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Objective:

The present study was designed to investigate the effect of sunitinib in treatment of retinal angiogenesis which is induced by
vascular endothelial growth factor-165 (VEGF-165) in eyes of rabbits. Sunitinib is multi-tyrosin kinases receptor inhibitor
which used in treatment of particular types of tumors and has effects on serum level of matrixmetalloproteinase-9 (MMP-9)
and intercellular adhesion molecule-1 (ICAM-1) that are important mediators of angiogenesis.

Materials and methods:

Twenty four Dutch-belted rabbits weighing (1.3-2.7 Kg) are involved in this study. They were divided into four group (each
with 6 rabbits and all were injected to their right eyes through intravitreal injection ) as following:

e Normal group : they were received 0.1ml of sterile phosphate buffer saline (PBS)

e Angiogenic group: they were received 0.1ml of VEGF-165

e  Ranibizumab-treated group: they were received 0.05ml of ranibizumab

e  Sunitinib-treated group : they were received 0.1ml of sunitinib malate .

Results:

Intravitreal injection of VEGF-165 in posterior jumper of the eyes rabbits cause significant increase in (ICAM-1) and (MMP-
9) associated with extensive retinal angiogenesis. Administration of sunitinib malate solution and ranibizumab cause
significant decrease in ICAM-1 and MMP-9 associated with complete recovery from angiogenesis compared with angiogenic
group. PBS treated group associated with normal retina without agiogenesis as indicated with non significant increase in
ICAM-1 and MMP-9

Conclusion :

From this current study we can conclude that sunitinib can be added to anti VEGF drugs that are used for treating retinal
angiogenic diseases such as proliferative diabetic retinopathy and diabetic macular oedema, the major cause of blindness.

Keywords: retinal angiogenesis, VEGF, sunitinib, intercellular adhesion molecule-1, matrixmetalloproteinase-9.

INTRODUCTION

Eye Structure :

The eye is the most sensory and complex structure in the
body which responsible for sight. It composed of three
parts through them the eye do its function, the outer part
consist of cornea and sclera; the cornea is a stronger tissue
that refract and transmit the ligt through the lens to the
retina and protects the deeper parts of the eyes against
infection and structural damage. The sclera is a coat of
connective tissue, which protects the eyes from the internal
and external forces and maintains its shape; the visible part
of the sclera is the conjunctiva which is a transparent
mucous membrane. The middle part of the eye include the
iris, the ciliary body and the choroid. The iris regulate the
size of the pupil; the ciliary body account for production of
aqueous humor and maintain shape of lens and its power ;
the choroid is a vascular layer which provides nutrients
and oxygen to the retina. [1]

The inner part of the eye is the retina which is light
sensitive tissue consist of deferent types of neurons that
transform images into neuronal signals in order to sent
them to the visual cortex through optic nerve for
managing.[2] These neurons are amacrine cells, ganglion
cells, , horizontal cells, bipolar cells and photoreceptors
(cone and rod) that arranged in multiple parallel layers.[1]
Retinal pigment epithelial (RPE) cells is the outer layer of
the retina which separate photoreceptors from
choriocapillaries. These cells are metabolic sensor that
resbonsible for production prangiogenic factors that effect

vascular tone and function of photoreceptors.[2] The retina
is supplied by two blood supplier: the central artery of the
retina and the choriocapillaris. Retinal blood vessels supply
oxygenated blood up to the inner two third of neuronal
retinal layer whereas the choriocapillaris supply the
photoreceptor layer ,which is avascular layer, with their
need of oxygen by diffusion.[3]

The aqueous humor is a colorless fluid which fill the area
between the cornea and the lens and supplies nutrition,
transfers neurotransmitters, removes west products resulted
from metabolism, supports structure of the eyes and
maintains the homeostasis of the ocular tissues. permits the
inflammatory cells and mediators to distribute within the
eye during pathological conditions, and permits drugs to
circulate to various ocular tissues.[4] The vitreous humor is
a transparent, gel-like fluid, located between the lens and
the retina. It maintains the retina in place and keeps the
globular shape of the eyeball.[5]

Neovascularization:

Neovascularization is controlled process of new blood
vessels (BV) generation which  involve two main
mechanism that are [6] vasculogenesis ,the process of
blood vessels development during embryonic growth
firstly Mesoderm cells first differentiate into endothelial
precursors cells (EPC) (angioblasts) and then into
endothelial cells(EC) that unit togethers to form primitive
tubes that then expand. Subsequent blood vessel formation
take place by angiogenesis .[7] There are two types of
angiogenesis sprouting and non — sprouting angiogenesis;
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sprouting angiogenesis involve steps of antigenic stimuli,
Sprouting, Elongation and branching, Tubulogenesis |,
lumen formation, and Anastomosis,Stabilization/regression
.[8, 9] non sprouting or intussuseptive angiogenesis
characterized by the presence of specific structural feature
known as intussusceptive pillar ,a cylindrical
microstructure that cross the lumen of small vessels and
capillaries.[10] It faster than sprouting angiogenesis ,
nither involves degredation of basement membrane nor
endothelial proliferation and migration. Rather it includes
hypertrophia of ECs that then become flatten.so that it
considered less metabolic energy consuming than sprouting
angiogenesis.[11]

Regulation of angiogenesis:

