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ABSTRACT Alchornea glandulosa has traditionally been used in Brazilian folk medicine for the treatment of immune-
inflammatory diseases and as an antiulcer agent to heal gastric ulcer and gastritis. Angiogenesis is a complex multistep process
that consists of proliferation, migration, and anastomosis of endothelial cells and has a major role in the development of
pathologic conditions, such as inflammatory diseases. To investigate a possible link between the anti-inflammatory activities
and antiangiogenic effects of A. glandulosa ethyl acetate fraction (AGF), this study examined which features of the angiogenic
process could be disturbed by this fraction. The antiangiogenic activity of AGF was determined in vitro by using human
umbilical vein endothelial cells (HUVEC), and cell viability, proliferation, apoptosis, invasion, and capillary-like structures
formation were addressed. To elucidate the mechanism of action, nuclear factor kB (NFxB), a transcription factor implicated
in these processes, was also evaluated in HUVEC incubated with AGF. A significant decrease in proliferation, a relevant
increase in apoptosis, and a strong reduction in invasion capacity (as assessed by bromodeoxyuridine, terminal deox-
ynucleotidyl transferase-mediated deoxyuridine triphosphate nick-end labeling, and double-chamber assays, respectively)
were observed. AGF also led to a drastic reduction in the number of capillary-like structures formed when HUVEC were
cultured on growth factor-reduced Matrigel—coated plates. In addition, incubation of HUVEC with AGF resulted in reduced
NFxB activity. These findings emphasize the antiangiogenic potential of AGF and support its therapeutic use for disorders that
involve excessive angiogenesis, such as chronic inflammation and tumor growth.
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INTRODUCTION

LOCAL AND TRADITIONAL KNOWLEDGE has been the
starting point for many successful drug development
projects over the past decades.' Brazil is a country of ethno-
pharmacologic interest because of its great cultural and bio-
logical diversity.” The genus Alchornea belongs to the
Euphorbiaceae family, which contains about 7,500 species,
including trees, shrubs, and herbs, in all parts of the world.
This family is economically important, providing food, rub-
ber, medicines, oils, dyes, and many other useful products.3
Alchornea species are present in the South and Southeast
Atlantic Forest and in the Amazon rainforest in Brazil.**
A. glandulosa Poepp. & Endl. (Euphorbiaceae), a tree 10—
20 meters tall, is known as tapia. It has traditionally been
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used in Brazilian folk medicine for the treatment of
immune-inflammatory diseases and as an antiulcer agent
to heal gastric ulcer and gastritis, with confirmed anti-
inflammatory activity.>® A. glandulosa is frequently used in
tea form by local populations in Brazil. Information ob-
tained from an ethnopharmacologic survey administered to
local populations confirms the traditional use of the leaves
and aerial parts of this plant in tea form.” In addition,
scientific studies have shown that the leaves of A. glandu-
losa are commonly used in infusions in folk medicine, and
infusions extract primarily polar compounds present in
the medicinal plants.'® Moreover, studies have reported
anti-inflammatory activities of A. castaneifolia and A.
cordifolia, other species from Alchornea genus that are
used in folk medicine to treat inflammation in different
countries.'' "3

