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Ocular ischemia/hypoxia is a severe problem in ophthalmology that can cause vision impairment and blindness. However, little is
known about the changes occurring in the existing fully formed choroidal blood vessels. We developed a new whole organ culture
model for ischemia/hypoxia in rat eyes and investigate the effects of pigment epithelium derived factor (PEDF) protein on the eye
tissues. The concentration of oxygen within the vitreous was measured in the enucleated rat eyes and living rats. Then, ischemia
was mimicked by incubating the freshly enucleated eyes in medium at 4°C for 14 h. Eyes were fixed immediately after enucleation
or were intravitreally injected with PEDF protein or with vehicle before incubation. After incubation, light and electron microscopy
(EM) as well as Tunel staining was performed. In the living rats, the intravitreal oxygen concentration was on average at 16.4% of
the oxygen concentration in the air and did not change throughout the experiment whereas it was ca. 28% at the beginning of the
experiment and gradually decreased over time in the enucleated eyes. EM analysis revealed that the shape of the choriocapillaris
changed dramatically after 14 h incubation in the enucleated eyes. The endothelial cells made filopodia-like projections into the
vessel lumen. They appeared identical to the labyrinth capillaries found in surgically extracted choroidal neovascular membranes
from patients with wet age-related macular degeneration (AMD). These filopodia-like projections nearly closed the vessel lumen
and showed open gaps between neighboring endothelial cells. PEDF significantly inhibited labyrinth capillary formation and kept
the capillary lumen open. The number of TUNEL-positive ganglion cells and inner nuclear layer cells was significantly reduced in
the PEDF-treated eyes compared to the vehicle-treated eyes. The structural changes in the chroidal vessels observed under
ischemia/hypoxia conditions can mimic early changes in the process of pathological angiogenesis as observed in wet AMD
patients. This new model can be used to investigate short-term drug effects on the choriocapillaris after ischemia/hypoxia and it
highlighted the potential of PEDF as a promising candidate for treating wet AMD.

1. Introduction

The eye is one of the highest energy-consuming organs [1] and
thus has also one of the highest blood flows. The retinal vascu-
lar system supplies blood to the inner layers of the retina. The
choroidal circulation has a particularly high blood flow, and a
dense plexus of fenestrated capillaries supplies the outer third
of the retina [2]. Because of the high blood flow, a reduction or

disturbances in the structure of the choroidal vessels can lead
to visual impairment and in severe cases result in blindness.
Ocular ischemia is a typical symptom of diseases which affect
the blood vessels of the eye such as occlusions, diabetic reti-
nopathy (DR), or age-related macular degeneration (AMD)
[3–5] and results in pathological changes of the vessels, VEGF
overexpression, ocular neovascularization, growth of leaky
vessels, and tissue damage. Previous studies on the effect of
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ischemia on choroidal vessels were mainly focused on choroi-
dal perfusion and circulation [6], choroidal blood velocity, vol-
ume and flow [7], and effects on choroidal thickness and
choroidal area [8]. However, there has not yet been a compre-
hensive study on the ultrastructural changes of choroidal ves-
sels under ischemic conditions.

To investigate the pathogenesis of ocular ischemia, ani-
mal models have previously been developed by limiting the
blood supply to the eye, e.g., by carotid artery (CCA) occlu-
sion [9–11]. However, CCA severely interrupts blood supply
to the brain and can lead to death [12]. On the other hand,
individual differences in CCA are difficult to control. Thus,
we established an ischemic ex vivo rat eye model by incubat-
ing freshly enucleated rat eyes in Dulbecco’s modified eagle
medium (DMEM) solution at 4°C for 14 hours. This pro-
vides controllable experimental conditions, in consideration
of temperature and light. Additionally, the hypothermia
reduces the metabolism and the oxygen consumption [13,
14] and slows down the physiological processes in the cells,
and thus gives a higher temporal resolution for the analysis.

