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Abstract l Background: Retinal
pigment epithelium (RPE) and cho-
riocapillaris play an important role in
maintaining the outer retina. Clinical
and experimental studies have shown
that there is a close relationship be-
tween them. To examine the rela-
tionship between RPE and chorio-
capillaris we developed an animal
model in which degeneration and re-
generation of the choriocapillaris can
be created easily and reproducibly.
l Methods: Using pigmented rabbits
a retinal detachment (about 7 disk
diameters) was created in the eye and
the detached retina was surgically
removed. A half area of the exposed
RPE was mechanically debrided us-
ing a silicone brush. The other half
area remained untouched. The eyes
were morphologically examined at 3,
7, and 14 days and 4 and 8 weeks
after the surgery using scanning or

transmission electron microscopy.
Changes in the choriocapillaris after
the RPE debridement were also
evaluated by corrosion vascular casts.
l Results: The debrided area was re-
surfaced with elongated RPE in
7 days after surgery. The replaced
RPE was dedifferentiated but it
gradually recovered cell polarity by
4 weeks after surgery. The chorio-
capillaris beneath the debrided area
underwent degeneration; however, it
regenerated by 4 weeks after surgery,
corresponding to the timing of the
morphologic recovery of the replaced
RPE. l Conclusion: This animal
model of surgically induced degen-
eration and regeneration of the cho-
riocapillaris may be useful to clarify
the relationship between RPE and
choriocapillaris and to study potential
treatments for choroidal vascular
diseases.

Introduction

The choriocapillaris is located adjacent to retinal pigment
epithelium (RPE) and Bruch's membrane in the eye and
provides vascular support to the outer retina [8]. Atrophy
of the choriocapillaris, which results in poor visual outcome,
is often accompanied by age-related macular degeneration,
retinitis pigmentosa, and surgical removal of choroidal neo-
vascular membranes in exudative age-related macular de-
generation, presumed ocular histoplasmosis syndrome, and
high myopia [7, 9, 11, 12, 27, 28, 30, 34, 36, 39].

The relationship between RPE and choriocapillaris has
been studied by several investigators [6, 13, 17±20, 22].

Experimental studies of selective destruction of the RPE
by administration of sodium iodate or mechanical debri-
dement proved that degeneration or removal of RPE
caused atrophy of the choriocapillaris [13, 14, 19]. This
led investigators to postulate that vascular modulating
factors are released from the RPE [13, 18, 19]. In addi-
tion, the Royal College of Surgeons rat with hereditary
retinal degeneration has been shown to display loss of
choriocapillaris [4, 25]. On the other hand, previous stud-
ies regarding regeneration of the RPE after laser burns,
administration of sodium iodate, and debridement have
shown that regeneration of the RPE induces regeneration
and differentiation of the choriocapillaris [3, 21, 25, 31,
32].
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However, the mechanisms by which the RPE regulates
and maintains the choriocapillaris are not well under-
stood. Recent studies have shown that several factors
act as survival and differentiating factors for vascular en-
dothelial cells in vitro and in tumors such as basic fibro-
blast growth factor, vascular endothelial growth factor,
and extracellular matrix [1, 2, 16, 23, 33, 35, 38]. To in-
vestigate in vivo mechanisms of regulation of choriocap-
illaris by RPE it is necessary to develop an animal model
in which degeneration and regeneration of the choriocap-
illaris can be easily created and controlled. In this study
we have created a model of degeneration and regeneration
of the choriocapillaris in rabbit by a surgical debridement
of RPE to explore future treatments directed at atrophy of
the choriocapillaris accompanied by vision-threatening
diseases.

Materials and methods

RPE debridement surgery in rabbits

Sixty male pigmented rabbits (2±2.5 kg body weight) were used in
this study. Rabbits were anesthetized with intramuscular injection of
ketamine (30 mg/kg) and xylazine (5 mg/kg) and the pupil was di-
lated with topical application of 1% tropicamide and 2.5% phenyl-
ephrine. Topical 1% atropine was also applied to the operated eye
before and after the surgery to reduce post-surgical inflammation.
Only one eye of each animal was operated upon. Topical 0.5% pro-
paracaine hydrochloride was used for local anesthesia of the eye sur-
face.

