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Efficiency of Argon Laser and Bevacizumab (Avastin) in Treatment
of Corneal Neovascularization in Experimental Animal Models
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HE AIM of the present work is to evaluate the effect of photodynamic therapy (PDT) by

using argon laser with rose bengal (Herbs) as a photosensitizer when compared to the Avastin
for treatment of corneal neovascularization (CNV) in rabbits. Thirty-Nine Newzealand male
rabbits aged 2.5 months and weighing 2.5-3 kg are selected from the animal house of research
institute of ophthalmology, Giza, Egypt. Three rabbits are considered as control, and thirty-six
rabbits are subjected to corneal neovascularization (CNV) induced by 3 silk sutures at mid-stromal
depth approximately 1 mm from the limbus. After four days, sutures are removed and slit lamp
examinations are performed to determine the area of CNV. Rabbits with CNV are divided into 3
groups: (1) The first group left without any treatment (n=12); (2) The second group (n=12 rabbits)
were generally anesthetized and rose bengal (C20H4CI41405) with a dose of 50 mg/Kg was
administered by slow intravenous injection in the marginal ear vein. After 15 minutes, rabbit’s eyes
were exposed to argon laser (Quantel-Medical, Vitra, France) in a pulsed mode at 532 nm, spot
size of 50 um, pulse duration of 0.2 ms and a power of 150-200 mW/cm 2.; (3) The third group has
been treated with subconjunctival injection of 25 mg Avastin (n=12). The rabbits were followed up
for 4 weeks and 3 rabbits are selected and sacrificed weekly from each group. The corneas have
been isolated for determination of protein content, SDS-poly acrylamide gel electrophoresis, total
antioxidant capacity (TAC) and total oxidative capacity (TOC). Final results show that avastin is
almost as effective as photodynamic therapy.
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The eye is a vital organ which gives us the sense
of sight, allowing us to learn more about the
surrounding world than we do with any of the
other four senses. Cornea is the outermost part of
the eye. It is clear with no blood vessels to nourish
it but it obtains its nourishments from the tear and
aqueous humor. It is an organized group of cells
and proteins arranged in five layers ®. It provides
two-thirds of the total ocular refractory power.
Corneal neovascularization (CNV) is considered
as one of the most common cause of blindness
worldwide @.  Corneal neovascularization
(CNV) is a challenging condition, and because
corneal clarity and avascularity are critical for
maintaining vision, developing treatments for
corneal NV is crucial. Corneal NV occurs as a
result of disequilibrium between angiogenic and

antiangiogenic stimuli ®¥. Many different types of
treatment have been tried previously for corneal
neovascularization. The primary treatments
of these vessels are the topical corticosteroids
and non-steroids anti-inflammatory  drugs.
However, if the vessels have been established
for an extended period, these treatments are ine-
ective ®. In photodynamic therapy, systemically
administered porphyrin derivatives accumulate
in proliferating endothelial cells. Laser energy is
then used to activate the porphyrin derivatives
librating cytotoxic oxygen free radicals ®. This
reactive oxygen species (ROS) facilitate the damage
of vascular endothelium by activates platelets,
leading to the formation of thrombus that occlude
the target vessels. Vascular endothelial growth
factor (VEGF) is a member of the platelet-
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derived growth factor (PDGF) family. The VEGF
gene family is constituted of VEGF-A, B, C, D
and placenta growth factor (PIGF), located on
chromosome 6p12 ™. VEGF is thought to cause
increment of vascular permeability by formation
of fenestrations in microvascular endothelium ®.
Inhibition of VEGF activity is key to treatment
of macular edema and prevention of progressive
capillary non-perfusion, especially in diabetic
retinopathy and retinal vein occlusions. Avastin
is a humanized monoclonal antibody that binds
to isoforms of VEGF-A ©. Avastin was initially
approved for the treatment of metastatic colorectal
cancer; however, it has since been used off-label to
treat a variety of ophthalmic conditions, including
neovascular age-related macular degeneration,
diabetic retinopathy, central retinal vein occlusion,
and neovascular glaucoma 49, The present work
aims to examine the efficacy of photodynamic
therapy (PDT) when compared to the Avastin
for treatment of corneal neovascularization
(CNV) in rabbit’s eye.

