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Abstract

Purpose: Retinal laser photocoagulation is used to treat a variety of retinal diseases. Breakdown of the blood-
aqueous barrier has been noted after retinal laser photocoagulation. The effect of vascular endothelial growth
factor (VEGF) on the function of the blood-aqueous barrier after retinal laser photocoagulation remains unde-
termined. The current study was designed to evaluate the relationship between intraocular levels of VEGF and
breakdown of the blood-aqueous barrier after retinal laser photocoagulation in rabbits.
Methods: Pigmented rabbits were treated with retinal laser photocoagulation in one eye; the other served as
control. Laser flare photometry was carried out on post-treatment days 1, 3, 7, and 14. Animals were sacrificed at
the time period just mentioned postlaser, the eyes were removed, and samples of vitreous and aqueous humor
were collected. Intraocular VEGF levels were measured by using an immunoassay. An intravitreal injection of
VEGF was administered, and the aqueous flare intensity and VEGF levels in the aqueous and vitreous humor
were measured at the time periods just mentioned.
Results: A significant increase in the aqueous flare intensity after retinal laser photocoagulation was noticed on
postoperative day 1, with the values returning to baseline levels on day 14. The VEGF levels in the vitreous of the
lasered eyes were significantly increased on day 1 compared with the nonlasered control eyes. The VEGF levels
in the aqueous humor of the lasered eyes were also significantly increased on day 1 compared with the control
eyes. An intravitreal injection of VEGF induced a significant increase in the aqueous flare intensity and VEGF
levels in the aqueous and vitreous humor.
Conclusions: The current results suggested that retinal laser photocoagulation can produce a breakdown of the
blood-aqueous barrier. VEGF may play a role in the blood-aqueous barrier dysfunction after retinal laser
photocoagulation.

Introduction

Retinal laser photocoagulation is an effective,
widely accepted method for treating a variety of retinal

disorders, including preretinal neovascularization in prolif-
erative diabetic retinopathy,1 branch retinal vein occlusion,2

and rubeosis iridis complicating ischemic central retinal vein
occlusion.3 The retinal lesions that develop after laser pho-
tocoagulation have been shown to alter the blood-retinal
barrier.4–6 The release of chemical mediators, polymorpho-
nuclear infiltration, and leakage of protein into the vitreous
have been demonstrated to be indicative of breakdown of the
blood-retinal barrier.7–9 Retinal laser photocoagulation is also

noted to induce macular edema, traction retinal detachment,
choriovitreal proliferation, and subretinal neovascular mem-
brane in the posterior segment of the eye.10 Consequently, the
effects of various pharmacologic agents in the reduction of
the severity of the breakdown of the blood-retinal barrier
after laser photocoagulation have been reported.9,11 How-
ever, the complications of laser photocoagulation in the an-
terior segment have not yet been fully understood. Anterior
chamber depth alteration, keratopathy, lens opacity, and
acute intraocular pressure elevation after panretinal photo-
coagulation have been shown in animals and humans.12–15

Vascular endothelial growth factor (VEGF) was originally
isolated as a vascular permeability factor and later as an
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angiogenesis factor.16,17 The production of VEGF is enhanced
by the ischemic retina and then stimulates the production of
ocular neovascularization in the iris and retina.17–19 In the
human eye, elevated intraocular levels of VEGF have been
demonstrated to be strongly correlated with retinal ischemia-
associated ocular neovasculariaztion in diabetic retinopathy,
retinal vein occlusion, and retinopathy of prematurity.20–25

VEGF is known to induce the hyperpermeability of micro-
vessels and has been demonstrated to induce breakdown of
the blood-retinal barrier in animals and humans as observed
in nonproliferative diabetic retinopathy.20,26,27 However, the
effect of VEGF on the function of the blood-aqueous barrier
after retinal laser photocoagulation remains undetermined.
The recent development of laser photometry allows for
quantitative, precise, and noninvasive assessment of the
blood-aqueous barrier.28 We studied the relationship be-
tween VEGF and the function of the blood-aqueous barrier in
this study.

