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ABSTRACT

Purpose: To investigate the effects of interferon-
alpha2b (IFN-a2b) and octreotide, a long-acting analogue of|
somatostatin, on experimentally  induced corneal
neovascularization. Methods: Chemical keratitis was
induced unilaterally in the eyes of 30 rats by silver nitrate
cauterization. Ten of these animals received subcutaneous
IFN-a2b (250,000 [U) four times every other day (interferon
group) and ten rats were injected with octreotide (10 pug)
(octreotide group). The remaining ten rats were used as
controls. The corneas of all animals were biomicroscopically
and histopathologically examined on day 8 by electron
microscope to observe whether there was inhibition of|
neovascularization ~ or  not. Results: Corneal,
neovascularization and histopathological scores were lower
in both the interferon group (p<-0.005) and the octreotide
group (p=0.001) compared to the controls. These parameters
were lower in the octreotide group compared with the
interferon-injected rats (p<-0.05). Conclusion: We suggest
that the application of both IFN-a2b and octreotide is
effective in the inhibition of corneal neovascularization and
these preventive effects were more significant in the latter

group.
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OZET

Amag: Bu ¢aligmamn amact interferon-alfa2b (IFN-
a2b)'nin ve wuzun etkili somatostatin analogu olan
oktreotidin, deneysel  olarak uyarilan  kornea
neovaskiilarizasyonu iizerine etkilerini arastirmalkti. Metod:
Giimiis nitrat koterizasyon ile 30 ratin birer goziinde
kimyasal keratit olugturuldu. Denekler rastgele onarli ii¢
gruba ayrilarak bir gruba giinde dort kez subkiitan IFN-a2b
(250.000 [U), diger gruba oktreotid (10ug) injeksiyonu
yapildi. Geri kalan grup ise kontrol grubu olarak ¢alismaya
dahil edildi. Tiim deneklerin kornealar sekizinci  giinde
biomikroskopik ve histopatolojik olarak elektron mikroskopu
ile neovaskiilarizasyonun &nlenip énlenemedigi konusunda
degerlendirildi.  Bulgu:  Bu  ¢alismada  kornea
neovaskiilarizasyonu ve histopatolojik skorlar hem IFN
(p=0,005), hem de oktreotid (p=0,001) gruplarinda kontrol
grubu ile kargilagtrildiginda daha diisiik bulundu. Oktreotid|
grubunda bu parametreler I[FN grubuna gore daha diigiik
olarak saptandi (p=0,05). Sonug: Sonug olarak, IFN-a2b ve
oktreotidin kornea neovaskiilarizasyonunun onlenmesinde
etkili oldugunu diigiinmekteyiz. Bu etki oktreotid grubunda
daha belirgin olarak saptand.

Anahtar Kelimeler: Alfa  [nterferon, Kornea
Neovaskiilarizasyonu, Oktreotid.

INTRODUCTION

Corneal neovascularization resulting in
vision loss is an important problem for both
patients and physicians. Neovascularization of
the cornea with recurrent epithelial erosion and
inflammation may cause significant clinical
symptoms, and vision may be lost as a result (1).

It is known that interferons inhibit angiogenesis
and mediate cell differentiation (2). IFN-o2b,
applied subcutaneously to prevent cornea
neovascularization, gives good results (3). It was
reported that growth factors have a stimulating
effect on a number of tissues (4). As octreotide, a
long-acting analogue of somatostatin, has
inhibitory effects on growth factors, the potential

115



inhibitory role of octreotide on
neovascularization may be taken into
consideration (5, 6).

This study was set up as a preliminary study
to investigate the effect of octreotide on
experimentally induced corneal
neovascularization.

MATERIALS AND METHODS

This study was carried out on unilaterally
cauterized eyes of 30 Wistar Albino rats (of either
sex weighing 150 to 200 g). All animals in this
study were used in accordance with the rules
approved by the Firat Medical Center Hospital
Animal Care and Use Committee and in
accordance with the Association for Research in
Vision and Ophthalmology.

The rats were randomly divided into three
groups of 10 rats: control, interferon and
octreotide groups. The rats were anesthetized
with intramuscularly administered ketamine
hydrochloride (25 mg/kg) (Ketalar, Park-Davis
CO, Morris Planis, NJ, USA) and xylazine
hydrochloride (3 mg/kg) (Rompun, Mobay Corp,
Shownee, KS, USA). One eye of the animals was
concurrently anesthetized by instillation of 0.5%
proparocaine hydrochloride (Alcon, Humacao,
Puerto Rico) (7) for manipulation. Anterior
segments of all the rats were photographed before
forming the corneal burn with the intention of
indexing the normal corneal and iris structure of
the rats.

