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Abstract Öz 
Purpose: This study investigated the anti-
inflammatory efficacy of topical application of a selective 
tyrosine kinase receptor inhibitor (TKI), Axitinib in 
experimental corneal neovascularization (CNV) model in 
rats. Vascular endothelial growth factor receptor 1 
(VEGFR1), VEGFR2 and VEGFR3 were evaluated as 
angiogenic markers, nuclear factor kappa B (NF-κB), 
tumor necrosis factor α (TNFα) and cyclooxygenase-2 
(COX2) were determined as inflammatory markers and 
also histopathological evaluations were carried out.  
Materials and Methods: Experimental CNV model was 
established by silver nitrate cauterization in right eye. 6 
groups were included as Control; CNV; CNV+DMSO; 
CNV+0.04% Axitinib; CNV+0.08% Axitinib and 
CNV+0.24% Axitinib. The corneas were collected and 
VEGFR1, VEGFR2, VEGFR3, NF-κB, TNFα and COX2 
were measured by ELISA.  
Results: Axitinib, significantly reduced corneal VEGFR1 
and VEGFR2 compared to CNV. The most efficiency of 
Axitinib treatment was confirmed on VEGFR2 and 
especially with 0.04% dose. Increased NF-κB and TNFα 
level were reduced by 0.04% Axitinib treatment compared 
to CNV and CNV+DMSO.  
Conclusion: Axitinib may be suggested as a promising 
anti-inflammatory agent in CNV by suppressing corneal 
VEGFR1, VEGFR2, NF-κB and TNFα, beside improving 
the histological pattern. 

Amaç: Bu çalışmada sıçanlarda deneysel kornea 
neovaskülarizasyonu (CNV) modelinde bir selektif tirosin 
kinaz reseptör inhibitörü (TKI), Axitinib’ in topikal 
uygulamasının anti-inflamatuar etkinliği araştırıldı. 
Vasküler endotelyal büyüme faktörü reseptörü 1 
(VEGFR1), VEGFR2 ve VEGFR3 anjiyojenik belirteçler 
olarak değerlendirildi, nükleer faktör kappa B (NF-κB), 
tümör nekroz faktörü (TNFα) ve siklooksijenaz-2 (COX2) 
ise inflamatuar belirteçler olarak belirlendi ve ayrıca 
histopatolojik değerlendirmeler yapıldı. 
Gereç ve Yöntem: Sıçanların sağ gözlerinde, gümüş nitrat 
katerizasyonu ile deneysel CNV modeli oluşturuldu. 
Kontrol; CNV; CNV+DMSO; CNV+% 0.04 Axitinib; 
CNV+% 0.08 Axitinib ve CNV+% 0.24 Axitinib olmak 
üzere çalışmaya 6 grup dahil edildi. Kornealar diseke edildi 
ve VEGFR1, VEGFR2, VEGFR3, NF-κB, TNFα ve 
COX2 ELISA yöntemi ile ölçüldü.  
Bulgular: Axitinib, CNV ile karşılaştırıldığında korneal 
VEGFR1 ve VEGFR2’i anlamlı olarak azaldı. Axitinib 
tedavisinin en etkin sonuçları VEGFR2 üzerine ve 
özellikle % 0,04 dozunda saptandı. Artmış NF-κB ve 
TNFα seviyesi % 0.04 Axitinib tedavisi ile CNV ve 
CNV+DMSO'ya göre azaldığı saptandı. 
Sonuç: Axitinib, VEGFR1, VEGFR2, NF-κB ve TNFα'yı 
baskılayarak ve ayrıca histolojik paterni iyileştirerek kornea 
CNV de ümit verici bir anti-inflamatuar ajan olarak 
önerilebilir. 
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VEGFR 
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INTRODUCTION 

Axitinib (AG-013736) a novel, potent, small 
molecule, is a selective tyrosine kinase receptor 
inhibitor (TKI) which exerts its effects by 
preventing  the binding of vascular endothelial 
growth factor (VEGF) to VEGF receptor 1 
(VEGFR1), VEGFR2 and VEGFR31,2 even in 
nanomolar concentrations3. Many recent clinical and 
nonclinical studies point out impact of axitinib on 
restrainting of angiogenesis, vascular permeability, 
and blood flow4,5 and it is well known that axitinib is 
more potent and selective VEGFR inhibitor 
compared to other similar TKIs.6,7. Axitinib was 
approved by the US Food and Drug Administration 
(FDA) and several other countries in 2012 for the 
treatment of advanced metastatic renal cell 
carcinoma2.  

