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Abstract

This study was undertaken to evaluate the effect of

topical administration of Rubus suavissimus S, Lee
(Rosaceae) (RUS). an extract of Chinese sweet leaf tea,
in the prevention of experimentally wduced corneal neo-
vascularization. Corneal neovascularization was mduced
in 40 rat eyes (1 per animal) by a silver nitrate cauterization
technique. Three concentrations (0.1%, [%. and 10%
w/v) of RUS in saline were administered topically twice o
day for 7 days. The coverage of the corneal surfacc by
neovascular vessels was measured, using photographs. as
a percentage of total cornea area. A histopathologic score
was assigned to each cornea. The difference in mean
burn stimulus scores of treatment and placcho groups
was not statistically significant (p = 0.714). The 10%
RUS solution caused a significant decrease in the percent-
age of neovascularization in response to cauterization
(p < 0.01): the 0.1% and 1% concentrations were not
i_llll(,dlltl\’ different from controls (p= 0.173). The
10% concentration group had significantly less neo-
vascularization than the control group (p < 0.01). It
was found that topical application of 10% RUS solution
caused a signilicant decrease in neovascular response
to silver nitrate cauterization compared with control
eves.

Keywords: Angiogenesis, corncd. leaf extract, preven-
tion, silver mitrate,

Introduction

Corneal neovascularization is a severely disabling con-
dition resulting n loss of the immunologic privilege of
the cornea and causing visual impairment. depending
on the extent of the vascular invasion. In addition, pen-
etrating keratoplasty carries an increased risk of failure
in cases with corneal neovascularization (Epstein et al..
1987).

Conventional therapy for corneal neovascularization
relics on the use of topical corticosteroids. However,
the use of steroids may contribute to cataract formation,
microbial keratitis, and glaucoma (Suzuki et al.. 2002).
Recognition of the potential benefits of controlling
angiogenesis has led to a search for natural and/or syn-
thetic ungiogenesis 1nhibitors (Crum ot al., 1985;
Folkman et al. [988: Fotsis et al.. 1995 Woltering
et al.. 1997; Benelli et al., 1998: Bocei et al., 1999: Joussen
et al., 1999. 2001). Among the mtuml inhibitors of
angiogenesis was the Chinese sweet leaf tea (Rubus sua-
vissimus S. Lee [RUS)) determined in a human tissue-
based angiogenesis assay (Liu et al.. 2006). RUS has
shown folk medicinal values in maintaining healthy kid-
neys., blood pressure, and blood sugar metabolism
(Huang & Juang, 2002). Scientific investigations {ound
RUS to be antiintlammatory and anti-allergic (Nakahara
ct al., 1996; Kotavro. 1997; Nakahara. 1998: Ono, 2002)
as well as nhibitory to NF-xB (Liu et al., 2005).
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The main objective of this study was evaluate of
the effect of topical administration of a RUS extract
i the prevention of experimentally induced corneal
neovascularization.

Materials and Methods
Experimental animals

Male Long-Evans pigmented rats weighing approxi-
mately 200 g were used in this study. All animals were
housed in individual cages and maintained under stan-
dard conditions. The experimental protocol was
approved by the Institutional Animal Care and Use
Committee of Tulane University Health Sciences Center.
Forty cves of 40 rats were used in a study of the topical
administration of a RUS extract or placebo. One eye of
each animal served as a treated eye und the other served
as a nontreated control eye.

Preparation of RUS extract

The leaves of R. suavissinius S. Lee (Rosaceae) were col-
lected from a farm i Guangxi, People’s Republic of
China, and authenticated by Jian Zhang of Guangxi
Normal University. The leaves were air-dried, and stored
at room temperature before cxtraction. Dried leaves
(100 ¢) were soaked in 2000 mL water for 1 h, brought
to a boil for 30 min, cooled 10 room temperature, and
reboiled for 30 additional min. The water extract was
subsequently filtered with cheesecloth and spray-dried
to obtain 31 g of a crude extract powder. The powder
was diluted with saline and sterile filtered before use.

