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Abstract:

Introduction: The aim of the present study was to evaluate the effect of photodynamic 
therapy in the treatment of experimental corneal neovascularization (NV) with benzoporphyrin 
derivative (BPD).
Methods: One group was considered as control (n=6 eyes) then, corneal NV was induced 
in 30 New Zealand male rabbits (n=60 eyes) by placing 7.0 silk sutures at midstromal depth 
approximately1mm from the limbus. Fifteen rabbits with corneal NV were left without any 
treatment, and 15 rabbits were subjected to photodynamic therapy (PDT) by intravenous 
injection with Verteporfin at a dose of 1.5 mg /Kg. Diode laser (660 nm) was applied 
after 15minutes for 5 minutes with a power of 50 mW/cm2. All rabbits were successively 
followed up by slit lamp examination for periods of 1 day, 1, 2, 3 and 4 weeks. Three 
rabbits were selected and sacrificed weekly (n=6 eyes each) and the corneas were isolated 
for histopathological examination. 
Results: The results of slit lamp examination indicated the gradual regression of the cornea 
neovascularization 4 weeks of PDT. Furthermore, regression of corneal neovascularization 
was documented clinically by decrease number and length of blood vessels and by 
histopathological examination.
Conclusion: PDT with Verteporfin can provide efficacious treatment of corneal 
neovascularization.
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Introduction

The cornea is the transparent front part of the eye that 
covers the iris, pupil, and anterior chamber. Because 
transparency is of prime importance, the cornea 
does not have blood vessels; it receives nutrients via 
diffusion from the tear fluid, the aqueous humor. The 
cornea has no blood supply; it gets oxygen directly 
from the air through the tears1.

Corneal neovascularization (NV) is considered as 

one of the most common cause of blindness worldwide2. 
It is caused by many factors such as, inflammation, 
degenerative disorder, infection, chemical burns, 
and long-term contact lens wear3. The lack of blood 
vessels in the cornea allows the passage of light and 
the absorption of oxygen from the air. Under certain 
conditions, such as injuries, infections and hypoxia, this 
privilege may be disrupted and hence, inflammation and/
or neovascularization can occur. In corneal NV the body 
attempts to provide the eye with the necessary nutrients 
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and oxygen to the corneal tissue by increasing the 
activity of vascular endothelial growth factor (VEGF), 
inducing the formation of new vascular growth4. The 
primary treatments for 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 ineffective5. 
Although, argon laser treatment for corneal NV has 
been reported, but this method achieved an inadequate 
effect because of the high incidence of recanalization 
and thermal damage to the adjacent tissues6,7.

Recent advances in understanding the molecular 
mechanisms have facilitated the development of new 
therapies for neovascular ocular diseases8,9,10. Corneal 
NV is a challenging condition, and because corneal 
clarity and avascularity are critical for maintaining 
vision, developing treatments for corneal NV is 
crucial. In photodynamic therapy, systemically 
administered porphyrin derivatives accumulate in 
proliferating endothelial cells. Laser energy is used 
to activate the porphyrin derivatives librating cytotoxic 
oxygen free radicals11,12. This reactive oxygen species 
(ROS) facilitate the damage to vascular endothelium 
by activating platelets, leading to the formation of 
thrombus that occludes the target vessels. 

Verteporfin, (C41H42N4O8) otherwise known as 
benzoporphyrin derivative (trade name Visudyne®), 
is a medication used as antineoplastic agents, 
photosensitizing agents and anti neovascularisation 
agents. Verteporfin was used in conjunction with a 
laser to eliminate the abnormal blood vessels in the 
eye associated with conditions such as the wet form 
of macular degeneration (Corneal Neovascularization 
or CNV). Verteporfin accumulates in these abnormal 
blood vessels and, when stimulated by non-thermal 
red light laser in the presence of oxygen, produces 
highly reactive short-lived singlet oxygen and other 
reactive oxygen radicals, resulting in local damage 
to the vascular endothelium and blockage of the 
new formed vessels13,14. The aim of the present 
work was to evaluate the use of verteporfin as a 
type of photodynamic therapy (PDT) that has been 
introduced recently as a novel treatment for corneal 
neovascularization.

Methods 

Animals

Thirty-three New Zealand male rabbits weighing 

2-2.5 kg were selected from the animal house of 
Research Institute of Ophthalmology, Giza, Egypt. 
The animals were maintained in a standard 12- hr 
light- dark cycle with free access to water and balanced 
diet. All procedures were conducted according to the 
principles enunciated in the Guide for Care and Use 
of Laboratory Animals, National Institute of health 
or NIH publication No. 85-23. They were subjected 
to experimental protocols approved by the local 
experimental ethics committee of ophthalmic and 
vision research. 

