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SUPPRESSION OF LASER-INDUCED

CHOROIDAL NEOVASCUI

1ZATION

BY POSTERIOR SUB-TENON

ADMINISTRATION OF

TRIAMCINOLONE ACETONIDE

AKI KATO, MD, HIDEYA KIMURA, MD, PuD, KOMEI OKABE, MS,
JUNKO OKABE, MD, PuD, NORIYUKI KUNOU, MS,
MIHO NOZAKI, MD, PuD, YUICHIRO OGURA, MD, PuD

Purpose: To evaluate the inhibitory effect of triamcinolone acetonide (TA) on choroidal
neovascularization (CNV) by posterior sub-Tenon administration using a laser-induced

CNV model in the rat.

Methods: Experimental CNV was induced by laser photocoagulation in Brown—Norway

male rats. Experimental eyes received posterior sub-Tenon administration of either 2 mg
(n = 10) or 0.5 mg (n = 8) of TA. Control eyes (n = 10) received posterior sub-Tenon
administration of isotonic sodium chloride solution. Two weeks after treatment, CNV was
evaluated by fluorescein angiography and histopathological examination. Concentrations
of TA in the vitreous, retina, and choroid were determined by high-performance liquid
chromatography at 3 and 7 days after posterior sub-Tenon administration.

Results: The eyes treated with 2 mg of TA showed statistically significant inhibition of
fluorescein leakage by fluorescein angiography, as compared with control eyes and eyes
treated with 0.5 mg of TA (P < 0.01). The thickness of CNV membranes in eyes treated with
2 myg of TA also decreased statistically significantly, as compared with control eyes (P <
0.01). TA was detected in the vitreous, retina, and choroid 3 days after administration and
in the choroid 7 days after administration.

Conclusions: Posterior sub-Tenon administration of TA may be useful to treat CNV.

RETINA 25:503-509, 2005

Age—related macular degeneration (AMD) is a ma-
jor cause of blindness among the elderly in de-
veloped countries. In the exudative form of AMD,
choroidal new vessels grow through Bruch’s mem-
brane into the subretinal pigment epithelial space and
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extend into the subretinal space, resulting in severe
loss of vision. Several therapies are available to treat
choroidal neovascularization (CNV), including laser
photocoagulation, radiation therapy, photodynamic
therapy, macular translocation, and surgical remov-
al.I-1! However, none of the current forms of therapy
has been sufficiently extremely effective against
blindness from CNV. Moreover, because these treat-
ments may injure normal chorioretinal tissue,!? they
cannot be used to treat patients with early-stage AMD
who have good visual acuity. In treating AMD in the
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incipient stage, pharmaceutical treatment would there-
fore seem to have many advantages.

Triamcinolone acetonide (TA) is a potent and rel-
atively insoluble corticosteroid suspension that has
been used locally as a periocular injection for the
treatment of uveitis and optic neuritis.!3!4 Recently,
intravitreal or posterior sub-Tenon administration of
TA has been used to treat refractory cystoid macular
edema associated with uveitis, diabetic retinopathy,
and central retinal vein occlusion.!'>-19 TA also has
been used for the treatment of AMD 2021

It is difficult to deliver effective doses of drugs to
the posterior part of the eye. Penetration of the drug to
the retina or choroid by topical instillation is poor
because of lacrimation and a long diffusional path
length. Systemic administration of the drug at doses
high enough to achieve therapeutic levels in the eye
may cause general side effects. Intravitreal injection
can deliver drugs to the posterior part of the eye
without producing systemic side effects, but it may
cause local complications, such as vitreous hemor-
rhage, retinal detachment, cataract formation, intraoc-
ular hypertension, or endophthalmitis.!5-20-22-24 Poste-
rior sub-Tenon injection of steroid is a well-
established technique that is not only safer, easier to
administer, and much less painful than intravitreal
injection but also allows steroids to be delivered effi-
ciently to the posterior segment of the eye via trans-
scleral absorption with a minimal risk of side effects
such as intraocular pressure elevation.23-26

The rat laser trauma model has been previously de-
scribed and validated by several groups.?’3! In this
study, we evaluated the inhibitory effect of TA on CNV
by posterior sub-Tenon administration using a laser-
induced CNV model in the rat. In addition, we deter-
mined concentrations of TA in the vitreous, retina, and
choroid after posterior sub-Tenon administration.