Corneal disorders is the third most common case of 
blindness worldwide.  Ischemia, chemical burns, 
infection, trauma, toxicity, allergy and inflammation 
cause corneal neovascularization8,9. As cornea is 
naturally avascular under normal physiologic 
conditions, abnormal vascularization decreases 
corneal clarity and visual acuity by blocking the light 
due to the corneal scarring and leads permanent 
vision loss10,11. CNV may also cause the subsequent 
penetrating keratoplasty12,13. Recent studies have 
focused on treatment and investigation the 
underlying pathological process of CNV11,14,15. 
Angiogenesis, formation of new vessels is common 
in corneal disorders and VEGF has been proven as 
one of the most effective mediator of 
angiogenesis16,17. One of the most efficient 
treatment strategy of CNV is suppressing VEGF 
activity and alone or combined TKIs are widely used 
for this purpose8,11. 

Since, it is well known that angiogenesis contributes 
to inflammatory diseases18 , we aimed to investigate 
the anti-inflammatory efficiency of topical 
application of Axitinib in experimental CNV model 
in rats. VEGFR1, VEGFR2 and VEGFR3 were 
evaluated as angiogenic markers, nuclear factor 
kappa B (NF-κB), tumor necrosis factor α (TNFα) 
and cyclooxygenase-2 (COX2) were   determined as 
inflammatory markers and also number of 
leucocytes, thickness of stroma, and total cornea 
were investigated. 

MATERIALS AND METHODS 
Seventy seven Wistar albino, healthy male rats 

weighing 180–250 g and 6 to 8 weeks old were 
acquired from the Mersin University Animal 
Research Laboratory. Rats were included to this 
study after being acclimatized under standard 
conditions. All animals were housed in different 
eurostandard type 4 cages.  They were acclimated at 
a constant temperature (25◦C), relative humidity (55 
± 8%) and with the realization of light–dark cycle 
(12:12 h). All animals were accessed to tap water 
and on standard diet was used. The study was 
approved by the Animal Experiments Local Ethics 
Committee in Mersin University (E.98156 2016/22). 

Experimental model and treatment 
Rats were assigned to six groups as Control (n=7), 
CNV (n=14), CNV+DMSO (n=14), CNV+0.04% 
Axitinib (n=14), CNV+0.08% Axitinib (n=14) and 
CNV+0.24% Axitinib (n=14).  After anesthesia by 
intramuscular 90 mg kg−1 ketamine hydrochloride 
and xylazine hydrochloride 7 mg kg−1, an 
experimental CNV was formed by silver nitrate 
cauterization in right eyes in treatment groups.  The 
silver nitrate sticks (25% potassium nitrate and 75% 
silver nitrate) were applied once for 10s to the 
corneal center and followed by washing immediately 
with 5mL saline for removing of residual chemicals. 

Axitinib (AG 013736) purchased from Pfizer 
dissolved in DMSO. Treatment with axitinib eye 
drops of varying concentrations (0.04%, 0.08% and 
0.24% respectively) were carried out four times a 
day for five days in right eye. Rats in Control group 
received tear drops via the same route for five days 
in their both eyes. Experimental protocol was ended 
at the fifth day and rats were sacrificed. The right 
eyes were dissected in for designated analysis. Seven 
right eyes were chosen randomly for biochemical 
evaluation, and whereas the other seven right eyes 
were used in histopathological investigations. Both 
of the eyes were dissected in Control group.  

Burn stimulus response and Corneal 
Neovasculariztion Score 
Burn stimulus response and CNV were assessed 
(OPMI® pico).  CNV was scored as Grade 0: No 
visible vascularization. Grade 1: Annular 
vascularization at 1/5 distance to burn area. Grade 
2: Annular vascularity at 2/5 distance to burn area. 
Grade 3: Annular vascularity 3/5 distance to burn 
area. Grade 4: Annular vascularization 4/5 distance 
to burn area. Grade 5: Annular vascularization to 
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the burn site 5/5. Besides burn stimulus response 
was scored as; 0: No blister formation, darkened 
burn area, 1: White, opaque and small blister 
formation with raised slightly above the corneal 
surface, 2: Medium blister formation with raised 
moderately above the corneal surface, 3: Large 
blister formation with raised seriously above the 
corneal surface. 