Angiogenesis results from multiple signals acting on en-
dothelial cells. These cells form the inner layer of blood
vessels and are surrounded by pericytes that regulate the func-
tion of the blood vessels. Regulation of the barrier function
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by endothelial cells is an intricate process, requiring coor-
dination of numerous, complex signaling pathways involved
in blood vessel development and inflammatory responses.14
It has become increasingly clear that inflammation is a
key component in tumor insurgence.'> Inflammation occurs
in response to host injury or infection, as the result of an
autoimmune disease, or in response to the development of a
tumor. Although the immune system may help fight the
tumor, it may also increase the tumorigenic process. In fact,
recent data suggest a strong link between chronic inflam-
mation, angiogenesis, and the development of cancer.'®
Chronic inflammation plays a complex position in carci-
nogenesis. Evidence suggests that persistent inflammation
functions as a driving force in the journey to cancer. Over-
expression, elevated secretion, or abnormal activation of
proinflammatory mediators, such as cytokines, chemokines,
cyclooxygenase-2, prostaglandins, inducible nitric oxide
(NO) synthase, NO, and a distinct network of intracellular
signaling molecules (including upstream kinases and tran-
scription factors), facilitate tumor promotion and progression.
Many proinflammatory mediators, especially cytokines,
chemokines, and prostaglandins, turn on the angiogenic
switches mainly controlled by vascular endothelial growth
factor (VEGF), thereby inducing inflammatory angiogenesis
and tumor cell-stroma communication. This will result in
tumor angiogenesis, metastasis, and invasion.'” Furthermore,
approximately 15%-20% of all malignancies are initiated or
exacerbated by inflammation, confirming that initiation and
progression of cancer are closely linked to angiogenesis.'®
On the basis of the relationship between inflammation and
angiogenesis, we decided to evaluate the potential of A.
glandulosa fraction (AGF) in the control of angiogenesis, a
complex multistep process that consists of proliferation,
migration, and anastomosis of endothelial cells and has a
major role in the development of pathologic conditions,
such as inflammatory diseases, tumor growth, and metas-
tasis. Accordingly, the present study addressed cell viability,
proliferation, apoptosis, invasion, and formation of capil-
lary-like structures in endothelial cell cultures. Moreover,
knowing that nuclear factor-xkB (NFkB) signaling pathway
is involved in all these cell processes, we investigated
whether the mechanism of AGF antiangiogenic activity re-
lies on this transcription factor NFxB signaling pathway.

MATERIALS AND METHODS
Plant material

The leaves of A. glandulosa Poepp & Endl. (Eu-
phorbiaceae) were collected in the Biological Reserve and
Experimental Station at Mogi Guacgu, Sdo Paulo State,
Brazil, in March 2005, and a voucher specimen (SP319257)
has been deposited in the herbarium of the Botanic Institute
(Sao Paulo, Brazil).

Phytochemical procedures

The shade-dried leaves (1.5kg) of A. glandulosa were
ground and defatted with n-hexane (3.5 Lx3, at room

temperature) and exhaustively extracted by maceration with
methanol (4.2 L x3, at room temperature). The methanol
extract was concentrated under reduced pressure to yield
3.8 g of a syrup residue. The concentrate was then diluted
with methanol:water (4:1,700mL) and partitioned with
ethyl acetate (3 x700mL). After solvent was removed by
using a rotary evaporator, ethyl acetate fraction yield 2.5 g,
which was labeled AGF.

Isolation and identification of compounds from AGF

The AGF (1 g) was chromatographed by gel permeation
over Sephadex LH-20 (180 x4 cm) eluted with methanol to
yield 10 subfractions (AGF-1-AGF-10). Chromatographic
purification of subfractions AGF-2 and AGF-3 (190 mg) by
reverse-phase high-performance liquid chromatography
(RP-HPLC) (MeOH:H,O, 1:4; ultraviolet detection at
272nm; flow rate, 10 mL/min), affording compounds 1
(76 mg) and 2 (64 mg). Subfractions AGF-4 and AGF-5
(206 mg) were further purified by RP-HPLC (MeOH:H,0,
3:2; ultraviolet detection at 254 nm; flow rate, 12 mL/min),
furnishing compounds 3 (72 mg), 4 (32 mg), and 5 (36 mg).
Subfractions AGF-6-AGF-10 were checked by thin-layer
chromatography on silica gel eluted with the following
mixture: ethyl acetate:water:formic acid:acetic acid
(100:27:11:11). Chromatography indicated that it was pure
and led to its identification as compound 6 (324 mg). Thus,
on the basis of nuclear magnetic resonance (NMR) 'H and
13C NMR data analysis, the structures of compounds 1-6
were identified as protocatechuic acid,'® methyl gallate,?
isoquercitrin,21 isovitexin,>*>?* rutin,?! and corilagin,24
respectively (Fig. 1).