Clinical examination

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

Corneal neovascularization 

Three rabbits were used as control, and 30 rabbits 
(n=60 eyes) were generally anesthetized using 
intramuscular Xylaject (0.2 ml/kg) and ketamine 
hydrochloride (0.6ml/ kg). Benoxinate eye drops 
(0.4%) was used for local anesthesia. Corneal 
neovascularization was induced by a three-interrupted 
7.0 silk sutures at midstromal depth approximately 
1 mm from the limbus15. 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 
(Figure 1). After the demonstrated periods, animals 
were classified into three groups as follows:

Group I: Control group; consisted of three rabbits 

Figure 1. Slit lamp photography immediately after removing 
sutures, showing the extent of neovascularization.
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without any treatment.
Group II: Neovascularized group (n=15 rabbits) 

was divided to five subgroups (n=3 rabbits each). After 
1 day, 1, 2, 3, 4 weeks, all rabbits were subjected to slit 
lamp photographs with a standard magnification (×25).

Group III: Neovascularized group (n=15 rabbits) 
were generally anesthetized, and verteporfin 
(Visudyne®; Novartis AG, Basel, Switzerland) with 
a dose of 1.5 mg/Kg was administered by slow 
intravenous injection in the marginal ear vein. 
After 15 minutes, rabbit’s eyes were exposed to 
diode laser (SIM-MED Gallium Midi, UK) at 1 cm 
distance from the cornea in a continuous mode at 
660 nm for five minutes and a power of 50 mW/cm2 
(Ophthalmology Department, National Institute of 
Laser Enhanced Science, Cairo University, Egypt). 
After photodynamic therapy, rabbits were divided to 
five subgroups (n=3 rabbits each). For periods of 1 
day, 1, 2, 3, 4 weeks, three rabbits were selected and 
subjected to slit lamp photographs with a standard 
magnification (×25) and sacrificed for histological 
examination respectively. 

Histological examination of the cornea

The corneal specimens were immediately fixed in 
2.5% phosphate buffered glutaraldhyde (pH 7.4) at 4 
°C for 24 hours and post fixed in 1% osmium tetra-
oxide for one hour, then dehydrated in an ascending 
grades of ethanol. After immersion in propylene 
oxide, the specimens were embedded in araldite 512 
mixtures. Semithin sections (1µm) were cut, stained 
with toluidine blue and examined by light microscope. 

Amount of corneal neovascularization

The amount of corneal neovascularization was 
assessed by a scoring system modified from a semi 
quantitative method of the references number 5 for 
determination of numbers and lengths of visible 
corneal blood vessels16.

Statistical Evaluation

The results of corneal neovascularization were 
compared between neovascularized and PDT exposed 
eyes. The results were statistically evaluated according 
to the “Students” t- test17. Where “t” is the test of 
significance, differences were considered significant 
at P = 0.05. 

Results

Slit lamp examination
Slit lamp examination for normal rabbit was 

illustrated in Figure 2 with clear cornea without any 
vascularization. After one day of removing sutures 
(Figure 3a) the number of vessels was 7.3±0.47 
decreased to 6.7±0.42 after PDT (Figure 3b) with a 
percentage change of -8.2% (P=0.05). The examination 
of rabbit’s cornea after 1 week of neovascularization 
(Figure 4a) showed significant progression of Corneal 
NV and the number of vessels was 8.7±0.45 and 
significantly decrease to 5.7±0.44 after PDT (Figure 4b) 
with a percentage change of -34.5% (P=0.01). Two 
weeks after neovascularization (Figure 5a), the number 
of vessels varied from 9.3±0.47 to 4.3±0.46 after 
PDT (Figure 5b) with a percentage change of -53.8% 
(P=0.001). Furthermore, slit lamp photography three 
weeks after corneal neovascularization (Figure 6a) 
showed the increase in progression of number of 
vessels (10.0±0.81). After PDT (Figure 6b), this 
progression, showing marked regression of the 
neovascularized portion of the cornea with a very 
high significant change in the number of vessels 
(1.7±0.48, -83% and P=0.001). In addition, there was 
a very high significant decrease in number of vessels 
of neovascularized cornea 4 weeks after removing 
sutures and exposed to PDT (Figures. 7a,7b). The 
results indicated approximately complete recovery 
with values of 12.4±0.49 and 1.3±0.47 respectively 
(-89.5%, P=0.001). 