Preparation of cornea homogenates and 
evaluation of protein content 
Corneas were homogenized in lysis buffer and then 
centrifugation of the samples were carried out at 
14.000 × g for 10 min at 4 ◦C. The cytoplasmic and 
nuclear proteins were removed and COX2 enzyme 
activity and VEGFR1, VEGFR2, VEGFR3, NF-κB 
and TNFα levels were determined in collected 
supernatants. Protein contents were assayed 
according to Lowry et al. method19.  

Assessments of VEGFR1, VEGFR2 and 
VEGFR3 levels 
Corneal VEGFR1, VEGFR2 and VEGFR3 levels 
were estimated by sandwich enzyme linked 
immunoassay (ELISA) kit purchased from  
Shanghai Sunred Biological Technology Co., Ltd. 
The absorbance of the samples were determined for 
VEGFR1, VEGFR2 and VEGFR3 at 450nm in a 
ELISA plate reader. VEGFR1, VEGFR2 and 
VEGFR3 results were expressed as ng/mg protein. 

Assessments of NF-κB, TNFα and COX2 
levels 
NF-κB, TNFα and COX2 were assayed by ELISA 
kit purchased from  Shanghai Sunred Biological 
Technology Co., Ltd as and procedure was carried 
out as described in the manufacturer’s guidance. The 
intensity of color of the samples were determined 
for NF-κB, TNFα and COX2 at 450 nm using 
ELISA plate reader. NF-κB, TNFα and COX2 
results were stated in ng/mg protein.  

Light microscopic analysis of the cornea for 
histopathological features  
The rat eyes were gathered and fixed in 10% 
buffered formaldehyde for 48 hours. The tissues 
were then routinely processed and cut at 5-μm 
thickness. Hematoxylin & eosin stain was performed 

for histological examinations. Sections were 
examined under a light microscope (Olympus 
BX50). Photomicrographs were taken from 10 
randomly chosen areas by a camera attached to the 
microscope. The thickness of corneal stroma and 
total cornea were measured by using a software (LC 
Micro ©). Leukocyte infiltration was also examined. 
For this purpose, leukocytes were counted in 
sections from each cornea starting from limbal 
regions at high-power field (x40 objective). 

Statistical analysis 
Data of the study was analyzed using STATISTICA 
Version 13.3. Shapiro Wilk test was used to 
determine for normal distribution and Levene 
statistic were used for controlling the homogeneity 
of the variants of the groups. The ANOVA test, 
which is a parametric test, was used to compare the 
mean of multiple independent groups with normal 
distribution fit and group variance homogeneity. 
The Duncan test was used from the post hoc tests 
to determine the groups that differed in this 
comparison.  

The Welch test was used for parametric tests in 
order to compare the mean of two independent 
groups with those of normal distribution but not 
group variances heterogeneity. The Games-Howell 
test was used from the post hoc tests to determine 
the groups that differ in the result of this 
comparison. For those who did not have normal 
distribution disagreement, more than two 
independent group medians were compared with 
Kruskal-Wallis test. The statistical significance level 
(p) for all comparisons was taken as <0.05. 

 
Figure 1. Evaluations of burn stimulus response and 
CNV Score.  
Values are expressed as means±SD. p < 0.05 was considered to 
be significant.  a Significantly different from Control. 
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RESULTS 

Established burn stimulus response and CNV were 
clinically scored.  As shown in Figure 1 A and B; 
burn stimulus response and CNV were significantly 
occurred in CNV group compared to control 
(p<0.05) (Figure 1 A, B). 

 
Figure 2. Effects of Axitinib on VEGFR1 in CNV 
experimental model.  
Values are expressed as means±SD. p< 0.05 was considered to 
be significant.  b significantly different from CNV.  

The effects of Axitinib, a multi-target tyrosine 
kinase inhibitor were assessed on corneal VEGFR1, 
VEGFR2 and VEGFR3.  