Materials and Methods

Thirty-Nine Newzealand male rabbits aged
about 3 months and weighing 2.5 - 3 kg are
selected from the animal house of research
institute of ophthalmology, Giza, Egypt. The
rabbits are maintained in a standard 12 hr light-
dark cycle with free access to water and balanced
diet at a temperature of 22 + 2°C and 50%
humidity. All rabbits’ eyes are examined by slit
lamp biomicroscope before induction of corneal
neovascularization. All procedures are conducted
according to the principles enunciated in the guide
for care and use of laboratory animals. They are
subjected to experimental protocols approved
by the local experimental ethical committee of
ophthalmic and vision research.

Slit lamp examination

All rabbits’ eyes are examined by slit lamp
biomicroscope before induction of corneal
neovascularization. The results indicate that there
are no signs of edema, corneal neovascularization
or intraocular inflammation in all eyes.

Corneal neovascularization procedure

Three rabbits are used as control, and
thirty-six rabbits (n=72 eyes) were generally
anesthetized using intramuscular Xylaject (0.2
ml/kg) and ketamine hydrochloride (0.6 ml/
kg). Benoxinate eye drops (0.4%) is used for
local anesthesia. Corneal neovascularization is
induced by a three-interrupted 7.0 silk sutures at

a mid-stromal depth approximately 1 mm from
the limbus @ (Fig. 1). Anti-inflammatory eye
drops (Diclofenac) was used three times daily
to treat pain and inflammation. After four days’
sutures were removed and slit lamp examinations
were performed to determine the area of corneal
neovascularization.

Fig.1. Three sutures in the rabbit's eye to induce
corneal neovascularization.

The rabbits are divided into 3 groups as follows:

Group with corneal neovascularization
(n=12 rabbits).

Group treated with photodynamic therapy

(n=12 rabbits) are generally anesthetized
and rose bengal with a dose of 50 mg/kg is
administered by slow intravenous injection in
the marginal ear vein. After 15 minutes, rabbits’
corneas are exposed to argon laser (Quantel-
Medical, Vitra, France) at 1 cm distance from
the cornea in a continuous mode of exposure at
532 nm for 5 minutes and a power of 150 mW/
cm?(Ophthalmology ~ department,  national
institute of laser enhanced science, Cairo
University, Egypt).

Group treated with Avastin

(n=12 rabbits), the rabbits are subjected to
subconjuctival injection of 25 mg /eye avastin
(Genentech Inc., San Francisco, CA). For a
follow up period of 1, 2, 3 and 4 weeks, 3 animals
are selected weekly from each group, sacrificed,
and the eyes are enucleated.

The corneas are removed carefully from
the anterior chamber and the neovascularized
portions of the corneas are isolated and accurately
weighed and homogenized using cell homogenizer
(type Tiibingen 7400, Germany), in a 10- fold
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volume of 20 mM ice-cold tris-HCl buler, pH 7.4.
The homogenate is centrifuged for 20 minutes at
10,000 rpm in a bench centrifuge (Awel centrifuge
MS 20, France). The resultant supernatant is
used for determination of total protein content,
SDS-PAGE, total antioxidant capacity (TAC) and
total oxidative capacity (TOC). All reagents are
of the highest purity available. Chemicals for
measurement of TAC and TOC were purchased
from Sigma Chemical Co. (St. Louis, MO).

Fig. 2. Corneal neovascularization formation after
removing the sutures.

Protein analysis

Corneal total protein content is determined
according to the method of Lowry et al. (1951)
2 The developing color was measured with a
spectrophotometer (type UV-visible recording
240 Graphical, Shimatzu, Japan) at 750 nm. Protein
composition of the cornea is analyzed by SDS —
Polyacrylamide Gel Electrophoresis (PAGE)
according to its molecular weight by the method
of Laemmli (1970) ™ using 3 % stacking geland 10
% separating gel.