Unilateral chemical keratitis was formed by
applying a silver nitrate applicator stick (San Jose
Surgical Supply) for 5 seconds onto a central
circular area 1.8 mm in diameter on the all rats’
eyes (3). Octreotide (10 pg) (Sandostatin, Sandoz
Pharma, Basel, Switzerland) was subcutaneously

Table- 1: Burn Stimulus Grade.

applied three times a day at 8 hour intervals in the
octreotide group (n=10). Four times every other
day, IFN-02b (250,000 IU) (Intron-A, Schering
Corp, Kenilworth, NJ, USA) was subcutaneously
applied to the interferon group (n=10)
immediately on the same day. No treatment was
applied to the control group (n=10).

On the 8th day after the chemical
cauferization,  administrating  the  same
anesthetics, corneal neovascularization was
evaluated by a method similar to that described
by Mahoney and Waterburry [3] under a slit
lamp microscope with a camera mounted on it.
Accordingly, the corneas on the photographs
were divided into 5 circular areas encircling each
other and the circular areas were numbered from
the periphery to the center of the cornea on which
there was an opaque white lesion approximately
2 mm in diameter formed by silver nitrate
cauterization. The grading of neovascularization
was carried out according to the presence or
absence of blood vessels within each circular
area. The average corneal neovascularization
scores of eyes were unilaterally obtained for each
rat. The scoring procedures were carried out in a
blinded manner.

The burn stimulus was graded according to
the height of the blister formed and the scoring of
neovascularization was determined with regard to
the most proximal circular area (to the center of
the cornea) showing circumferential vascular
invasion. Accordingly, burn stimulus grade and
corneal neovascularization scores are shown in
tables 1 and 2, respectively. After scoring the
burn stimulus and neovascularization the animals
were killed with an overdose of systemically
administered penthobarbital sodium (Somnlethal,
JA Webster, Billerica, MA, USA). The corneas of
freshly enucleated eyes were immediately

Grade 0 Darkened cauterized area, not raised above corneal surface ﬁ
Grade 1 White opaque blister raised slightly above corneal surface "
Grade 2 Blister raised moderately above corneal surface \
Grade 3 Large blister raised definitely above corneal surface i

Table- 2: Neovascularization Grade.

Grade 0 No neovascularization visible }
Grade 1 Neovascular growth on the circular area 1/5 the distance to the burn |
Grade 2 Neovascular growth on the circular area 2/5 the distance to the burn f
Grade 3 Neovascular growth on the circular area 3/5 the distance to the burn
Grade 4 Neovascular growth on the circular area 4/5 the distance to the burn
Grade S Neovascular growth on the circular area 5/5 the distance to the burn
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excised along the limbus and were fixed in 2.5%
gluteraldehyde in 0.1 M sodium phosphate buffer
(pH 7.4) for 72 hours, and each cornea was
dissected into 4 longitudinal pieces (2x3x0.5
mm) from limbus to limbus so that every
longitudinal piece included a part of each circular
area. Four longitudinal pieces (2x3x0.5 mm)
from each cornea were postfixed in 2% osmium
tetraoxide in 0.1 M sodium phosphate buffer for
one hour, dehydrated in graded alcohol,
propylenoxide and embedded in Araldite CY
212. Sections were cut on a LKB ultratome.
Thick sections (1 micron) were stained with
toluidine blue and inspected by light microscope.
Then ultrathin sections (600A) were stained with
uranyl acetate and lead citrate and examined on a
transmission electron microscope (Zeiss EM
952). For light microscopy, paraffin blocks were
prepared from corneas that were dehydrated in a
graded alcohol series and sections of 5 mm
thickness were stained with Hematoxylin-eosin.
A BH-2 Olympus photomicroscope was used for
the examination. A light microscopic
examination was performed on every
microscopic section, prepared from the periphery
to the center of each cornea and evaluated with
regard to the intensity of polymorphonucleated
leukocyte, edema and fibroblastic activity and
scored from grade O to grade 3. Grade 0: no
change, grade 1: mild degree, grade 2: moderate
degree, grade 3: severe degree [3]. Average
scores for every cornea were calculated from the
total of all microscopic sections of the corneas.
Average histopathologic scores of the eyes were
obtained for each rat.