Angiogenesis is regulated by balance between
proangiogenic factors (such as acidic fibroplast growth
factor (aFGF) , basic fibroblast growth factor(bFGF) and
vascular endothelial growth factors (VEGFs)) and
antiangiogenic growth factors such as
(angiostatin,endostatin ).[12]

The major angiogenic promoter in physiological and
pathological conditions is VEGF. VEGF are family of
cytokines which include VEGF-A orVEGF,VEGF-
B,VEGF-C,VEGF-D and placental growth factor (PIGF).
They involve in the process of vasculogenesis,
angiogenesis and lymphangiogenesis. VEGF-A is a 45 kilo
dalton heterodimeric heparin-binding protein. Alternative
splicing of VEGF gene generates four isoforms,
VEGF165,the predominant one,VEGF121, VEGF189, and
VEGF206. VEGF also known vascular permeability factor
(VPF), Stimulates endothelial cells growth , proliferation
and vascular permeability, preserves the survival of
endothelial cells (EC) and prevents their apoptosis.[13]
VEGF-A binds to tyrosin kinase receptors(RTK )that are
VEGFR-1 and VEGFR-2 and non- RTK that are neuropilin
(NRP) receptors family(NRP-1 and NRP-2 ) as co-
receptors.[14]

Retinal angiogenic diseases:

The imbalance between proangiogenic and anti angiogenic
factors results in development of abnormal, new blood
vessels within the retina forming retinal angiogenesis
.Retinal angiogenesis is a pathological condition presented
in several ocular diseases such as diabetic retinopathy (DR
), retinal vein occlusion (RVO) and retinopathy of
prematurity (ROP) that lead to loss of vision.[15]

During retinal ischemia, Retinal pigment epithelium and
all main types of retinal neurons will release pro angiogenic
factor, mainly VEGF ,in response to hypoxia. VEGF will
induce neovascularization and inflammation by stimulating
the expression of adhesion molecules. In addition,
inflammation potentiates retinal neovascularization
through production of multiples cytokines that either act
directly on endothelial cells or indirectly through induction
of leukocytes and or endothelial cells to form angiogenic
factors.[16] The new ,developed vessels result in sever
vision problems because of hemorrhage, fibrosis, tractional
retinal detachment and vascular leakage that cause retinal
edema.[17]

Diabetic retinopathy:

Diabetic Retinopathy is the most popular, chronic,
microvascular complication of Diabetes Mellitus which
lead to vision loss among working peoples in developed
countries.DR prevalence associated with duration of
diabetes and the level of glycemic control in addition to
other risk factors that include hypertension, dyslipidemia
and nephropathy.[18]

DR occurs when there is sustained , chronic elevation of
blood glucose level cause accumulation of glucose in the
endothelial cells (ECs) of retinal microvessels .This results
in activation of several biochemical pathways include
oxidative stress ,Aldose reductase and polyol pathway,
Advanced glycation end products (AGE), activation of
Protein kinase C, activation of Mitogen-activated protein
kinase, Leukostasis and platelet activation ,Nuclear factor-
kappa B (NF-xB), Inducible nitric oxide synthase Cyclo-
oxygenases, Intracellular cell adhesion molecules ,Vascular
endothelium growth factor , Interleukins-1-beta,andTumor
necrotic factor-alpha.[19] finally,they lead to functional
and structural alterations in the microvesseles and
neuroglial parts of the retina include thickening of
capillary basement membrane (BM), loss of pericyte and
endothelial cell , breakdown of blood-retinal barrier (BRB)
and leakage, acellular capillaries, and
neovascularization.[20]

DR are classified into two different stages: non
proliferative DR (NPDR); it occurs at the beginning of DR
when retinal blood vessels become weakened ,damaged and
leaking fluid in to the retina lead to retinal swallowing
result in hemorrhages (HMs), microaneurysms (Mas),
exudates (EXs), and interretinal  microvascular
abnormalities (IRMA). Prolifertive diaberic retinopathy
(PDR) is the progressive stage of DR ,characterized by
developing a new blood vessels in the retina and induced
by retinal ischemia as a result of The microvascular
changes that occur in NPDR. [20]

Diabetic macular edema (DME) is the thickening of retina
that occurs in the center of macula. It considered the major
cause of blindness among diabetic patients DME can take
place at any stage of DR as a result of retinal hypoxia
which increase expression of (VEGF),VEGF in turn
induce vascular permeability and the trigger the formation
of abnormal and leaking new vessels ,increase release of
inflammatory cytokines and lack the tight junction among
endothelial cells causing damage of blood- retinal barrier
and thus accumulation of fluid in different area in the
retina. [21]

Retinopathy of prematurity (ROP)

Is an ocular disorder which effect the retina of preterm,
infant of low birth weight causing preventable vision loss at
the childhood due to development of fibrous tissue behind
the lens. It involves two phases, vaso-obliterative phase
;which begins immediately at birth to 30-32 week
postmenstual age (PMA )and characterized by the
retardation of normal growth of retina due to sudden
reduction in insulin-like growth factor-1 (IGF-1) and
VEGF. When the infant matures, the avascularized retina
becomes greatly metabolically active, results in tissue
hypoxia and thus development of subsequent phase if left
without interruption. Vasoproliferative Phase of ROP takes
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place at 32—-34 weeks of PMA ,this phase characterized by
increased hypoxia of the a vascularized retina that causes
over production and releasing of VEGF and angiogenesis.
The neovascularization and its subsequent fibrosis will
cause retinal detachment and finally vision loss unless
adequate oxygen therapy is administered.[22]

