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Effect of Resveratrol on Angiogenesis and Platelet/Fibrin-Accelerated
Tumor Growth in the Chick Chorioallantoic Membrane Model

Sarah S. Mousa, Shaymaa S. Mousa, and Shaker A. Mousa

Abstract: We carried out this investigation to examine the ef-
fects on angiogenesis-mediated processes and to define
anti-angiogenesis mechanisms for flavonoids. We examined
the effects and mechanisms of the flavonoid resveratrol on
angiogenesis and tumor growth using the chick chorio-
allantoic membrane (CAM) model of angiogenesis, the CAM
tumor growth model, and the effect on p53 in fibroblast
growth factor-2 (FGF2) stimulated human endothelial cells
using immunoassay. Resveratrol demonstrated potent inhibi-
tion (effective dose50 = 0.7 ± 0.1 �M) of FGF2-induced
angiogenesis and tumor growth. Furthermore, resveratrol
significantly (P < 0.01) inhibited platelet/fibrin clot-
promoted human colon and fibrosarcoma tumor growth in
the CAM tumor model. Resveratrol in a concentration-
dependent (1–3 �M) manner significantly promoted
apoptosis in FGF2-stimulated endothelial cells by increas-
ing p53 protein production. These data indicated potent
anti-angiogenesis efficacy, inhibition of tumor growth, and
clot-mediated enhanced tumor growth. These data suggest
potential anticancer benefits as a chemopreventive and
chemotherapeutic for the flavonoid resveratrol.

Introduction

Natural sources of flavonoids have been used as herbal
medicine for thousands of years. Resveratrol (3,4′,5-trihyd-
roxy-trans-stilbene), a naturally occurring phytoalexin found
in grapes and wine, possesses cancer-preventive activity. Epi-
demiological studies have demonstrated an inverse correla-
tion between intake of dietary flavonoids and death from coro-
nary artery disease (CAD) (1,2). It has been also reported that
moderate consumption of red wine—but not white wine—is
associated with reduced risk of cardiovascular diseases
(atherosclerotic lesion and thrombosis) (1,3). The “French
paradox” (as it has been publicized by both the scientific and
national news media) deals with the reduction in the death rate

due to CAD by a factor of 2.5 as compared to Americans; this
was explained to be due to the higher intake of red wine by the
French despite a high-fat diet (1). An atherosclerotic lesion
and its expansion in the vessel wall by smooth muscle cell mi-
gration sets the stage for an expanded and unstable lesion,
which, if ruptured, leads to acute thromboembolic disorders
(4). Red wine, but not white wine, contains flavonoids that
might modulate angiogenesis-mediated disorders. Angio-
genesis is the formation of new blood vessels from preexisting
ones. A tumor cannot grow more than 1–2 mm in diameter
without angiogenesis. Recent studies have demonstrated sig-
nificant inhibitionbyresveratrolof tumorgrowthandmetasta-
sis in Lewis lung carcinoma-bearing mice (5). Thrombosis
was recently recognized to promote tumor growth; hence,
angiogenesis and thrombosis inhibition by flavonoids might
provide an effective therapy for cancer.

The development of vascular networks during physio-
logical or pathological angiogenesis depends on growth
factors (6,7). Vascular endothelial growth factor (VEGF),
fibroblast growth factor-2 (FGF2), interleukin-8 (IL-8), and
tumor necrosis factor (TNF) are some of the growth factors
that have key roles in pathological angiogenesis processes;
pathological angiogenesis processes are associated with
solid tumors (8–12). Angiogenesis is a multistep process
controlled by the balance of proangiogenic and
antiangiogenic factors. The latter stages of this process in-
volve proliferation and the organization of endothelial cells
into tube-like structures. Growth factors such as FGF2 and
VEGF are thought to be the key players in promoting endo-
thelial cell growth and differentiation. The endothelial cell
is the pivotal cellular component of the angiogenic process
(13). Endothelial cells in culture are capable of forming
tube-like structures. Therefore, endothelial cells are not
only a prerequisite for neovascularization but are also the
basal structural requirement for blood vessels (13).
Angiogenesis plays a key role in tumor growth because
without it, a cancerous tumor cannot grow. Tumors will re-
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lease factors such as FGF2 and VEGF to induce the growth
of new blood vessels; these new blood vessels provide nu-
trients for the tumor to grow as well as a pathway for the
cancer to spread throughout the body. The purpose of this
study was to determine if resveratrol plays a role in the
modulation of angiogenesis and if resveratrol might be con-
sidered as a significant therapeutic agent in pathological
angiogenesis-mediated disorders.