Materials and Methods

Animals

Sixty Brown—Norway male rats, weighting 200 to
250 g each, were used in accordance with the Asso-
ciation for Research in Vision and Ophthalmology
Statement on the Use of Animals in Vision and Oph-
thalmic Research. The rats were anesthetized for all
procedures with a mixture (1:1) of xylazine hydro-
chloride (5 mg/kg) and ketamine hydrochloride (10
mg/kg), and the ocular surface was then anesthetized
with topical instillation of 0.4% oxybuprocaine hydro-
chloride. The pupils were dilated with 0.5% tropicam-
ide and 0.5% phenylephrine hydrochloride. At the end
of the experiment, enucleation was performed while

the animals were deeply anesthetized; they then were
killed using an overdose of sodium pentobarbital.

Induction of Experimental CNV

Experimental CNV was created in one eye each of
28 rats. Laser photocoagulation with red wavelengths
was performed using a multicolor laser photocoagulator
(Novus Omni; Lumenis, Tokyo, Japan) and a slit-lamp
delivery system (SL 130; Carl Zeiss, Tokyo, Japan). A
contact lens was fixed on the eye, and a hand-held
90-diopter lens (Nikon, Tokyo, Japan) was placed be-
tween the eyes and a silt lamp. Five or seven burns were
created between the major retinal vessels in each eye,
using a setting of 50-pm spot size, 0.1-second duration,
and 130 to 150 mW intensity, as described previously.?’
In brief, Bruch’s membrane was breached, as evidenced
clinically by central bubble formation, without intrareti-
nal or choroidal hemorrhage.

Posterior Sub-Tenon Administration of TA

TA suspension (Kenakort-A; Bristol-Pharmaceuti-
cals K.K., Tokyo, Japan ) was administered into the
posterior sub-Tenon space using a 27-gauge needle.
Twenty-eight rats underwent laser photocoagulation
on one eye each, as described. Immediately after pho-
tocoagulation, 10 eyes received posterior sub-Tenon
administration of 2 mg TA (40 mg/mL, 50 ulL) and
eight eyes received 0.5 mg TA (10 mg/mL, 50 uL).
Control eyes (10 eyes) received posterior sub-Tenon
administration of sodium chloride solution (50 pL).

Efficacy of TA on Experimental CNV

Two weeks after treatment, fluorescein angiography
was performed after injecting 0.1 mL of 10% fluores-
cein sodium (Fluorescite; Alcon, Fort Worth, TX) into
the tail vein of anesthetized rats. Angiograms were
taken using a fundus camera (CF-60 U; Canon, To-
kyo, Japan). The laser burn sites were confirmed by
fundus photographs. To evaluate TA treatment, the
intensity of staining in late-phase (100-150 seconds
after injection) fluorescein angiography was graded by
two examiners in a masked fashion, as described pre-
viously.?8 In brief, a score of 0 indicated no staining;
1, slightly stained; 2, moderately stained; and 3,
strongly stained. When the two scores given for a
particular lesion did not coincide, the higher score was
used for the analysis.

Histopathological Examination

Two weeks after treatment, the rats were killed.
Eyes were enucleated and immediately immersed in a
mixture of 4% glutaraldehyde and 2.5% neutral buff-
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Fig. 1. Late-phase fluorescein
angiograms in control (A) and
TA-treated (2 mg) (B) rats 2
weeks after laser induction of
CNV. Arrows: areas of fluo-
rescein leakage at the site of
the initial laser injury. A,
Many lesions were moder-
ately or strongly stained. B,
No or slightly stained lesions
are seen in a TA-treated rat.

ered formalin for 24 hours. Globes were opened at the
pars plana, and the cornea, lens, and vitreous were
carefully removed. The retina—choroid and sclera
were dehydrated and embedded in paraffin. Then,
serial sections were cut at 4-um thickness with a
microtome and stained with hematoxylin-eosin for
light microscopy. The thickness of the CNV lesions
was assessed quantitatively using a computer-assisted
image analysis system in a masked fashion. Micro-
scopic images of retinal sections were acquired via a
digital net camera (DN-100; Nikon, Tokyo, Japan)
and digitized by an image—grab-bar board. The max-
imal thickness of the CNV lesions from the disrupted
retinal pigment epithelium to the innermost aspect of
the lesion was measured.

