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Abstract. - OBJECTIVE: Here we use a rat
model to investigate the effects of epoxyeicosa-
trienoic acids (EETs) on retinal macular degen-
eration along with pathological and physiologi-
cal mechanisms of the disease.

MATERIALS AND METHODS: Six choroidal
neovascularization (CNV) rats were created with
a 532 nm laser and received intravitreal injec-
tions of EETs in both eyes. On day 1, 3, 7 and
14 after photocoagulation, the thickness and ar-
ea of CNV were measured with HE staining and
choroidal flat mounts. COX-2 and VEGF levels
in CNV were detected by immunohistochemis-
try method. Protein and mRNA expression were
studied by Western blotting and RT-PCR.

RESULTS: 14 days after photocoagulation,
CNV thickness and area were significantly re-
duced (p<0.01) in the treatment group com-
pared with the control group. COX-2 and VEGF
had high expression in vascular endotheli-
al cells and stromal cells of CNV. Peak expres-
sion of COX-2 and VEGF was significantly higher
(p<0.01) in the treatment group than in the con-
trol group. 7 days after photocoagulation, VEGF
protein and mRNA expression were significantly
lower (p<0.05) in the treatment group than in the
control group, whereas COX-2 mRNA showed no
significant difference (p>0.05). FFA found that
CNV fluorescein leakage area was significant-
ly reduced (p<0.05) in the treatment group than
in the control group. 14 days after photocoagu-
lation, neovascularization area was significant-
ly smaller (p<0.05) in the treatment group than
in the control group. Vitreous EETs levels in the
treatment group were significantly higher than
in the control group. Compared with the control
group, the celecoxib treatment group had sig-
nificantly increased vitreous EETs (p<0.05).

CONCLUSIONS: Intravitreal injection of cele-
coxib could suppress the thickness and area of
laser-induced macular degeneration CNV. It also
improved the vitreous EETs levels in CNV mod-
el rats. COX-2 expression was upregulated in the
early generation of laser-induced CNV, which

may play an important role in regulating expres-
sion of VEGF.
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Introduction

Choroidal neovascularization (CNV) is one of
the major pathological factors during the disease
development of macular degeneration'. CNV also
occurs in other diseases such as age-related macu-
lar degeneration (AMD), vascular patterns chan-
ge (AS), pathologic myopia and presumed ocular
histoplasmosis disease syndrome (POHS)?3. Ne-
ovascularization originates from the choriocapil-
laris, breaks the bruch membrane and forms ma-
cular neo-vascular membrane. New vessels are
fragile and easy to leak, so they are very likely
to cause bleeding or oozing, which will damage
the photoreceptor cells. Also, the proliferation of
blood vessels is capable of forming a fibrous scar,
resulting in irreversible damage to retinal function
and even vision loss.

CNYV generation is the result of an imbalance
between localized angiogenic factors and angio-
genesis inhibitors. Vascular endothelial growth
factor (VEGF) is currently the strongest known
angiogenic factor and is capable of stimulating
endothelial cell proliferation and increasing en-
dothelial permeability. Epoxyeicosatrienoic acids
(EETs) are metabolites OD arachidonic acid
(AA), which is processed by a large number of
cytochrome P450s present in the liver*. Biological
functions of EETs are very complicated. They can
regulate migration and metastasis of tumor cells.
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Degradation of EETs by an epoxide degradation
enzyme COX-2 will lead to the generation of
CNV. In the past few years, EETs were found to
function in CNV by regulating the expression of
VEGF*". In this study, we investigate the function
and biological effects of EETs on CNV in macular
degeneration rat models, with an effort to provide
a theoretical basis for the use of EETs to treat and
prevent macular degeneration.