Total antioxidative capacity (TAC)
The supernatants are subjected to biochemical
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analysis of the total antioxidative capacity using a
colorimetric method performed by the reaction of
antioxidants in the sample with a defined amount of
exogenously provided hydrogen peroxide (H202).
The TAC is determined at 505 nm by an enzymatic
reaction and the results are expressed in terms of
mM/g tissue 19,

Measurement of total oxidant capacity (TOC)

The TOC levels of the cornea are determined
using a colorimetric method 9. The color intensity
measured spectrophotometrically at 510 nm, is
related to the total number of oxidant molecules
present in the sample. The results are expressed in
terms of mM/g tissue 19,

Statistical analysis

Statistical analysis is performed using Student’s
t-test. The results are expressed as the mean =+
standard deviation (SD). Statistical significance is
assumed at a level of p < 0.05.

Results

Total Protein Content

Figure 3 summarizes the change in the total
protein content of the cornea after treatment of
corneal neovascularization with Avastin and PDT.
The total protein content for the control cornea
is 91.12 + 0.04 mg/g tissue increased to 116.86
+ 0.12 mg/g tissue after four weeks of corneal
neovascularization induction, with a percentage
change of approximately 28.25%. There was
gradual improvement over the four weeks in the
treated groups with both Avastin and PDT until the
total protein content significantly decrease to 91.43
+ 0.08 mg/g tissue and 91.16 + 0.05 mg/g tissue
with a percentage change of 0.34 % and 0.04 %,
respectively.

= PDT. CNV

1w 2W

3W

Periods (week)
Fig. 3. Total soluble protein content for the control group, CNV group, PDT group and Avastin treated group

after 1, 2, 3, and 4 weeks.
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SDS-PAGE for corneal protein
Figure 4 shows the SDS-polyacrylamide gel
electrophoresis scanning pattern of the corneal

protein after 1week for different groups as
compared with the control group.
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Fig. 4. SDS-electrophoresis scanning patterns, for the control group, CNV, PDT and Avastin treated group after

1week.

The control pattern is characterized by
presence of 14 peaks that varies in their molecular
weights, broadening and intensities. After one
week, the pattern shows a decrease in the number
of peaks in the CNV group where it becomes 11
peaks in addition to the change in the molecular
weights in most of the constituent peaks. The
disappearance of peaks is in the region between
40 kD and 50 kD and peak at 137 kD. Although
there is no noticeable change in number of peaks
for the two groups treated with Avastin and PDT,
but there are slight changes in the molecular
weights and optical density.

After two weeks, the electrophoretic pattern
shows progressive change in the molecular weight
and optical density for the CNV group as compared
with the control. In addition, as shown in Fig. 5,
a good improvement is observed in the molecular
weight and optical density after treatment with
Avastin and photodynamic therapy (PDT).

Moreover, after 3 weeks (Fig. 6), for the CNV
group there is a clear difference in both molecular
weight and optical density for many fractions if
compared with the control group. Additionally,
the improvement in photodynamic therapy (PDT)
group is slightly better than the improvement in the
group treated by Avastin.
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Fig. 5. SDS-electrophoresis scanning patterns of the cornea for the control group, CNV, PDT and Avastin treated

group after 2 weeks.
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Fig. 6. SDS- electrophoresis scanning patterns for the cornea measured after 3weeks for the control group, CNV,

PDT and Avastin treated group.

Furthermore, after 4 weeks, a comparison
is made for the control group and the other
three groups. As appears, in Fig.7, the SDS-
electrophoresis scanning patterns indicated that
there is a significant improvement in both groups
which are treated with photodynamic therapy
(PDT) and the other group that treated by Avastin.
Otherwise, there is a marked difference in both the
number of peaks, molecular weight, and optical
density in the corneal neovascularization (CNV)
group if compared with the control group. The
CNV pattern is characterized by presence of 15
peaks. This means that the number of peaks in this
group exceed the number of peaks of the control
group in addition to the formation of 3 peaks in
the region between 30 kD to 80 kD.

Total antioxidant capacity (TAC)

Figure 8 presents the TAC for the control
cornea as compared with the neovascularized
in addition to the treated groups. The TAC
for the control is 0.072 £ 0.002 mM/g tissue,
and significantly decreases to 0.058 + 0.001
mM/g tissue, in the CNV after four weeks with
a percentage change of 19.49 % (P<0.001).
Moreover, TAC shows gradual improvement
after 1, 2, 3, and 4 weeks for all treated groups.
The total antioxidant capacity after four weeks is
0.072 £ 0.003 and 0.074 + 0.003 (mM/g tissue)
for the PDT and Avastin groups, respectively. In
addition, when comparing the percentage change
with the control, it is 0.12 % (P>0.05) for PDT
and 2.59 % (P<0.05) for Avastin treated group.
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Fig. 7. SDS-electrophoresis scanning patterns for the cornea of rabbits are obtained after four weeks for different
groups as compared with the control group.
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Fig. 8. Total antioxidant capacity for the control group, CNV, PDT and Avastin treated groups after 1, 2, 3, and

4 weeks.