In order to study the changes of the oxygen concentration
in the enucleated rat eyes, we measured the oxygen concentra-
tion in their vitreous close to the retina using an optical
microsensor. The magnitude of the changes of the oxygen con-
centration in the preretinal vitreous was shown to correlate to
that in the retina [15]. To be able to compare the oxygen con-
centration in our ex vivo model with that of the in vivo condi-
tions, we additionally measured the oxygen concentration in
the vitreous of living rats under isoflurane narcosis. In the liv-
ing rats, the oxygen concentration was stable, while in the enu-
cleated eyes, a slow but steady decrease of the oxygen
concentration and consequently a hypoxia onset were detected.

This model was used to study the effects of PEDF protein
on the hypoxia-induced changes in the eye tissues, especially
in the choroidal vessels. PEDF is a promising treatment
option for hypoxia-induced pathological changes in the ves-
sels and CNV (choroidal neovascularization) especially
because of its antiangiogenic and stabilizing functions
[16–18]; additionally, it has important roles in other various
physiological and pathophysiological processes like fibro-
genesis, inflammation, neuroprotection, and stress response
[19, 20]. Moreover, PEDF is a direct VEGF antagonist [21].

As mentioned, one of the consequences of ischemia is
VEGF overexpression and thus neovascularization, which
often leads to the growth of leaky vessels. Thus, anti-VEGF
therapy is widely used to counteract this process. However,
many side effects such as thrombotic microangiopathy in
animal experiments and increased mortality in myocardial
infarction (MI) patients have been reported [22, 23], and
the therapy also interferes with the physiological effects of
VEGF like balancing the survival, integrity, and mainte-
nance of the homeostasis of choroidal endothelial cells [24,
25]. Additionally, there is a growing body of evidence link-
ing anti-VEGF therapy with the development of geographic
atrophy (GA), a symptom of advanced dry AMD [26–31].
PEDF being a VEGF antagonist in combination with its
other mentioned features makes it a promising candidate
for treating ischemia and CNV alone or in combination with
other drugs.

2. Results

2.1. Intravitreal Oxygen Saturation in the Living Rats and the
Incubated Eyes. The value of oxygen concentration in the vit-
reous of living rats under isoflurane narcosis was on average
stable at 16.4% of the oxygen concentration in the air. The
body temperature was stable at 30° C (Figure 1(a)). The oxy-
gen concentration in the vitreous of the incubated eyes was
continuously sinking and fell to half of the initial value which
was ca. 28% within approximately 600 minutes (Figure 1(b)).

2.2. Microstructural Analysis. Compared to the control group
(Figure 2(a)), the photoreceptors and RPE cells of the incubated
eyes were slightly swollen and disorganized (Figure 2(b)).
Detailed information of changes in the retinal and choroidal
vasculature was not observed at this level of magnification.

2.3. Cell Death Assay. In the eyes which were fixed immedi-
ately after enucleation (Figure 3(a)), hardly any TUNEL-
positive cells were found. Compared to that, the number of
TUNEL-positive cells in all layers (GCL, INL, and ONL)
was significantly increased in the 14-hour untreated and
the vehicle-treated groups (Figures 3(b) and 3(c)). In the
PEDF-treated group, the number of TUNEL-positive cells
per 1000μm was significantly reduced in all layers (GCL,
INL, and ONL) compared to the 14-hour untreated and
the vehicle-treated groups (Figure 3(d)).