Concentrations of TA in Ocular Tissues

With the rats under general anesthesia, 2 mg TA (40
mg/mL, 50 uL) was administered into the posterior
sub-Tenon space using a 27-gauge needle. Thirty-two
rats were killed at 3 days (n = 16) and 7 days (n = 16)
after administration. The eyes were enucleated and
separated into vitreous, retina, and choroid. Four col-
lected eyes constitute one sample. The ocular tissues
were stored at —85°C until the concentrations of TA
were determined. The amount of TA was measured by
high-performance liquid chromatography using a
C-18 reverse-phase column (150- X 6.0-mm inner
diameter, YMC-Pack ODS-A312; YMC Co Ltd,
Kyoto, Japan). A pump (PU-980; Japan Spectroscopic
Co Ltd, Tokyo, Japan) was used at a constant flow rate
of 1 mL/min. The mobile phase was a mixture of
acetonitrile and 50 mmol/L potassium dihydrogen-
phosphate aqueous solution (67:33). The column oven
(860-CO; Japan Spectroscopic Co Ltd, Tokyo, Japan)
was equipped and set at 40°C. A spectrophotometer
detector (L-4000; Hitachi Ltd, Tokyo, Japan) was
used at a wavelength of 240 nm. Fluorometholone

(Wako Pure Chemical Industries, Osaka, Japan) was
used as an internal standard.

TA was extracted from the tissues by the following
procedures: 20 L of internal standard solution (10
ug/mL flucrometholone) and 2.0 mL of 0.2 mol/L. HCI
were added to each tissue sample. The mixture was
homogenized and centrifuged at 3,000 rpm for 15 min-
utes (KN-70; Kubota, Tokyo, Japan). The supernatant
was collected and applied to a C-18 cartridge column
(SPEC-PULS-3ML; Chemco Co Ltd, Kyoto, Japan)
conditioned with 1 mL of methanol and 1 mL of 0.2 N
hydrochloride aqueous solution. The cartridges were
rinsed twice with 1 mL of deionized water, and eluted
with ethyl acetate. The elutes were evaporated under
reduced pressure using a centrifugal concentrator
(VC-960; Taitec Co, Saitama, Japan). The residue was
dissolved with 0.2 mL mobile phase. Fifty microliters of
this solution was injected into high-performance liquid
chromatography, as described. Under these conditions,
the detection limits for TA were 1.25 ug/g in the vitreous
humor and retina, and 2.50 pg/g in the choroid. The TA
concentrations in ocular tissues were represented as TA
weight per weight of wet tissue.

Statistical Analysis

The scores of intensity of staining in fluorescein
angiography were evaluated by Kruskal-Wallis test.
The thickness of CNV membranes was subjected to
statistical analysis using the Student’s #test. P < 0.05
was considered statistically significant.

Results

Efficacy of TA on Experimental CNV

Figure 1 shows late-phase fluorescein angiograms
in control and TA-treated (2 mg) rats 2 weeks after
laser induction of CNV. In control rats, CNV lesions
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Fig. 2. Effect of TA on the intensity of fluorescein staining at 2 weeks.
Each column shows the mean score; each circle shows the intensity
score of fluorescein staining in a single lesion. The scores in TA-treated
(2 mg) rats are significantly lower than those in the controls (P < 0.01),
although there is no statistically significant difference between the
controls and rats treated with 0.5 mg of TA.

showed moderate or strong staining of fluorescein
(Fig. 1A). In the treated eyes, no or only slight stain-
ing of fluorescein was observed (Fig. 1B). The scores
of the intensity of fluorescein staining at 2 weeks are
shown in Figure 2. Each column includes the mean
score; each circle shows the intensity score of fluo-
rescein staining in a single lesion. The average score
of 2-mg TA-treated eyes was 1.18, 0.5-mg TA-treated
eyes score was 1.80, and control eyes score was 1.86.
The intensity of fluorescein staining in 2-mg TA-
treated rats showed significantly lower scores than
was found in control rats (P < 0.01), although there is
no statistically significant difference between the con-
trols and rats treated with 0.5 mg of TA.