Resveratrol was first isolated in 1940 as a constituent of
the roots of white hellebore (Veratrum grandiflorum O. Loes)
but has since been found in various plants including grapes,
berries, and peanuts (14,15). Besides cardioprotective ef-
fects, resveratrol exhibits anticancer properties as suggested
by its ability to suppress proliferation of a wide variety of tu-
mor cells including lymphoid and myeloid cancers; multiple
myeloma; cancers of the breast, prostate, stomach, colon,
pancreas, and thyroid; melanoma; head and neck squamous
cell carcinoma; ovarian carcinoma; and cervical carcinoma
(16,17). The growth-inhibitory effects of resveratrol are me-
diated through cell-cycle arrest; upregulation of
p21Cip1/WAF1, p53, and Bax; down-regulation of survivin,
cyclin D1, cyclin E, Bcl-2, Bcl-xL, and clAPs; and activation
of caspases (18,19). Resveratrol has been shown to suppress
the activation of several transcription factors including
NF-κB, AP-1, and Egr-1; to inhibit protein kinases including
IκBα kinase, JNK, MAPK, Akt, protein kinase C, PKD, and
casein kinase II; and to down-regulate products of genes such
as cyclooxygenase-2, 5-LOX, VEGF, IL-1, IL-6, IL-8, AR,
and prostate-specific antigen (18,20). These activities might
account for the suppression of angiogenesis by this stilbene.
Resveratrol also has been shown to potentiate the apoptotic
effects of cytokines [e.g., tumor necrosis factor-related
apoptosis-inducing ligand (TRAIL)], chemotherapeutic
agents, and gamma radiation (21). Pharmacokinetic studies
have revealed that the target organs of resveratrol are the liver
and kidney where it is concentrated after absorption and is
mainly converted to a sulfated form and a glucuronide conju-
gate (22). In vivo, resveratrol blocks the multistep process of
carcinogenesis at various stages—it blocks carcinogen acti-
vation by inhibiting aryl hydrocarbon-induced CYP1A1 (a
carcinogen metabolism gene) expression and activity, and it
suppresses tumor initiation, promotion, and progression
(23). Besides chemopreventive effects, resveratrol appears to
exhibit therapeutic effects against cancer. Limited data in hu-
mans have revealed that resveratrol is pharmacologically
quite safe (24). Currently, structural analogues of resveratrol
with improved bioavailability are being pursued as potential
therapeutic agents for cancer (25).

Earlier studies have suggested that the antiangiogenesis
efficacy for resveratrol in different experimental models is
mediated via multiple mechanisms (26–28). Our hypothesis
is that flavonoids in purple grape juice, soy, and other natural
products inhibit hyperactivity of various cellular functions
involved in angiogenesis-mediated disorders (endothelial
cells) and in the thrombosis–cancer link; hence, flavonoids
such as resveratrol would have anticancer benefits in the set-
ting of the prothrombotic state.

Materials and Methods

Reagents

Resveratrol was purchased from International Cayman
Chemical (Somerville, NJ). Other chemical-grade reagents
werepurchasedfromtheSigmaCompany(SaintLouis,MO).

Cell Culture

Human umbilical vein endothelial cells (HUVECs) were
obtained from American Type Culture Collection (Rockville,
MD). HUVECs were grown to 80–90% confluence in endo-
thelial growth medium containing human endothelial growth
factor (hEGF) 10 ng/ml, hydrocortisone 1 mg/ml, gentamicin
50 mg/ml, amphotercin-B 50 µg/ml, blood brain extract 0.012
mg/ml, and 2% fetal bovine serum equilibrated with 95%
O2/5% CO2 at 37°C. Confluent cultures of endothelial cells
between the third and sixth passages were washed with a phos-
phate-buffered saline (PBS) and harvested using 0.025%
trypsin/0.01% ethylenediamine tetraacetate and counted by
hemocytometer.