We designed this study to assess the breakdown of the
blood-aqueous barrier after retinal laser photocoagulation by
laser photometry in rabbits. The intraocular levels of VEGF
after retinal laser photocoagulation were also determined.
The effect of VEGF on the blood-aqueous barrier function in
the rabbit eyes was evaluated by laser photometry after an
intravitreal injection of VEGF.

Methods

Animals

Rex pigmented rabbits (2 to 3 kg) were used in this study.
Animal maintenance and experimentation conformed to
guidelines established by the Association for Research in
Vision and Ophthalmology Statement for the use of Animals
in Ophthalmic and Vision Research. During all procedures,
the animals were anesthetized with intramuscular injections
of a mixture of ketamine hydrochloride (3.5 mg/kg) and
xylazine hydrochloride (5 mg/kg).

Retinal laser photocoagulation

Transpupillary laser photocoagulation was carried out as
described elsewhere with some modification.29 Retinal laser
photocoagulation was performed on the right eyes of the
rabbits by using a double-frequency yttrium aluminum
garnet green laser photocoagulator (Iridex Corporation,
Mountain View, CA) and a panfundus contact lens. The laser
power setting (150 mW) was not altered during the scatter
photocoagulation. The number of lesions per eye (400), ex-
posure time (100 ms), and laser spot size (200 mm) were also
held constant. An experienced retina specialist performed all
treatments carefully to avoid hitting the iris. Lesions were
scattered in the nonvascularized portion of the retina and
equally distributed above and below the medullary ray.
Grade Z lesions were produced according to the classifica-
tion of Tso et al.30 (Fig. 1). The left eye was not lasered and
served as the control for each animal.

Measurement of aqueous flare intensity
after retinal laser photocoagulation

To study the effect of retinal laser photocoagulation on the
aqueous flare intensity, 5 pigmented rabbits were selected
and treated with scatter photocoagulation. Aqueous flare

was quantified by means of photometric determination with
a laser flare cell meter (FC 1000, Kowa, Tokyo, Japan).28 The
aqueous flare intensity was expressed as photon counts per
millisecond. If the difference between 2 sequential back-
ground signals exceeded 15%, suggesting a nonuniform
background, then the measurement was repeated. The
background signal donates the scattered light from the sur-
rounding tissue in the anterior chamber. Each eye measure-
ment consisted of 10 scans in an undilated eye. All
measurements were made between the hours of 1,600 and
1,800, to avoid known diurnal variations of aqueous flare
intensity in pigmented rabbits.31 The flare intensity was bi-
laterally measured in 5 rabbits at 1, 3, 7, and 14 days after
laser photocoagulation.

Measurement of intraocular levels of VEGF
after retinal laser photocoagulation

To study the effect of retinal laser photocoagulation on the
intraocular levels of VEGF, twenty pigmented rabbits were
observed postoperatively for a period of 1, 3, 7, or 14 days.
Five rabbits were studied at each of the times just mentioned
after laser photocoagulation. The animals were euthanized
under anesthesia with an intracardiac injection of 5 mL so-
dium pentobarbital. Both eyes of each animal were then
enucleated, and the intraocular contents were separated. The
aqueous humor of the anterior chamber was withdrawn with
a 27-gauge needle and tuberculin syringe. The anterior seg-
ment was then excised by a circumferential incision just be-
hind the ora serrata by using corneoscleral scissors. The
vitreous was then gently removed from the retina by using a
pair of forceps, and the specimen was immediately placed in
a - 70�C freezer until analysed. When analyzed, the vitreous
sample was taken from the - 70�C freezer, thawed at room
temperature, and then liquified by using an ultrasonicator.32

Measurements for VEGF in the vitreous and aqueous
humor were performed with a sandwich enzyme-linked
immunosorbent assay using a commercially available kit
(Quantikine; R&D Systems, Minneapolis, MN). This kind of
assay uses a monoclonal antibody specific for VEGF that is
precoated onto a microtiter plate and an enzyme-linked

FIG. 1. Fundus photography of rabbit’s eye immediately
after retinal laser photocoagulation.
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polyclonal antibody specific for VEGF as a secondary anti-
body. The concentration of VEGF in each sample was cal-
culated on the basis of the standard curve of recombinant
human VEGF.