Surgical procedures were modified from a previous study by
Heriot and Machemer [14]. Two areas of the limbal conjunctiva
was cut for 60 deg each and the sclera was exposed. Then, two
scleral mattress sutures were placed at 1.5 mm peripheral from
the limbus in the superotemporal and superonasal quadrants with
8±0 silk. Sclerotomy sites were created on these sites with a 22-
gauge needle. The superotemporal site was used for intraocular in-
fusion of lactated Ringer's solution, and the superonasal site for in-
troduction of vitreous cutter and needles. A contact lens was placed
on the cornea, and the formed vitreous above the inferior retina
was removed with a vitreous cutter using the coaxial illumination
of an operating microscope. Then, a 30-gauge blunt needle at-
tached to a syringe filled with lactated Ringer's solution was intro-
duced through the sclerotomy site and placed just above the retina
2 disc diameters inferior to the optic disc. A jet stream from the 30-
gauge needle was blown against the retina and the retina was de-
tached after formation of a small retinal break. With continuing in-
jection of lactated Ringer's solution into the subretinal space the
retinal detachment was extended to a size of about 7 disc diame-
ters. Then, the detached retina was removed with a vitreous cutter
and the RPE was exposed to the vitreous cavity. Half of the ex-
posed RPE (right side or left side) was removed from Bruch's
membrane with a fine silicone brush and the other half of the
RPE remained untouched. The removed RPE was suctioned away
with a vitreous cutter and the sclerotomy sites were closed. After
surgery gentamicin and prednisolone ointment were placed in the
cul-de-sac.

The operated eyes were observed by indirect ophthalmoscopy at
3, 7, and 14 days and 4 and 8 weeks after the surgery. Fundus pho-
tography and fluorescein angiography were performed (Topcon, To-
kyo, Japan) at these time points. All procedures involving the ani-
mals conformed to the ARVO Statement for the Use of Animals in
Ophthalmic and Vision Research.

Histologic preparation

Under deep anesthesia, 30 rabbits were killed by an overdose injec-
tion of pentobarbital for histologic examinations (5 rabbits each at
3 h, 3, 7, and 14 days, 4 and 8 weeks after the surgery). After a small
incision was made at the limbus, the eyes were fixed in 2% parafor-
maldehyde and 2% glutaraldehyde in 0.1 M phosphate buffer over-
night. Anterior portions were removed and posterior eye cups were
prepared. The surgical wound in each eye, which included the area
of the debrided RPE and the area of the untouched RPE, was cut into
halves with a surgical blade so that each half included a half area of
the debrided RPE and a half area of the untouched RPE. One half
was processed for transmission electron microscopy to examine ul-
trastructure of the RPE and the choriocapillaris and the other for
scanning electron microscopy to examine surface appearances of
the healing RPE.

Transmission electron microscopy

A half wound area in each eye was further cut into small pieces and
postfixed in 1% osmium tetroxide. After they were rinsed in 0.1 M
phosphate buffer, the pieces were dehydrated through a graded se-
ries of ethanol. After being placed in two changes of propylene ox-
ide for 15 min each and infiltrated overnight in a 1:1 solution of pro-
pylene oxide and LX112 resin (Ladd Research Industries, Burling-
ton, Vt.), the pieces were embedded in 100% LX112 resin. Sections
were cut into 1-�m slices and stained with 0.5% toluidine blue and
0.25% sodium borate. Then, specific areas in the sections were cut
into 60- to 90-nm slices with an ultramicrotome and picked up on
200-mesh copper grids. The sections were stained with 2% aqueous
uranyl acetate for 10 min followed by 3±4 min in Reynolds lead ci-
trate solution. The sections on grids were observed under a JOEL
100 CX transmission electron microscope (Hitachi, Tokyo, Japan).