Materials and Methods

Experimental Animals and Reagents

Six male brown Norway (BN) rats of 8 to 12
weeks old with weights between 180-220 g were
provided by Beijing Vital River Laboratory Animal
(Co., Ltd., Beijing, China). The rats were kept at 24-
26°C with a humidity of 60% and a 12 h/12 h light
and darkness cycle. All animals had normal ante-
rior segment and fundus examination results before
the experiments. 20% fluorescein sodium injection
(Wuzhou Pharmaceutical Co., Ltd., Guangdong,
China); sodium pentobarbital (Sigma-Aldrich, St.
Louis, MO, USA); rhodamine-labeled castor bean
lectin (Vector, Torrance, CA, USA); 20% fluo-
rescein sodium injection (Baiyunshan Mingxing
Pharmaceutical Co., Ltd., Guangzhou China);
heparin sodium injection (2 ml: 5000 u, Yangtze
Pharmacol Co., Ltd., Taizhou, China); 4% parafor-
maldehyde in phosphate buffer PEA4og + o0.IM-
PBsl000nil, rabbit anti-human FVIIIR: Ag mono-
clonal antibody (Boster Biological Engineering
Co., Ltd., Wuhan, China); AEC staining kit (Boster
Biological Engineering Co., Ltd., Wuhan, China);
FITC-D perfusion solutions: FITC-D20 mg (Dex-
tran, fluorescein, Invitrogen, Carlsbad, CA, USA)
+ 5 ml Ringer’s lactate + 0.5 g gelatin; 6% chloral
hydrate solution; COX-2 rabbit anti-rat polyclo-
nal antibody (Neo-Marker, Fremont, CA, USA);
mouse anti-rat VEGF monoclonal antibody (Santa
Cruz Biotechnology, Santa Cruz, CA, USA); nor-
mal goat serum (Zhongshan Golden Bridge Biote-
chnology, Co., Ltd., Beijing, China); SP secondary
antibodies kit (Zhongshan Golden Bridge Biote-
chnology Co., Ltd., Beijing, China); AEC staining
kit (Zhongshan Golden Bridge Biotechnology Co.,
Ltd., Beijing, China); glycerol vinyl alcohol-solu-
ble mounting medium (GVA) (Zhongshan Golden
Bridge Biotechnology Co., Ltd., Beijing, China);
BCA method protein assay kit (Puli Lai Co., Ltd.,
Beijing, China); WB prestained protein (Fermen-
tas Company, Vilnius, Lithuania); DNA marker
DL2000 (Tiangen Co., Ltd., Beijing, China); Tri-

zol (Invitrogen, Carlsbad, CA, USA); reverse tran-
scription kit (Fermentas Co., Vilnius, Lithuania);
primers (Biological Engineering Technology Ser-
vices Co., Ltd., Shanghai, China).

Experimental Equipment

532 nm harmonic Nd: YAG laser (Quantel
Medical, Cournon-d’Auvergne, France); ocular
three-mirror lens (Ocular Inc., Bellevue, WA,
USA); confocal laser angiography instrument
(Heidelberg, Germany); electric oven (Yuejin
Medical Instruments Factory, Shanghai, China);
GTK-2002 automatic thermostat for slides spre-
ading, baking and roasting (Ruifeng Equipment
Company, Xian, China); Leica DM LB2 optical
microscope (Leica, Wetzlar, Germany); stereo mi-
croscope (Zeiss, Oberkochen, Germany); digital
camera IXUS100 (Canon IXUS700, Tokyo, Ja-
pan); laser scanning confocal microscope (Olym-
pus LV100, Tokyo, Japan).

Production of Animal Models

6 BN rats received intravitreal injections of 10
ul drugs in both eyes. The right eyes were injected
celecoxib (1 mg/ml); the left eyes were injected
phosphate buffered saline (PBS) (0.01 M). Intrape-
ritoneal injection of 1% pentobarbital sodium (50
mg/kg) was used to anesthetize the rats. Both eyes
were then dilated with tropicamide eye drops and
treated with medical sodium hyaluronate gel. The
eyes were placed in front of 53.0 D corneal contact
lens. A 532 nm laser through a slit lamp (Power: 80
mW, Laser spot diameter: 100 pm, Exposure time:
100 ms) was applied to create 8 to 10 photocoa-
gulation points equidistantly at 1.5-2 PD from the
vison disc. After the photocoagulation, the appea-
rance of bubbles and/or mild bleeding (sometimes
accompanied by light popping sound) meant bre-
akage of bruch membrane, and these points were
marked as the effective points®. All experimental
operations followed Association for Research in
Vision and Ophthalmology (ARVO) rules. Expe-
rimental animals in the study were SPF level labo-
ratory animals, and all researchers have obtained
permits to work with experimental animals.