Thickness of the CNV Membranes

Light micrographs of CNV lesions in control and
2-mg TA-treated rats 2 weeks after laser photocoag-
ulation were shown in Figure 3. In control rats, mul-
tilayered fusiform proliferative membranes were seen
in the central area of the lesion internal to the choroid.

Thin proliferative membranes were seen in TA-treated
rats. The thickness of the CNV membranes 14 days
after laser photocoagulation is shown in Figure 4. The
mean thickness of CNV membranes was 40.7 = 8.2
wm in the TA-treated eyes and 56.9 = 8.2 um in the
control eyes. The CNV membranes in the TA-treated
eyes were statistically significantly thinner than those
in the control eyes (P < 0.01).

Concentrations of TA in Ocular Tissues

Concentrations of TA in the vitreous, retina, and
choroid after administration of TA were shown in
Table 1. Three days after administration, the concen-
trations of TA were 4.68 * 1.98 ug/g in the vitreous
(n = 4), 2.80 ng/g in the retina (n = 2), and 22.53 =
18.60 mg/g in the choroid (n = 4); 7 days after the
concentration of TA in the choroid was 3.33 * (.85
wugl/g (n = 3), and TA in the vitreous or retina were
under detection limits.

Discussion

In this study, TA-treated eyes showed a statistically
significant inhibition of fluorescein leakage compari-
son with the control eyes by fluorescein angiography.
The thickness of CNV membranes in the eyes treated
with TA was also statistically significantly reduced
compared with the control eyes. TA was detected in
the choroid at 7 days after posterior sub-Tenon ad-
ministration. TA may have remained at the posterior
sub-tenon space at least 7 days, diffused into the eye,
and inhibited CNV.

The well-defined steps of angiogenesis include en-
dothelial cell migration and proliferation, extracelluar
proteolysis, tube formation, and vessel wall remodel-
ing. Normally, the process of angiogenesis is closely
controlied by a variety of molecular mediators. Mul-
tiple growth factors such as vascular endothelial
growth factor, basic fibroblast growth factor, transform-
ing growth factor-3, and platelet-derived growth factor
have been shown to contribute to the molecular events
involved in the regulation of blood vessel growth. Reti-

Fig. 3. Light micrograph of
the CNV lesions in control (A)
and TA-treated (2 mg) (B) rats
2 weeks after laser photocoag-
ulation. Sections were stained
with hematoxylin and eosin. A,
A multilayered fusiform prolif-
erative membrane is seen in the
central area of a lesion internal
to the choroid. B, Thin, prolif-
erative membrane is seen in a
TA-treated rat. Scale bar =
50pm.
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Fig. 4. Effect of TA on CNV thickness 14 days after laser photoco-
agulation. Each column shows the mean * SEM of measurement. The
CNV thickness was 40.7 = 8.2 um in TA-treated rats and 56.9 + 8.2

um in the controls. The CNV thickness in TA-treated rats decreased
significantly (P < 0.01).

nal pigment epithelial cells and macrophages also are
involved and have expressed these growth factors in
CNV membranes of AMD.32-37 Steroids inhibit angio-
genesis by both direct and indirect mechanisms. They
have a direct effect on vascular endothelial cells leading
to altered function and cell death. This occurs through
the inhibition of extracellular matrix turnover. Moreover,
steroids indirectly thwart neovascularization by dimin-
ishing the migration and activation of cell types involved
in angiogenesis such as macrophages and mast cells. Ii
has been reported that steroids suppress the expression of
vascular endothelial growth factor, basic fibroblast
growth factor, and transforming growth factor-3.38-40
Oral dexamethasone or intravitreal injection of TA has
been reported to inhibit CNV in the laser-induced rat
model.#142 TA has been shown to inhibit basic fibroblast
growth factor-induced migration and tube formation in
choroidal microvascular endothelial cells in vitro.43 Re-
cently, a new angiostatic steroid, anecortave acetate [4,
91-Pregnadien-17¢, 21-diol-3, 20-dione-21 acetate],
has been demonstrated to have significant antiangio-
genic activity in both an ROP and an intraocular tumor

model.#44> It has also been reported that single pos-
terior juxtascleral administration of anecortave acetate
was effective for improving vision in patients with
subfoveal AMD.46

Thus, there is considerable evidence indicating the
effectiveness of steroids. The most efficient means to
deliver them, however, has yet to be identified. Systemic
administration of steroid may cause general side effects
while achieving therapeutic levels in the posterior part of
the eye. Although intravitreal injection can deliver drugs
to the posterior part of the eye without producing sys-
temic side effects, it sometimes induces impermanent
intraocular hypertension and vitreous opacity. In addi-
tion, intravitreal injection may cause local complications,
such as vitreous hemorrhage, retinal detachment, cataract
formation, or endophthalmitis.