Scanning electron microscopy

The other half of the wound area in each eye was rinsed with 0.1 M
phosphate buffer and then dehydrated through a graded series of eth-
anol. Then, the tissues were dried to the critical point with tetrame-
thylsilane (Ted Pella, Redding, Calif.). After the tissues had been
sputter-coated with gold-palladium, they were examined with a
JOELJSM 840 scanning electron microscope (Hitachi).

Preparation of corrosion cast of choroidal vasculature

After the rabbits had undergone surgery as described above, another
group of 30 rabbits were deeply anesthetized, killed and processed
for corrosion vascular casts at 3 h, 3, 7, and 14 days, and 4 and
8 weeks after the surgery (five rabbits each at these time points).
Procedures for preparation of corrosion vascular cast were reported
previously [10]. Briefly, the skin of the neck was cut along the tra-
chea and opened carefully with forceps. Then, carotid arteries and
veins on both sides were exposed. The carotid arteries were tight-
ened with 4±0 silk sutures. A 22-gauge intravenous catheter was in-
serted into each carotid artery and the carotid veins were opened.
Blood in the head was washed out with 500 ml of heparinized lac-
tated Ringer's solution from both carotid arteries. After the blood
was completely flushed out, 50 ml of red Mercox mixed with 1.1 g
of the organic peroxide catalyst (Ladd Research Industries) filled in
a 60-ml syringe was injected through each carotid artery simulta-
neously. After hardening of the Mercox for 60 min, the eyes were
enucleated and the anterior portions removed. Eye cups were im-
mersed in 100 ml of 1 M potassium hydroxide in distilled water,
changed several times at room temperature until all tissues were
completely digested. Usually, in 7±10 days only corrosion vascular
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casts of the retina and the choroid were left in the 1 M potassium
hydroxide solution. Vascular casts were rinsed in distilled water sev-
eral times. After the retinal vessels were removed, the vascular casts
were dried in air. After the casts were mounted and sputter-coated
with gold-palladium, they were observed with a JEOL JSM 840
scanning electron microscope. Each cast had a defect of the choroi-
dal vasculature at the optic disc and this could be used for orienta-
tion. To quantify degeneration of the choriocapillaris, three photo-
graphs were taken in three different areas in the center of the degen-
erated choriocapillaris of each vascular cast. Each photograph repre-
sented an area of 0.39 mm2 in the vascular cast.

The photographs were scanned and image-analyzed by Adobe
Photoshop (version 4.0) (Adobe Systems, San Jose, Calif.) in a Mac-
intosh computer. Since the choriocapillaris appeared white with an
intense contrast to the background in each photograph, a threshold
was set in the histogram of each image to dissect out the white vas-
cular area. The total area of the choriocapillaris was obtained by
measuring the area over the threshold in each image. Although larg-
er choroidal vessels under the choriocapillaris appeared darker,
some of them were included in the total vascular area when the cho-
riocapillaris was degenerated. However, the majority of the mea-
sured area in each photograph represented the choriocapillaris.

Results

Clinical and histologic observation just after surgery

A fundus photograph at 3 h after the surgery is shown in
Fig. 1a. The detached retina about 7 disk diameters had
been removed and a half area of the exposed RPE de-
brided. This was recognized as a red area with the blood
flow in choroidal vessels through the exposed Bruch's

membrane (enclosed with arrows). The other half ap-
peared darker because of melanin pigments in the un-
touched RPE and the demarcation line was obvious
(Fig. 1a). Debrided areas in other eyes were examined
by scanning or transmission electron microscopy. Fig-
ure 1b shows an area around the demarcation line by
scanning electron microscopy in which the RPE was com-
pletely removed in the debrided area. Arrows show the
demarcation line. Cellular debris was seen on the exposed
Bruch's membrane (arrowhead). Figure 1c is a transmis-
sion electron microscopic photomicrograph which shows
that the basement membrane of RPE in Bruch's mem-
brane was continuous (arrows). Endothelial cells of the
choriocapillaris appeared normal (Fig. 1c). The chorio-
capillaris in the debrided area as examined by vascular
casts at 3 h after surgery appeared normal (Fig. 1d). These
results were confirmed in all eyes examined at 3 h after
surgery.

