degeneration by blocking 
neurotrophic effects. The present study results also suggest 
that starting anti-VEGF therapies earlier, such as before 
any significant vascular pathology, might be beneficial to 
reducing the neuronal damage in ischemic diseases, such as 
diabetic retinopathy, and the IR model might prove useful for 
preclinical testing of treatments for such diseases.
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