Intravitreal injection

To study the effect of VEGF on the function of the blood-
aqueous barrier, a sterile preparation of recombinant human
VEGF 165 (Pepro Tech EC, London, United Kingdom) was
diluted in Dulbecco’s phosphate-buffered saline (PBS, GIB-
CO, Grand Island, NY) to obtain a final concentration of
100 ng/50 mL, 500 ng/50 mL, and 1,000 ng/50 mL, respec-
tively, A single injection of 50mL of recombinant human
VEGF 165 (100, 500, and 1,000 ng, respectively) was in-
travitreally made in the right eyes of 5 rabbits in each group.
An equal volume of sterile PBS (50 mL) was intravitreally
injected into the contralateral control eyes. The aqueous flare
intensity was bilaterally measured on post-treatment days 1,
3, 7, and 14 as previously detailed.

Another experiment was performed to measure the VEGF
content in the aqueous and vitreous humor after an in-
travitreal injection of VEGF. A single injection of 50mL of
recombinant human VEGF 165 (1,000 ng) was intravitreally
administered in the right eye of each of twenty pigmented
rabbits. An equal volune of sterile PBS (50mL) was in-
travitreally injected into the contralateral control eyes. The
rabbits were observed postoperatively for a period of 1, 3, 7,
or 14 days. Five rabbits were studied at each of the times just
mentioned after an intravitreal injection. The animals were
euthanized, and both eyes of each animal were then enu-
cleated. The aqueous humor of the anterior chamber was
withdrawn with a 27-gauge needle and tuberculin syringe.
The anterior segment was then excised, and the vitreous was
gently removed from the retina by using a pair of forceps.

Measurements of VEGF in the aqueous and vitreous humor
were performed as just described.

Statistical analysis

Statistical analysis was performed by using the Student’s
paired t-test and Mann–Whitney Rank Sum test. A P value
of < 0.05 was considered significant.

Results

Photometric determination of the effect of laser photoco-
agulation on the aqueous flare intensity is shown in Table 1.
The flare intensity of the lasered eyes significantly increased
on postoperative day 1 to 251.8 – 21.3 photon counts/ms
(mean – standard error of the mean [SEM]) (P < 0.05). Next,
this value decreased to 28.5 – 1.1 photon counts/ms on day 3,
followed by a decline on postoperative day 7. No differences
were observed between lasered and nonlasered control eyes
on postoperative day 14.

An increase in vitreous VEGF levels was observed in la-
sered eyes compared with nonlasered control eyes. On
postoperative day 1, a marked increase to 32.0 – 3.2 pg/mL
(mean – SEM) was noted in the levels of VEGF in the vitreous
of the lasered eyes compared with the levels in the non-
lasered eyes (5.7 – 1.3 pg/mL) (P < 0.05) (Table 2). Next, this
level decreased to 24.3 – 13.1 pg/mL on day 3, with a gradual
decline through day 14. No differences were observed be-
tween lasered and nonlasered eyes on postoperative day 3
and thereafter. The vitreous levels of VEGF remained con-
stant throughout the time course of the experiment in the
nonlasered control eyes.

There was also an increase in the aqueous levels of VEGF
in the lasered eyes compared with those in the nonlasered
eyes. On postoperative day 1, an increase in the aqueous
levels of VEGF to 73.2 – 2.4 pg/mL was noted in the lasered
eyes compared with the nonlasered eyes (52.2 – 5.8 pg/mL)
(P < 0.05) (Table 2). Next, this level gradually decreased, and
no differences were observed between the lasered and non-
lasered eyes on postoperative day 3. The aqueous levels of
VEGF remained constant throughout the time course of the
study in the nonlasered control eyes.