Total oxidative capacity (TOC)

Figure 9 summarizes the total oxidative
capacity (TOC) for the control group, CNV, PDT
and Avastin treated groups after 1, 2, 3, and 4
weeks.

TOC for the control cornea is 20.56 + 0.17
mM/g tissue, this value shows gradual increase in
the corneal neovascularized group (CNV) during
the follow up time to 29.60 + 0.08 mM/g tissue
with a percentage change of 43.97 % (p<0.001).
The results show that the total oxidative capacity
after four weeks are 20.38 £ 0.06 mM/g and 20.59
+ 0.16 mM/g tissue within the PDT group and
Avastin group, respectively.

In addition, improvement in PDT group is
similarto the Avastin treated group with a percentage
change of 1.17 % and 0.15%, respectively.

Discussion

Photodynamic therapy (PDT) is a method
of treatment concerning with the selective
accumulation of photosensitizing compound in the
hyperproliferative target cells followed by local
irradiation of lesion with visible light. Recently,
photodynamic therapy has gained increasing
interest in ophthalmology, representing an
experimental tool for the diagnosis and treatment
of abnormal tumors located in the eye. The
combination of drug and light, in the presence of
oxygen results in the selective destruction of the
target tissue by necrosis and apoptosis according
to the results obtained by LukSiené, 2003 7.
Several investigations reinforced the idea that
the efficiency of PDT is related to the yield of
oxygen in the environment of the tumor and its
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Fig. 9. Total oxidative capacity for the control group, CNV, PDT and Avastin treated groups after 1, 2, 3, and 4

weeks.
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yield depends on the concentration of oxygen
in the tissue. Hypoxic cells are very resistant
to photosensitization and the photodynamic
reaction mechanism may consume oxygen at a
rate sufficient to inhibit further photosensitization
effects. It has been suggested, that hyperbaric
oxygen might enhance the photosensitization
effect according to Henderson and Dougherty,
1992 ® Recently, the topical use of Avastin as
well as subconjunctival injection has also been
considered as a new treatment modality for
corneal NV according to the results obtained by
Uy, 2008 and Bahar, 2008 "™ Topical Avastin is
demonstrated to inhibit corneal NV after chemical
injury in an experimental rat model according to
the results obtained by Manzano et al., 2007.
@b In human, a small number of studies show that
topical bevacizumab (Avastin) can reduce corneal
NV in a few patients with significant corneal NV
according to Kim et al., 2008 and DeStafeno
et al., 2007.%*™ The purpose of this study is
to report the efficacy of treating experimental
corneal NV in rabbits by using photodynamic
therapy as compared with subconjunctival
injection of Avastin. In the present study, the
change in corneal protein after induction of NV
is evaluated. The results indicate elevated levels
of corneal protein percentage above the baseline
of the control (28.25%). Furthermore, decreasing
in protein content is observed during the next four
weeks after exposure to PDT and treatment with
Avastin due to regression of corneal NV. These
results suggest that, the induction of corneal NV
caused corneal hypoxia, inducing the formation of
new vascular growth by increasing the activity of
VEGF (The Association for Research in Vision
and Ophthalmology ARVO, 2008). This process
is associated with an enhanced formation of blood
vessels containing blood component, leading to
elevated levels of protein content of the cornea
and therefore changing in its SDS-electrophoresis
pattern. Furthermore, once rose bengal is activated
by argon laser in the presence of oxygen, highly
reactive, short-lived singlet oxygen and ROS are
generated. Laser activation of rose bengal resulted
in local damage to neovascular endothelium,
vessel occlusion, leading to gradual improvement
in protein content and in electrophoresis patterns
during the next four weeks after PDT, indicating
the suppression of vessels growth and the survival
of corneal tissue. It is well known that various
antioxidants have an additive effect, protecting
the organism from free radicals according to
Wayner et al., 1987 ?. In this regard, evaluation