Induction of corneal neovascularization

To induce corneal neovascularizatton in rats, a silver
nitrate cauterization technique described by Muhoney
and Waterbury (1985) was used. All procedures were per-
formed under general anesthesia induced by intraperito-
neally administered ketamime hydrochloride and xyvlazine
combination (94.7mg/kg body weight). One drop of
0.5% topical proparacaine was applied to each cornea
before the procedure. All corneas were cauterized by
pressing the applicator stick (diamecter 1.8 mm) coated
with 75% silver nitrate and 25% potassium nitrate to
the central cornca for 8s under the operating micro-
scope. Excess silver nitrate was removed by rinsing the
eves with 10mL of a balanced salt solution and then
gently blotting them with tissue paper. To increase the
reproductbility of the injuries, one investigator cauterized
all animals. After cauterization. the rats were rando-
mized to eliminate any potential bias in the degree of
injury within the different groups.

The rats were divided mto four groups. Group |
(n = 10) recetved 0.1% topical RUS, group 2 (n = 10)

o
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1% topical RUS, group 3 (n = [0) 10% topical RUS,
and group 4 (n = 10) saline: all doses were topically
administered two-times a day for 7 days. Treatment
started immediately after cauterization in all groups.

All animals were anesthetized as described above and
their corneas evaluated by slit-lamp microscopy. Corneal
photographs were taken with x 25 magnification using a
digital camera attached to the sht-lamp microscope
{Topcon SL-7E. Japan). Neovascularization in each cor-
nea was evaluated using the technique described by
Mahoney and Waterbury (1985) by an examiner who
was blinded to the treatment groups to minimize the
observer bias. For each eye, the extent of burn stimulus
response was scored as: 0 (no blister, not raised above
corneal surface), +1 (small blister, raised slightly above
the surface), -2 (medium blister, raised modecrately
above the surface), +3 (large blister). The corneal surface
covered with neovascular vessels was measured on the
photographs as the percentage of the total area of the cor-
nea. Image analysis was performed semiautomatically on
cach cornca using an image processing and analysis soft-
ware program (BS200D-Image Analysis Software BAB
Bilgisayar ve Ticaret Ltd., Ankara, Turkey). The area
of neovascularization was mcasured in terms of pixels.
and its ratio to the entire corneal area was determined
as the percentage of corneal neovascularization.

Only the corneas with a burn stimulus score of +1 or
higher were included for the calculation of the mean burn
stimulus and neovascularization scores in each group.
Percent inhibition was calculated by comparing the mean
percentage of neovascularization in each drug-treated
group to that in the control group. After scoring the burn
stimulus and the percentage of neovascularization for all
groups, the antmals were sacrificed on the seventh day.

Tissue preparation/histopathology

After scdation using the intraperitoneally administered
ketamine hydrochloride and xylazine combination
(94.7mg/kg body weight), enucleation was performed
before the animals were euthanized. Immediately after
enucleation, the globes were penetrated with a 27-gauge
needle, 1.0mm from the limbus at the 3 and 9 o’clock
meridians to allow the fixative to fill the eyes rapidly.
The eyes were prepared for histologic examination using
2% paraformaldehyde, 3% glutaraldehyde fixative.
After fixation for 24 h. the cyes were removed from the
fixative and corneas were dehydrated and sectioned.
For preinfiltration, ethanol and Technovit 7100 were
used, and the eyes were infiltrated overnight using Tech-
novit 7100. The tissues were embedded mn methacrylate
overnight and cut at 3-um intervals, then stained with
1% Toluidine blue for light microscopy.

Light microscopic examination was performed on
cvery microscopic section. Sections were examined by
dividing the corneas into two halves through the center
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Tuble 1. Inhibition of neovascularization by the topical application of Rubus suavissimus (RUS) extract,

Burn stimulus Neovascularization Histopathologic

Drug No. of eves score” (mean = SE”) %) (mean & SE) score” (mean == SE) Inhibition (%)"
Control 10 2.1 =018 a 80.86 £2.89 a 3.0+£0.00 a 0b
0.1% RUS 10 20£021a 68.08 +£4.32 a 254017 a [5.8 b
1% RUS 10 2.1 =023 a 60.49 = 4.89 a 24+£0.16 a 232b
10% RUS 10 234021 a 30.78 £3.30 a 1.94+0.18 b 61.9 a

“Burn stimulus score: 0. no blister; I, small blister slightly raised above corneal surface; 2. medium blister raised moderately: 3. large

blister.
"Standard error.