Immediately after photocoagulation, rats were
given intravitreal injection. Rat eyes were applied
1% tetracaine hydrochloride for topical anesthesia
(while rats were still under general anesthesia at
that time). Bulbar conjunctiva (close to and sli-
ghtly above ear rats) were isolated under micro-
scope to fully expose thee scleral wall. Number
27 needle was used to puncture a 0.5 mm incision
in the sclera, and then a micro syringe was used

2971



F. Mei, J.-G. Wang, Z.-J. Chen, Z.-L. Yuan

to inject 10 pl drugs (1 mg/ml celecoxib or 0.01
M PBS). The syringe entered through the incision
and pointed directly to the vision disc to deliver
the drugs to the vitreous. Successful deliveries of
the drug into the vitreous and their positions were
confirmed’.

Fluorescein Angiography

14 days after the laser photocoagulation, three
eyes were randomly chosen from the intravitreal
PBS group to perform fluorescein fundus angio-
graphy (FFA). Intraperitoneal injection of 1% so-
dium pentobarbital (50 mg/kg) was used for ane-
sthesia. After dilation, 20% sodium fluorescein
solution were injected intraperitoneally and the
dosages were 0.5 ml/kg. FFA images were col-
lected during 2-30 min period after injection. FFA
images were grouped into early phase (< 2 min)
and late phase (> 10 min). The generation of CNV
was determined by whether late phase FFA ima-
ges showed fluorescein leakage!'.

Histopathological Observation

Anesthesia was done with intraperitoneal
injection of 1% sodium pentobarbital (100 mg/
kg). After the disappearance of pain reflex of toes,
abdominal walls were cut open below the ster-
num. Liver and other tissues were pushed aside
to expose the diaphragm and apex beats were vi-
sible. The diaphragm was cut open away from the
apex and then the chest wall was cut open to expo-
se the heart. A syringe was inserted from the apex
and pointed to the left ventricle and arrived at aor-
ta. After vascular clamping, the right atrium was
cut open and perfusion was conducted with about
400 ml 0.9% saline. Correct perfusions were de-
termined by unexpanded lungs, no blood or water
coming out of nose and mouth, and gradual white-
ning of liver and other tissues. Conjunctivas were
cut along the limbus ring. Eyeballs were remo-
ved by cutting the extraocular muscles and optic
nerves. Eyeballs were then fixed as follows; they
were immersed in new style Bouin liquid for 24 h.
Then, the connective tissues around the eyeballs
were removed; cornea and lens were later remo-
ved by cutting along the limbus. The dehydration
was conducted with 75%, 85% ethanol treatments
for 3 h each, followed by 90%, 95%, 95%, 100%,
100% ethanol treatments for 2 h each. Routine HE
staining was then performed.

CNV Thickness Measurement

All slices containing CNV were imaged with a
CCD camera attached to an optical microscope.
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The images were saved to a computer and num-
bered sequentially. Image-proplus 6.0 professio-
nal image processing software was used to me-
asure CNV thickness (the vertical distance from
the normal RPED layer to the highest point of
the newly formed tissue). Included CNV should
have good continuity and intact tissue. For the
same CNV, the maximum thickness measurement
among successive sections were chosen. For a
certain time point, CNV thickness was recorded
as the average thickness of at least 7 to 10 dif-
ferent CNV measurements®'!. Experimental data
were then evaluated by two professionals using
independent double-blind assessment. SPSS12.0
software (SPSS Inc., Chicago, IL, USA) was used
to perform independent samples z-tests.

RPE-Choroid-Sclera Flat Mounts

14 days after laser photocoagulation, rats were
treated with excess anesthesia followed by car-
diac perfusion with 400 ml of saline and 400 ml
with 14% paraformaldehyde. The eyeballs were
separated and fixed in 4% paraformaldehyde for
30 min and then in PBS for 2 h. Cornea, lens and
retinal neurosensory layers were removed under a
microscope. In the remaining RPE-choroid-scle-
ra complex, 6-8 radial incision was made and the
complex was flattened. The flats were placed in
1% Triton X-100 at room temperature for 2 h, fol-
lowed by incubation with rhodamine-labeled ca-
stor bean lectin (1: 1000) at room temperature for
24 h. Finally, the flats were washed in tris-buffe-
red saline (TBS) for 24 h. The flats were placed on
slides, mounted with aqueous mounting medium
and observed and photographed with a laser scan-
ning confocal microscope.

ELISA Assay to Detect Vitreous EETs
ELISA assays were conducted by using an ELI-
SA kit to detect the expression levels of vitreous
EETs in rats. The ELISA kit was provided by
Nanjing Jiancheng Company (Nanjing, China).