Clinical appearance after surgery

The same eye shown in Fig. 1a was followed at 3, 7, and
14 days and 4 weeks after surgery by fundus photography
and fluorescein angiography (FA). At 3 days after surgery
choroidal vessels were visible in the debrided area, while
some RPE in the untouched area had lost its pigmentation
(Fig. 2a). The demarcation line was visible in a fundus
photograph (arrows in Fig. 2a). FA showed extensive

Fig. 1a±d Clinical appearance
and histologic observations of
rabbit eyes at 3 h after the sur-
gery of debridement of RPE.
a A fundus color photograph.
The area enclosed with arrows
shows the debrided area of the
RPE where choroidal vessels are
visible. b A photomicrograph of
the RPE and Bruch's membrane
at the border of the debrided
RPE by scanning electron mi-
croscopy. The demarcation line
is obvious (arrows). Bar 50 �m.
c A photomicrograph of the de-
brided area by transmission
electron microscopy. Arrows
Basement membrane of RPE,
BM Bruch's membrane, CC
choriocapillaris, EC endothelial
cell. Bar 1 �m. d A photomi-
crograph of corrosion vascular
cast in the debrided area, which
indicates normal appearance of
the choriocapillaris. Bar 50 �m
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leakage of the fluorescein from the debrided area al-
though the untouched area did not show any leakage
(Fig. 2b). The demarcation line was more apparent on
FA (arrows in Fig. 2b). At 7 days after surgery the center
of the debrided area appeared a little whiter, probably be-
cause of some loss of the choriocapillaris (Fig. 2c). Along
the edge of the debrided area darker pigmentation in the
RPE was observed (Fig. 2c). FA showed decreased leak-
age and a window defect of the fluorescein in the de-
brided area at 7 days after surgery (not shown). At 14 days
after surgery the pigmentation along the edge was more
prominent and fibrosis occurred in a part of the debrided
area. Large choroidal vessels were more visible in the de-
brided area, which implied atrophy of the choriocapillaris
(Fig. 2d). FA at 14 days after the surgery showed the same
appearance as at 7 days after surgery (not shown). At
4 weeks after surgery heavy pigmentation was observed
along the wound edge, but other features were similar
to those at 14 days after surgery (Fig. 2e). FA at 4 weeks
after surgery showed hyperfluorescence by window defect
and tissue staining in the debrided area and hypofluores-
cence at the highly pigmented foci (Fig. 2f).

All eyes examined at 8 weeks after surgery showed the
same fundus and FA appearances as at 4 weeks after sur-
gery.

Correlation between healing of RPE and degeneration
of choriocapillaris

Using the technique of corrosion vascular cast, the chorio-
capillaris beneath the surgically debrided area was proved
to be degenerated after surgery. The degenerated chorio-
capillaris was apparent at 3 days after surgery (enclosed
with arrows in Fig. 3a). A magnified photomicrograph

showed a clear demarcation line dividing the degenerated
choriocapillaris from the normal choriocapillaris (arrows
in Fig. 3b). Although the side and area of the degenerated
choriocapillaris in each vascular cast always correspond-
ed to the debrided side and area of the RPE, this demar-
cation line was not proved to correspond exactly to the
demarcation line observed in fundus photographs because
tissues had been already digested to prepare vascular
casts. Figure 3c, a magnified photomicrograph of the de-
generated choriocapillaris in Fig. 3b, shows that total area
of perfused lumina of the choriocapillaris was decreased.
The choriocapillaris beneath the exposed and untouched
RPE had a normal appearance at 3 days after surgery
(Fig. 3d). All vascular casts after the surgery showed sim-
ilar degeneration of the choriocapillaris beneath the de-
brided area, but the choriocapillaris was normal beneath
the untouched area with a clear demarcation line.