2.4. Ultrastuctural Analysis. The most prominent ultrastruc-
tural changes in the eyes after 14 hours of incubation at 4°C
compared to the eyes fixed immediately after enucleation
(Figure 4(a)) were observed in the choriocapillaris vessels.
The following changes were observed: Choriocapillaris (CC)
vessels contained fenestrations not only on the wall facing
the RPE but also very prominently on the opposite side
(Figures 4(c) and 4(g)), endothelial cells contained filopodia-
like projections in the vessel lumen (Figures 4(b)–4(e) and
4(g)), the filopodia-like projections formed a labyrinth-like
structure which nearly closed the vessel lumen
(Figures 4(b)–4(d)), the filopodia-like projections often had
fenestrations (Figures 4(f) and 4(g) and 4(h)), the filopodia-
like projections were often associated with erythrocytes or
completely surrounded them (Figure 4(g)), the vessel lumens
had openings towards the interstitium (Figures 4(c) and
4(e)), pericytes also became elongated and produced
filopodia-like projections which pointed to the surrounding
tissue (Figure 4(b)), there were vessels with endothelial cells
or filopodias which attempted to build up a new lumen inside
the existing one (Figures 4(d) and 4(f)), and Bruch’s mem-
brane contained cells (Figures 4(d) and 4(f)).

In the untreated eyes, the vessel lumen was reduced or
completely collapsed (Figure 5(b)). In the PEDF-treated
eyes, the choroidal vessel lumen was wider with no or little
labyrinth capillaries (Figure 5(a)).

2.5. Analysis of the Ratios of the Area of the Vessel Lumen
Divided by the Length of Bruch’s Membrane for the PEDF-
and untreated Eyes. There was a significant difference
(P < 0:001) between the ratios of the area of the vessel
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lumina of the PEDF- (1.034± 0.077μm2/μm) and untreated
(0.308± 0.087μm2/μm) groups (Figure 5 lower part).

3. Discussion

The main currently used methods for clinical treatment of
retinal ischemia are laser photocoagulation and intravitreal
administration of antiangiogenic agents targeting VEGF.
However, both treatment options are unable to heal the con-
dition and only limit the consequential damage induced by
VEGF overexpression and CNV formation [32] and have
severe side effects. Laser photocoagulation of the ischemic

retina reduces the expression of VEGF caused by ischemia,
but the thermal effect of the laser can damage the adjacent
retina [33]. It has been shown that the use of anti-VEGF
therapy can induce side effects like thrombosis and infarct
and consequently increase the mortality [22, 34, 35]. More-
over, the long-term treatment can cause loss of choriocapil-
laris and geographic atropy [36]. Thus, new therapy
approaches for the treatment of retinal ischemia are urgently
needed and suitable models are required for the develop-
ment of such approaches.

The models which simulate the situation in the patient in
the closest way are in vivo animal models. Several models
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Figure 1: Results of oxygen concentration measurements. (a) In vivo (n=4) and (b) in the enucleated eyes (n=4). The results (mean and
standard deviation) of the oxygen concentration measurements (blue) are shown in % of the oxygen in the air, and the temperature
(orange) in °C. In (b), a linear trendline for the oxygen concentration measurements is shown as a black dotted line.
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have been developed for the study of ocular ischemia, e.g.,
laser occlusion of the retinal veins [37], permanent unilateral
common carotid artery occlusion (UCCAO) [10], transient
bilateral common carotid artery occlusion (tBCCAO) [38],
and elevation of intraocular pressure to cut off the blood
supply from the retinal artery [39]. The disadvantage of
these models is that they have a high intraindividual varia-
tion. Additionally, the current social ethics advocates a
reduction of the use of laboratory animals.

In vitro studies of ocular ischemia usually use cell cul-
tures or organotypic retinal cultures and chemical solutions
like N2-saturated PBS containing iodoacetic acid [40], PBS
containing iodoacetic acid and sodium cyanide [41], or
cobalt chloride (CoCl2) [42] to induce hypoxia in the cul-
tures. Cell culture based experiments limit the analysis of
the mechanisms to only one or a few cell types. Even organo-
typic retinal culture explants can only partly simulate the
processes, because the integrity of the eye is destroyed dur-
ing the preparation. Additionally, in these in vitro
approaches, a chemical induction of hypoxia is used, which
cannot completely simulate the real ischemic/hypoxic condi-
tions during the process of retinal diseases as it has addi-
tional toxic effects on the cultured cells [43–45].