Platelet/Fibrin Clot

A platelet/fibrin clot formed by adding alpha-thrombin at
0.5 IU/ml; platelet-rich plasma (centrifuged, washed, and
pelleted) was used at 5 mg in the chick chorioallantoic mem-
brane (CAM) tumor implant model to examine the effect of
thrombus (platelet/fibrin clot) on tumor growth and the effect
of resveratrol at 5 µM on thrombus-mediated tumor growth.

In Vivo Angiogenesis

Ten-day-old embryos were purchased from Spafas, Inc.
(Preston, CT) and incubated at 37°C with 55% humidity. A
small hole was punctured with a hypodermic needle in the
area of the shell concealing the air sac. A second hole was
punctured in the shell on the broadside of the egg directly
over an avascular portion of the embryonic membrane. A
false air sac was created beneath the second hole by the appli-
cation of negative pressure to the first hole, which caused the
membrane to separate from the shell. A window, approxi-
mately 1.0 cm2, was cut in the shell over the dropped CAM
with the use of a small crafts grinding wheel, which allowed
direct access to the underlying CAM. Filter disks were
soaked in 3 mg/ml cortisone acetate and subsequently air
dried under sterile conditions. FGF2 was used to stimulate
angiogenesis in the CAMs of 10-day-old chick embryos.
This experiment involved a control (PBS), a positive control
(FGF2), and treatment groups with FGF2 in addition to
resveratrol at different doses. Sterile filter disks with FGF2,
which was dissolved in PBS at 10 µg/ml, were placed on
growing CAMs. At 24 h, resveratrol (0.1–5 µM) or the con-
trol vehicle was added topically to CAMs. For the treatment
or control groups, 25 µl of resveratrol at different concentra-
tions or 25 µl of PBS was applied to the filter disks, respec-
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tively. CAMs were harvested on the 4th day of stimulation
(Fig. 1). CAM tissue directly beneath the filter disk was re-
moved from embryos, and tissues were washed three times
with PBS. Blood vessel branch points in the 5-mm filter disk
area were counted at ×30 magnifications as a quantitative in-
dicator of vascular sprouting in response to growth factors.
The number of vessel branch points contained in a circular
region equal to the area of the filter disk was counted for each
section. Because angiogenesis is characterized by the sprout-
ing of new vessels in response to growth factors, counting
blood vessel branch points is a useful quantitative means to
determine a compound’s angiogenesis efficacy (29).

CAM Tumor Implant Model

A total of 10 million tumor cells (colon or fibrosarcoma)
were placed on the surface of each CAM (7-day-old embryo),
with the membrane dropped (as described in the in vivo
angiogenesis model) for 1 wk. A 5-mg platelet/fibrin clot gen-
erated from thrombin (0.5 IU/ml)-treated human platelet-rich
plasma (as described previously) was added to 10 million tu-
mor cells (colon or fibrosarcoma) for 1 wk. The effect of
platelet/fibrin clot on tumor growth was determined with and
without resveratrol treatment at 1.0 µM. Resveratrol was added
topically at 25 µl dissolved in PBS. Then, 7 days later, tumors
were removed from the egg, and tumor weights were deter-
mined for each CAM (Fig. 2). Data are presented as tumor
weightper treatmentgroup,n=10pergroup(mean±SEM).