Retinal vein occlusions (RVOs):

Is a retinal vascular disorders, characterized by
engorgement and dilatation of retinal veins due to increased
venous blood pressure of the retina causing hemorrhages
in the retina and subretinal space, macular edema, and
retinal ischemia. RVOs are divided in to two types: central
retinal vein occlusion (CRVO) ;which caused by increasing
intraocular pressure, an atherosclerotic central retinal
artery, and deformation of the lamina. Branch retinal vein
occlusion (BRVO) results from venous compression of the
vein at the arteriovenous (A/V) crossing, vessel wall
degeneration and abnormality in hematological factors.[23,
24]

Diagnosis of Retinal angiogenic diseases:

Fundus imaging is a primary method through which 3
dimentional retinal structure is designed to the 2 dimension
into imaging plane by using reflected light. Fundus imaging
characterized by its safety and cost —effectiveness in
documented retinal abnormalities .various retinal fundus
photograph are used for diagnosis retinal structural
abnormalities in different diseases like fundus photography,
color fundus photography, and fluorescence
angiography[25] , Binocular indirect ophthalmoscopy
(BIO) or wide-field fundus imaging, telemedicine (TM)-
based remote digital fundus imaging. Optical coherence
tomography (OCT)[26, 27] , concentration of different
molecules changed during ocular diseases like diabetic
retinopathy to induce retinal angiogenesis for example
increase concentration of (MMP-9) ,(ICAM-1) and other
inflammatory and growth cytokines. [28]

Matrix metalloproteinases (MMPSs):

Are groups of endopeptidases that degrade the connective
tissues. MMPs have important roles in many physiological
and pathological conditions like wound healing immunity,
development of the embryo , tumor invasion and metastasis
,angiogenesis and inflammation.[29] Most of the MMPs are
inhibited by specific endogenous tissue inhibitor known as
tissue inhibitors of matrix metalloproteinase [TIMPs].
Among MMPs, MMP-9, also called gelatinase B, play
important role in agiogenic process. MMP-9 breakdown
ingredients of the extracellular matrix, encourage tissue
remodeling and activate growth factors, like vascular
endothelial growth factor-A (VEGF-A). MMPs and VEGF
appeared to produce seemingly unilateral effects on each
other in term of their expression and production.VEGF can
regulate production of specific MMPs in stromal cells as
well as in activated endothelial cells. therefore, MMPs act
both upstream and downstream of VEGF.[30]

Inter cellular adhesion molecule-1(ICAM-1):
Is a membrane-bound glycoprotein . it acts by stimulating
leukocyte trafficking and it is released from different cell

types such as endothelial cells, epithelial cells, leukocytes
and others. Under normal condition ICAM-1 expression is
low compared with higher expression during inflammation
stimulated by different cytokines.[31] VEGF stimulate
inflammatory response in the retina through increase
expression of ICAM-1. ICAM-1 increased adhesion of
leukocytes to vascular endothelium of the retina will result
in endothelial damage , collapse of the blood retina barrier,
nonperfused capillary ,and ischemia lead to
neovascularization. [32] In addition to leukocytes activation
, ICAM-1 stimulate cytokine production which mediate
inflammatory reaction and increase release of VEGF.[33]

Treatment of retinal angiogenic diseases :

Laser photocoagulation the standard treatment used to
decreases or reverses retinal neovascularization which
produce thermal burning in retinal tissues that produce
growth factors.[34] Vitrectomy is a surgical procedure that
involve removal of vitreous darkness or fibrovascular
proliferation. It is indicated for vitreous hemorrhage and
tractional retinal detachment.[35]

Anti angiogenic drugs:

VEGF considered the main factor that stimulate
angiogenesis in ocular diseases. so that, VEGF is the main
target for drugs used to treat pathological angiogenesis.
Anti angiogenic drugs act by three main mechanisms:[36]

1. Drugs bind with VEGF directly for example,
Pegaptanib  aptmer  (Macugen),  Bevacizumab
(Avastin), Ranibizumab (Lucentis), Aflibercept
(Eylea).

2. Drugs act by inhibition of VEGF synthesis: by using
silencing RNA (siRNA) sequences, a double-stranded
RNA that are capable of silence the VEGF gene due to
mutual homology. sSiRNA sequences penetrate across
cellular membranes, block post-transcriptional RNA
process, and thus inhibit synthesis of VEGF.

3. Drugs act by inhibiting VEGF signaling; through
blocking RTK for all members of VEGF family for
example , pazopanib and multi-kinase inhibitors, like
sorafenib and sunitinib that are used for treatment of
renal and hepatocellular cancer, and there are several
trails to use them in treatment of ocular neovascular

diseases.
Sunitinib:
Chemically, sunitinib is indolin-2-one analogs. is one of
tyrosine kinase inhibitors (TKI) that exerts its

antiangiogenic and antitumor effects by blocking multiple
receptor tyrosine kinases, like VEGF, PDGF receptors,
colony stimulating factor receptor type 1 (CSF-1R),stem
cell factor receptor (KIT), glial cell-line derived
neurotrophic factor receptor (RET) and Fms-Like Tyrosine
Kinase-3 (FLT3). Sunitinib was approved by FDA in 2006
as a drug for the treatment of metastatic renal cell
carcinoma and imatinib-resistant gastrointestinal stromal
tumor (GIST).[37]