Egypt. J. Biophys. Biomed. Engng. Vol. 18 (2017)

of TAC and TOC provides information about the
antioxidative and oxidative capacity of the tissues
according to the results obtained by Erel, 2004
@9, The present study evaluates the levels of TAC
and TOC of neovascularized cornea and cornea
exposed to PDT or treated with Avastin. Reactive
oxygen species (ROS) are produced in metabolic
and physiological processes, and harmful
oxidative reactions may occur in organisms that
remove them via enzymatic and non-enzymatic
antioxidative mechanisms. Unstable free radical
species attack cellular components causing
damage to lipids, proteins, and DNA, which can
initiate a chain of events resulting in the onset of a
variety of diseases. Furthermore, living organisms
have developed complex antioxidant systems
to counteract ROS and to reduce their damage
according to Yanik et al, 2004, Erel, 2005,
and Yeni et al., 2005 **?®  These antioxidant
systems include enzymes such as superoxide
dismutase, catalase, and glutathione peroxidase;
macromolecules such as albumin, ceruloplasmin,
and ferritin; and an array of small molecules,
including ascorbic acid, a-tocopherol, B-carotene,
reduce glutathione, uric acid, and bilirubin. The
sum of endogenous and food-derived antioxidants
represents the total antioxidant activity of
the system. The cooperation among different
antioxidants provides greater protection against
attack by reactive oxygen or nitrogen species,
than any single compound alone. Thus, the
overall antioxidant capacity may provide more
relevant biological information as compared to
that obtained by the measurement of individual
components, as it considers the cumulative effect
of all antioxidants present in tissues according
to Koracevic et al.,2001 ™. Oxidative stress
results from increased number of lipid and protein
oxidation products and decreased number of
antioxidant enzymes and vitamins according to the
results obtained by Koksal and Kurban, 2010®.
The present study exhibits a decrease in the TAC
and increase in TOC of the cornea after induction
of corneal NV. Furthermore, PDT stimulates
the antioxidant defense system by elevation of
TAC because it induces more oxidative stress.
These data indicated that PDT using rose bengal
and argon laser, show a stronger cytotoxicity to
neovascular endothelium that observed after one
week of laser treatment. Furthermore, since this
toxic effect of PDT appears is time dependent,
the results indicate gradual improvement of the
cornea after the 3  and 4th week of PDT.

The obtained results suggest that the
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oxidative/antioxidative balance shifts towards
the antioxidative status and PDT causes growth
cycle arrest that helps to prevent further damage
and give the cell time to repair the defect.
These results agree with previous reports of
Nowak-Sliwinska et al., 2006 *® and Chan et
al., 2010 ®Y. They concluded that, damaged
endothelium is known to release procoagulant
and vasoactive factors through the lipo-oxygenase
(leukotriene) and cyclo-oxygenase (eicosanoids
such as thromboxane) pathways, resulting in
platelet aggregation, fibrin clot formation and
vasoconstriction. In addition, the antiproliferative
activities would be not due to direct toxicity
against neovascularized cells but due to blocking
of some proliferative steps according to the results
obtained by Bortner and Cidlowski, 2002 ®?,

Conclusion

Corneal angiogenic factors include vascular
endothelial growth factor (VEGF), with studies
showing that VEGF activation can induce corneal
NV, and that inhibition of VEGF can block new
vessel formation in animal cornea model.

e Anti-VEGF therapy is considered as a
possible tool for controlling N'V.

e Avastin shows an inhibitory effect on CNV
in rabbits’ eyes. Photodynamic therapy
(PDT) with a photosensitizer can induce
microvascular thrombosis with minimal
damage to the surrounding normal tissue.

e  Activation of the photosensitizer (rose bengal)
by argon laser energy releases highly reactive,
cytotoxic, short-lived singlet oxygen and
other reactive oxygen radicals. This leads to
endothelial cell damage and vascular leakage,
coagulation, and thrombocyte aggregation,
which trigger neovascular vessel occlusion.

e PDT with rose bengal is also effective in
decreasing the corneal blood vessels.

e Final results of all measurements show a
gradual improvement over the different periods
and a significant similarity in the efficacy of
both argon laser and vascular chemotherapy of
the rabbit cornea using avastin.
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