Immunohistochemical Staining

Paraffin sections were dewaxed by conventional
methods. Sections containing CNV were selected
for immunohistochemical staining. After soaking
in 0.01 M PBS for 5 min, citrate buffer (pH = 6.0)
were used for antigen retrieval with microwave
heating for 10 min. Slides were washed with tap
water and then with PBS for 3 times, 3 min each.
After that, slides were incubated at room tempera-
ture for 30 min with 3% H,O, to eliminate the in-
fluence of endogenous peroxidase. After 3 washes
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with PBS for 3 min each, slides were incubated
with 5% normal goat serum diluted with PBS so-
lution + 5% bovine serum albumin (BSA) at room
temperature for 30 min. Afterward, the liquid was
discarded and slides were not washed. The working
concentration of the primary antibody was 1: 100.
Incubation with primary antibody was conducted at
4°C for 24 h followed by 3 PBS washed for 3 min
each. A secondary antibody was goat anti-rabbit or
mouse IgG. Incubation was conducted at 37°C for
30 min followed by 3 PBS washed for 3 min each.
Then, slides were placed in horseradish peroxidase
enzyme working solution at 37°C for 30 min fol-
lowed by 3 phosphate buffered saline with Tween
20 (PBST) washed for 3 min each. Color deve-
lopment was done with 3-amino-9-ethylcarbazole
(AEC) chromogenic reagent for 5-10 min followed
by Mayer’s hematoxylin for 5-10 min. Slides were
washed under running water and mounted with
glycerol vinyl alcohol (GVA). They were obser-
ved under an optical microscope and photographed
with a Charge-Coupled Device (CCD) camera.

Western Blotting

Rats were overdosed anesthetized and infused
with saline solution. Eyeballs were removed and
the retina-RPE-choroid-sclera complexes were
dissected out. Two retina-RPE-choroid-sclera
complexes were combined to be one sample. Cell
lysis buffer was added to lyse cells on ice. The su-
pernatant was obtained by centrifugation. Protein
was quantified by the bicinchoninic acid (BCA)
method. Proteins were mixed with 5% loading
buffer and boiled for 5 min. 40 mg total protein
from each sample was loaded on a polyacrylami-
de gel containing a 12% separation gel and a 5%
stacking gel. Gel was run under an 80 V constant
voltage until the bromophenol blue migrates to
the junction of the stacking gel and separating gel,
then a constant 100 V voltage was applied until
the bromophenol blue migrate to the bottom. Pro-
teins on the gel were transferred to nitrocellulose
membrane by electroporation (100 V, 90 min).
The nitrocellulose membrane was blocked with
5% skim milk powder solution at 37°C for 1 h, and
incubated with primary antibody (working con-
centration for both COX-2 and VEGF was 1: 200)
at 4°C for overnight. Then, the membrane was in-
cubated with horseradish peroxidase-conjugated
secondary antibody (1: 20000) at room tempera-
ture for 1 h, and developed by ECL chromogenic
system (Amersham, Buckinghamshire, UK). Ima-
ges were scanned for analysis. f-actin was used as
an internal reference. Gray values were analyzed

by KodardigtalsciencelD data analysis software.
The relative amounts of COX-2 and VGEF were
recorded as the gray value ratios of COX-2 or
VGEF to the corresponding B-actin'®.

RT-PCR

After rats were given overdose anesthesia,
eyeballs were immediately removed and the re-
tina-RPE-choroid-sclera complexes were quickly
dissected out. Two retina-RPE-choroid-sclera
complexes were used as a sample. Total RNA
was obtained by one-step extraction, and OD va-
lues were measured to determine total RNA con-
centrations. All OD values were between 1.8 to
2.0. cDNA was synthesized with 2 pg total RNA
by using reverse transcription kits (Fermentas,
Glen Brunie, MD, USA) according to the manu-
facturer’s instructions. PCR amplifications were
done with the synthesized cDNA as templates.
Upstream and downstream primers for COX-
2 were 5’-ACACTCTATCACTGGCATCC-3’
and 5’-GAAGGGACACCCTTTCACAT-3".
Primers for 561bp VEGF were 5’-AGCCCAT-
GAAGTGGTGAA-3* and 5’-TGCGGATCT-
TGGACAAAC-3’. Primers for 383 bp P-actin
were 5’-CACCCGCGAGTACAACCTTC-3’ and
5’-CCCATACCCACCATCACACC-3’. 207 bp
(35). 5 ul of PCR products were separated on a
1.2% agarose gel followed by ethidium bromide
staining to identify the RT-PCR products. Gel
images were taken by Innotech gel imaging sy-
stem (Alpha Innotech, NY, USA). Kodardigtal-
sciencelD data analysis software was used to me-
asure the optical densities. Relative expression of
COX-2 and VEGF were recorded as the optical
density ratios of COX-2 and VEGF to the corre-
sponding B-actin. The red fluorescence area was
measured with Image-proplus 6.0 (Version X;
Media Cybernetics, Silver Springs, MD, USA).