Preparation of AGF samples

AGF was dissolved in dimethyl sulfoxide (DMSO) and
added to cell culture M199 medium at a concentration of
50 pug/mL established according to 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) assays. This
concentration was chosen on the basis of a concentration
curve viability assay in human umbilical vein endothelial
cells (HUVEC) (Fig. 2) and is in agreement with previous
studies we performed in macrophage cultures established
according to MTT assays (data not shown). AGF was added
to serum-free M199 medium containing endothelial cell
growth supplement for 24 hours. Control cells were incu-
bated with M199 medium and 0.1% DMSO (vehicle).
DMSO concentration was 0.1% in every culture.

Culture of HUVEC

HUVEC were obtained from ScienceCell Research Labs.
HUVEC were cultured in M199 medium (Sigma-Aldrich)
supplemented with 20% fetal bovine serum (Invitrogen Life
Technologies), 1% penicillin/streptomycin (Invitrogen Life
Technologies), 0.01% heparin (Sigma-Aldrich), and 30 ug/
mL endothelial cell growth supplement (Sigma-Aldrich)
and were maintained at 37°C in a humidified 5% CO, at-
mosphere. Cells were used between passages 3 and 8 and
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FIG 1. Molecular structures of the major
compounds 1-6 isolated from ethyl acetate
fraction obtained from Alchornea glandulosa.

were seeded on plates coated with 0.2% gelatin (Sigma) and
allowed to grow.

MTT Assay

HUVEC were allowed to grow until 70%-90% conflu-
ence and were then incubated with different concentrations
of AGF (50 ug/mL, 100 ug/mL, 200 ug/mL, and 400 pg/mL)
and M199 medium (control) for 24 hours. After the incu-
bation period, cells were washed twice with phosphate-
buffered saline and subjected to MTT assay as described by
Mosmann.> After incubation, the formazan formed was
dissolved in DMSO and the optical density was measured by
using a microplate reader (Multiskan) equipped with a 540-
nm filter and 660-nm reference filter. The optical density of
dissolved formazan in the control was taken as 100% of
viability.

Bromodeoxyuridine proliferation assay

HUVEC (5x10% were cultured by following standard
conditions or the treatment procedures for 24 hours. Cells
were then washed twice with phosphate-buffered saline and
subjected to in situ detection with bromodeoxyuridine
(BrdU), an index of DNA synthesis and cell proliferation.
Cells were incubated with BrdU solution at a final concen-
tration of 0.01 mM for 24 hours. The in situ detection was
then performed by using a BrdU In Situ Detection Kit (BD
Biosciences Pharmingen) according to the manufacturer’s
instructions. The results are presented as mean * standard
deviation and are expressed as percentage of proliferating
cells. The percentage of proliferating cells was evaluated at

a 200 x magnification field. A total of 1,000 nuclei were
evaluated. Five independent experiments were performed.

Terminal deoxynucleotidyl transferase—mediated
deoxyuridine triphosphate nick-end labeling assay

Cells (2x 10%) plated in glass coverslips were grown for
24 hours and then incubated with 50 ug/mL AGF or 0.1%
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FIG 2. Effect of different concentrations of Alchornea glandulosa
on the viability of human umbilical vein endothelial cells (HUVEC)
evaluated by 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide assay. Results are expressed as percentage of control cells.
Bars represent mean + standard deviation. Assays were repeated 5
times and were performed in duplicate. The number of viable cells
did not significantly differ between 50 ug/mL AGF-treated and
control cells. *P<.01 compared with control. AGF, Alchornea
glandulosa ethyl acetate fraction.
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DMSO M199 medium (control) for 24 hours. Terminal
deoxynucleotidyl transferase—-mediated deoxyuridine tri-
phosphate nick-end labeling (TUNEL) assay was performed
by using the In Situ Cell Death Detection kit (Roche Di-
agnostics) according to the manufacturer’s instructions.?®?’
Apoptosis was determined as the percentage of positive cells
per 1,000 4',6-diamidino-2-phenylindole—stained nuclei.
Glass coverslips were visualized under a fluorescence mi-
croscope (Nikon Eclipse 50i) at a magnification of 200 x.