 
Figure 3. Inhibitory effect of Axitinib on VEGFR2 in 
CNV experimental model.  
Values are expressed as means±SD. p< 0.05 was considered to 
be significant.  a Significantly different from Control, b 
significantly different from CNV, c significantly different from 
CNV+DMSO and d significantly different from CNV+0.04% 
Axitinib. 

The most efficiency of axitinib treatment was 
confirmed on VEGFR2 and especially with 0.04% 
dose. VEGFR1 level was significantly reduced by 

0.04% Axitinib treatment compared to CNV 
(p<0.05)(Figure 2).  

 
Figure 4. None significant effect was observed on 
VEGFR3 with Axitinib treatment.  
Values are expressed as means±SD. p< 0.05 was considered to 
be significant. 

0.04% Axitinib treatment also significantly 
decreased VEGFR2 compared to both CNV and 
CNV+DMSO groups (p<0.05). Interestingly, 
treatment with 0.08% Axitinib induced VEGFR2  
levels compared to Control (p<0.05) and besides 
0.24% Axitinib treatment also augmented VEGFR2 
levels compared to 0.04% Axitinib dose (p<0.05) 
(Figure 3). 

 
Figure 5. Effects of Axitinib on NF-kappa B in CNV 
experimental  model.  
Values are expressed as means±SD. p< 0.05 was considered to 
be significant.  c significantly different from CNV+DMSO. 

While 0,04% Axitinib treatment suppressed 
VEGFR2 expression, 0.08% and 0.24% Axitinib 
exerted converse effect by inducing VEGFR2 levels. 
Although the results were not significant, VEGFR3 
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levels increased in both CNV and CNV+DMSO 
groups and these increases were reduced by 0.04% 
Axitinib treatment. Similar to VEGFR1 and 
VEGFR2 0.08% and 0.24% Axitinib treatments also 
induced the level of  VEGFR3 (Figure 4). 

 
Figure 6. Effects of Axitinib on TNFα levels in CNV 
experimental model.  
Values are expressed as means±SD. p< 0.05 was considered to 
be significant.  b significantly different from CNV and  c 
significantly different from CNV+DMSO. 

 
Figure 7. Effects of Axitinib on COX2 in CNV 
experimental model.  
Values are expressed as means±SD. p< 0.05 was considered to 
be significant.  a Significantly different from Control and d 
significantly different from CNV+0.04% Axitinib. 

We evaluated NF-κB, TNFα and COX2 levels as 
inflammatory markers in CNV experimental model. 
Although increased NF-κB levels were observed in 
both CNV and CNV+DMSO groups (0.101 ±0.059 
vs 0.151±0.066 and 0.101 ±0.059 vs 0.155±0.043 
respectively), these were not significant. Increased 
NF-κB level was reduced by 0.04% Axitinib 

treatment compared to CNV+DMSO (p<0.05) 
(Figure 5).  

 
Figure 8. Representative photomicrographs for 
measurement of thickness of stroma (arrowhead) and 
cornea (thick arrow) (H&E staining) in control group 
and study groups  
(A) Control, (B) CNV, (C) CNV + DMSO, (D) CNV + 0.04% 
Axitinib (E) CNV + 0.08% Axitinib (F) CNV + 0.24% Axitinib 
(x100, scale bar= 100 µm). 

0.04% Axitinib treatment was also effective 
significantly in reducing TNFα compared to both 
CNV and CNV+DMSO groups (p<0.05) (Figure 6). 
Although 0.04% Axitinib treatment reduced COX2 
levels compared to both CNV and CNV+DMSO 
groups these reductions were not significant. Again 
dose dependent augmentation was observed  in 
COX2 level and moreover 0.24% Axitinib 
treatments significantly increased COX2 when 
compared to both Control and 0.04% Axitinib 
treatment (p<0.05) (Figure 7). 

 
Figure 9. Effects of Axitinib on stroma in CNV model 
Values are expressed as means±SD.  p< 0.05 was considered to 
be significant.  a Significantly different from Control, b 
significantly different from CNV and c significantly different 
from CNV+DMSO  
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Histopathological examination  
The histological evaluation showed that the corneal 
stroma and total cornea thickness were significantly 
altered between the groups (Figure 8). 
CNV+DMSO leads to a significant increase in both 
stroma and the thickness of total cornea when 
compared with the control and CNV groups 
(p<0.001). These increases were diminished by 
axitinib treatment at different doses (p<0.001) 
(Figure 9 and 10).   