Our established ex vivo whole eye ischemia model has
the advantage that it is easy to reproduce and the experimen-
tal conditions such as temperature and light are well control-
lable. Furthermore, the usage of the whole eyeball avoids
preparation artifacts and keeps the integrity of the eye and
its microenvironment.

To study the oxygen conditions in the enucleated eyes,
we started with a reference measurement in living rats.
Our oxygen concentration measurements in vivo were per-
formed in rats under inhalation narcosis with 3.5% isoflur-
ane. The rats’ oxygen concentration in the vitreous was
stable at 16.4% of the air oxygen concentration, and the body
temperature was stable at 30°C. The normal body tempera-
ture of a rat is considered to be ca. 37.5°C which is 25% more
than under narcosis. How exactly the narcosis influences the
oxygen concentration in the vitreous remains unclear.

In the freshly enucleated eyes, the mean oxygen concen-
tration in the vitreous was ca. 28% of the air oxygen concen-
tration at the earliest time point of measurement, which is
65% more than that in the in vivo rat eyes under isoflurane
narcosis. The oxygen concentration in the vitreous was
slowly but steadily sinking and fell to half of the value at
the earliest time point of measurement, directly after enucle-
ation within approximately 600 minutes. The temperature in
the refrigerator was at average 4°C fluctuating in a sinusoidal
way between ca. 3 and 5°C within a period of ca. 200min.
The oxygen concentration in the vitreous also fluctuated
within the same period but with a 50min. time shift, so that
after a local temperature minimum, a local oxygen concen-
tration maximum followed. This fluctuation turned out to
be a measuring artifact because the same fluctuation was
present if the measurement took place in medium or water
in the refrigerator (data not shown).

The drop of the oxygen concentration in the enucleated
eyes induced hypoxia in the eye tissues, without the admin-
istration of any chemical agents, evidenced by the occur-
rence of typical hypoxia-induced pathological changes in
the choroid and the death of ganglion cells.

The neuroprotective effect of PEDF on the retinal neu-
rons has been confirmed in previous studies [46, 47] as
was shown in our study. PEDF treatment significantly
reduced the number of TUNEL-positive ganglion cells and
inner and outer nuclear cells after 14 h of incubation com-
pared to no treatment or PBS treatment (Figure 3). Retinal
neurons, especially the ganglion cells, are very sensitive to
hypoxia. Ganglion cells are known to start dying after one
hour of hypoxic conditions [48]. The neuroprotective effect
of PEDF might be a promising approach which could help
to prevent ischemic retinopathy.

The most striking changes during our EM analysis in
the rat eyes after 14 hours incubation at 4°C were found
in the choroidal vessels, especially filopodia-like endothelial
projections, which occurred in their lumen (Figure 4).
These projections were similar to those which we found
in “labyrinth capillaries” described by us previously in

ONL
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ISL
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Figure 2: Representative light micrographs of control rat retinae of a fresh enucleated and immediately fixed eye (a) and an eye which was
incubated for 14 h at 4°C (b). Compared to the control retina, the photoreceptor inner segment layer (IS) was slightly swollen and
disorganized, as was the retinal pigment epithelium (RPE). ONL: outer nuclear layer; ISL: inner photoreceptor segments layer; OSL:
outer photoreceptor segments layer; RPE: retinal pigmented epithelium; CC: choriocapillaris. Bar =50 μm.
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human CNV membranes [49]. These pathological capil-
laries are probably responsible for the permanent leakage
and edema formation, as the leaky sites in this kind of lab-
yrinth capillary cannot be closed by thrombocytes because
these are unable to move to the leaky site due to the
reduced lumen [49]. Thus, our model can be used for the
study of the formation mechanisms of labyrinth capillaries
and to test approaches to suppress their formation. One
approach was successfully tested in this study. We showed
that a single intravitreal PEDF injection inhibits the forma-
tion of filopodia-like projections. Moreover, PEDF treat-
ment preserved the vessel structure and prevented the
collapse of the vessel lumen which was observed in
untreated eyes (Figure 5). The exact mechanism of this
process is not clear, but there is some evidence that PEDF

has a protective effect on podocyte structural integrity and
preserves the organization of the actin cytoskeleton [50].
Moreover, PEDF being a VEGF antagonist inhibits neovas-
cularization and prevents VEGF-induced changes in endo-
thelial cells [51, 52].