Invasion assay

The invasive capacity of HUVEC was evaluated in vitro
in the presence of AGF using a double-chamber assay
by measuring the number of cells that invaded Transwell
BD-Matrigel basement membrane matrix inserts (BD-
Biosciences), in accordance with the manufacturer’s
instructions. Fetal bovine serum was used as a chemoat-
tractant agent. The ratio between invading cells in AGF-
treated cultures and those in control cultures (untreated
cells) for the same initial amount of cells was then observed.

Matrigel assay: tube formation index

To examine the ability of cells to assemble into capillary-
like structures, growth factor-reduced Matrigel (GFR-
Matrigel; BD Biosciences)—coated plates were used. In
brief, cells were cultured on GFR-Matrigel—coated plates for
24 hours in the presence of 50 ug/mL. AGF or 0.1% DMSO
M199 medium (control). The number of tubule-like struc-
tures was then quantified, and photomicrographs were taken
by using an inverted microscope (400X magnification).
Each cord fragment between the ramifications was consid-
ered 1 cord unit. Results are mean values obtained by
evaluating the whole cultures of each well subjected to
the same treatment. A semi-quantitative measurement
of cord formation in GFR-Matrigel cultured HUVEC
was performed (tube formation index) as described
elsewhere.?®

NF«xB activity

NFxkB activity was determined by enzyme-linked im-
munosorbent assay. HUVEC lysates were obtained and
quantified by a bicinchoninic acid protein assay kit (Pierce).
NFkB activity was measured by using a TransAM NFxB
p50 transcription factor assay kit (Active Motif). In brief,
protein samples (20 pg) were added to a 96-well plate with
immobilized oligonucleotide containing the NFxB consen-
sus site. Sample wells were incubated with NFxkB p50
subunit primary antibody, followed by incubation with
horseradish peroxidase—conjugated secondary antibody.
Quantification was performed at 450 nm and 650 nm by
using a plate reader (Multiskan Ascent; Thermo Electron

Corp.).

Statistical analysis

All experiments were performed in triplicate. Quantifi-
cations are expressed as mean * standard deviation of 5 in-

dependent experiments and are expressed as percentage of
control, which was considered to be 100%. Statistical sig-
nificance of the difference between 2 groups was evaluated
by 1-way analysis of variance, followed by the Dunnet test
using GraphPad Instat 3.05. A difference between experi-
mental groups was considered statistically significant when
the P value was less than .01.

RESULTS
Effects of AGF in HUVEC

To evaluate whether AGF exerted any cytotoxic effect on
endothelial cells, HUVEC were cultured until 90% con-
fluency and then incubated with different concentrations of
AGF (50 pg/mL, 100 pug/mL, 200 pg/mL, and 400 pg/mL).
Cell viability was assessed by the MTT test. These experi-
ments were performed in highly confluent cell cultures,
which present an already slow replication rate. This ensures
that the possible toxic effect is not masked by the effects of
these agents on cell proliferation, apoptosis, or migration
behavior. However, the highest percentage of cell viability
(96.58% £3.88%) was observed after 24-hour incubation
with AGF at 50 pug/mL (Fig. 2). On the basis of this excellent
viability level, the 50-ug/mL concentration of AGF was
established and used for all in vitro assays.