 
 

 
Figure 10. Effects of Axitinib on total cornea 
thickness in CNV model.  
Values are expressed as means±SD. p < 0.05 was considered to 
be significant.  a Significantly different from Control, b 
significantly different from CNV and c significantly different from 
CNV+DMSO.  

 
Figure 11. Representative photomicrographs for 
leukocyte infiltration (arrowhead) (H&E staining) in 
control group and study groups. (A) Control, (B) CNV, 
(C) CNV + DMSO, (D) CNV + 0.04% Axitinib (E) CNV + 
0.08% Axitinib (F) CNV + 0.24% axitinib. Newly formed blood 
vessels were also shown ( thick arrow) ( x200, scale bar=50 µm). 

Leukocyte infiltration was also examined between 
the groups (Figure 11). There was a significant 
increase in leukocyte number in both CNV and 
CNV+DMSO groups compared to the control 

group (p<0.001). Axitinib treatment reduced the 
number of leukocytes and prevent inflammation in 
different doses of axitinib (p<0.005) (Figure 12).  

 
Figure 12. Leukocyte infiltration was reduced by 
topical Axitinib treatments.  
Values are expressed as means±SD. p < 0.05 was considered to 
be significant.  a Significantly different from Control, b 
significantly different from CNV and c significantly different from 
CNV+DMSO. 

DISCUSSION 

The results of the present study revealed that 
axitinib, a selective TKI inhibitor reduced 
inflammation in experimental CNV model. The 
anti-inflammatory effect of axitinib was 
demonstrated by reducing NF-κB and TNFα. In 
addition, as a secondary finding, also increased 
number of leucocytes, thickness of stroma, and total 
cornea were attenuated by axitinib.  

Axitinib is a potent TKI inhibitor which has been 
approved by FDA for advanced renal carcinoma 
treatment, prevent angiogenesis and vascular 
permeability, as well as induce apoptosis2. 
Angiogenic mediators such as VEGF and VEGFRs 
play dominant role in CNV and VEGF was 
significantly increased in vascularized corneas20. 
Angiogenesis is not only essential for promoting 
new blood vessel formation but also for 
inflammation21,22. Since inflammation related with 
angiogenetic pathway18 therefore we investigated the 
anti-inflammatory effects of axitinib, selective 
inhibitor of VEGFR tyrosine kinases in 
experimental CNV model.  

We found out that increased VEGFR1 and 
VEGFR2 levels were significantly reduced by 0.04% 
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Axitinib treatment compared to CNV.  Among in 
three receptors, the most efficient results were 
observed in VEGFR-2.  VEGFR-2 has been 
reported as a selective target of axitinib versus other 
receptor tyrosine kinases in angiogenesis process. 

Besides it was mentioned that kinase activity of 
VEGFR2 was 10-fold stronger than VEGFR123. 
Although the results were not significant, increased 
VEGFR3 was also suppressed by 0.04% Axitinib.  
VEGFR3 is known as a regulator of embryonic 
angiogenesis and lymphangiogenesis24,25 . The 
insignificant effect of axitinib on corneal VEGFR3 
may be the result of this attribution. Riquelme et al. 
also demonstrated topical administration of 
different axitinib concentrations inhibited CNV by 
preventing both VEGF and platelet-derived growth 
factor pathways26. It was indicated that not only the 
topical administration, oral use of axitinib also 
prevented laser-induced choroidal 
neovascularization27. In addition to oral and topical 
applications of axitinib, it was represented that 
development of nanowafer was more effective in 
preventing CNV comparing topical eye drop use28. 

In this study increased NF-κB level was reduced by 
0.04% Axitinib treatment compared to 
CNV+DMSO. It is known that TNFα prompts NF-
κB transcription29. Depending on our results, 
increased NF-κB may be induced by TNFα. NF-κB 
activation is regulated several various subunits such 
as proinflammatory cytokines, growth factors, 
bacterial lipopolysaccharides and antigen receptors. 
Both canonical and noncanonical pathways of NF-
κB activation conduces to the pathogenesis of 
several inflammatory and immune disorders30. NF-
κB is the one of the important mediator which 
regulates cells of the vasculature31. It was also 
indicated that NF-κB is a critical role formation of 
CNV by promoting the expression of 
metalloproteinase32. Several studies have 
demonstrated that NF-κB pathway signaling is 
necessary for CNV33-35.   