In conclusion, by using the described ex vivo whole eye
organ culture method, ultrastructural changes such as
filopodia-like projections in the choroid can be induced,
resembling ischemia-induced morphological changes in ves-
sels similar to that in early CNV. PEDF can significantly
improve choroidal vascular status, inhibit the formation of
the filopodia-like projections under ischemic conditions,
and maintain the morphology of choroidal blood vessels.
Furthermore, PEDF protects retinal neuronal cells from apo-
ptosis under ischemic conditions.

DAPI

(a) (b)

(c) (d)

C
on

tro
l

TUNEL Merge

GCL
INL
ONL ONL

GCL
INL

DAPI TUNEL Merge

14
 h

 in
cu

ba
tio

n

14
 h

 in
cu

ba
tio

n 
+ 

PB
S

GCL
INL
ONL

GCL
INL
ONL

14
 h

 in
cu

ba
tio

n 
+ 

PE
D

F
25

20

15

 N
um

be
r o

f T
U

N
EL

 p
os

iti
ve

 in
ne

r n
uc

le
ar

lay
er

 ce
lls

 p
er

 1
00

0 
𝜇

m

 N
um

be
r o

f T
U

N
EL

 p
os

iti
ve

 in
ne

r n
uc

le
ar

lay
er

 ce
lls

 p
er

 1
00

0 
𝜇

m

 N
um

be
r o

f T
U

N
EL

 p
os

iti
ve

 o
ut

er
 n

uc
le

ar
lay

er
 ce

lls
 p

er
 1

00
0 
𝜇

m

10

5

0

80

GCL INL ONL

60

40

20

0

C
on

tro
l

14
 h

 in
cu

ba
tio

n

14
 h

 in
cu

ba
tio

n 
+ 

PB
S

14
 h

 in
cu

ba
tio

n 
+ 

PE
D

F

C
on

tro
l

14
 h

 in
cu

ba
tio

n

14
 h

 in
cu

ba
tio

n 
+ 

PB
S

14
 h

 in
cu

ba
tio

n 
+ 

PE
D

F

⁎⁎

⁎ ⁎

⁎

⁎⁎⁎ 6

4

2

0

C
on

tro
l

14
 h

 in
cu

ba
tio

n

14
 h

 in
cu

ba
tio

n 
+ 

PB
S

14
 h

 in
cu

ba
tio

n 
+ 

PE
D

F

⁎

⁎

Figure 3: (a–d) Representative images of the TUNEL experiments for eyes which were fixed immediately after enucleation (control, n= 5)
(a), 14 h of incubation at 4°C (b), 14 h of incubation after PBS treatment (n= 5) (c), and 14 h of incubation 4°C after PEDF treatment (n= 5)
(d) (red - TUNEL-positive cells, blue - DAPI stained cell nuclei, merge - overlay of the TUNEL and DAPI images). Lower part: statistical
analysis for the TUNEL-positive cells in the ganglion cell layer (GCL), inner nuclear layer (INL), and outer nuclear layer (ONL) per
1000μm retina length. The data represent the mean± SD (standard deviation). All treatment groups were compared to the PEDF-treated
group using ANOVA with a Kruskal-Wallis post-test (∗p < 0:05, ∗∗p < 0:001, ∗∗∗ p < 0:0001). Scale bar =50 μm.
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4. Materials and Methods

