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This study was performed to evaluate the effects of
nerve growth factor (NGF) upon angiogenesis in the rat
cornea, to examine its possible application as an
alternative angiogenic inducer and to provide basic data
for further studies. Angiogenesis was induced by cornea
micropocket assay, as previously described. Eight of thirty
two eyes of Sprague-Dawley rats were randomly assigned
to one of four groups, namely, a non-NGF group (Group
0), a 0.5 ng of NGF group (Group 0.5), a 1.0 ng of NGF
group (Group 1.0) and a 5.0 ng of NGF group (Group 5.0).
Pellets made of poly-2-hydroxylethylmethacrylate and
sucralfate were implanted into the corneal stroma no
closer than 1 mm from the limbus. After the implantation,
the number of new vessels, vessel length and
circumferential neovascularization were examined daily
under the surgical microscope over a period of 7 days. The
area of neovascularization was determined using a
mathematical formula. Although new vessels in Group 0
and Group 0.5 were first observed at day 5, those of
Groups 1.0 and 5.0 were first noted on days 4 and 3,
respectively. However, the growth rates of new vessels in
Groups 1.0 and 5.0 were higher than those of Groups 0
and 0.5 with the passage of time. The number, length,
circumferential neovascularization and areas covered by
the vessels in Groups 1.0 and 5.0 were significantly more
than in Group O and Group 0.5 (p<0.05). This study
showed that NGF had a dose-dependent angiogenic effects
on the rat cornea and that the minimal effective dose of
NGF was 1.0 ng per cornea. Also, it showed that NGF
would be useful in angiogenic studies as an alternative
angiogenic inducer.
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Introduction

Angiogenesis is known to be essential for wound
healing, female reproduction, embryogenic development,
organ formation, tissue regeneration, and wound
remodeling [13,15,27]. It is a complex multistep process
that includes proliferative migration and the differentiation
of endothelial cells, the degradation of extracelluar matrix,
microtubule formation, and the sprouting of new capillary
branches [12,15,27].

Overgrowth of blood vessels may lead to the
development and progression of diseases such as tumor
growth and diabetic retinopathy. Many lines of evidence
support the original hypothesis that tumor growth and
metastasis are angiogenically dependent [3,4,17]. Thus,
the study of angiogenesis is required to elucidate the
mechanism of tumor growth and other neovascular
diseases or to determine antitumor and wound healing
efficacy.

In the field of neovascular research, the testing of
angiogenic and antiangiogenic substances relies
substantially on the sensitivity and specificity infvivo
and in vitro bioassays. Various bioassay methods have
been used in order to identify and elucidate the action
mechanisms of various positive and negative angiogenic
regulators. These methods include the hamster cheek
pouch assay [5], dorsal air sac assay [14], rabbit ear
chamber assay [19], chick chorioallantoic membrane assay
(CAM) [6], dorsal mouse skin assays [9], monkey iris
neovascularization model [23], cornea micropocket assay
[16,26], and the disc angiogenesis assay [11]. All of these
methods allow the neovascularized area to be directly
inspect and rely upon a vascular pattern which can be
clearly distinguished from newly formed vessels.
Nowadays, the CAM and the cornea micropocket assay are
widely used in neovascular research. However, in the
CAM assay is difficult to distinguish new vessels from the
previous vascular network because it contains previously
developed vascular network. On the other hand, in the case
of the cornea micropocket assay is easy to observe new
vessels because the cornea has high visibility, accessibility,
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and avascularity. Therefore, the cornea micropocket assanesthetized with 0.5% proparacaine (Alcginalcon,
can avoid inherent problems of interpretation. USA), and gently proptosed and secured by clamping the
Angiogenic factors of basic fibroblast growth factor upper eyelid with a non-traumatic hemostat. Under a
(bFGF) [5,8,9,20], vessel endothelial growth factorsurgical microscope, a 1.5-mm incision was made at the
(VEGF) [9,10,16,24] and epidermal growth factor (EGF)center of the cornea but not through it (Fig. 1, A). A curved
[24] have been used as an angiogenic inducers. Nervaicrodissector, approximately 1.5 mm in width, was then
growth factor (NGF) is known to promote the neuralinserted under the lip of the incision and gently blunt-
differentiation and survival of several peripheral anddissected through the stroma toward the limbus of the eye.
central neurons [1,2,7,18,25,29,30]. NGF is also known t&light finger pressure against the globe of the eye helped
enhance the survival of cholinergic neurons [21] and tcsteady it during dissection. Once the corneal pocket was
have neuroprotective effects on adult rat hippocampaiade, the microdissector was removed, and the distance
neurons [22]. In addition, some studies have reported thdtetween the limbus and base of the pocket was measured
NGF has angiogenic effects associated with nerve growtto make sure it was no closer than 1 mm (Fig. 1, B). Just
effects in several nerve ganglions [24,28]. However, therdefore implantation, the pellet was rehydrated with saline,
have been no reports to the effect that NGF may be used asd positioned down to the base of the pocket, which then
an angiogenic inducer. Therefore, this study wassealed spontaneously (Fig. 1, C). No more than half of the
performed using a cornea micropocket assay to evaluafgmcket was filled with implant material (Fig. 1, D).
the dose dependent angiogenic effects of NGF, to elucidateCorneas were examined daily with the aid of a surgical
the effective minimal dose of NGF, and to provide anmicroscope to monitor angiogenic responses to NGF, and
alternative choice as an angiogenic inducer for the study dhen antibiotic ointment (Terramy¢inPfizer, Korea) not
angiogenesis. containing corticosteroids, was applied to the eyes once
per day.
Materials and Methods
Biomicroscopic examination
Experimental animals Eyes were examined under a surgical microscope daily
Female and male Spraque-Dawley rats, weighing 250 téor 7 days after pellet implantation. The number of vessels,
300 g, were used in this study. The animals were allowedessel length, and the area of the neovascularization were
unrestricted access to pelleted food and tap water, artktermined using a computer program (Image Tools, ver.
were confirmed to have no vessels on their corneas befo0, Uuniversity of Texas health science center in San