The effect of AGF on cell proliferation and apoptosis was
next evaluated at lower confluent cell cultures. We observed
a 1.7-fold decrease in the percentage of proliferating cells
(60.82£9.63; P<.01 compared with control) (Fig. 3a) and a
relevant increase (19-fold) in the percentage of apoptotic
cells (1956.14% £ 114.00%; P <.01 compared with control)
(Fig. 3b) after incubation with AGF at 50 ug/mL, as evalu-
ated by BrdU and TUNEL assays, respectively.

Angiogenesis also requires migration and invasion of
endothelial cells. Subsequently, we investigated whether
AGF affected the migration and invasion capacity of HU-
VEC by using a double-chamber assay. As illustrated in
Figure 3c, 50 ug/mL. AGF resulted in a strong reduction in
the migratory capacity of HUVEC (13.74% +5.15%; P < .01
compared with control).

Effects of AGF on cord-like structures formed
by HUVEC

To form a new blood vessel, endothelial cells must as-
semble into vascular capillary structures. HUVEC formed
highly branched capillary-like structures when cultured on
GFR-Matrigel. Therefore, we next examined whether AGF
affected the development of these structures. Incubation of
HUVEC with M199 medium and 0.1% DMSO (control) for
24 hours led to the formation of very ramified cord-like
structures. However, the presence of AGF led to a drastic
reduction in the number of these cord-like structures to 0.4% +
0.55% of control values (P <.01 compared with control).

Ramifications almost disappeared when HUVEC were
treated with AGF in comparison with control, and only
undifferentiated round cells could be seen under the mi-
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FIG 3. Effect of Alchornea glandulosa fraction (AGF) on proliferation, apoptosis, and migration capacity of human umbilical vein endothelial
cells (HUVEC). (a) Cell proliferation levels assessed by bromodeoxyuridine assay. Assays were repeated 5 times and performed in triplicate.
*P<.01 compared with control. (b) Effect of AGF on apoptosis of HUVEC by terminal deoxynucleotidyl transferase-mediated deoxyuridine
triphosphate nick-end labeling (TUNEL) assay. The percentage of apoptotic cells was evaluated by the ratio between TUNEL-stained cells and
4’ ,6-diamidino-2-phenylindole-stained nuclei in every culture. Results are expressed as percentage of control cells. Bars represent
mean * standard deviation. Assays were repeated 5 times and performed in triplicate. *P <.01 compared with control. (¢) Effect of AGF on
invasive capacity of HUVEC by double-chamber assay. Bars represent the percentage of invading cells relative to the initial number of cells
cultured. Results are expressed as percentage of control cells. Assays were repeated 5 times and performed in triplicate. *P <.01 compared with

control. C, control.

croscope. These findings indicate that the fraction inhibited
vessel assembly, a crucial feature for the angiogenic process
(Fig. 4a and 4b).

AGF inhibited NFxB activity in HUVEC

NFkB is a transcription factor that is activated in response
to various inflammatory stimuli. The antiangiogenic effects
observed in HUVEC prompted us to use the using NFxB
ELISA assay to examine whether the fraction affected the
activity of this factor. A significant reduction in NFxB p50
subunit activity (43.33% +3.41%; P<.01 compared with
control) was found in HUVEC after incubation with AGF,
indicating that NFkB signaling inactivation is a pathway
triggered by this fraction (Fig. 5).

DISCUSSION

The enormous botanical diversity in Brazil facilitates the
development of novel ethical drugs for the treatment of
diseases in humans.?’ Botanical immunomodulators and
botanical products that influence pathways of angiogenesis,
apoptosis, and cell signaling in vitro have stimulated
research interest and may expand the variety of cancer
treatments.