4.1. Animals and Ethics Statement. For the study, adult Long
Evans rats (Janvier Labs, France) were used. The animals
were kept in air-conditioned rooms on a 12 h light-dark
cycle and had free access to water and food. The experiments

were conducted in accordance with the ARVO statement for
use of animals in ophthalmic and visual research and were in
compliance with §4 section 3 of the German law on animal
protection. They were reviewed and approved by the
“Einrichtung für Tierschutz, Tierärztlichen Dienst und
Labortierkunde, Tübingen.” The rats were sacrificed by
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Figure 4: Electron micrographs of choriocapillaris vessels. (a) From a rat eye which was fixed immediately after enucleation: regular
endothelium with fenestrations (marked by black arrows). There are a few unsuspicious small projections to the vessel lumen which are
indicated by a black arrowhead (same labels used also in the following images). (b–g) From eyes after 14 h of incubation at 4°C with
hypoxia-induced changes: filopodia-like projections from the endothelial cells (e) into the vessel lumen (black arrowhead) in (b–g),
which are very prominent in (b) and (c) and form labyrinth-like structures; in (f) and (g), the projections are particularly long; in (d), (f
), and (g), they form new lumen in the vessel (marked with ∗); pericytes (p) which also have projections to the surrounding tissue;
endothelial gaps (marked with white arrowheads); fenestrations (marked by black arrows). er: erythrocyte, scale bar = 2μm.
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Figure 5: Electron micrographs of representative choriocapillaris vessels. (a) From rat eyes which were intravitreally injected with PEDF
after enucleation and was incubated for 14 h at 4°C: only small projections and normal vessel lumen (∗). (b) From an eyes which were
incubated for 14 h at 4°C: here the lumen of the capillaries were, reduced, due to “labyrinth” formation (arrows) or even collapsed (#). e:
erythrocyte, scale bar = 5 μm. Quantification: analysis of the ratios of the area of the vessels lumina divided by the length of the Bruch’s
membrane for the PEDF and untreated eyes (n= 5 for each group, the mean and standard deviation are shown). For statistical analysis a
Students t-test was used (∗∗p < 0:001).
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exposure to isoflurane in their cages until their breathing
stopped, and then left for an additional minute, after that
the animals were euthanized by cervical dislocation.

4.2. Investigation of the Oxygen Pressure in the Vitreous of
the Living Rats. The rats were anesthetized using an isoflur-
ane narcosis unit. The unit provided 3.5% isoflurane-air
mixture into a mask fixed on the rat`s head. The rat was kept
on a cushion at 37°C. For the measurements, we used the
WPI oxygen micro unit (WPI, Sarasota USA) according to
the manufacturer’s instructions. After application of local
anesthesia on the eye (Novesine, Puchheim, Germany) and
puncturing of the sclera with a sharp needle, the syringe-
like oxygen sensor (BioOxy Sensor, WPI) fixed on a micro-
manipulator system was inserted into the vitreous of the rats
eye. The system’s own temperature sensor (°C) was applied
rectally (Figure 6(a)). After the experiment, the animals were
euthanized and the unanalyzed eye was used for the ex vivo
analysis. Four rats were used for the analyses.

4.3. Investigation of the Oxygen Pressure in the Vitreous of
the Enucleated Eyes. The same WPI oxygen micro unit was
used for the ex vivo studies. After the enucleation of the
rat’`s eye, a hole was punctured immediately in the eye
behind the corneal limbus using a sharp needle, and the oxy-
gen microsensor was inserted into the vitreous. Then, the
eye was put in a 50mL tube filled with 25mL of DMEM

solution and kept at 4°C in the refrigerator for 14 hours.
The temperature sensor was kept in the medium
(Figure 6(b)). Four eyes were used for this project part.

4.4. Ex Vivo Whole Eye Model. To establish the model, seven
rats were used. Immediately after the rats were sacrificed,
they were enucleated and the eyes were immersed for 30 sec-
onds in 70% ethanol in order to eliminate microorganisms
on the outer surface. Seven eyes were put in DMEM and
kept at 4°C for 14 hours. The other seven eyes were enucle-
ated and fixed immediately in glutaraldehyde or in formalin
for electron microscopical (EM) and light microscopical
analyses, respectively, and used as controls.