Posterior sub-Tenon injection of steroids is a well-
established technique. It is safer and easier than intra-
vitreal injection, with a minimal risk of side effects,
because no perforation of ocular tissues is involved as
far as we properly administrate, it is rare to complicate
of perforation, and it entails an effective means of
achieving therapeutic concentrations of drugs in the
posterior part of the eye. However, posterior sub-
tenon injection of steroids is not just a local treatment.
It results in serum levels comparable to those achieved
by a high oral dose. Weijtens et al reported several
studies on the concentration of dexamethasone in the
vitreous, serum, and subretinal fluid after peribulbar
injection of dexamethasone disodium phosphate.47.48
Although the vitreous and subretinal concentrations of
dexamethasone achieved therapeutic levels for inflam-
mation, the serum concentrations were comparable to
those achieved by a high oral dose. The higher vitre-
ous concentration after peribulbar injection is caused
by diffusion from the serum and additional transs-
cleral diffusion. Probably, most of the dexamethasone
disodium phosphate may be quickly absorbed system-
ically, and the rest of the drug may diffuse into the eye
through the sclera. However, TA may diffuse into the
eye mainly through the sclera after posterior sub-
Tenon injection because it dissolves gradually from
crystals and has contact with the sclera for a relatively
longer period of time. It is reported that the lag time

Table 1. The TA Concentrations in the Rat Ocular Tissues

TA concentration (ug/g)

Time After
Implantation (days) Vitreous Retina Choroid
3 4.68 = 1.98 (n = 4) 2.80(n =2 22.53 = 18.60 (n = 4)
7 ND ND 333x085(n =3

The data are shown as mean + SD. ND = not detectable.

Detection limit: 1.25 ug/g (vitreous, retina), 2.50 ug/g (choroid).
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for solute diffusion across the sclera is similar to or
actually longer than the drug—sclera contact time dur-
ing conventional administration of the drug.#® It may
take at least 7 days for TA to dissolve completely from
crystals, because TA was detected in the choroid even 7
days after posterior sub-Tenon injection. Freeman et al
reported echographic localization of TA after periocular
injection.®® The location of repository TA after sub-
Tenon injection was evaluated by echography in patients
with macular edema associated with uveitis or anterior
segment surgery. The therapeutic response manifested
by improvement in macular function may be related to
the proximity of TA to the macular area. Therefore,
trans-scleral penetration of TA may depend on the rate of
dissolution from crystals and the proximity of TA to the
sclera. Recently, we evaluated that the concentration of
TA in retina—choroid after vitreous administration or
sub-Tenon administration in the rabbit eyes. Four weeks
after administration, TA was detected in the retina—
choroid after vitreous and sub-Tenon administration.>! In
the present study, the concentration of TA in the vitreous
or retina was under the detection limit 7 days after
administration probably because of high detection limit.
However, TA crystals were observed in the posterior
sub-Tenon space of the enucleated eyes 7 days after
administration. More sensitive analysis method may be
needed to evaluate the pharmacokinetics of TA after
sub-Tenon administration in the rat.

TA has been widely used as a periocular injection
for the treatment of inflammatory diseases.13:14.18.19:25
Moreover, intravitreal administration of TA has been
used for the treatment of many diseases, including
AMD, with little severe side effect.15-17.20.21 It has
been reported that intravitreal TA could provide short-
term improvement in visual acuity and fundus findings
and reduce the development rate of severe visual loss
in AMD patients.202! In this study, we have demon-
strated the inhibitory effect of TA by posterior sub-
Tenon administration on CNV formation in the rat. Al-
though single injection was effective for inhibition of
CNV development in the rat, multiple injections may be
required in the treatment of exudative AMD because of
its chronic feature. Posterior sub-Tenon injection of TA
is an established treatment for posterior uveitis and can
be applied for the treatment of AMD.#!
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