The results are expressed as means £ SEM
and statistical analyses were carried out using the
Mann-Whitney U test. P values < 0.05 are
considered statistically significant.

RESULTS

Levels of burn induction in all groups were
observed to be similar (+3). Mean
neovascularization scores were 4.6+0.54 in the

control group, 3.2+0.44 in the interferon group
and 2.3+0.83 in the octreotide group. Average
histopathologic scores were 2.3+0.67 in the
control group, 1.5+0.54 in the interferon group
and 1.0+£0.70 in the octreotide group. When the
interferon and control groups were compared, it
was observed that the corneal neovascularization
and histopathologic scores of the interferon group
were significantly lower than those of the control
group (p<0.005, p<0.005, Table 3). The corneal
neovascularization and the histopathologic scores
of the octreotide group were also significantly
lower than those of the control group (p<0.001,
p<0.001, Table 3). It was also observed that
corneal neovascularization and histopathologic
scores of the octreotide group were significantly
lower than those of the interferon group
(p<0.005, p<0.005, Table 3).

Under the light microscope, it was observed
that the cells of the corneal epithelium that had
undergone chemical burn had lost their integrity
and showed edema and vacuolization. The
basement membrane under this epithelium lost its
continuity and the Bowman membrane was
absent. Instead, keratocytes became dense in
these regions. The stroma was observed to be
edematous (Fig. la). The epithelium in the
neighborhood of the burned area was observed to
have kept its integrity. However, newly formed
vascular structures, activated keratocytes and
various polymorphonucleated leukocytes were
observed in the stroma all over this region (Fig.
1b). Although the vascularization and PNL
infiltration were lower in similar regions of the
octreotide and interferon groups when compared
with the control group (Fig. 1c, 1d), the vascular
elements in the stroma of the octreotide group
were fewer than those in the other groups (Fig.
1d).

The electron microscopic evaluation revealed
that the epithelium in the burned area was
destroyed and degenerated (Fig. 2a) and newly
formed blood vessels, keratocytes, neutrophils

Table- 3: Comparison of the neovascularization and histopathologic scores between the interferon, octreotide and control groups.

GROUPS n neovascularization score Histopathological score
(eyes)

Control 10 4.6+0,54 2.3+£0.67
Interferon 10 3.2+0.44* 1.5+0.54*
Octreotide 10 2.3+0.83%* 1.0+0.70**

(* p<0.005; between the control and the interferon groups, **p <0.001; between the control and the octreotide groups, p<0.05
between the interferon and the octreotide groups. Mann-Whitney U test)
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Fig. 1: Degeneration and detonation of corneal epithelial cells of the control group (arrows), separation between the cells and
vacuolization (double arrows). Basement membrane losing its integrity under the epithelium (**), dense keratocytes (k) and blood
vessels (kd) in these areas. Toluidine blue. Original magnification x 80 (A). Keratocytes in the stroma (k), blood vessels (kd) and
PMNL (arrows) in the regions neighboring the burned area of the control group. Toluidine blue. Original magnification. x 40 (B).
PMNLs (arrows) and blood vessels (kd) in the stroma of the areas neighboring the burned area in the cornea of the interferon group.
It is obvious that the PMNLSs and blood vessels are fewer than in the control group. Toluidine blue. Original magnification. x 40 (C).
Although corneal structures in the octreotide and interferon groups show similarities, blood vessels (kd) and PMNLs (arrows) are
reduced in the octreotide group. Toluidine. Original magnification x 40 (D).

and dense collagen fibers are the dominant
structures of this region (Fig. 2b). In the
treatment groups, blood vessels (Fig. 2c) and the
basal cells of the epithelium, basal lamina and
hemidesmosomes were observed (Fig. 2d).

DISCUSSION

The cornea is an avascular tissue and blood
vessels may develop in certain pathologies (8).
Inflammation, ischemia and corneal
neovascularization resulting from metabolic and
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toxic causes are some important corneal
pathologies; these destroy the corneal
transparency and cause vision loss. They may
restrict the indications for keratoplasty (9). As the
treatment of corneal neovascularization is
difficult, preventive approaches are more
valuable in neovascularization.