Our results also demonstrated that the aqueous humor
contained higher levels of VEGF than those in the vitreous
humor in the nonlaser control eyes, with levels of about
52.2 – 5.8 pg/mL in the aqueous humor and about
5.7 – 1.3 pg/mL in the vitreous humor of the control rabbit
eyes.

Table 1. Laser Flare Intensity (Photon Counts/ms)

at Different Times After Retinal

Laser Photocoagulation

Day 1 Day 3 Day 7 Day 14

Lasered eyes 251.8 – 21.3a 28.5 – 1.1a 24.5 – 2.1a 7.2 – 0.2
Nonlasered

control eyes
6.7 – 0.3 6.9 – 0.3 7.0 – 0.2 6.9 – 0.6

The values represent the mean – standard error of the mean (SEM).
aP < 0.05 versus nonlasered eyes.

Table 2. Vascular Endothelial Growth Factor Levels in Aqueous and Vitreous

Humor at Different Times After Retinal Laser Photocoagulation

Day 1 Day 3 Day 7 Day 14

Aqueous humor VEGF level (pg/mL)
Lasered eyes 73.2 – 2.4a 64.9 – 1.7 61.6 – 3.5 52.0 – 9.1
Nonlasered control eyes 52.2 – 5.8 50.9 – 4.7 48.4 – 4.2 49.8 – 6.7
Vitreous VEGF level (pg/mL)
Lasered eyes 32.0 – 3.2a 24.3 – 13.1 9.9 – 4.3 5.2 – 1.0
Nonlasered control eyes 5.7 – 1.3 5.5 – 2.8 5.3 – 0.6 5.3 – 0.9

The values represent the mean – SEM.
aP < 0.05 versus nonlasered eyes.
VEGF, vascular endothelial growth factor.
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The mean aqueous flare intensity in the eyes significantly
increased on day 1 after the intravitreal injection of VEGF
1,000 ng to 110.4 – 40.2 photon counts/ms (P < 0.05), followed
by a decrease to 25.0 – 1.5 photon counts/ms on day 3, and a
gradual decline through day 7 (Table 3). The aqueous flare
intensity decreased to baseline levels on day 14 after the
injection. Eyes injected with sterile saline did not show any
significant change in the aqueus flare intensity. The mean
aqueous flare intensity also increased in the eyes that re-
ceived the intravitreal injection of VEGF 500 ng, compared
with the control eyes that received the intravitreal injection of
sterile PBS. On postoperative day 1, the mean aqueous flare
intensity increased in these eyes to 19.2 – 2.1 photon conts/
ms (P < 0.05) (Table 3). Next, this level gradually decreased,
and the aqueous flare intensity decreased to baseline levels
on day 3 after the injection. Eyes injected with sterile saline
did not show any significant change in the aqueous flare
intensity. However, the mean aqueous flare intensity did not
show a significant change after the intravitreal injection of
VEGF 100 ng, compared with the control eyes that received
the intravitreal injection of sterile PBS (Table 3).

There was an increase in the aqueous levels of VEGF in the
eyes that received the intravitreal injection of VEGF 1,000 ng
compared with those in the control eyes that received the
intravitreal injection of sterile PBS. On postoperative day 1,
an increase in the aqueous levels of VEGF to
2471.6 – 40.0 pg/mL was noted in the eyes that received the
intravitreal injection of VEGF compared with the control
eyes that received the intravitreal injection of sterile saline
(57.4 – 10.4 pg/mL) (P < 0.05) (Table 4). Next, this level de-
creased to 2239.8 – 299.4 pg/mL on day 3, with a gradual

decline through day 14. No differences were observed be-
tween the eyes that received the intravitreal injection of
VEGF and the eyes that received the intravitreal injection of
sterile saline on postoperative day 7 and thereafter. Eyes
injected with sterile saline did not show any sigmificant
change in the aqueous levels of VEGF.

