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Baicalin is a flavonoid derived from the dried root of Scutellaria
baicalensis. In this study, oxygen-induced retinopathy was
used to characterize the anti-angiogenic properties of baicalin
in mice. Pups were exposed to a hyperbaric oxygen environ-
ment to induce retinal angiogenesis and were subjected to in-
traperitoneal injection of baicalin. Avascular area, neovascular
tufts, and neovascular lumens were quantified from digital
images. Compared to the vehicle, baicalin clearly reduced the
central avascular zone and the number of neovascular tufts
and lumens. High-dose baicalin (10 mg/kg) significantly re-
duced the expression of matrix metalloproteinase-2 (MMP-2),
MMP-9, angiotensin II, and vascular endothelial growth factor
(VEGF). These results show that baicalin is a powerful anti-
angiogenic compound that attenuates new vessel formation in
the retina after systemic administration, and is a candidate sub-
stance for therapeutic inhibition of retinal angiogenesis. [BMB
Reports 2015; 48(5): 271-276]

INTRODUCTION

Retinopathy of prematurity (ROP) is a disease of the eye that
affects premature babies, in which exposure to high levels of
oxygen during a particular stage of retinal vascular develop-
ment results in retinal neovascularization and retinal detach-
ment. Although the incidence of this sight-threatening disease
has been dramatically decreased over recent decades, it is still
a major cause of blindness in children (1). ROP is recognized
by a typical elevated ridge and characteristic extra-retinal neo-
vascularization, and current medical or surgical strategies are
directed at preventing abnormal formation of new vessels.
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Evidence from randomized multicenter trials supports this
treatment approach by showing that laser photocoagulation
and/or cryotherapy reduces the progression of ROP and pre-
vents more debilitating complications such as retinal detach-
ment or macular dragging (2, 3). In addition, intravitreal in-
jections of anti-VEGF agents are now a new trend in the treat-
ment of ROP and have been shown to be relatively effective in
inhibiting pathologic retinal angiogenesis. However, these
treatment modalities have high rates of systemic complications,
which have led to new approaches using anti-angiogenic
agents (4, 5). One such approach is to discover natural bioactive
products from plants that are expected to have low systemic
toxicity. Efforts to discover natural compounds with powerful
anti-angiogenic activity are of significant medical value, as
these orally ingestible compounds are free from the complica-
tions associated with invasive surgical procedures.

Baicalin (7-D-glucuronic acid,5,6-dihydroxyflavone) is a fla-
vonoid derived from the dried root of Scutellaria baicalensis.
Several studies have investigated the anti-angiogenic activity of
baicalin (6, 7); however, studies evaluating baicalin in ocular
tissue or retinal angiogenesis are scarce. Thus, investigating
the potential of baicalin to attenuate new vessel formation in a
model of oxygen-induced retinopathy is worthy of study, as
such data may lead to alternative treatments for patients with
various ocular diseases where abnormal angiogenesis is the
main pathophysiology. Interestingly, Lui et al. (6) demonstrated
that baicalin inhibits angiogenesis by inhibiting basic fibroblast
growth factor (bFGF) and matrix metalloproteinase-2 (MMP-2),
whereas Zhang et al. showed that baicalin promotes angio-
genesis by inducing vascular endothelial growth factor (VEGF)
expression through the activation of the estrogen-related re-
ceptor (ERRa) pathway (8). Therefore, two distinct and seem-
ingly contradictory properties of baicalin have been described,
and thus the effect of baicalin on new vessel formation re-
mains a matter of debate, and it is vital to gain further infor-
mation on this substance. In this report, we show for the first
time that intraperitoneal administration of baicalin inhibits reti-
nal neovascularization in a mouse model of oxygen-induced
retinopathy (OIR).
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censes/by-nc/4.0) which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.
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RESULTS

Baicalin down-regulates the expression of MMP-2, MMP-9,

angiotensin I, and VEGF

The levels of pro-angiogenic proteins such as MMP-2, MMP-9,
angiotensin 1, VEGF, and CD31 in the retina relative to
GAPDH are shown in Fig. 1. These data show that exposure to
hyperbaric conditions from P12 to P17 clearly increased reti-
nal protein levels of MMP-2, MMP-9, VEGF, and CD31.
Baicalin at a high dose (10 mg/kg) significantly reduced the ex-
pression of these pro-angiogenic proteins, whereas this effect
was not observed in the low-dose (1 mg/kg) group. Baicalin
did not affect CD31 abundance at any tested dose. In the reti-
nas of pups exposed to hyperbaric conditions from P12 to P17,
angiotensin Il levels were significantly increased, and high-
dose baicalin (10 mg/kg) significantly inhibited this up-regu-
lation (P < 0.05, Fig. 1B). There were no significant differ-
ences in the expression of any evaluated protein between the
vehicle and low-dose baicalin groups (Mann-Whitney U test).