In this current, experimental study we use sunitinib malate
in vivo to investigate its effect in treatment of retinal
angiogenesis in rabbits eyes induced by VEGF-165.
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MATERIALS AND METHODS

Recombinant human VEGF 165 (R and D system,

USA), Human plasma albumin(CSL Behring AG
,Switzerland) ketamin (kepro, Holland), xylazine (kepro,
Holland), Sodium dihydrogen phosphate powder (

Riedel-Dehaen AG/Hannover,Germany), Sodium
chloride powder (Sinopharm Co.Ltd. ,China) Di-sodium
hydrogen phosphate powder (Fluka ,Switzerland), Ethyl
alcohol 70% (Active cosmetics, China),
Chloramphenicol eye drop (Amman pharmaceutical
industries, Jordan), Ranibizumab 10mg/ml (Novartis
,France), Sunitinib malate powder (molekula, UK), Rabbit
intercellular adhesion moleculel(ICAM-1) and Rabbit
matrixmetalloproteinase 9(MMP-9) (Mybiosource -USA).
Methods:
Twenty four Dutch-belted rabbits weighing (1.3-2.7 Kg)
are involved in the present study. They were handled
according to the ethics committee in the College of
Pharmacy/Mustansiriyah ~ University.  Rabbits  were
maintained in  animal house of College of
Pharmacy/Mustansiriyah University in iron cages ,each
with four rabbits and kept healthy for three weeks under
controlled condition of room temperature (21+1°C) and
light stream of 12 hours light/ 12 hours dark cycles .they
were received controlled pellets and fresh water. All
rabbits were examined before beginning the study to ensure
that they are normal on ophthalmic and general
examination .Twenty four rabbits were divided in to four
groups as illustrated in table 1.

Table 1: Animal grouping involved in the study

No. of Name of No. of -
: Description
group group rabbits
Normal They were reqeived single
1 group(Negative 6_ dose_,' of 10 unlt(O.l ml) _of
control) rabbits | sterile PBS into posterior
segment of the right eyes.
Retinal They were received single
2 angiogenic 6 dose of 10 unit (0.1ml) of
group(Positive | rabbits | VEGF165 intravitrealy in
control) the right eyes
They were received 5unit
Ranibizumab- (0.05ml) of ranibizumab as
3 treated 6 single dose, intravitreally in
group(Standard | rabbits | the right eyes after 1 week
group) induction of retinal
angiogenesis.
They were received 10 unit
Sunitinib (0.1ml) of sunitinib malate
4 malate-treated 6 solution as single dose
group (test rabbits | intravitreally in the right
group) eyes after 1 week induction
of retinal angiogenesis.

Administration of VEGF-165 and induction of retinal
angiogenesis:

Lypholized VEGF-165 was dissolved in 5ml solution of
sterile, freshly prepared PBS and 0.1% human plasma
albumin then stored at 2-8C° until administration of
solution of VEGF -165 within 7dayes as illustrated in data
sheet from R and D system company.0.1ml of VEGF165
injected intravitreally to the right eyes of rabbit at 3.5-4.0

mm behind the limbus [38],[39], through specific syringe .
After 1 week, the rabbits were sacrificed and vitreous fluid
of the affected eyes were aspirated via 2ml sterile syringe
stored in sterile ependorf at -42¢c° for measuring MMP-9
and ICAM-1 levels.

Administeration of sterile phosphate buffer saline

0.1ml of sterile PBS was injected in to right eyes of rabbits
by intravitreal injection then after 1week ,the rabbits were
sacrificed and vitreous samples were removed via 2ml
sterile syringe and stored in sterile ependorf at -42c° untile
measuring levels of MMP-9 and ICAM-1

Preparation and administeration of sunitinib malate:
Sunitinib malate solution prepared by dissolving 12.5mg of
sunitinib malate powder into 1ml of sterile PBS that is
compatible with ocular tissues and it shown not effect on
drug stability. After 1week of induction of retinal
angiogenesis , 0.1ml of freashly prepared sunitinib malate
solution was injected intravitrealy.[40] The rabbits were
kept for 29 days (similar to standard therapy) then they
were sacrificed and  vitreous humor obtained via specific
syringe and putted in sterile ependorf at -42c° untile
measuring the concentration of ICAM-1 and MMP-9.
Administration of standard treatment:

Rabbits were injected intravitreally by single dose of 5unit
(0.5mg/0.05ml) of ranibizumab solution [41] .The rabbits
were maintained for 29 day [42] then they sacrificed and
the vitreous humor was removed from the affected eyes and
stored in sterile ependorf at -42c® untile measuring levels of
MMP-9 and ICAM-1.

Measurment of parameters: .

It include measuring of MMP-9 and ICAM-1 in vitreous
sample by using enzyme -linked immunosorbent assay
(ELISA) technology. ELISA technique is a method of
quantitative analysis that used to measure even very low
concentrations of substances like peptide ,vitamins and
drug in biological fluid ,depending on antigen —antibody
reaction through enzyme by using an enzyme-linked
conjugate and enzyme substrate that observed by color
changes.

Statistical analysis

In this study, data was analyzed using Statistical Packages
for Social Sciences

(SPSS) software, version 16.Descriptive statistics were
reported as meanz standard error of mean (SEM).Analysis
of variance (ANOVA) test was used for verifying the
significance of difference between the four studied groups,
followed by Tukey test.