4.5. Intravitreal Injection. Intravitreal injections into the
enucleated eyes were performed using a 10μl NanoFil
syringe (WPI). A volume of 5μl PBS alone or 5μl PBS with
10μg of PEDF protein was injected into the vitreous of each
eye through a puncture on the sclera 1mm from the limbus,
directly before incubation. For each treatment group, five
animals were used.

4.6. Sample Preparation for TUNEL Analysis and
Immunohistochemistry. The enucleated eyes were fixed in
4.5% formaldehyde (Carl Roth, Karlsruhe, Germany) imme-
diately or after incubation, embedded in paraffin, cut in

Isoflurane
Oxygen sensor

37°C thermal blanket Temperature sensor

(a)

Temperature sensor

4°C

Oxygen sensor Eye DMEM

(b)

Figure 6: Schematic setup of the measurement of the oxygen concentration in the vitreous of the living rats and in the enucleated rat eyes.
Measurement method in vivo (a) and ex vivo (b).
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4μm-thick sections, and mounted on slides according to
standard protocols.

4.7. Terminal Deoxynucleotidyl Transferase- (TdT-) Mediated
dUTP Nick End Labeling (TUNEL) Analysis. Cell death was
assessed using the TUNEL assay. A commercial TUNEL kit
(in situ cell death detection with fluorescein; Roche Biochem-
icals, Mannheim, Germany) was used according to the manu-
facturer’s instructions. The stained slides were photographed
with an Imager Z2 ApoTome microscope (Carl Zeiss Micros-
copy GmbH, Oberkochen, Germany). The numbers of
TUNEL-positive cells in the ganglion cell layer (GCL), in the
inner and outer nuclear layers (INL and ONL, respectively)
per 1000μm retina were calculated for each group.

4.8. Sample Preparation for Light and Electron Microscopy.
For light and electron microscopy, eyes were fixed at 4°C
in 5% glutaraldehyde in 0.1M cacodylate buffer (pH7.4).
After washing in cacodylate buffer, the cornea and lens were
removed and eye cups were hemisected. The halves were
post-fixed in 1% osmium tetroxide in 0.1M cacodylate
buffer and bloc-stained with uranyl acetate. The samples
were dehydrated and embedded in Epon following standard
procedures using reagents from AppliChem (Darmstadt,
Germany), Merck (Darmstadt, Germany), and Serva (Hei-
delberg, Germany). Light microscopy on toluidine blue
stained semi-thin sections (500 nm) was performed with a
Zeiss Axioskop (Zeiss, Jena, Germany). Ultrathin sections
(70 nm) were mounted on copper slot grids (Plano, Wetzlar,
Germany) and stained with lead citrate and examined with a
Zeiss 900 electron microscope (Zeiss, Jena, Germany).

4.9. Analysis of the Ratios of the Area of the Vessel Lumina
and Divided by the Length of Bruch’s Membrane for the
PEDF and untreated Eyes. Electron micrographs (20000 X
magnification) from the choriocapillaris in ten randomly
selected areas in proximity to the optic nerve from each of
the three PEDF- and untreated eyes were analyzed. The total
area of the lumen were calculated. The results of the area were
divided by the corresponding length of Bruch’s membrane
associated with the vessels, to gain the area/μm of Bruch’s
membrane value and to make these values comparable.

4.10. Statistical Analysis. The statistical analyses were per-
formed using the GraphPad Prism 5 software. The results
of the area of vessel lumen and the area of endothelial cells
measurements were analyzed using Student’s t test. The
results of TUNEL experiments were analyzed using ANOVA
with a Kruskal-Wallis post-test.

Data Availability

The raw data are available from the corresponding author
upon request.

Additional Points

Summary Statement. PEDF protects retinal neural cells
and prevents the formation of pathological choroidal

neovascularization-like choriocapillaris in an ex vivo ische-
mia model: implication for the treatment of wet AMD.
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