The assessment of lengths of visible corneal 
blood vessels 1 day, 1, 2, 3, and 4 weeks after 
neovascularization showed very high significant 
change with respect to the other groups exposed to PDT 

Figure 2. Normal rabbit’s cornea, a: the cornea, b: Limbus, c: 
upper lid.
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(P=0.001). For the neovascularized corneas, the values 
were 0.84±0.03 mm, 0.92±0.02 mm, 1.3±0.04 mm, 
1.6±0.04 and1.8±0.13 respectively. Moreover, after 
PDT there were remarkable reduction in the length 
of vessels with values of 0.54±0.03 mm, 0.40±0.06 

mm, 0.28±0.01mm, 0.25±0.01 mm and 0.17±0.05 
respectively. In addition, the percentage change in the 
lengths of corneal vessels showed dramatic alteration 
with values of -30 %, -56.5 %, -80.7%, -84.3% and 
-90.5% respectively. The assessment of the numbers 

Figure 3. Slit lamp photography, (a): One day after removal of suture showing the extent of corneal neovascularization, (b): One day 
after PDT, showing mild change in the extent of corneal neovascularization.

Figure 4. Slit lamp photography, (a): One week after removal of sutures, showing increase in the extent of corneal neovascularization, 
(b): One week after PDT, showing marked regression of the neovascularized portion of the cornea.

Figure 5. Slit lamp photography, (a): Two weeks after removal of sutures showing increase in the extent of the neovascularized portion 
of the cornea, (b): Two week after PDT, showing less marked regression of the neovascularized portion of the cornea.
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and lengths of corneal vessels before and after PDT 
were illustrated in Figures 8 and 9.

Histological examination

Light microscopic examination of control rabbit’s 

cornea showed no microscopic alteration with normal 
arrangement of epithelial cells, regular Bowman’s 
membrane and normal stromal collagen (Figure 10). 
Light microscopic examination of neovascularized 
cornea (Figure 11) showed irregularity in the stromal 
lamellae with appearance of thickened wall blood 

Figure 6. Slit lamp photography, (a): Three weeks after removal of sutures, showing increase in the extent of the neovascularized portion 
of the cornea, (b): Three weeks after PDT, showing marked regression of the neovascularized portion of the cornea.

Figure 7. Slit lamp photography, (a): Four weeks after removal of sutures, showing marked increase in the extent of the neovascularized 
portion of the cornea, (b): Four weeks after PDT, showing absence of corneal neovascularization.

Figure 8. Number of corneal vessels between limbus and corneal 
center before and after different periods of PDT.

Figure 9. Proportionate length of longest corneal vessels between 
limbus and corneal center, before and after different periods of PDT.
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vessels. One day after photodynamic therapy the 
examination showed slight regression in the extent 
of blood vessels (Figure 12). The extent of corneal 
neovascularization showed moderate regression 
with irregularity in stromal lamellae and reduction 
in the thickness of blood capillaries after one week 
of photodynamic therapy (Figure 13). Moreover, 
histological study of the cornea after two and three 
weeks (Figures 14,15) of photodynamic therapy 
showed disappearance of blood capillaries with 

some irregularities in stromal lamellae. Furthermore, 
the histological examination of the corneas after 4 
weeks of photodynamic therapy indicated complete 
recovery which approximately matched the control 
one (Figure 16). 

Discussion

Verteporfin, a liposomal formulation of 
benzoporphyrin derivative monoacid ring A (BPD-

Figure 10. Light micrograph of control rabbit cornea. Shows its 
normal layers stratified epithelial thickness with regular Bowman’s 
membrane and stromal lamellae. (Toluidine blue ×500).

Figure 12. Light micrograph of rabbit’s cornea, one day 
after photodynamic therapy showing slight regression of the 
neovascularized stroma with slightly thickened wall of blood 
capillaries. (Toluidine blue ×500)

Figure 11. Light micrograph of neovascularized rabbit’s cornea, 
showing multiple neovascularized superficial stroma with thickened 
wall of the capillaries. (Toluidine blue ×500).

Figure 13. Light micrograph of rabbit’s cornea, one week after 
photodynamic therapy showing moderate regression of the 
neovascularized stroma with slightly thickened wall of blood 
capillaries. (Toluidine blue ×500)
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MA), is being used clinically in photodynamic therapy 
for age-related macular degeneration18. Verteporfin is 
transported in the plasma primarily by lipoproteins 
(especially low-density lipoproteins), are known to 
deliver hydrophobic materials to tumor cells19,20,21.