P value considered highly significant if it is < 0.01 and
non significant if it is more than 0.05

RESULTS

Measurement of vitreous level of intercellular adhesion
molecule -1

The mean +SEM of ICAM-1 vitreous level was measured
for all groups in this study. The statistical study showed
that there was highly significant decrease (P<0.01) in
mean concentration of ICAM-1 in vitreous humor in
rabbit’s eye of sunitinib (test)-treated group compared with
positive (angiogenic) control group (0.15+0.02 ng/ml vs.
0.53+0.03ng/ml). The decreaed mean concentration of
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ICAM-1 revealed no significant difference (P>0.05)
between sunitinib-treated group and negative control group
(0.15+0.02 ng/ml vs. 0.08+0.01ng/ml) and there was no
significant  difference  (P>0.05)in  decreased mean
concentration of ICAM-1between sunitinib —treated group
and ranibizumab —treated group (0.15+0.02 ng/ml vs.
0.08+ 0.002ng/ml ) .furthermore, the statistical study
exhibit that there was highly significant decrease (P<0.01)
in the mean concentration of ICAM-1 in vitreous humor
between ranibizumab treated-group and angiogenic group
(0.08+ 0.002ng/ml vs. 0.53+0.03 ng/ml) also there was
highly significant difference (P<0.01) in the mean
concentration of ICAM-1 between control and angiogenic
group (0.08+0.01ng/ml vs. 0.53+£0.03 ng/ml) in addition
there was no significant difference (P>0.05) in the mean
concentration of ICAM-1 between control and
ranibizumab-treated  group(0.08+0.01ng/ml  vs. 0.08%
0.002ng/ml ) . Figure (3-1)

Intercellular Adhesion Molecule-1
0.6
0.5
£ 04
S~
1)
<
i 0.3
=
<
L 0.2
0.1 ,/ 1 |
0 [
Control Angiogini | Standard | Sunitinib
C
|l Seriesl 0.084 0.53233 0.08917 0.1525

Figure (1): column chart of the mean values of ICAM-
llevel in vitreous humor of rabbit’s eyes in tested
groups. The results represented as meanz standard
error of means (SEM).
Measurement of vitreous level of
matrixmetalloproteinase-9

The mean +SEM of MMP-9 vitreous level was measured
for all groups in this study. The statistical study showed
that there was highly significant decrease (P<0.01) in mean
concentration of MMP-9 between sunitinib-treated group
and angiogenic group (0.60+0.05ng/ml vs. 0.90+0.02
ng/ml) .also there was highly significant (P<0.01)
difference in mean concentration of MMP-9 in vitreous of
rabbits eyes between sunitinib-treated group and
ranibizumab-treated group (0.60+0.05ng/ml vs.0.37+0.01
ng/ml ) .Furthermore , statistics appeared that there was
highly significant (P<0.01) difference in mean
concentration of MMP-9 between sunitinib-treated group
and control group(0.60+0.05ng/ml vs. 0.35+0.05ng/ml ).
moreover , there was non-significant (P>0.05) difference
in mean concentration of MMP-9 between ranibizumab-

treated group and control group (0.37+£0.01 ng/ml vs.
0.35£0.05ng/ml) but there was highly significant (P<0.01)
difference in mean concentration of MMP-9 between
ranibizumab —treated group and angiogenic group
(0.37£0.01 ng/ml vs. 0.90+0.02 ng/ml ). Figure (3-2)
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Figure (2): column chart of the mean values of MMP-9
level in vitreous humor of rabbits eyes in tested groups.
The results represented as meantSEM

DISCUSSION
Retinal angiogenesis is a pathological condition in the
retina which associated with different retinal vascular
diseases that lead to vision loss .The most important one
among these disease is diabetic retinopathy.[43, 44]
Proliferative diabetic retinopathy (PDR) and diabetic
macular edema (DME) considered the major causes of
visual impairment or visual loss in patients with diabetic
retinopathy[45]. A major contributor to the development of
abnormal blood vessels in PDR and macular swallowing is
excessive production of VEGF[46] . It mediates its action
through activation of VEGFR-1,-2[47] and stimulating
different signaling pathways that result in generation of
several mediators [48] that can be utilized as biomarkers to
measure disease stages and evaluate responsiveness to
appropriate therapy[49]
Induction of retinal angiogenesis
In this current study, recombinant human vascular
endothelial growth factor 165 (VEGF165) was injected to
the vitreous humor of right eyes of rabbits in order to form
a model of PDR . after about 1week ,as mentioned in
previous studies[38] ,the result appeared that there was a
marked elevation in vitreous level of ICAM-1 and MMP-9
as indicators to development of retinal neovascularization
(RNV).
Elevation of vitreous level of ICAM-1 in angiogenic
group:
Several studies shown that the inflammation have an
important role in pathogenesis of PDR [50-52].
inflammatory response induced by proangiogenic agent
(VEGF) and it is represented by upregulation of ICAM-1
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and other inflammatory molecules[53, 54] released by
activated inflammatory and cells and glial cells that have a
major role in the damage of retinal capillaries.
Inflammatory cytokines stimulate adhesion of leukocytes to
the endothelium , enhance vascular permeability, as well as
thrombus formation by inducing imbalance between pro
coagulant and anticoagulant activity[55] . leukocyte
recruitment and adhesion to the retinal vasculature
associated with capillary non perfusion and endothelial cell
damage through releasing various inflammatory and growth
cytokines that further enhance neovascularization [56].s0
that, there is agreement between previous studies that
showed increase in ICAM-1 vitreous level in PDR in
human and animal studies[57-59] and the current study.
Elevation of vitreous level of MMP-9 in angiogenic
group