Statistical Analysis

SPSS12.0 software (IBM, Armonk, NY, USA)
was used to perform AVONA and SNK-q tests.
t-tests for independent samples. p-value <0.05
was regarded as being statistically significant.

Results

Fluorescein Angiography

Retinal vessels of BN rats show radiating li-
nes. After retinal laser photocoagulation, bub-
bles were observed in the central spots of pho-
tocoagulation. The photocoagulation spots

2973



F. Mei, J.-G. Wang, Z.-J. Chen, Z.-L. Yuan

Figure 1. 200x inverted microscope HE staining. 4, Retina and choroid of normal BN rats eyes. B, Spindle-shaped CNV
formed under retina 14 days after photocoagulation. (bar = 100 um).

appeared to be thick white surrounded by a gray
edema peripheral ring. Occasionally retinal or
sub-retinal bleeding occurred. FFA examination
of normal BN rats showed filling and radial reti-
nal vascular. Choroid was filling and fused into
the background fluorescence. The vascular wall
was intact with no leakage. 7 days after photo-
coagulation, FFA results indicated small-sized
disc-shaped fluorescein leakage in the photoco-
agulation area. Fluorescein leakage increased si-
gnificantly 14 days after photocoagulation 14 d.

Pathological Staining

Normal rats showed clear and complete retina
and choroid. 14 days after photocoagulation, CNV
was produced, containing neutrophils, pigmented
macrophages, fibroblasts, collagen fibers, neova-
scularization surrounded by proliferating and mi-
grating RPE cells (Figure 1). CNV thickness was
significantly reduced (»p<0.01, Figure 2) in the tre-
atment group (45.68 £ 6.37 um, n = 11) compared
with the control group (69.82 &+ 7.31 um, n = 13)
on day 14 after photocoagulation, suggesting that

Figure 2. 200x inverted microscope HE staining. 4, Celecoxib treatment group. B, Control group. (bar = 100 um).
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Figure 3. RPE- choroid - sclera flat mounts. 4, Treatment group. B, Control group. (20x).

intravitreal injection of selective COX-2 inhibitor
celecoxib (1 mg/ml) can inhibit CNV thickness.

RPE-Choroid-Sclera Flat Mounts

14 days after photocoagulation, CNV area was
significantly reduced (»p<0.01) in the treatment
group (60830 + 6719 pixels 2n = 13) compa-
red with the control group CNV area (85965 +
7457 pixels 2 n = 11), suggesting that intravitreal
injections of selective COX-2 inhibitor celecoxib
(1 mg/ml) significantly inhibited CNV area. See
Figure 3.

Immunohistochemistry

COX-2 was expressed in the inner nuclear
layer and inner and outer plexiform layer of nor-
mal rats. 7 days after photocoagulation, besides
expression in the above tissue, COX-2 was also
detected in vascular endothelial cells and stromal
cells in the CNV area, mainly in the cytoplasm.
VEGF was seen in the retinal ganglion cell layer,
inner nuclear layer and RPE cell layer of nor-
mal rats. 7 days after photocoagulation, besides
expression in the above tissues, the expression of
VEGF was detected in vascular endothelial cells,
stromal cells and pigmented macrophages in the
CNV area (Figure 4).