Baicalin significantly reduces the central non-perfusion area
and retinal tufts in flat mounts

To quantify the central non-perfusion area and retinal tufts, ret-
inal flat mounting using FITC-dextran was performed. The reti-
nas of pups exposed to hyperbaric conditions from P12 to P17
clearly showed a central avascular area (Fig. 2A). In the retinas
of the sham-injected group, 38.26 + 4.41% of the total retinal
area was avascular (Fig. 2B, Table 1), whereas the retinas of

pups treated with low-dose (1 mg/kg, Fig. 2E) or high-dose (10
mg/kg, Fig. 2H) baicalin showed avascular retinal areas of
21.45 + 3.14% and 19.34 + 3.68%, respectively, which were
significantly different from that of the sham-operated group (P
< 0.05). However, there were no significant differences be-
tween the avascular areas in pups treated with low-dose (1
mg/kg) and high-dose (10 mg/kg) baicalin. SWIFT_NV was
used to quantify the retinal neovascular tufts on superficial vas-
cular plexuses (Fig. 2C, 2F, and 2I). Neovascular tufts on su-
perficial vascular plexuses were prominent in the sham-in-
jected group, and made up 4.35 + 0.71% of the total retina.
In pups treated with low-dose (1 mg/kg) or high-dose (10
mg/kg) baicalin, neovascular tufts were significantly decreased
(P < 0.05). However, there were no significant differences in
retinal neovascular tufts between pups treated with low-dose
(1 mg/kg) and high-dose (10 mg/kg) baicalin.

Baicalin significantly reduces the number of vascular lumen
Sagittal retina sections were stained with hematoxylin and eo-
sin (H&E) and vascular lumens of new vessels growing into the
vitreous were counted. In the vehicle-treated group (Fig. 3A),
the average number of vascular lumens was 21.09 + 3.17,
whereas the low-dose (1 mg/kg, Fig. 3B) and high-dose (10
mg/kg, Fig. 3C) baicalin groups showed 18.63 + 2.37 and
12.27 + 1.27 vascular lumens, respectively. High-dose baica-
lin significantly reduced the number of vascular lumens in the
retina after exposure to hyperbaric conditions (Fig. 3D, P <
0.05).
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Table 1. Quantification of avascular area and neovascular tufts
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Fig. 2. FITC-dextran-perfused retinal flat
mounts showing retinal vascularization
(left column), avascular area (middle
column indicated as white area), and
neovascular tufts (right column). The
central ischemic area of the vehicle-
injected group (B) was larger than that
of the baicalin-treated groups (E, H).
In the vehicle-injected group, many
neovascular tufts were observed (C),
but their occurrence was reduced by
low-dose (1 mg/kg) (F) and high-dose
(10 mg/kg) () baicalin.

Vehicle Baicalin 1 mg/kg Baicalin 10 mg/kg P value*
Avascular area (percentage of total retinal area) 38.26 + 4.41 21.45 + 3.14 19.34 + 3.68 <0.05
Neovascular tufts (percentage of total retinal area) 4.35 + 0.71 2.89 + 0.34 3.02 + 0.41 <0.05

*Statistical significance was tested by one-way ANOVA followed by Kruskal-Wallis test. Data expressed as mean + standard deviation.