Extracellular matrix degradation has been involved in the
pathogenesis of PDR. MMPs play an important role in
ECM proteolysis which is an essential step for new vessels
to get —away from the retina and inter the vitreous cavity
[60]. In the present study, intravitreal injection of rhVEGF
resulted in up regulation of MMP-9 which confirmed the
generation of retinal angiogenesis and this agree with
several studies[30, 61-63] that revealed that there is
correlations between vitreous level of VEGF,MMP-9 and
establishment of RNV.

Administration of sunitinib malate :

Angiogenic group was treated with single dose (10 unit) of
sunitinib malate intravitreally, shown significant decrease
in concentrations of measured biomarkers ( ICAM-1 and
MMP-9) in vitreous humor as a result of tyrosin kinase
receptors (VEGFRs )blocking effect of sunitinib which
inhibit downstream signaling of VEGF causing a reduction
in RNV. This study considered a new research in studying
the effect of sunitinib in treating RNV.

Administration of ranibizumab (standard therapy) :

In this study, administeration of ranibizumab as single
intravitreal dose of 0.5 mg (0.05unit)®! resulted in highly
significant reduction in vitreous concentrations of ICAM-
1 and MMP-9 with concomitant inhibition of RNV due to
its action by neutralizing effect of VEGF and preventing
VEGF from binding with its receptors and activating
signaling pathways that lead to abnormal formation of
blood vessels in the retina . This agree with what is
revealed in various studies to show the therapeutic response
of ranibizumab in treatment of PDR and DME [¢6-¢71 |

CONCLUSION:
From this current study we can conclude that the sunitinib
malate used in management of RNV model in experimental
rabbits approximately as effective as standard therapy so
that sunitinib malate can be added to anti-VEGF drugs used
for treatment PDR and DME that are the major reasons for
blindness in the world.

Acknowledgement

The authors are grateful to college of pharmacy/ University
of Mustansiriya for performing the analytical methods in
this study.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

REFREENCES
Willoughby, C.E., et al., Anatomy and physiology of the human eye:
effects of mucopolysaccharidoses disease on structure and function —
a review. Clinical & Experimental Ophthalmology, 2010. 38: p. 2-
11.
Usui, Y., et al., Angiogenesis and Eye Disease. Annu Rev Vis Sci,
2015. 1: p. 155-184.
Liu, C.H., et al., Animal models of ocular angiogenesis: from
development to pathologies. Faseb j, 2017. 31(11): p. 4665-4681.
Goel, M., et al., Aqueous Humor Dynamics: A Review. Open
Ophthalmol J, 2010. 4: p. 52-9.
Bévalot, F., et al., Vitreous humor analysis for the detection of
xenobiotics in forensic toxicology: a review. Forensic Toxicology,
2016. 34(1): p. 12-40.
Johnson, K.E. and T.A. Wilgus, Vascular Endothelial Growth
Factor and Angiogenesis in the Regulation of Cutaneous Wound
Repair. Adv Wound Care (New Rochelle), 2014. 3(10): p. 647-61.
Kushner, E.J. and V.L. Bautch, Building blood vessels in
development and disease. Curr Opin Hematol, 2013. 20(3): p. 231-6.
Kaunas, R., H. Kang, and K.J. Bayless, Synergistic Regulation of
Angiogenic Sprouting by Biochemical Factors and Wall Shear
Stress. Cell Mol Bioeng, 2011. 4(4): p. 547-559.
Logsdon, E.A., et al., A systems biology view of blood vessel growth
and remodelling. J Cell Mol Med, 2014. 18(8): p. 1491-508.
Mentzer, S.J., Intussusceptive Angiogenesis: Expansion and
Remodeling of Microvascular Networks. 2014. 17(3): p. 499-509.
De Spiegelaere, W., et al., Intussusceptive angiogenesis: a
biologically relevant form of angiogenesis. J Vasc Res, 2012. 49(5):
p. 390-404.
Yoo, S.Y. and S.M. Kwon, Angiogenesis and Its Therapeutic
Opportunities. Mediators of Inflammation, 2013. 2013: p. 11.
Yadav, L., et al., Tumour Angiogenesis and Angiogenic Inhibitors: A
Review. J Clin Diagn Res, 2015. 9(6): p. Xe01-5.
Niu, G. and X. Chen, Vascular Endothelial Growth Factor as an
Anti-angiogenic Target for Cancer Therapy. Curr Drug Targets,
2010. 11(8): p. 1000-17.
Campochiaro, P.A., Ocular Neovascularization. J Mol Med (Berl),
2013. 91(3): p. 311-21.
Moleiro, A.F., et al., A Critical Analysis of the Available In Vitro
and Ex Vivo Methods to Study Retinal Angiogenesis. Journal of
Ophthalmology, 2017. 2017: p. 19.
Bishop, P.N., The role of extracellular matrix in retinal vascular
development and preretinal neovascularization. Exp Eye Res, 2015.
133: p. 30-6.
Papatheodorou, K., et al.,, Complications of Diabetes 2016. J
Diabetes Res, 2016. 2016.
Ankur Rohilla, R.K., Seema Rohilla, Ashok Kushnoor, Diabetic
Retinopathy: Origin and Complications. European Journal of
Experimental Biology, 2012. 2(1): p. 88-94.
Cai, X. and J.F. McGinnis, Diabetic Retinopathy: Animal Models,
Therapies, and Perspectives. J Diabetes Res, 2016. 2016: p.
3789217.
Gundogan, F.C., et al., Diabetic Macular Edema. Pak J Med Sci,
2016. 32(2): p. 505-10.
Cavallaro, G., et al.,, The pathophysiology of retinopathy of
prematurity: an update of previous and recent knowledge. Acta
Ophthalmol, 2014. 92(1): p. 2-20.
Jonas, J., et al., Retinal vein occlusions. Dev Ophthalmol, 2010. 47:
p. 111-35.
Rim, T.H., et al., Evaluation of the Association Between Retinal Vein
Occlusion and the Risk of Atrial Fibrillation Development: A 12-
Year, Retrospective Nationwide Cohort Study. Sci Rep, 2016. 6.
Abramoff, M.D., M.K. Garvin, and M. Sonka, Retinal Imaging and
Image Analysis. IEEE Rev Biomed Eng, 2010. 3: p. 169-208.
GschlieRer A ** S.E., Neumayer T , Moser E , Papp A , Pircher N,
Dorner G , Egger S, Vukojevi¢ N , Oberacher-Velten | , Schmidt-
Erfurth U EFFECT OF PATIENTS' CLINICAL INFORMATION ON
THE DIAGNOSIS OF AND DECISION TO TREAT RETINOPATHY
OF PREMATURITY. THE JOURNAL OF RETINAL AND
VITREOUS DISEASES, 03 Oct 2017. 0: p. 1-7.
Salz, D.A. and A.J. Witkin, Imaging in Diabetic Retinopathy.
Middle East Afr J Ophthalmol, 2015. 22(2): p. 145-50.
Simo-Servat, O., R. Simo, and C. Hernandez, Circulating
Biomarkers of Diabetic Retinopathy: An Overview Based on
Physiopathology. J Diabetes Res, 2016. 2016: p. 5263798.