NGF-impregnated pellets were implanted. Antonio, USA). Photographs of the rat cornea were
obtained with a digital camera. Each photograph was
Pellet preparation analyzed at the same magnification with a computer

Pellets were prepared according to the methogrogram. If needed, digitized images were optimized for
previously described [26]. Sterile casting solution wasanalysis by erasing nonvascular structures and completing
prepared by dissolving the poly-2- vascular profiles. The contiguous circumferential zone of
hydroxylethylmethacrylate (Hydron, Sigma Co. USA) neovascularization was measured as clock hours with a
powder in absolute ethanol (12% wi/v) at°@G7with 360 reticule (where 300of arc equalled 1 clock hour). The
continuous stirring for 24 hours. An equal volume ofarea of corneal neovascularization was determined with a
Hydron and sucralfate (12% wi/v, Sigma Co, USA) werereticule by measuring the vessel lengjHtom the limbus
combined. Also each concentration of nerve growth factoand the number of clock houg®(of limbus involved. Only
(NGF), such as 0.5 ng, 1.0 ng, and 5.0 ng, was mixed witthe uniform contiguous band of neovascularization
2 ul of Hydron and sucralfate solution. This solution wasadjacent to the pellet was measured. A formula was used to
pipetted onto the surface of sterile teflon rods glued to theletermine the area of the circular band segment, as
surface of a petri dish to make a pellet of 2 mm diametepreviously described [8IC/12 x 3.1416[*—(r-L)7, where
After drying at room temperature for 1 to 2 hours in ar =2.5 mm, the measured radius of the rat cornea.
sterile environment the pellets were stored @t 4Jsing
this techniques, each pellet contained 0 ng, 0.5 ng, 1.0 ngxperimental design

or 5.0 ng of NGF. Eight out of thirty-two eyes were randomly assigned to
each of four groups, namely, the non-NGF group (Group
Pellet implantation 0), 0.5 ng of NGF group (Group 0.5), 1.0 ng of NGF group

Pellets were implanted into rat corneas according to théGroup 1.0), and the 5.0 ng of NGF group (Group 5.0).
previously described method [26]. Rats were anesthetized
with a combination of xylazine (6 mg/kg, IM) and Data analysis
ketamine (20 mg/kg, IM). The eyes were topically The significant differences between groups were
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Fig. 1. Surgical procedure for NGF pellet implantation into the rat corneal stroma. A. An 1.5 mm incision was made at the eenter of th

cornea. B. A curved microdissector was inserted under the lip of the incision and gently blunt-dissected through the Reitana. C.
was positioned at the base of the pocket. D. Completed pellet implantation.

analyzed by one-way ANOVA with ranked data. The *4°
number of vessels, length of vessels, clock hour o 35—;5‘;“"“ b b
neovascularization, and area of vessels were determine% 30 ,,:0:: . b
(meatS.E.) and statistically analyzed with one-way g 5| |ms.ong 1
ANOVA. The level of significance was set at p<0.05. 5 2 N
3 N a
Results g [
10 2

To evaluate the angiogenesis effects of NGF, non-NGI 5 — a3 .
pellets (Group 0) and pellets containing 0.5 ng of NGF ~ o——— “SA* “4 s - =
(GrOUp 05)! 1.0 ng Of NGF (GrOUp 10)! and 5.0 ng Of Days after pellet implantation

NGF _(Group 5.0) were |mple}nted mtq the rat corneas aFig. 2. Changes of the number of vessels after NGF tpelle
described. After NGF pellet implantation, the number ofimplantation in rat corneas. Different superscripts on the same
vessels, vessels length, clock hour, and vessels area weday show significant differences at p<0.05. * me&hE.

measured from day 1 to day 7, and statistically analyzed.