Western Blotting Results

Expression of COX-2 in normal rat retina-R-
PE-choroid-sclera complexes was low. Its expres-
sion was upregulated 1 day after photocoagula-

tion, peaked at 3 days after photocoagulation, and
decreased afterward. Weak expression was still
detected 14 days after photocoagulation (Figure
5A). Semi-quantitative analysis showed that 3
days after photocoagulation, COX-2 expression
was significantly higher than any other time point
(»<0.01, Figure 5B). VEGF in the normal rat re-
tina-RPE-choroid-sclera complexes expressed at
a low-level. VEGF was upregulated 1 day after
photocoagulation. Its expression peaked at 7 days
after photocoagulation and then decreased with
weak expression still detected on day 14 after
photocoagulation. Semi-quantitative analysis
indicated expression of VEGF on day 1, 3, and
7 after photocoagulation was higher (p<0.01)
than before and 14-day after photocoagulation.
Expression of VEGF had no significant differen-
ces among groups of 1-day, 3-day and 7-day after
photocoagulation (p>0.05, Figure 5C). These re-
sults indicated that during the formation of CNV,
COX-2 protein expresses earlier than VEGF pro-
tein; intravitreal injection of selective COX-2
inhibitor celecoxib (1 mg/ml) can inhibit VEGF
expression.

VEGF Expression Levels After Intravitreal
Injection of Selective COX-2 Inhibitor

VEGF expression was examined 48 h after in-
travitreal injection of COX-2 inhibitor celecoxib.
The results showed that VEFG expression level
was statistically lower (p<0.05) in the treatment
group than in the control group (Figure 6).
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Figure 4. Immunohistochemistry results of COX-2. 4, COX-2 expression in normal retina. B, Expression of COX-2 in the
photocoagulation area 7 days after photocoagulation. C, VEGF expression in normal retina. D, Expression of VEGF in the
photocoagulation area 7 days after photocoagulation. (AEC bar = 100 pm).

QOR-PCR Results

COX-2 mRNA exhibited low-level expression
in the retina-RPE-choroid-sclera complexes of
normal rats; its expression was upregulated 1 day
after photocoagulation, peaked at 3 days after and
then decreased. A weak expression was still found
on 14 days after photocoagulation. Semi-quantita-
tive analysis showed significantly higher expres-
sion (p<0.05) on day 3 after photocoagulation than
other time points. VEGF mRNA level was low in
retina-choroid-sclera complexes of normal rats.
VEGF level increased 1 day after photocoagula-
tion and peaked on 7 days after. Its weak expres-
sion was still detected 14 days after photocoagu-
lation. Semi-quantitative analysis indicated that
VEGEF expression levels were significantly higher
(»<0.05) on 3-day and 7-day after photocoagulation
than the other time points, but there was no signi-
ficant difference (p>0.05) between the 3-day and
the 7-day groups (Figure 7). These results suggest

that during the process of CNV generation, COX-2
mRNA expression was earlier than that of VEGF.
The results also showed that intravitreal injection
of selective COX-2 inhibitors celecoxib (1 mg/ml)
could inhibit VEGF mRNA expression (p<0.05),
but not COX-2mRNA (p>0.05) (Figure 7).

ELISA Results of Rat Vitreous EETs

Enzyme-linked immunosorbent assay was used
to detect vitreous EETs levels in each group of
rats. It was found that vitreous EETs expression
levels in rats in the celecoxib treatment group si-
gnificantly increased (p<0.05) compared with the
control group (Table I).

Discussion

Age-related macular degeneration (AMD)
usually refers to the central macular lesions'?.
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Figure 5. COX-2 had low-expression in normal rat retina-RPE-choroid-sclera complexes. 4, Its expression was upregula-
ted 1 day after photocoagulation. Peak expression was observed on day 3 after photocoagulation. Its expression decreased
afterward and weak expression was still found on day 14 after photocoagulation; semi-quantitative analysis indicated that
COX-2 expression was significantly higher on day 3 after photocoagulation than the rest of the time points (p<0.01); B, VEGF
had low expression in normal rat retina-RPE-choroid-sclera complexes. Its expression was upregulated 1 day after photocoa-
gulation. Peak expression was detected on day 7 after photocoagulation and then decreased. Weak expression was still found
14 days after photocoagulation; C, Semi-quantitative analysis: VEGF expression on day 1, 3 and 7 after photocoagulation was
significantly higher (p<0.01) than before and 14 days after photocoagulation, with no significant differences among the day
1, 3 and 7 groups (p>0.05). These results indicated that during the generation of CNV, COX-2 protein expresses earlier than
VEGEF protein.
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Figure 6. VEGF expression detected by Western blot. A, VEGF expression after intravitreal injection COX-2 inhibitor ce-
lecoxib. B, VEGF expression level was significantly lower (p<0.05) in the treatment group compared with the control group.