Angiogenesis imbalance is a major contributor of nu-
merous malignant, ischemic, inflammatory, infectious, and
immune disorders.”' In this study we successfully used
HUVEC to show that AGF possesses antiangiogenic activity
in several in vitro assays. The fact that endothelial cells are
the main players in the angiogenesis process renders them


http://www.liebertonline.com/action/showImage?doi=10.1089/jmf.2010.0204&iName=master.img-002.jpg&w=488&h=171
http://www.liebertonline.com/action/showImage?doi=10.1089/jmf.2010.0204&iName=master.img-003.jpg&w=235&h=161

ANTIANGIOGENIC ACTIVITY OF ALCHORNEA GLANDULOSA

1249

s 8

Capillary-like Structures
(% control)
s

AGF

FIG 4. Effects of Alchornea glandulosa fraction (AGF) on assembly of capillary-like structures. (a) Photomicrographs of capillary-like
structures assembly in human umbilical vein endothelial cells (HUVEC) cultures after treatment with AGF. In contrast to control cells, incubation
with 50 ug/mL AGEF resulted in absence of ramifications with undifferentiated cells. Photomicrographs are representative of the whole cultures.
Every culture was established in triplicate and visualized under an inverted microscope (400 X magnification). (b) Semiquantification of the tube
formation index in HUVEC after incubation with 50 ug/mL AGF. The number of capillary-like structures formed was drastically reduced upon
incubation with this fraction. Bars correspond to the percentage of the number of tubule-like structures compared with control (mean + standard

deviation). *P <.01 compared with control.

putative peculiar targets for antiangiogenic therapy: They
possess nontransforming characteristics, have easy accessi-
bility to achievable concentrations of antiangiogenic agents,
and are unlikely to acquire drug resistance.3? Vascular en-
dothelial cells constitute first-line exposure to blood-borne
agents. Thus, it is plausible that antiangiogenic activity of
phytochemicals could be associated with reducing cancer
risk by preventing the growth and metastasis of tumor.*?
In the first part of this study, we observed that AGF in-
duced an approximately 1.7-fold decrease in the percentage
of endothelial cell proliferation and a 19-fold increase in
apoptotic rate as compared with controls (Fig. 3a and 3b). In
addition, the invasive behavior of endothelial cells is an-
other mainstay in angiogenesis, and invasive capacity re-
quires extracellular matrix degradation. The latter involves
the activation of many endothelial cell signaling pathways.
Our findings show a very effective decrease in Matrigel
invasion in AGF-treated HUVEC. AGF was at least 7 times
as potent as control in inhibiting the migratory capacity of
HUVEC (Fig. 3¢). Proliferation and migration of endothelial

cells appears to be at least partially dependent on distinct
pathways in endothelial cells. Jézkowicz et al.,** for in-
stance, showed that VEGF-induced migration but not pro-
liferation of HUVEC relies on the production of NO,
released by the activated endothelial NO synthase.

In the second part of this study, the antiangiogenic ac-
tivity of AGF was further established by tube formation
assay performed on GFR-Matrigel. We proved that AGF
prevented endothelial cell tubulogenesis when cultured on
Matrigel. Remarkably, network-like structures were not
found when HUVEC were incubated with AGF, and just
isolated cells were observed under the inverted microscope,
indicating that AGF can strongly disrupt tube formation
(Fig. 4a and 4b). It is already known that angiogenesis
process could be considered an important target to suppress
tumor growth and metastasis because tumor angiogenesis
is critically important for the growth of solid tumors.*
Moreover, therapeutic inhibition of vessel formation could
be best suited for preventive strategies aimed at suppressing
angiogenesis in primary tumors in patients at risk for mi-
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FIG 5. Effects of Alchornea glandulosa (AGF) on activation of
nuclear factor kB p50 subunit in human umbilical vein endothelial
cells (HUVEC) nuclear factor kB p p5S0 subunit activity was signif-
icantly reduced in HUVEC treated with 50 ug/mL. AGF versus con-
trol. Results are meanztstandard deviation of 5 independent
experiments performed in triplicate. *P <.01 compared with control.
NFxB, nuclear factor xkB.

. . 3
crometastases after surgical removal of a primary tumor.>

Consequently, given the strong dependence of cancer
in angiogenesis, our findings led us to propose that AGF
can inhibit tumor growth through the suppression of
blood vessel development, exhibiting potential antitumor
properties.