Photodynamic therapy has gained increasing interest 
in ophthalmology, representing an experimental tool 
for the diagnosis and treatment of tumors located in 
the eye. PDT is a treatment modality involving the 
administration of photosensitizing compound, which 

selectively accumulates in the hyper proliferative target 
cells followed by local irradiation of lesion with visible 
light. The combination of two nontoxic elements, i. e. 
drug, and light, in the presence of oxygen results in 
the selective destruction of the target tissue by necrosis 
and apoptosis22.

Numerous investigations supported the idea that 
the efficacy of PDT was directly related to the yield 
of O2 in the tumor environment and the yield of O2 
depends on the concentration of oxygen in the tissue. 
Hypoxic cells are very resistant to photosensitization 
and the photodynamic reaction mechanism itself 
may consume oxygen at a rate sufficient to inhibit 
further photosensitization effects. It has been 
suggested, that hyperbaric oxygen might enhance the 
photosensitization effect23.

In the present study, the amount of corneal regression 
of NV was evaluated, after exposure to PDT. The 
change in cornea structure after induction of NV 
was evaluated. The results of slit lamp examination 
indicated increase in numbers of blood capillaries 
ranged from 7.3±0.47 after one day of NV to 1.3±0.47 
after 4 weeks of exposure to PDT (with percentage 
change of -89.5% (P=0.001). Furthermore, decreasing 
of lengths of corneal vessels was observed during 
the next four weeks after exposure to PDT due to 
regression of corneal NV. The percentage reduction in 
lengths ranged from -30 % after one day to -90.5% after 
4 weeks. These results suggested that, the induction 
of corneal NV caused corneal hypoxia, inducing the 
formation of new vascular growth by increasing the 

Figure 14. Light micrograph of rabbit’s cornea two weeks after 
photodynamic therapy, showing swelling of the basal cells of the 
capillaries. (Toluidine blue ×500)

Figure 15. Light micrograph of rabbit’s cornea three weeks after 
photodynamic therapy showing slight irregularities in corneal 
stroma. (Toluidine blue ×500).

Figure 16. Light micrograph of a rabbit’s cornea four weeks after 
photodynamic therapy showing unchanged cornea. (Toluidine 
blue ×500)



Photodynamic Therapy for corneal neovascularization 

138 Journal of Lasers in Medical Sciences  Volume 4  Number 3  Summer 2013

activity of vascular endothelial growth factor (VEGF)4. 
This process was associated with an enhanced formation 
of blood vessels. Furthermore, once Verteporfin was 
activated by light in the presence of oxygen, highly 
reactive, short-lived singlet oxygen and reactive oxygen 
radicals are generated. Light activation of Verteporfin 
resulted in local damage to neovascular endothelium, 
vessel occlusion, leading to gradual improvement in 
corneal structure. The improvements of corneas were 
documented by histological examination during the 
next four weeks after PDT indicating the suppression 
of vessels growth and the survival of corneal tissue.

These data indicated that PDT using liposomal 
Verteporfin, showed a stronger cytotoxicity to 
neovascular endothelium that observed after laser 
treatment. Furthermore, since this toxic effect of 
PDT appeared time dependently, the results indicated 
gradual improvement of the cornea after the 3rd and 
4th week of PDT.

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. Living organisms have developed complex 
antioxidant systems to counteract ROS and to reduce 
their damage24,25,26.

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, α-tocopherol, 
β-carotene, reduced glutathione, uric acid, and 
bilirubin27.

Oxidative stress resulted from increased number 
of lipid and protein oxidation products and decreased 
number of antioxidant enzymes and vitamins28.
In addition, reflecting the redox balance between 
oxidation and antioxidation29,30,31.

Interestingly, these results suggested that the 
oxidative/antioxidative balance shifts towards the 
antioxidative status and PDT with Verteporfin 
caused growth cycle arrest that helps to prevent 
further damage and give the cell time to repair 
the defect (Figures 8,9). These results agree with 
previous reports of reference number 13 and 14. 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 steps32.

In summary, this paper concluded that PDT with 
Verteporfin for treatment of corneal neovascularization 
is a safe and efficacious procedure that leads 
to improvement in the corneal tissues. Further 
experimental and clinical studies are obviously 
needed for longer follow up periods and to identify 
the parameters associated with the most effective 
procedures with the least adverse effect. 
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