DISCUSSION

The major purpose of this study was to deduce whether in
vivo evidence could be generated to show that baicalin in-
hibits retinal neovascularization and to investigate the under-
lying mechanisms by which baicalin inhibits new vessel for-
mation in the retina. As stated in the introduction, conflicting
results using various in vivo and in vitro models were ob-
served regarding the effect of baicalin in new vessel formation.
To provide in vivo evidence with regard to this issue and de-
fine the role of baicalin in ocular tissue, the experiments con-
ducted in this study used an oxygen-induced retinopathy
model. Similar to our observations, a previous study used a la-
ser-induced choroidal neovascular model to show that intra-
vitreal injection of baicalin effectively attenuates choroidal ne-
ovascularization (9). Although intravitreal injection is one of

http://bmbreports.org

the most effective ways to deliver baicalin to the tissue, this in-
vasive procedure carries several risks and complications.
Moreover, the eyes of the pups are relatively small and fragile,
and conducting intravitreal injections in these animals is ex-
tremely challenging. Surprisingly, in our study, intraperitoneal
baicalin administration attenuated new retinal vessel formation
in a mouse model of OIR, and also significantly reduced the
expression of pro-angiogenesis proteins MMP-2, MMP-9, an-
giotensin Il, and VEGF.

In our study, baicalin effectively inhibited retinal expression
of angiotensin Il in a mouse model of OIR. This is the first re-
port to show that baicalin can down-regulate angiotensin Il in
the retina, and the precise mechanism by which this occurs is
a matter for speculation. However, it can be hypothesized that
baicalin inhibits angiotensin by blocking the actions of renin
and angiotensin-converting enzyme (ACE). This hypothesis is
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Fig. 3. Sectioning of the retina after hematoxylin and eosin stain-
ing to quantify neovascular lumens. Many neovascular lumens
were observed in the vehicle-injected group (A), whereas this ex-
tensive neovascularization was significantly reduced in the low-dose
(1 mg/kg) (B) and high-dose (10 mg/kg) (C) baicalin-treated groups
(P < 0.05). Data are expressed as mean + standard deviation
and the number of lumens was counted at 40x magnification.
Scale bars: 50 pm.

supported by the observations of Deng et al. (10), who showed
that baicalin is a potent inhibitor of renin and ACE. Previous
studies showed that retinal angiogenesis is mediated by inter-
action between the angiotensin type 2 receptor, VEGF, and an-
giopoietin (11). In this study, the angiotensin type 2-receptor
was expressed in the retina and was upregulated in oxy-
gen-induced retinopathy, which suggests that retinal angio-
genesis may be mediated by interactions between VEGF and
angiotensin. Further studies are underway that are expected to
reveal the role of baicalin in regulating these 2 pro-angiogenic
molecules in the retina.

Our study shows that baicalin is a potent inhibitor of VEGF
that can inhibit the formation of retinal neovascular tufts in
vivo. It is generally thought that VEGF plays a crucial role in
the process of neovascularization, and baicalin is known to in-
hibit VEGF, in addition to down-regulating angiotensin. More-
over, baicalin also inhibits the expression of MMP-2 and
MMP-9 in the retina. These results suggest that the anti-angio-
genic effect of baicalin occurs via multiple mechanisms, and
further investigations are warranted to define the precise char-
acteristics of this compound. Although studies have shown
that baicalin can increase VEGF expression, our results clearly
showed that this was not the case in ocular tissue. The reasons
for this discrepancy are unclear; however, the study performed
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by Zhang et al. used fibroblasts and vascular endothelial cells,
while our study was performed using an in vivo mouse model
of OIR. Organ-specific responses to baicalin or differing envi-
ronmental and developmental characteristics among in vitro
and in vivo models may partially explain this discrepancy.

Traditionally, Scutellaria baicalensis has been used to treat
various diseases, and this use provided the impetus to re-
searchers to search for its active biological constituents, which
ultimately led to the identification of 4 major flavonoids: wo-
gonin, aglycone wogonin, baicalin, and baicalein. Although the
anti-angiogenic effects of these compounds are still not clearly
defined, their anti-oxidant capacities have been well docu-
mented (12, 13). Interestingly, baicalein is a more powerful an-
tioxidant than baicalin, and thus further studies using baicalein
in our experimental model should be considered. One of the
great advantages of natural products for the treatment of hu-
man disease is that such products are easily ingestible for hu-
man subjects. The use of these compounds to inhibit patho-
logic angiogenesis is clearly worthy of consideration. More-
over, as pathologic angiogenesis is considered to be the main
underlying pathophysiology in ocular diseases such as retinop-
athy of prematurity, age-related macular degeneration, and di-
abetic retinopathy, application of orally ingestible natural pro-
ducts such as baicalin in these diseases is of great promise.