Endothelial Cell p53 Assay

Confluent HUVECs were added at 1 × 106 cells/well to a
24-well plate adhered to collagen type IV for 72 h. Different

HUVEC wells were treated either with PBS, FGF2,
resveratrol, or FGF2 + resveratrol for 72 h at 37°C under 95%
O2/5% CO2 and adjusted humidity. Media from the different
treatment groups were collected and frozen at –70°C till as-
sayed for p53. The level of p53 was measured using a specific
enzyme-linked immunosorbentassay(R&DSystems;Minne-
apolis, MN) in which a monoclonal antibody for p53 was im-
mobilized on a 96-well plate; samples were added, incubated,
and washed. A detecting secondary antibody to capture the
complex was then added and washed, and a horseradish
perioxidasewasadded to reactwith thedetectoron thesecond-
aryantibody.Quantitativechange incolor,which revealedp53
content, was then measured spectophotometrically at 450 nM.
Resveratrol was added at 0.1–3 µM/105 cells.

Statistical Analysis

Data were analyzed and compared for statistical signifi-
cance using Student’s t-test, with P < 0.01 (99% confidence
limit).

Results

Resveratol and Angiogenesis

In the presence of FGF2 alone, CAM membranes undergo
morphological changes and become extremely vascularized
because of angiogenesis. The extent of neovascularization in
the FGF2-treated group is approximately 2.5-fold greater
than the control (PBS only) CAM group. The flavonoid,
resveratrol, at 3–5 µM, maximally inhibited the growth of
new blood vessels induced by FGF2 (Fig. 1). Additionally,
resveratrol resulted in a dose-dependent inhibition of

Vol. 52, No. 1 61

Figure 1. Representative illustration of the antiangiogenic efficacy of the flavonoid, resveratrol (0.3 and 3 µM), in inhibiting fibroblast growth factor-2
(FGF2)-induced angiogenesis in the chick chorioallantoic membrane model. PBS, phosphate-buffered saline.
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FGF2-induced angiogenesis in the CAM model, with an ef-
fective dose50 of 0.7 ± 0.1 µM (Fig. 2).

Resveratrol Inhibits Tumor Growth and
Clot-Promoted Tumor Growth

Resveratrol demonstrated potent inhibition of tumor
growth in the CAM tumor model at 5 µM (Figs. 3 and 4).
Resveratrol inhibited new blood vessels inside the tumor, and
it induced tumor necrosis (data not shown). Additionally, mi-
croscopic examination of the effect of resveratrol on tumors
demonstrated a distinct shrinkage in tumor size and weight
(Figs. 3 and 4).

The platelet/fibrin clot significantly enhanced colon (P <
0.001) and fibrosarcoma (P < 0.01) tumor growth in the

CAM tumor model (Figs. 3 and 4). Resveratrol at 5 µM sig-
nificantly (P < 0.001) inhibited the platelet/fibrin
clot-promoted human colon and fibrosarcoma tumor growth
in the CAM tumor model (Figs. 3 and 4).

Resveratrol and Endothelial Cell p53

Resveratrol resulted in a concentration-dependent
upregulation of p53 in FGF2-stimulated endothelial cells
without affecting p53 levels in nonstimulated endothelial
cells (Fig. 5). This suggests enhanced apoptosis of
FGF2-stimulated endothelial cells by resveratrol. It is well
recognized that p53 induction is a key mediator of pro-
grammed cell death, and hence, it may be responsible for
the interruption of accelerated angiogenesis. However,
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Figure 2. Inhibitory efficacy of the flavonoid, resveratrol (0.1–5 µM), on fibroblast growth factor-2-induced angiogenesis in the chick chorioallantoic mem-
brane model. Data represent mean ± SEM; n = 8.

Figure 3. Effect of resveratrol (5 µM) on platelet/fibrin clot augmentation of colon carcinoma growth in the chick chorioallantoic membrane model. Data repre-
sent mean ± SEM; n = 10.D
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other signaling events upstream of p53 might be involved
as well.