485



29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45,

46.

47.

48.

49.

Shahad Salah Al-Deen Mohammed Ali et al /J. Pharm. Sci. & Res. Vol. 11(2), 2019, 480-486

Chaudhary, AK., et al., Matrix metalloproteinase and its drug
targets therapy in solid and hematological malignancies: an
overview. Mutat Res, 2013. 753(1): p. 7-23.

Ebrahem, Q., et al., Cross-Talk between Vascular Endothelial
Growth Factor and Matrix Metalloproteinases in the Induction of
Neovascularization in Vivo. Am J Pathol, 2010. 176(1): p. 496-503.
Ramos, T.N., D.C. Bullard, and S.R. Barnum, ICAM-1: Isoforms and
Phenotypes. J Immunol, 2014. 192(10): p. 4469-74.

dell'Omo, R., et al., Vitreous Mediators in Retinal Hypoxic Diseases.
Mediators Inflamm, 2013. 2013.

Semeraro, F., et al., Diabetic Retinopathy: Vascular and
Inflammatory Disease. Journal of Diabetes Research, 2015. 2015: p.
16.

Duh, E.J., J.K. Sun, and A.W. Stitt, Diabetic retinopathy: current
understanding, mechanisms, and treatment strategies. JCI Insight.
2(14).

Gupta, V. and J.F. Arevalo, Surgical Management of Diabetic
Retinopathy. Middle East Afr J Ophthalmol, 2013. 20(4): p. 283-92.
Pozarowska, D. and P. Pozarowski, The era of anti-vascular
endothelial growth factor (VEGF) drugs in ophthalmology, VEGF
and anti-VEGF therapy. Cent Eur J Immunol, 2016. 41(3): p. 311-
316.

Mena, A.C., E.G. Pulido, and C. Guillen-Ponce, Understanding the
molecular-based mechanism of action of the tyrosine kinase
inhibitor: sunitinib. Anticancer Drugs, 2010. 21 Suppl 1: p. S3-11.
Badaro, E., et al., Development of an Experimental Model of
Proliferative Retinopathy by Intravitreal Injection of VEGF165. J
Ocul Pharmacol Ther, 2014. 30(9): p. 752-6.

Dan-DanWang® Pei-YingXu®* Tian-YuWang** Xiao-XiaChen®!
,QingPeng?, Observation on health quality of life before and after the
injection of antiangiogenic drug in vitreous cavity to patients with
wet age-related macular degeneration. Chinese Nursing Research,
March 2015. 2(1): p. 27-30.

Dib, E., et al., In vivo, in vitro toxicity and in vitro angiogenic
inhibition of sunitinib malate. Curr Eye Res, 2012. 37(7): p. 567-74.
Amadio, M., S. Govoni, and A. Pascale, Targeting VEGF in eye
neovascularization: What's new?: A comprehensive review on
current therapies and oligonucleotide-based interventions under
development. Pharmacol Res, 2016. 103: p. 253-69.

Frampton, J.E., Ranibizumab: a review of its use in the treatment of
neovascular age-related macular degeneration. Drugs Aging, 2013.
30(5): p. 331-58.