We found that 0.04% Axitinib treatment was 
significantly reduced TNFα compared to both CNV 
and CNV+DMSO groups. Expression of TNFα 
was indicated in epithelium, stroma and 
endothelium of cornea36. Although the role of 
TNFα is CNV is unclear, Lu P. Et al indicated that 
CNV was suppressed in TNF receptor 1-deficient 
(TNF-Rp55-KO) mice by reducing expression of 
VEGF and iNOS by infiltrating macrophages. 
Besides, CNV was significantly diminished by the 

application of TNFα antagonist or anti- TNFα 
antibodies37. Similar to our results, proinflammatory 
cytokines such as interleukin-6, TNFα, and 
interferon-γ were also inhibited by Axitinib in in 
melanoma by promoting antitumor immunity38. 

Although 0.04% Axitinib treatment reduced COX2 
levels compared to both CNV and CNV+DMSO 
groups, these reductions were not significant. Again 
dose dependent augmentation was observed in 
COX2 level and moreover 0.24% Axitinib 
treatments significantly increased COX2 compared 
to both Control and 0.04% Axitinib treatment. 
Yamada et al. pointed out that COX2 stimulation in 
with silver/potassium nitrate cauterized corneas 
enhanced prostaglandin synthesis resulting with 
corneal angiogenesis39. Inflammatory cytokines such 
as interleukin-1β and TNFα augment COX2 
expression in several human cell types and COX2 is 
stated as a key enzyme for inflammatory cytokine-
induced angiogenesis40,41. On the other hand, Amico 
et al. affirmed that differential expression of COX2 
was observed in during wound healing of the 
cornea42. Insignificant results of us may be due to 
the differential expression of COX2 in the wound 
healing process.  

Histopathological investigations also carried out by 
estimation of corneal stroma and total cornea 
thickness. It was found that CNV+DMSO lead to a 
significant increase in both stroma and the thickness 
of total cornea when compared with the control 
group and CNV. These increases were diminished 
by axitinib treatment at different doses. Corneal 
stroma is  the thickest layer of the cornea with a 
critical role in clear visual function43. The increase of 
the thickness in stroma and total cornea was 
thought to be related with edema formation. 
Corneal edema is always precedence of CNV with 
swelling of cornea44.  

There was a significant increase in leukocyte number 
in both CNV and CNV+DMSO groups compared 
to the control group. Axitinib treatment reduced the 
number of leukocytes and prevent inflammation in 
different doses of axitinib. As evidenced in several 
studies leucocytes have considerable role in corneal 
haemangiogenesis and lymphangiogenesis45,46. It has 
been suggested that TNFα may lead release of 
angiogenic factors which induce angiogenesis 
process in CNV formation by enhancing edema, 
vasodilatation and leukocyte recruitment47. 
According to our results induced TNFα may lead to 
increase leukocytes.  
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Although some of them were not significant same 
pattern was observed in high doses of axitinib 
treatment compared to low dose of axitinib in 
investigated analyzes. 0,04% Axitinib treatment was 
observed to be more beneficial. Giddabasappa et al. 
also mentioned that lower dose of axitinib 
significantly inhibited laser-induced retinal and 
choroidal neovascularization both in in vitro and in 
vivo models48. Biocompatibility of axitinib, 
pazopanib, and sorafenib were investigated in ocular 
cells of the anterior and posterior segments, besides 
organ-cultured donor corneas. High doses were 
appeared more effective on cellular viability and 
induction of cell death49.  When these results are 
taken into account, it is observed that dose 
adjustment is important in axitinib use.  

In summary, impact outcomes have been found for 
axitinib in reducing VEGFR1, VEGFR2, NF-κB 
and TNFα, beside ameliorating in number of 
leucocytes, thickness of stroma, and total cornea in 
CNV experimental model. Axitinib may be 
suggested as a promising anti-inflammatory agent in 
CNV.  
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