In conclusion, our study provides evidence that a relative
hyperbaric environment induces retinal angiogenesis by in-
creasing angiotensin 1l and VEGF expression. Baicalin in-
hibited retinal angiogenesis by down-regulating pro-angio-
genic proteins such as MMP-2, MMP-9, angiotensin I, and
VEGF, and we suggest that this effect of baicalin plays an im-
portant role in its anti-angiogenic effect. Our data suggest that
baicalin could benefit patients suffering from various ocular
diseases, such as retinopathy of prematurity, age-related mac-
ular degeneration, and diabetic retinopathy, in which angio-
genesis plays an important role. To validate this proposition,
pharmacokinetic and pharmacodynamic studies should be per-
formed to evaluate the bioavailability and mechanism of ac-
tion of baicalin in vivo.

MATERIALS AND METHODS

Animals

Breeding pairs of ICR mice were originally purchased from
Daehan Biolink (Seoul, Korea). All mice were provided food
and water ad libitum and kept on a 12-hour light/dark cycle.
Experiments were designed and performed in accordance with
the guidelines of the ARVO Statement for the Use of Animals
in Ophthalmic and Vision Research. Experimental protocols
have been approved by the Institutional Animal Care and Use
Committee of Incheon St. Mary’s hospital (registration number:
CIMC-2013-008).

Oxygen-induced retinopathy in mice
ICR pups were randomly divided into 4 groups: a normoxia
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group, an oxygen-exposed group (OIR group), and 2 groups
that received different doses of baicalin. Each group had 1
nursing mother and 5-7 pups, and all experiments were re-
peated 3 times. At least 15 pups were included in each group.
Oxygen-induced retinopathy was induced in ICR pups using
previously published methods (14). For the OIR model, the
newborn pups at post-natal day 7 (P7), along with their moth-
ers, were transferred to a chamber supplied with 75 + 2%
oxygen, which was under continual monitoring with a ProOx
110 oxygen controller (Biospherix, Ltd., Lacona, NY, USA) for
120 h. On P12, the mice were returned to an atmosphere of
normal room air and were given daily intraperitoneal (IP) in-
jections of 10% DMSO in water (vehicle) or baicalin dissolved
in vehicle at 1 mg/kg (B1, low-dose) or 10 mg/kg (B10, high-
dose). The mice in the normoxia group were maintained in
normal room air from birth until P17.

Whole flat mount fluorescent staining

Retinal flat mount fluorescein staining was performed as pre-
viously described (15). Before injection, FITC-dextran (FD2000S;
Sigma-Aldrich, St. Louis, MO, USA) was dissolved in ultrapure
water at a concentration of 50 mg/ml; this mixture was centri-
fuged at 10,000 x g for 5 min and the supernatant was collec-
ted. FITC-dextran was protected from light during the prepara-
tion. In small animals such as pups, intravenous injection of
FITC-dextran is technically challenging. Moreover, direct in-
jection of the dye into the heart can directly damage it. Thus,
retro-orbital injection of FITC-dextran was performed accord-
ing to a previously published protocol (16). Mice were anes-
thetized on P17 by IP injection of ketamine (1%), xylazine
(0.1%), and sodium chloride (0.9%) at a dose of 0.1 ml/10 g.
A 27-gauge needle with a 1 ml syringe was used to gently
pierce 3-mm into the left orbital venous sinus with the bevel
on the needle facing forward at a 45° angle, and then 100 ml
of FITC-dextran was injected. Eyes were carefully harvested
and fixed in 4% paraformaldehyde for 40 min at room tem-
perature. The cornea, iris, lens, and vitreous humor were gently
removed under a stereomicroscope (Leica, Wetzlar, Germany).
Four to 6 radial incisions were made in the dissected retina,
which was subsequently flattened with a coverslip. The vessels
of the retina in each OIR mouse at P17 were viewed under a
confocal microscope (Carl Zeiss, Jena, Germany). The retinal
segments were merged to generate an image of the total retina
(Photoshop CS3; Adobe Systems Inc., San Jose, CA, USA).