To examine a correlation between wound healing of
the RPE and changes in the choriocapillaris, we observed
both the RPE in the center of the debrided area and the
choriocapillaris in the center of the degenerated area in
each vascular cast. At 7 days after the surgery the de-
brided area was resurfaced with elongated RPE, as shown
in Fig. 4a. However, cell borders of the resurfaced RPE
were not obvious and cell sizes were varied (Fig. 4a).
Vascular casts showed that degeneration of the choriocap-
illaris had progressed compared with 3 days after surgery
(see Fig. 3c). Large choroidal vessels were seen through
the degenerated choriocapillaris (Fig. 4b). At 14 days af-
ter surgery the elongated RPE cells were becoming polyg-
onal and some cell borders were seen, with appearance of
smaller cells (Fig. 4c). In vascular casts, severe degener-
ation of the choriocapillaris was still observed and was
similar to that at 7 days after surgery (Fig. 4d). At 4 weeks
after surgery the resurfaced RPE showed a more polygo-

Fig. 2a±f Fundus photographs
and fluorescein angiographs
(FA) of the eye after the surgery
of debridement of RPE. The
same eye shown in Fig. 1a was
followed up at 3, 7, and 14 days
and 4 weeks after surgery.
a, b Fundus color photograph
and FA 3 days after surgery.
c, d Fundus color photographs
7 and 14 days after surgery, re-
spectively. e, f Fundus color
photograph and FA at 4 weeks
after surgery
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nal shape and small cells appeared with microvilli on the
apical surface (arrows in Fig. 4e), with visible cell bor-
ders. However, some parts of the RPE were still elongated
and multi-layered (Fig. 4e). Vascular casts showed slight
recovery of the choriocapillaris. Lobule structures of the
choriocapillaris were recognized (arrows in Fig. 4f). At
8 weeks after surgery the RPE had recovered a polygonal
shape and appeared homogeneous. More RPE cells had
microvilli on the apical surface with apparent cell borders
(arrows in Fig. 4g). Vascular casts showed regeneration of
the choriocapillaris compared with 4 weeks after surgery
(Fig. 4h).

Since the choriocapillaris beneath the untouched RPE
without the overlying retina showed a normal appearance
until 8 weeks after surgery, the surgical trauma itself and
the absence of the overlying retina did not induce degen-
eration of the choriocapillaris.

Quantification of choriocapillaris after surgery

Changes in the choriocapillaris after surgery were evalu-
ated by measuring the relative area of the choriocapillaris
in each photomicrograph using image analysis software
(Adobe Photoshop). One mean value was obtained from
three photomicrographs taken in the center of the degen-
erated choriocapillaris in each vascular cast. Five differ-
ent vascular casts at each time point were examined,
and the mean relative area of the choriocapillaris in each
photomicrograph was expressed as a percentage of that
for the normal choriocapillaris. The mean relative area

of the choriocapillaris at 3 days after the surgery was
78.8�5.4% (mean � standard deviation). The mean rela-
tive areas of the choriocapillaris at 7 and 14 days and 4
and 8 weeks after surgery were 60.7�6.3%, 57.1�1.0%,
60.1�1.5%, and 74.6�4.6%, respectively. The choriocap-
illaris degeneration progressed until 14 days after surgery
and from 4 weeks after surgery it gradually regenerated.

Ultrastructural changes in the RPE
and the choriocapillaris

Ultrastructural changes in the RPE and the choriocapil-
laris in the debrided areas were examined by transmission
electron microscopy. A photomicrograph of a normal rab-
bit eye was shown in Fig. 5a. The lumen of the choriocap-
illaris was patent and endothelial cells of the choriocapil-
laris were normal. Fenestrations of the endothelial cells
were apparent only on the side of Bruch's membrane (ar-
rowheads in Fig. 5a). RPE showed its cell polarity with
apical microvilli, junctional complex, and basal infoldings
with mitochondria at the basal side and melanin granules
at the apical side in the cytoplasm (Fig. 5a). At 7 days af-
ter surgery, as shown in Fig. 5b, the debrided area was re-
surfaced with elongated RPE. Some resurfaced RPE cells
were piled up and multi-layered. Those RPE cells ap-
peared dedifferentiated with scattered melanin granules
in their cytoplasm, microvilli on both sides of the cell sur-
face, and reduced basal infolding. The lumen of the cho-
riocapillaris was filled with necrotic debris and the endo-
thelial cells of the choriocapillaris showed pyknotic