The number of vessels The length of vessels

Pellets containing less than 0.5 ng NGF (Groups 0 and Vessel length changes in each group showed a pattern
0.5) did not induce neovascularization until day 4. In eyeshat was similar to the number of vessels. The vessel length
containing 1.0 ng (Group 1.0) and 5.0 ng of NGF (Groupin Groups 1.0 and 5.0 was increased significantly faster
5.0), limbal vessels began sprouting into the cornea othan those of Groups 0 and 0.5 (p<0.05).
postoperative days 4 and 3, respectively. The number of However, the vessel length changes in Groups 1.0 and
vessels increased in all groups with time. The number d5.0 were not statistically different (Fig. 3).
vessels in high dose groups (Groups 1.0 and 5.0) was
significantly greater than in the low dose groups (Groups 0The clock hours of neovascularization
and 0.5) (p<0.05). However, there was no significant Clock hour changes of neovascularization in each group
difference between Groups 1.0 and 5.0 (Fig. 2). showed a growth pattern that was similar to that of the
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Fig. 3. Changes of the vessel length after NGF pelle Fig. 5. Changes of vessel area after NGF pellet implantation in
implantation in the rat cornea. Different superscripts on the samthe rat cornea. Different superscripts on the same day indicate

day indicate significant difference at p<0.05. * meehE. significant difference at p<0.05. * mears.E.
25 NGF was dose-dependent on the rat cornea and its
OControl] minimal effective dose was 1.0 ng per cornea.
2-|@0.5ng Nerve growth factor (NGF) is known as a protein that
f;g:: promotes the survival, during development growth, and
1.5 :

neurite differentiation of neurons, and NGF has also been
used to regenerate nerves. However, a number of studies
have reported that NGF is more effective at promoting
angiogenesis rather than nervous regeneration [24,28].
Nevertheless, no reports have been issued concerning the
angiogenic effects of NGF by previous established
bioassay techniques.

Days after pellet implantation To identify angiogenesis induced by NGF in this study, a
Fig. 4. Changes of clock hour of vessels after NGF pelle cornea micropocket assay was performed. The cornea
implantation in the rat cornea. Different superscripts on the samgicropocket assay has been generally performed in the
day indicate significant difference at p<0.05. * meiE. study of angiogenesis of potent angiogenic growth factors,

such as, bFGF, EGF, and VEGF. CAM has also been used

other criteria. As the vessels increased in number antb identify the angiogenic or antiangiogenic effects of
length over the experimental period, the extent ofgrowth factors in the study of angiogenesis. CAM is the
circumferential  neovascularization also increasedmethod that involves observation of the growth of vessels
However, there was no difference in clock hours ofin the chick embryo. Because CAM is performed during
neovascularization between Groups 1.0 and 5.0. The clodke embryogenic period, it is difficult to distinguish
hours of neovascularization in Groups 1.0 and 5.0 werbetween new vessels and previously established vascular
significantly wider than in Groups 0 and 0.5 (p<0.05) (Fig.networks. On the other hand, the cornea micropocket assay

Clock hour of neovascularization(hour)

4). avoids any confusion between new vessels and previously
existing vessels, and any vessels penetrating into the
The areas of vessels corneal stroma can be readily identified as newly formed,

The number, length and clock hours of new vesselsis the cornea is avascular.
resulted in a similar pattern of changes in the vessel area.To determine the dose of NGF per pellet, a preliminary
The vessel area in the high dose group (Groups 1.0 arsfudy was performed (data not shown). Pellets containing
5.0) was significantly greater than in the low dose group40 ng and 100 ng of NGF also stimulated increased vessel
(Groups 0 and 0.5) (p<0.05). However, there was ndength and area of neovascularization but also induced
significant difference in vessel areas of Groups 1.0 and 5.iitraocular hemorrhage and corneal edema, and therefore,

(Fig. 5). the dose was reduced to less than 10 ng in this study.
Changes in the vessels after NGF pellet implantation
Discussion were measured in items of the number of vessels, the

vessel length, the clock hours of vessels, and the area of

This study showed that nerve growth factor (NGF) haseovascularization for quantitative assay and statistically
the potential to be used in angiogenic studies, as aanalyzed from postoperative day 1 to day 7. Vessels were
angiogenic inducer. In addition, the angiogenic effect offirst noted on postoperative day 3. As progressed, the
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Fig. 6. Appearance of angiogenesis on day 7 after NGF implantation into the rat corneal stroma. A. Non-NGF pellet implanted (Group
0). B. 0.5 ng NGF pellet implanted (Group 0.5). C. 1.0 ng NGF pellet implanted (Group 1.0). D. 5.0 ng NGF pellet implamted (Gro
5.0). The higher the NGF dose, the greater was the number of vessels in the rat cornea.

number, length, clock hours and areas of the vesselsotent angiogenic effects than bFGF, as determined from
gradually increased. This is in agreement with theresults in the mouse cornea. Further studies will be needed
observation of Kenyomt al. [16], that neovascularization to elucidate this point.

induced by bFGF began on day 3 and was sustained
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