Investigators recently reported that many plants can act as
angiogenesis inhibitors. Yoo et al.*® observed that ethanol
extract prepared from the aerial parts of Saururus chinensis,
a plant used to treat edema and inflammatory diseases in
Oriental folk medicine, possesses potent antiangiogenic and
antinociceptive activities as well as anti-inflammatory ac-
tivity, which partly supports its therapeutic efficacy. As was
seen with AGF, different chemopreventive phytochemicals
target various components of angiogenesis, including an-
giogenic signaling. These chemopreventive agents would be
convenient to use because they are mostly nontoxic natural
compounds and could be part of the daily diet.*?

Shiraia bambusicola, a Chinese plant, has long been used
in rheumatoid arthritis treatment, a disease in which an-
giogenesis plays an important role. Tong et al.’” reported
that Shiraiachrome A isolated from S. bambusicola signifi-
cantly inhibited the proliferation, migration, and tube for-
mation of human microvascular endothelial cells. In
addition, Shiraiachrome A inhibited the formation of new
microvessels in a rat aorta culture model, as well as in the
chick embryo chorioallantoic membrane assay. These re-
searchers also demonstrated that this compound suppressed
autophosphorylation of 4 receptor tyrosine kinases, thereby
inhibiting angiogenesis. These findings indicate that this
compound may be a potent therapeutic agent for vasculo-
proliferative diseases, such as cancer, rheumatoid arthritis,
and diabetic retinopathy.

Dahuang is often included as an ingredient in traditional
Chinese compound prescriptions for the treatment of in-
flammatory diseases. This application may be mediated
through antiangiogenesis and thus would shed light on its
potential value in cancer therapy. He er al.*® tested the in-
hibitory effects of different fractions and a series of an-
thraquinone derivatives against vessel formation in
zebrafish embryos. Ethyl acetate fraction at 20 ug/mL
showed the strongest inhibition of vessel formation—
52%—and 3 anthraquinones (aloe-emodin, emodin, and
rhein) displayed potent antiangiogenic activities. The au-
thors believe that the angiogenic properties of rhubarb root
may partly account for its use in inflammatory diseases.

Altogether, our findings showed that treatment with AGF
affected several processes within endothelial cells. These
findings prompted us to examine whether AGF had any
effect on NFkB activity. NFxB is a transcription factor ac-
tivated in response to various inflammatory stimuli, such as
cytokines; growth factors; hormones; mitogens; carcino-
gens; chemotherapeutic agents; viral products; eukaryotic
parasites; endotoxin; fatty acids; metals; radiation; hypoxia;
and psychological, physical, oxidative, and chemical stres-
ses. In addition, constitutively active NFxkB is frequently
encountered in a wide variety of tumors. Furthermore,
NFkB activation regulates the expression of over 400 genes.
Therefore, because of the critical role NFxB plays in the
pathogenesis of cancer, specific inhibitors of this factor are
being sought. Agents that prevent cancer or inflammation
have been found to suppress NFxB activation. Numerous
reports indicate that ancient plants and their components are
potent as NFxB inhibitors.3°

In the current study, AGF inhibited endothelial NFxB p50
subunit activity (Fig. 5), suggesting that inactivation of
NFxB by the fraction is probably one of the mechanisms
involved in the observed antiangiogenic effects on HUVEC.
This is a crucial finding given the role of NFxB in activating
inflammatory and antiapoptotic genes transcription, 2 pro-
cesses associated with angiogenesis.*” In addition, anti-
inflammatory agents that suppress NFxB should have a
potential role in both the prevention and the treatment of
cancer.*!