Lamoke, F., et al., Trans-Chalcone prevents VEGF expression and
retinal neovascularization in the ischemic retina. Exp Eye Res,
2011. 93(4): p. 350-4.

Di, Y. et al, The mechanism of CCN1-enhanced retinal
neovascularization in  oxygen-induced retinopathy through
PI3K/Akt-VEGF signaling pathway. Drug Des Devel Ther, 2015. 9:
p. 2463-73.

Pai, A., et al., Current concepts in intravitreal drug therapy for
diabetic retinopathy. Saudi J Ophthalmol, 2010. 24(4): p. 143-9.
Wang, J.H., et al., Gene therapy for diabetic retinopathy: Are we
ready to make the leap from bench to bedside? Pharmacol Ther,
2017.173: p. 1-18.

Shibuya, M., Vascular Endothelial Growth Factor (VEGF) and Its
Receptor (VEGFR) Signaling in Angiogenesis:A Crucial Target for
Anti- and Pro-Angiogenic Therapies. Genes & Cancer, 2011. 2(12):

p. 1097-1105.

Zou, L., et al, Lasting Controversy on Ranibizumab and
Bevacizumab. Theranostics, 2011. 1: p. 395-402.

Murukesh, N., C. Dive, and G.C. Jayson, Biomarkers of

angiogenesis and their role in the development of VEGF inhibitors.
BrJ Cancer, 2010. 102(1): p. 8-18.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

Semeraro, F., et al., Diabetic Retinopathy: Vascular and
Inflammatory Disease. J Diabetes Res, 2015. 2015: p. 582060.
Gologorsky, D., A. Thanos, and D. Vavvas, Therapeutic
Interventions against Inflammatory and Angiogenic Mediators in
Proliferative Diabetic Retinopathy. Mediators of Inflammation,
2012. 2012: p. 10.

Balaiya, S., Z. Zhou, and K.V. Chalam, Characterization of Vitreous
and Aqueous Proteome in Humans With Proliferative Diabetic
Retinopathy and Its Clinical Correlation. Proteomics Insights, 2017.
8.

El-Asrar, A.M.A., et al., High-mobility group box-1 and biomarkers
of inflammation in the vitreous from patients with proliferative
diabetic retinopathy. Mol Vis, 2011. 17: p. 1829-38.

Jain, A., et al, Status of serum VEGF and ICAM-1 and its
association with external limiting membrane and inner segment-
outer segment junction disruption in type 2 diabetes mellitus. Mol
Vis, 2013. 19: p. 1760-8.

Agrawal, N.K. and S. Kant, Targeting inflammation in diabetes:
Newer therapeutic options. World J Diabetes, 2014. 5(5): p. 697-
710.

Ka, et al., Inflammation and Pharmacological Treatment in Diabetic
Retinopathy. Mediators of Inflammation, 2013. 2013: p. 8.
Simé-Servat, O., C. Herndndez, and R. Sim¢, Usefulness of the
Vitreous Fluid Analysis in the Translational Research of Diabetic
Retinopathy. Mediators Inflamm, 2012. 2012.

Capozzi, M.E., et al., Epoxygenated Fatty Acids Inhibit Retinal
Vascular Inflammation. Sci Rep, 2016. 6.

Vujosevic, S. and R. Simo, Local and Systemic Inflammatory
Biomarkers of Diabetic Retinopathy: An Integrative Approach.
Invest Ophthalmol Vis Sci, 2017. 58(6): p. Bio68-bio75.

Rodrigues, M., et al., VEGF secreted by hypoxic Muller cells induces
MMP-2 expression and activity in endothelial cells to promote
retinal neovascularization in proliferative diabetic retinopathy.
Diabetes, 2013. 62(11): p. 3863-73.

Di, Y., Q.Z. Nie, and X.L. Chen, Matrix metalloproteinase-9 and
vascular endothelial growth factor expression change in
experimental retinal neovascularization. Int J Ophthalmol, 2016.
9(6): p. 804-8.

Abu El-Asrar, A.M,, et al., Extracellular matrix metalloproteinase
inducer (EMMPRIN) is a potential biomarker of angiogenesis in
proliferative diabetic retinopathy. Acta Ophthalmol, 2017. 95(7): p.
697-704.

Abu El-Asrar, A.M., et al., Relationship between vitreous levels of
matrix metalloproteinases and vascular endothelial growth factor in
proliferative diabetic retinopathy. PLoS One, 2013. 8(12): p.
e85857.

Dervenis, N., et al., Ranibizumab in the Treatment of Diabetic
Macular Edema: A Review of the Current Status, Unmet Needs, and
Emerging Challenges. Adv Ther, 2017. 34(6): p. 1270-82.
Schmidt-Erfurth, U., et al., Three-year outcomes of individualized
ranibizumab treatment in patients with diabetic macular edema: the
RESTORE extension study. Ophthalmology, 2014. 121(5): p. 1045-
53.

Yan, Y. et al, The impact of ranibizumab on the level of
intercellular adhesion molecule type 1 in the vitreous of eyes with
proliferative diabetic retinopathy. Acta Ophthalmol, 2016. 94(4): p.
358-64.

Zou, C., et al., Change of ranibizumab-induced human vitreous
protein profile in patients with proliferative diabetic retinopathy
based on proteomics analysis. Clin Proteomics, 2018. 15.

486