There was also an increase in the vitreous levels of VEGF
in the eyes that received the intravitreal injection of VEGF
1,000 ng compared with those in the control eyes that re-
ceived the intravitreal injection of sterile PBS. On postoper-
ative day 1, an increase in the vitreous levels of VEGF to
2635.1 – 47.2 pg/mL was noted in the eyes that received the
intravitreal injection of VEGF compared with the control
eyes that received the intravitreal injection of sterile saline
(5.9 – 1.9 pg/mL) (P < 0.05) (Table 4). Next, this level de-
creased to 2576.8 – 58.6 pg/mL on day 3, with a gradual
decline through day 7. No differences were observed be-
tween the eyes that received the intravitreal injection of
VEGF and the eyes that received the intravitreal injection of
sterile saline on postoperative day 14. Eyes injected with
sterile saline did not show any significant change in the
vitreous levels of VEGF.

Discussion

In this study, we evaluated the blood-aqueous barrier
function after retinal laser photocoagulation by using laser
flare photometry. The peak aqueous flare intensity value of
the lasered eyes occured on postoperative day 1, then
gradually decreased, and became insignificant on day 14.
This increase in the aqueous flare intensity confirms that
breakdown of the blood-aqueous barrier can be induced by
retinal laser photocoagulation. Moriarty et al.33 have used
laser flare photometry to evaluate the breakdown of the
blood-aqueous barrier after panretinal photocoagulation in
patients with proliferative diabetic retinopathy. It has been
suggested that panretinal photocoagulation can induce uveal
effusion and anterior chamber shallowing, which may lead
to increased ciliary body venous pressure. The reduced cili-
ary body venous drainage can lead to subsequent leakage of
protein into the aqueous.12,15,33 However, Inoue et al.34 have
evaluated the disruption of the blood-aqueous barrier after
retinal laser photocoagulation in pigmented rabbits by laser
flare photometry. Since anterior chamber changes were not
observed in this study, it is postulated that breakdown of the
blood-retinal barrier after retinal laser photocoagulation may
allow for the release of protein and exogenous inflammatory
substances, such as prostaglandins and cytokines, into the
vitreous. The released proteins may diffuse anteriorly into

Table 3. Effect of Intravitreal Injection of Vascular

Endothelial Growth Factor on Laser Flare

Intensity (Photon Counts/ms)

Day 1 Day 3 Day 7 Day 14

VEGF 1,000 ng
Treated eyes 110.4 – 40.2a 25.0 – 1.5a 10.7 – 0.3a 6.9 – 0.3
Control eyes 7.7 – 0.2 7.0 – 0.3 7.1 – 0.3 6.4 – 0.2

VEGF 500 ng
Treated eyes 19.2 – 2.1a 7.5 – 1.2 7.5 – 1.2 7.5 – 0.4
Control eyes 6.9 – 0.3 6.7 – 0.3 7.4 – 0.7 7.1 – 0.3

VEGF 100 ng
Treated eyes 11.9 – 2.9 7.9 – 1.3 8.0 – 3.0 7.3 – 4.5
Control eyes 7.9 – 2.0 7.4 – 0.4 7.1 – 0.3 7.8 – 1.3

The values represent the mean – SEM.
aP < 0.05 versus nontreated eyes.

Table 4. Vascular Endothelial Growth Factor Levels in Aqueous and Vitreous Humor at Different

Times After Intravitreal Injection of Vascular Endothelial Growth Factor 1,000 ng

Day 1 Day 3 Day 7 Day 14

Aqueous humor VEGF level (pg/mL)
Treated eyes 2471.6 – 40.0a 2239.8 – 299.4a 56.9 – 8.2 54.6 – 6.2
Control eyes 57.4 – 10.4 56.0 – 9.3 53.6 – 10.7 53.9 – 7.3

Vitreous VEGF level (pg/mL)
Treated eyes 2635.1 – 47.2a 2576.8 – 58.6a 66.1 – 6.9a 5.5 – 1.6
Control eyes 5.9 – 1.9 5.7 – 1.3 5.5 – 2.8 5.3 – 0.6

The values represent the mean – SEM.
aP < 0.05 versus nontreated eyes.
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the anterior chamber, or exert a direct effect on the vascular
permeability of the anterior segment to produce an increase
in the aqueous flare values.35

Retinal laser photocoagulation has been demonstrated as
causing retinal damage, which could induce the release of
inflammatory mediators, cytokines, and various proteolytic
enzymes into the vitreous, thus exacerbating breakdown of
the blood-retinal barrier.36,37 Prostaglandin E2 has been
shown as playing a major role in postoperative inflamma-
tion. It has been shown that exposure to retinal laser pho-
tocoagulation resulted in an elevation of the amount of
prostaglandin E2.