This area of the retina plays critical roles in fine significantly excesses that of cones, and there are
vision, image resolution, and outside light stimu- as many as 120 million rod cells. Rod cells are
li capture'’. There are some major identifiable
structures in human macula. The retina contains
an inner retinal neuro-epithelium layer, photore- Table I. ELISA results of rat vitreous EETs levels (ng / ml).

ceptor cell .Iaye’r and the bottom layer of retinal Group EETs (ng/ml)
pigment epithelium (RPE)'. The bruch membra-

ne (BM) separated choroid and choroidal capilla- Control 182.3+31.8
ries (CC), and the base layer is formed. The retina Treatment 402.4£10.9
also contains two types of photoreceptor cells, the "Valile 101'0228
rods and cones. Typically, the number of rod cells prvame )
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Figure 7. mRNA expression of VEGF and COX-2 at diffe-
rent time-points was detected by RT-PCR.

more light-sensitive than cone cells and are impor-
tant for visual function under low light conditions
(dark vision)'>!”. But rod cells are not sensitive to
colors and have low spatial acuity. In contrast, the
number of cone cell usually varies between 0.6
to 7 million. Under good light conditions'®, cone
cells are more active and play a major role in vi-
sion, also known as light vision. They have color
differentiation ability and contribute to high-level
spatial resolution. Under certain circumstances,
such as aging and laser irradiation, normal retina
tissues can easily be disrupted, choroidal neova-
scularization will be stimulated to induce macular
degeneration. CNV formation is a very complex
process, affected by many factors and undergoes
fine regulation'?. De Jong'* observed that COX-
2 expression was detected in resected human
CNVs, and its expression was positively correla-
ted with age. As a selective COX-2 inhibitors, ce-
lecoxib has displayed good therapeutic effects in
the treatment and relief of adult rheumatoid arthri-
tis symptoms. Previous in vitro experiments have
shown that celecoxib selectively inhibits COX-2.
The inhibiting effect was about 155~300 times
stronger than for COX-12°. The results suggested
the possibility of using celecoxib to treat corneal
neovascularization, diabetic retinopathy and other
diseases®*?*, but whether celecoxib can be used on
CNV is currently still controversial. The bioavai-
lability of celecoxib was 54 times more in animals
receiving subconjunctival injection than in those
receiving an intraperitoneal injection, which led
them to propose that celecoxib mainly functions
by infiltration around the drug injection sites?.
Another recent discovery showed that compared
with SD rats, BN rats had more celecoxib in pig-
mented RPE-choroid but less celecoxib in the re-

tina and vitreous, no matter whether they received
periocular injection or periocular administration
of sustained release particles®.

Selective COX-2 inhibitors can suppress nor-
mal biological activities of EETs in vivo. In its
presence, the CNV lesion area might have other
angiogenic factors to promote VEGF expression.
For example, COX-2 inhibitors could inhibit
VEGF produced by the monocyte/macrophage
migration, but could not suppress VEGF upregu-
lation by RPE cells in a COX-independent way,
but the exact mechanism remains unclear®. Pre-
vious studies usually only measured CNV sizes
by RPE- choroid-sclera flat mounts, but did not
employ FFA and histopathological methods. The-
refore, evaluation of CNV and its effect on VEGF
expression was not clear. In our study, the CNV
model in BN rats was induced by a 532 nm laser
photocoagulation. Our FFA and HE staining resul-
ts indicated that 14 days after photocoagulation,
CNYV was successfully induced. For the first time,
our study demonstrated that intravitreal injection
of the selective COX-2 inhibitor celecoxib imme-
diately following laser photocoagulation could si-
gnificantly inhibit the thickness and area of CNV.
At the same time, this treatment could effectively
improve the level of intravitreal EETs expression.
However, to determine the underlying mechanism
and any indications for therapeutic treatment of
human CNV-related diseases, will require more
research.

Conclusions

532 nm laser photocoagulation is a fast and
efficient way to create CNV BN rat models with
high success. Intravitreal injection of celecoxib
can suppress laser-induced macular degeneration,
CNV thickness and improve vitreous EETs levels.
The COX-2 expression is upregulated in the early
phase of laser-induced CNV, which may play an
important role in regulating VEGF expression.
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