It is meaningful that endothelial cells are not the only
possible target for antiangiogenic therapy or prevention of
vascularization (angioprevention). Emerging evidence re-
veals that native immune cells recruited into tumors stim-
ulate endothelium and are responsible for an indirect
pathway of tumor vascularization.** Previous research from
our group demonstrates that AGF can act in macrophage
cells by inhibiting hydrogen peroxide, NO, and tumor ne-
crosis factor-x production, and, accordingly, show a thera-
peutic potential in the control of inflammatory disorders.® In
agreement, various plants present antiangiogenic effects in
addition to anti-inflammatory activity and inhibitory action
on NO production.****

Moreover, He et al.*® confirmed that inflammation
inhibitors may have angiogenesis-inhibiting capacity.
Tripterygium wilfordii, a plant used to treat immune-
inflammatory diseases in China, and its terpenoids, partic-
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ularly triptolide, are potent angiogenesis inhibitors with
potential application against angiogenesis in cancer treat-
ment. These authors observed that angiopoietin 2/tie2 sig-
naling pathway may play an important role in triptolide-
induced antiangiogenesis. The ethyl acetate partition from
ethanol extract of 7. wilfordii has been subjected to a phase
IT double-blind clinical trial and was shown to have bene-
ficial effects.***

Our study identified 6 compounds from AGF: proto-
catechuic acid, methyl gallate, isoquercitrin, isovitexin, ru-
tin, and corilagin (Fig. 1). Among these compounds,
protocatechuic acid and rutin may be involved with angio-
genesis, especially with VEGF. It is important to mention
that among many known growth factors, VEGF appears to
play a pivotal role in the angiogenic process; it is involved in
a variety of normal and pathologic processes.”’*®

Protocatechuic acid, a copper chelator, has potential for
the treatment of copper-overload disease (Wilson’s dis-
ease).*® Sen er al#® observed that protocatechuic acid
treatment inhibited H,O,-induced VEGF expression. The
authors suggest that copper may play a role in mediat-
ing the stimulatory effect of H,O, on inducible VEGF
expression.

Schindler and Mentlein® investigated the effects of rutin
on the release of VEGF from breast and brain tumor cells. In
that study, rutin was one of the most potent inhibitors of
VEGF release. The authors believe that rutin accumulates in
the cell surface and thereby interacts with lipid constituents
of biomembranes. The modification of membrane receptor
and enzyme activities as well as antioxidant effects might
both influence signal transduction pathways.

Although protocatechuic acid and rutin are present in
AGeF, it is remarkable to consider that natural products such
as the fraction we studied could contain a range of complex
organic chemicals that may work on multiple targets and
may have synergistic activity. Acting through multiple
pathways is a potential advantage because these natural
products can reduce the development of resistance by cancer
cells.”! Moreover, they may inhibit angiogenesis by inter-
acting with numerous pathways and by affecting cell sig-
naling, the apoptotic pathway, and the interaction of cancer
cells with the immune system. Some researchers hypothe-
size that angiogenesis within the tumour microenvironment
may be more sensitive to a cocktail of natural health prod-
ucts administered continuously at relatively low doses than
to single-agent pharmaceutical compounds administered
intermittently at higher doses. In general, as compared with
normal tissues, tumors contain very immature blood vessels
that may be relatively more susceptible to antiangiogenic
therapies, permitting a therapeutic gain.’*

In conclusion, our study indicates that AGF, a fraction
obtained from a plant traditionally used in Brazilian folk
medicine, exerts a wide range of inhibitory effects in an-
giogenesis. Namely, AGF acts in endothelial cells and pre-
vents most of the angiogenic steps, including proliferation,
invasion, and capillary-like structures formation, while in-
creasing apoptosis. One probable mechanism for the AGF
effects on angiogenesis is the reduction of NF«B activity, a

well-established angiogenic and inflammatory factor. These
observations imply that AGF may be a novel inhibitor of
angiogenesis and could be a good candidate to treat disor-
ders that involve excessive angiogenesis, such as chronic
inflammation, diabetic retinopathy, endometriosis, and adi-
posity. AGF could also provide a new approach to target and
prevent tumor angiogenesis by treatment with a natural
agent with anti-inflammatory properties.
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