9 An intravitreal injection of prostaglandin
E2, interleukin-1, and interleukin-6 has been demonstrated
as inducing a significant increase in aqueous flare values.34

It was suggested that these inflammatory mediators, in-
cluding prostaglandin E2, interleukin-1, and interleukin-6,
may play an important role and together participate in the
breakdown of the blood-aqueous barrier after retinal laser
photocoagulation.34

Our study further demonstrated that exposure to retinal
laser photocoagulation could induce an elevation in the
levels of VEGF in both the vitreous and aqueous humor.
There was a similar time-dependent responce in the elevated
levels of aqueous flare intensity and intraocular concentra-
tions of VEGF throughout the time course of the experiment,
although the VEGF levels were significantly elevated only on
day 1 after retinal laser photocoagulation in both the vitreous
and aqueous humor. In this study, we did not examine the
aqueous flare intensity and measured the aqueous and vit-
reous levels of VEGF in the same rabbit eyes after retinal
laser photocoagulation to avoid the possible effect of laser
photometry on the intraocular levels of VEGF. Meanwhile,
our study further demonstrated that an intravitreal injection
of VEGF could induce a significant increase in the aqueous
flare values and VEGF levels in the aqueous and vitreous
humor. There was a similar time-dependent response in the
elevated levels of aqueous flare intensity and intraocular
levels of VEGF through the time course of the experiment,
although the VEGF levels in the aqueous humor were sig-
nificantly elevated only on days 1 and 3 after the intravitreal
injection of VEGF 1,000 ng. Meanwhile, the VEGF levels in
the vitreous were significantly elevated on days 1, 3, and 7
after the intravitreal injection of VEGF. In conclusion, our
study demonstrated that VEGF may play a role and partic-
ipate in the breakdown of the blood-aqueous barrier after
retinal laser photocoagulation.

Our study further demonstrated that the aqueous humor
contained higher levels of VEGF than those in the vitreous in
the normal rabbit eyes. The VEGF levels were increased after
retinal laser photocoagulation in both the anterior and pos-
terior compartments of the eye. The vitreous had a slightly
higher concentration of elevated VEGF than the aqueous
humor, that is, about 26 versus 21 pg/mL, respectively,
when comparing the lasered and nonlasered eyes on post-
operative day 1. However, previous studies have demon-
strated that the vitreous had higher concentrations of both
the basic fibroblast growth factor and transforming growth
factor-beta 2 than the aqueous humor in normal rabbit eyes.
The vitreous had a higher concentration of the elevated basic
fibroblast growth factor and transforming growth factor-beta
2 than the aqueous humor after retinal laser phohtcoagula-
tion.29,38 This result suggests that diffusion of the basic fi-
broblast growth factor and transforming growth factor-beta

2 from the posterior compartment toward the anterior
compartment of the eye may occur. The vitreous, which is in
closer proximity to the laser-damaged retina, has a higher
concentration of both liberated basic fibroblast growth factor
and transforming growth factor-beta 2, whereas the more
distant aqueous humor has a lower, yet still elevated, con-
centration of basic fibroblast growth factor and transforming
growth factor-beta 2. A similar trend was observed with
increased VEGF levels in both vitreous and aqueous humor
after retinal laser photocoagulation in the rabbit retina in our
study. Meanwhile, our study further demonstrated that an
intravitreal injection of VEGF could increase the aqueous
level of VEGF. The importance of the difference in the dis-
tribution of concentration of VEGF, compared with basic fi-
broblast growth factor and transforming growth factor-beta
2, in the aqueous and vitreous humor in normal rabbit eyes
needs further clarification in future.
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