Photothrombosis, cryotherapy, irradiation,
heat cauterization, superficial keratectomy and
conjunctival grafts are among the various



Fig. 2: Electron microscopic appearance of the control group, degeneration and detoriation are observed in the cells. Lead citrate
uranyl acetate. Original magnification x 6000 (A). Blood vessels (kd) PMNLs (arrows) and collagen fibers (kol) and keratocytes (k)
in the stroma of the control group. Lead citrate uranyl acetate. Original magnification x 4400 (B). Blood vessels persist in the stroma
of the octreotide group. Lead citrate uranyl acetate. Original magnification x 8800 (C). Basement lamina (double arrows) showing
integrity under the basal cells of the epithelium and hemidesmosomes (arrows) are observed. Basal cells (1), stroma and collagen
fibers (2), keratocytes (3). Lead citrate uranyl acetate. Original magnification x 6000 (D).

invasive techniques previously used in corneas
with vascular invasion (10). Several medical
treatments have been tested for the prevention of
corneal neovascularization. Nonsteroid anti-
inflammatory drugs have been used for
suppressing increased inflammatory cells due to
inflammation, but their effects have been limited
(1). For the same purpose, corticosteroids were
also used. However, using corticosteroids over a
long period may cause some side effects such as
cataracts, glaucoma, and Herpes simplex
infection recurrence (11): Systemic
administration of amiloride, a plasminogen

activator inhibitor, may result in the suppression
of neovascularization by causing lysis of the
extracellular matrix, the first step of
angiogenesis. Nevertheless, dehydration due to
the diuretic effect of amiloride may be observed
(12). It is known that cyclosporine A provides a
suppressive effect on some cytokines responsible
for neovascularization, and rapamycin, an
antifungal agent, may suppress corneal
neovascularization. However, their clinical use is
limited because of their serious side effects (13,
14).
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It has been reported that IFN-a.2b is effective
in the treatment of corneal inflammation and
neovascularization (15). In addition to the many
cellular effects of IFN-a2b, it has been
demonstrated that IFN-o.2b inhibits the migration
and proliferation of endothelial cells in vitro (16).
Moreover, it has a blocking effect on the
receptors of growth factors (17). Miller et al (18)
suggested that [FN-a2b has a selective effect on
the  regression  of  experimental  iris
neovascularization.

Octreotide, a long-acting somatostatin
analogue, shows a direct antiproliferative effect
in vivo and in vitro on many cell types (19).
Several growth factors have a stimulatory effect
on neovascularization (4). It has been suggested
that epidermal growth factor (EGF) increases
collagen and proteoglycans production, as well as
fibronectin synthesis in the extracellular matrix,
and causes neovascularization by increasing the
rate of mitosis in the vascular endothelium and
releasing plasminogen activator (20, 21). There
are also reports about fibroblast growth factor
(FGF) induced proliferation of vascular
endothelial cells and cellular migration (22, 23).
In another study endothelial cell growth factor
(ECGF) was found to cause severe
neovascularization in rabbits (24).

In our study, it was found that IFN-o.2b and
especially  octreotide  inhibited  corneal
neovascularization. The results indicating that
subcutancous administration of IFN-o2b
suppresses the response of neovascularization are
in agreement with the literature.

It has been suggested that octreotide
administered intravitreally may slow down the
progression of proliferative eye diseases (25).
Luo et al (26) have reported that octreotide
suppresses the development of proliferative
vitreoretinopathy ~ (PVR). It has been
demonstrated that subcutaneous administration of
octreotide prevents and inhibits
neovascularization in  proliferative  and
nonproliferative retinopathy characterized by
elevated levels of insulin-like growth factor
(IGF) (27, 28). It has also been suggested that
octreotide may be beneficial in Graves
ophthalmopathy by preventing the volume
increase of extraocular muscles (29, 30).

IFN-a.2b has no reported severe side effects
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apart from fever, muscular pain and fatigue (2).
Similarly, the side effects of octreotide have been
reported to induce dyspepsia, weight loss and gall
bladder stones (27, 29). Compared with the side
effects of other medications, these two drugs are
some what innocent with regard to side effects.

In conclusion, we suggest that octreotide is
more effective than IFN-o.2b in the prevention of
corneal neovascularization. However, further
clinical studies must be carried out to investigate
the effects of octreotide in a human model.
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