Fig. 3a±d Photomicrographs of
corrosion vascular casts at 3 days
after the surgery. a, b Low-
magnification photomicrographs
of vascular casts show a clear
demarcation line between the
degenerated area and the normal
area (arrows). Bars: a 500 �m,
b 100 �m. c A magnified pho-
tomicrograph of the vascular
cast at the center of the degen-
erated choriocapillaris. Bar
50 �m. d A magnified photo-
micrograph of the vascular cast
at the center of the exposed and
untouched RPE. Bar 50 �m
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Fig. 4a±h Photomicrographs of
the RPE (a, c, e, g) and the
corrosion vascular casts (b, d, f,
h) at the center of the debrided
area at 7 and 14 days and 4 and
8 weeks after the surgery by
scanning electron microscopy.
a, b photomicrographs of the
RPE and the vascular cast 7 days
after surgery, respectively.
c, d Photomicrographs of the
RPE and the vascular cast
14 days after surgery. e, f Pho-
tomicrographs of the RPE and
the vascular cast 4 weeks after
surgery. Arrows Apical micro-
villi of the RPE (e); lobular
structure of the choriocapillaris
(f). g. h Photomicrographs of the
RPE and the vascular cast
8 weeeks after surgery. Arrows
Apical microvilli of the RPE.
Bar 50 �m
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Fig. 5a±e Ultrastructural changes in the RPE and the choriocapil-
laris after surgery by transmission electron microscopy. a A photo-
micrograph of the RPE and the choriocapillaris of a normal rabbit
eye. Arrowheads Fenestrations of endothelial cells of the choriocap-
illaris. b A photomicrograph of the RPE and the choriocapillaris
7 days after surgery. Arrows Swelling of mitochondria, arrowheads
ballooning in the cisterna of the nuclear membrane of endothelial
cells. c A photomicrograph of the RPE and the choriocapillaris
14 days after surgery. Endothelial cells of the choriocapillaris show
pyknotic changes. Arrowheads Thickened Bruch©s membrane, ar-
rows swelling of mitochondria. d, e Photomicrographs of the RPE
and the choriocapillaris 4 and 8 weeks after surgery, respectively.
d Arrowheads Fenestrations of endothelial cells of the choriocapil-
laris, arrows sprouts of the cytoplasm. e Arrowheads Fenestrations
on both sides of the choriocapillaris. Bar 1 �m. BM Bruch's mem-
brane, CC choriocapillaris, EC endothelial cell, RPE retinal pigment
epithelium, Nu nucleus, bi basal infolding, jc junctional complex,
mg melanin granule, mt mitochondria, mv microville, rer rough en-
doplasmic reticulum
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changes such as condensed chromatin in the nucleus, bal-
looning in the cisterna of the nuclear membrane (arrow-
heads), and swelling of mitochondria and other cytoplas-
mic organisms (arrows). Those endothelial cells also lost
fenestrations; however, the basement membrane of the
choriocapillaris appeared unaffected. Bruch's membrane
showed a similar thickness to that in normal eyes. As
shown in Fig. 5c, the RPE was still dedifferentiated with
reduced basal infolding at 14 days after surgery. Bruch's
membrane was focally thickened with excessive collagen
bands and thick elastic layer (arrowheads in Fig. 5c). The
lumen of the choriocapillaris was still obliterated with de-
bris of pyknotic endothelial cells with swelling of mito-
chondria similar to those seen at 7 days after the surgery
(see Fig. 5b). As shown in Fig. 5d, the RPE showed ap-
parent basal infoldings, many melanin granules and mito-
chondria, and clear rough endoplasmic reticulum at 4
weeks after the surgery. However, the RPE cells were
multi-layered and still lacking most of the apical micro-
villi. The lumen of the choriocapillaris was opened and
fenestrations of the endothelial cells appeared (arrow-
heads). Sprouts of the cytoplasm were also observed in
the endothelial cells of the choriocapillaris (arrows).
Bruch's membrane was still thickened with excessive col-
lagen and elastin bands. As shown in Fig. 5e, the RPE
were still dedifferentiated with focally thickened Bruch's
membrane at 8 weeks after surgery; however, the chorio-
capillaris was open and the cytoplasm and the nuclei of
endothelial cells appeared normal. Fenestrations of the
endothelial cells were observed not only on the side of
Bruch's membrane but also on the choroidal side (arrow-
heads).