Discussion

There are many facets to cancer prevention: a good diet,
weight control and physical activity, a healthy environment,
avoidance of carcinogens such as those in tobacco smoke,
and screening of populations at risk to allow early detection.
There is, however, also the possibility of using drugs or natu-
rally occurring compounds to prevent initiation of, or to sup-
press, tumor growth. Only a few such agents have been used
to date in the clinic with any success; these include
nonsteroidal anti-inflammatory drugs for colon tumors (30),

finasteride for prostate tumors (31), and tamoxifen or
raloxifene for breast tumors (32). An ideal chemopreventive
agent would restore normal growth control to a preneoplastic
or cancerous cell population by modifying aberrant signal-
ling pathways or by inducing apoptosis (or both) in cells be-
yond repair. Characteristics for such an agent include selec-
tivity for damaged or transformed cells, good bioavailability,
and more than one mechanism of action to foil redundancy or
cross talk in signalling pathways. As more research effort is
being targeted toward this area, the distinction between
chemotherapeutic and chemopreventive agents is blurring.
Chemotherapeutic drugs are now being designed to target
overactive or underactive signalling molecules within cancer
cells, a philosophy that is just as relevant in chemo-
prevention. Development of dietary agents is particularly at-

Vol. 52, No. 1 63

Figure 5. Effect of the flavonoid, resveratrol (0.1–3 µM), on p53 in fibroblast growth factor 2-stimulated human endothelial cells for 72 h. Data represent mean
± SEM; n = 3.

Figure 4. Effect of resveratrol (5 µM) on platelet/fibrin clot augmentation of tumor fibrosarcoma growth in the chick chorioallantoic membrane model. Data
represent mean ± SEM; n = 10.
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tractive because of our long-standing exposure to them, their
relative lack of toxicity, and encouraging indications from
epidemiology. The carcinogenic process relies on the cell’s
ability to proliferate abnormally, evade apoptosis, induce
angiogenesis, and metastasize to distant sites. In vitro studies
with a number of different diet-derived compounds have sug-
gested that there are molecules capable of modulating each
of these aspects of tumor growth. However, on the negative
side, many of them have rather poor bioavailability. The chal-
lenge is to uncover their multiple mechanisms of action to
predict their efficacy, to learn how to use them effectively in
combination, and, in some cases, to redesign them to im-
prove potency or bioavailability. These ideas are illustrated
by dietary agents such as indole-3-carbinol, curcumin, and
resveratrol, all of which appear to have a number of different
molecular targets impinging on several signalling pathways.
Ultimately, it may be possible not only to suppress tumor
growth and to extend quality of life by administering appro-
priate diet-derived molecules but also to refine the definition
of a cancer-chemopreventive diet.

Accumulating evidence demonstrates that polyphenols in
natural products are beneficial against human lethal diseases
such as cancer and metastasis (16–19). The underlying
mechanisms of anticancer effects are complex. Recent stud-
ies show that several polyphenols (including epigallo-
catechin-3-gallate in green tea and resveratrol in red wine)
inhibit angiogenesis when administrated orally (28,33).
These polyphenols have direct effects on suppression of
angiogenesis in several standard animal angiogenesis models
(28,33). Because angiogenesis is involved in many diseases
such as cancer, diabetic retinopathy, and chronic inflamma-
tion, the discovery of these polyphenols as angiogenesis in-
hibitors has shed light on the health beneficial mechanisms of
natural products, which are rich in these molecules.

Resveratrol demonstrated maximal inhibition of FGF2-
and tumor-induced angiogenesis in vivo when given at 1.0
µM. Resveratrol in a concentration-dependent fashion in-
creased p53 production in FGF2-stimulated human endo-
thelial cells. The antiangiogenesis efficacy of resveratrol
might be mediated via the induction of apoptosis by in-
creasing p53 production in FGF2-stimulated endothelial
cells. These data are in agreement with a recent report that
demonstrated significant inhibition of tumor growth and
metastasis in Lewis lung carcinoma-bearing mice by
resveratrol (5), as well as other recent studies (26–28).
Resveratrol suppressed platelet/fibrin clot-mediated en-
hancement of tumor growth. This is very significant be-
cause thrombosis is associated with cancer, and interruption
of such associations should allow for improved efficacy in
cancer patients (34). Taken together, these data suggest that
there are versatile weapons in grapes that can be used in
vascular diseases and cancer. Therefore, inhibition of
angiogenesis associated with cancer may be a novel mecha-
nism for the anticancer activity of resveratrol.

Future studies are required to examine the effect of
flavonoids as well as combinations of flavonoids with che-
motherapy and other angiogenesis inhibitors.
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