Tissue section preparation and H&E staining

Pups from all groups were sacrificed on P17. Eyes of 4 mice
from each group were analyzed (each experiment was per-
formed at least 3 times, with 12 animals in each group). Eyes
were removed, fixed in 4% paraformaldehyde in PBS for 24
hours, and embedded in paraffin. Sagittal sections of 8 um
thickness, each 32 pum apart, were cut parallel to the optic
nerve. The sections were stained with hematoxylin and eosin
(H&E) to assess the vascular lumens of new vessels growing in-
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to the vitreous humor via light microscopy (Carl Zeiss,
Chester, VA, USA). Vascular lumens between the lens and the
inner limiting membrane were counted in at least 5 sections
from each eye by 2 independent observers following a masked
protocol. The mean number of neovascular lumens per section
was calculated for each group.

Quantification of retinal neovascularization

Retinal neovascularization and vaso-obliteration were quanti-
fied as reported earlier (17). Both neovascularization and vaso-
obliteration are represented as % of total retinal area. The total
retinal area and vaso-obliteration quantifications were ob-
tained using Adobe Photoshop CS3 as previously described
(17). Neovascularization was quantified using a semi-auto-
mated computer program (SWIFT_NV (18)), which is a set of
macros run on NIH Image) software. Artifacts like hyperfluo-
rescent retinal ends, hyaloid vasculature, and cellular debris
were excluded from the analysis. SWIFT_NV divides the reti-
nal image into 4 quadrants, and a threshold was set to high-
light the neovascular tufts while excluding normal vasculature
from the quantification. By this process, the program calculates
the area of the neovascular tufts and generates a stitched im-
age highlighting the neovascular tufts on the original retinal
image.

Western blot analysis

Western blot analysis was performed as previously described
(19). For immunoblot analysis, the entire retina was lysed in
RIPA buffer (150 mM NaCl, 1.0% IGEPAL CA-630, 0.5% so-
dium deoxycholate, 0.1% SDS, 50 mM Tris, and 1x protease
inhibitors; pH 8.0) and incubated for 30 min at 4 °C. Samples
were sonicated and centrifuged at 14,000 x g for 10 min at
4°C, and the supernatant was transferred to a new micro-
centrifuge tube. The protein concentration in the entire retina
was determined using a Bio-Rad Protein Assay kit (Bio-Rad
Laboratories, Inc., Hercules, CA, USA). Next, an equal volume
of 4x sample buffer (200 mM Tris, 8% SDS, 0.4% bromophe-
nol blue, 40% glycine, and 400 mM DTT; pH 6.8) was added
to the sample, followed by boiling for 3-5 min at 100°C.
Samples were subsequently separated via 10-12% SDS-PAGE
and transferred to a polyvinylidenedifluoride (PVDF) mem-
brane (Hybond-P; GE Healthcare, Amersham, UK). After bloc-
king with 5% skim milk in PBST buffer (8 g/L NaCl, 0.2 g/L
KCl, 1.44 g/l Na;HPO,4, 0.24 g/L NaH,HPO., and 0.1%
Tween-20) for 30 min, the membranes were incubated over-
night at 4°C with the indicated primary antibody diluted in
PBST containing 1% skim milk. Mouse monoclonal antibodies
against VEGF (1:1,000) were purchased from Abcam (Cam-
bridge, MA, USA). Rabbit polyclonal antibodies against angio-
tensin I (1:1,000) were purchased from Abcam (Cambridge,
MA, USA). Rabbit monoclonal antibodies against MMP-2
(1:1,000), MMP-9 (1:1,000), and GAPDH (1:1,000) were pur-
chased from Cell Signaling Technology (Beverly, MA, USA).
Subsequently, the membranes were incubated with the appro-
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priate secondary antibody (horseradish peroxidase-conjugated
goat anti-rabbit or horse anti-mouse secondary antibody at
1:3,000; Santa Cruz Biotechnology, Santa Cruz, CA, USA).
The immunoreactive bands were visualized using enhanced
chemiluminescence reagents (GE Healthcare, Amersham, UK)
and then quantified via densitometry using an LAS-4000 image
reader and Multi Gauge 3.1 software (Fuji Photo Film, Tokyo,
Japan).

Statistical analysis

Each experiment was performed at least 3 times and the data
were expressed as the mean + standard deviation (SD). The
differences in central non-perfused area and neovascular tufts
between the groups were compared using one way analysis of
variance (ANOVA) followed by the Kruskal-Wallis test. The
statistical analysis was performed using STATA/IC (version
11.2; StataCorp LP, College Station, TX, USA). P values less
than 0.05 were considered statistically significant.
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