Discussion

This model of degeneration and regeneration of the cho-
riocapillaris in rabbit was created by debridement of
RPE in a large area (about 7 disk diameters) with removal
of the overlying retina. Regeneration of the choriocapil-
laris was observed after 4 weeks with recovery of mor-
phologic characteristics of the RPE in the debrided area.
Several experimental models to induce degeneration of
choriocapillaris have been examined to date. (1) Admin-
istration of sodium iodate caused selective destruction
of RPE and secondary degeneration of the choriocapillaris
[19]. (2) Surgical debridement of RPE with chemicals
also caused degeneration of the choriocapillaris beneath
the debrided area in pig [6]. (3) A rat strain with a hered-
itary retinal degeneration (Royal College of Surgeons rat)
showed degeneration of the choriocapillaris adjacent to
the degenerated RPE [4, 26]. Since the first model, in-
volving administration of sodium iodate, showed patchy
degeneration of the RPE throughout the fundus [17, 20],
and since the third model, hereditary retinal degeneration,
featured inability of phagocytosis by RPE [15], these

models seemed more complicated than desirable to inves-
tigate mechanisms of regulation of choriocapillaris by
RPE. Therefore, we developed a rabbit model in which
degeneration of choriocapillaris can be easily created
and surgically controlled. Our model included regenera-
tion of the choriocapillaris because no pharmacologic re-
agent was used to inhibit the healing of RPE in the de-
brided area.

Although the debrided area was large (about 7 disk di-
ameters), RPE from the debrided edge proliferated and
migrated to cover the denuded Bruch's membrane in
7 days after surgery. Fluorescein angiography showed that
tight junctions among the replaced RPE in the debrided
area were not fully developed until 14 days after surgery.
Our results corresponded to a previous study in that the
RPE at the wound edge resurfaced the debrided area in
7 days after surgical debridement [14]. Similar responses
by the surviving RPE around the degenerated RPE were
observed in the animal models created by administration
of sodium iodate or laser photocoagulation [17, 20, 31].

Previous studies have examined effects of surgical
debridement of RPE on degeneration of choriocapillaris
in vivo [5, 6, 14, 24, 37]. A previous study which created
a large debridement of RPE showed degeneration of cho-
riocapillaris [14]; however, our results did not correspond
to some studies which showed that just mechanical debri-
dement of RPE did not cause degeneration of the chorio-
capillaris [5, 6, 24, 37]. This discrepancy might be due to
differences in sizes of the RPE debridement or simulta-
neous removal of surviving factors in the basement mem-
brane of the RPE [5, 24, 37].