“Histopathologic scores were evaluated with regard to intensity of new vessels, polymorphonucleated leukocytes, edema. and fibro-
blastic activity. 0. no change; —1. mild changes: - 2. moderate; and +3, severe activity.

“Inhibition % = (1 — [mean % ncovascularization. test compound/mean % neovascularization, control group]) % 100.

“Values followed by different letters (a. b. ¢) in each column are significantly different at p< 0.05.

of the lesion and were cvaluated with regard to the
intensity of new vessels. polymorphonucleated (PMN)
leukocytes. cdema. and fibroblastic activity and were
scored as 0 (no change). +1 (mild). +2 (moderate),
=+ 3 (severe activity). An average histopathologic score
for each cornca was calculated.

Statistical analysis

Statistical analyses were performed using each rat as an
experimental unit with Statistical Analysis System (SAS.
SAS version 8.02. Cary, NC, USA) softwarc. One-way
analysis of variance (ANOVA) was conducted. and treat-
ment means were separated at p<0.05 with the least

(D)

Iigure [. Photographs of the rat corneas 7 days after silver
nitrate cauterization showing new vessels invading the cornea
(magnification, x16). Note the degree of ncovascularization.
after topical isotonic saline (control) (A). after topical treat-
ment with 0.1% RUS (B). after topical treatment with 1%
RUS (C). and after topical treatment with 10% RUS (D).

stenificant difference (LSD) test. A regression analysis
was performed to determine the rate of change in corneal
neovascularization after topical application of RUS
extract. A p value of <0.05 was considered significant.

Results

The burn stimulus, percentage of neovascularization,
and histopathologic scores of each cornea in the treat-
ment and placebo groups are shown in Table 1. The burn
stimulus score was +1 or higher in all eyes. The mean
burn stimulus score did not show a statistically signifi-
cant difference between the treatment and the placebo
groups (p = 0.714). By gross examination. all eyes
treated with RUS showed less inflammation during the
treatment period with less eyelid edema and less ciliary
injection. Table | shows the average burn stimulus. per-
centage of neovascularization, histopathologic scores,
and inhibition percentage of test drugs on the neovascu-
larization response in comparison with the controls for
each group. Topical application of 10% RUS solution
caused a significant decrease in the percentage of neovas-
cularization in response to silver nitrate cauterization
(p < 0.01). whereas topical administration of the 0.1%
and 1% concentrations of RUS extract showed no sig-
nificant difference compared with control eves (p =
0.173) (Fig. D). In drug-treated and placebo cyes, the
severity of burn stimulus response was positively corre-
lated with the extent of neovascular growth. Histopatho-
logic evaluation of group 3 (10% concentration) showed
significantly less neovascularization compared with the
control group (p < 0.01) (Fig. 2).

Discussion

In this study, our results with the highest concentration
(10%) of topical RUS in the prevention of corneal neo-
vascularization were encouraging. Topical application
of the 10% RUS solution caused a significant decrease
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Figure 2. Histologic observations depicting the cffects of top-
ical RUS on corneal inflammation of rat corneas 7 days after
silver nitrate cauterization. Note the intensity of new vessels.
polymorphonucleated (PMN) leukocytes. edema. and fibro-
blastic activity after topical isotonic saline (control) (A), after
topical 0.1% RUS (B), after topical 1% RUS (C). and after
topical 10% RUS (D). Notice the lesser amount of fibroblastic
activity with decreased number of PMN cells and new vessels in
the 10% RUS group.

in neovascular response to silver nitrate cauterization
and also showed a significantly lower intensity of neovas-
cularization compared with control eyes. Isolation of an
active mgredient or fraction from the crude RUS extract
may significantly enhance the efficacy of this therapy.
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