Although a previous study indicated that endothelial
cells of the choriocapillaris showed apoptotic changes af-
ter administration of sodium iodate [21], in this study en-
dothelial cells of the choriocapillaris showed necrotic
changes in their nucleus and cytoplasm, such as con-
densed chromatin and swelling of mitochondria, by trans-
mission electron microscopy. However, many of our ob-
servations regarding morphologic changes in the endothe-
lial cells of the choriocapillaris beneath the debrided RPE
correspond to previous published studies [17±19]. In the
sodium iodate model, the endothelial cells of the chorio-
capillaris beneath the degenerated RPE were thickened
and lost fenestrations as early as 1 day after administra-
tion of sodium iodate [19]. Then the choroidal endothelial
cells died, leaving behind their basement membrane,
which served as a guide or substrate for endothelial move-
ment [17]. Regeneration of the choriocapillaris was
shown to occur from choroidal venules, remnant chorio-
capillaris, and newly produced cells. Matured endothelial
cells were observed 11 weeks after administration of so-
dium iodate [17, 18]. Our model demonstrated similar
changes in endothelial cells of the choriocapillaris. At
7 days after surgery they showed necrosis, leaving their
basement membrane behind. At 4 weeks after surgery
the regenerated endothelial cells were observed with thick



676

sprouts of the cytoplasm. The choriocapillaris was recan-
alized after 4 weeks. Further studies are needed to clarify
the cytopathic effects of RPE debridement on the endo-
thelial cells of the choriocapillaris.

In our model the degenerated choriocapillaris appar-
ently began to regenerate between 4 and 8 weeks after
the surgery. These results corresponded to the timing of
the recovery of morphological characteristics in the re-
generated RPE such as apical microvilli and redistribution
of melanin granules and mitochondria in the cytoplasm.
Our observations corresponded to previous studies that
observed thickening of Bruch's membrane and pleomor-
phic RPE during the regeneration processes [14, 21, 24,
29]. Thickening of Bruch's membrane appeared to be
caused by overproduction of extracellular matrix by re-
generating RPE and fibroblasts which invaded Bruch's
membrane from the choroid. Endothelial cells of the cho-
riocapillaris recovered their morphological characteristics
at 4 and 8 weeks after the surgery; however, they did not
show full recovery, since the fenestrations were observed
on both of the choroidal side and the side of Bruch's
membrane at 8 weeks. Since the overlying retina has been
shown to influence the recovery of morphologic charac-
teristics of the RPE after debridement [29], the absence
of the overlying retina might influence the recovery of fe-
nestrations of the choriocapillaris. Our results and those
of others suggest that functionally recovered RPE may
be necessary to maintain the underlying choriocapillaris
[20, 21].

Previous studies proposed that factors from RPE (vas-
cular modulating factors) might nourish and maintain
choriocapillaris from clinical and experimental observa-
tions [6, 13, 19, 34, 39]. Recent studies have shown that
basic fibroblast growth factor, vascular endothelial
growth factor, endothelin-1, and insoluble molecules in
the extracellular matrix produced by RPE act as survival

factors for choroidal endothelial cells and vascular endo-
thelial cells [1, 2, 16, 23, 33, 35, 38]. In this study we have
not identified any factors from RPE; however, our system
provides a convenient model to analyze survival factors
for choriocapillaris in vivo.

In conclusion, we have developed a rabbit model of
surgically induced degeneration and regeneration of the
choriocapillaris by mechanical debridement of RPE. This
model has four advantages compared to previously report-
ed models: (1) The debridement of RPE in a large area
was achieved because the RPE was exposed and observed
directly under an operating microscope. (2) The RPE cells
were debrided mechanically without chemicals to avoid
any pharmacologic effects. (3) The debrided RPE cells
were able to be removed from the vitreous cavity, pre-
venting the debrided RPE from reattachment onto the
bared Bruch's membrane. This made it possible to evalu-
ate effects of the replaced RPE on the choriocapillaris. (4)
The surgery is straightforward and highly reproducible,
since the rabbit retina is avascular. No hemorrhage oc-
curred when the detached retina was removed. A disad-
vantage of our model was the absence of the retina over-
lying the debrided area, which influenced recovery of the
RPE [29]. However, the absence of the overlying retina
has not been shown to cause any degeneration of the cho-
riocapillaris.

This model may provide a useful tool to explore treat-
ments for choroidal neovascular diseases such as age-re-
lated macular degeneration. Further studies are needed
to identify potential factors from RPE which act as sur-
vival factors for choriocapillaris in vivo.
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