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Abstract

Angiogenesis is an important physiological process which is essential for tissue growth and development. It is the formation of new
blood vessels from the already existing vasculature that is controlled by chemical signaling. These signals stimulate both the
formation of new blood vessels as well as the repair of damaged vasculature. The ongoing research on cancer and other diseases has
mainly focused on development of therapeutic agents. Since angiogenesis has been well documented to contribute to tumorigenesis,
numerous efforts have been employed for screening and development of anti-angiogenic products. Interestingly, many natural food
sources have been found to have components that possess the potential to inhibit angiogenesis. Considering the drawbacks and
limitations of the existing treatment strategies, anti-angiogenic foods may serve as a better and safer line of therapy which may also
be employed for prevention of chronic diseases. Also, these may serve as economically viable approaches against the above diseases.
Moreover, they can also be used as combination therapy along with the prevailing strategies which may lead to an improved
prognosis. The present review will mainly focus on the various edible food products and their involvement in anti-angiogenesis.
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1. Introduction

Angiogenesis, the phenomenon of formation of new blood
vessels occurs throughout the life in both health and disease.
These ensure an adequate supply of nutrients and oxygen
together with the removal of wastes. Angiogenesis is a key event
during embryogenesis where new blood vessels are formed for
proper development. Moreover, this natural process is also
required for healing and reproduction. Being an extremely
critical phenomenon, the process is well balanced by various
stimulating and inhibitory factors in the human body. Alteration
of this careful balance may lead to a plethora of diseases
including cardiovascular disease, skin diseases and most
importantly cancer M. Vasculogenesis is a dynamic process that
involves interactions between cell—cell and cell-extracellular
matrix (ECM) under the influence of growth factors.
Angiogenesis is generally stimulated by hypoxia that leads to
perivascular detachment and disassembly of the existing vessels
followed by digestion of the basement membrane, migration of
the endothelial cells and their differentiation into blood vessels
in the newly acquired site 1. Previous studies have identified
numerous pro-angiogenic factors which include basic Fibroblast
Growth Factor (bFGF), angiogenin, Transforming Growth
Factor (TGF)-0, Tumor Necrosis Factor (TNF)-a, Platelet-
derived Endothelial Growth Factor (PDEGF), Granulocyte
Colony Stimulating Factor (GCSF), Placental Growth Factor
(PGF), Interleukin-8 (IL-8), Hepatocyte Growth Factor (HGF),
Epidermal Growth Factor (EGF) and most importantly Vascular
Endothelial Growth Factor (VEGF) Bl Binding of pro-
angiogenic ligands and cytokines to their receptors is followed
by receptor activation which further initiates complex signaling
cascades including the Extracellular Signal-Regulated Kinases
(ERK), Mitogen-Activated Protein Kinases (MAPK) and
Nuclear Factor kappa-light-chain-enhancer of activated B cells
(NFkB) pathways. These pathways lead to the downstream
activation of Nitric Oxide Synthase (NOS) which thereafter
results in survival, migration and invasion of endothelial cells.

Furthermore, Hypoxia also aids in angiogenesis. Conditions of
hypoxia lead to upregulation of the expression of VEGF and its
receptor through Hypoxia-Inducible Factor-1a (HIF-1a).
Binding of VEGF to receptors on the surface of normal
endothelial cells signals the growth and survival of new blood
vessels. Activation of VEGF signaling further activates
endothelial cells which in turn secrete Matrix Metaloproteinases
(MMPs). The MMPs break down the extracellular matrix which
aid in the migration of endothelial cells. Endothelial cells
possess the ability of rapid multiplication and are induced to do
so in conditions of wound healing, menstruation and pregnancy.
Angiogenesis is also induced in a number of pathological
conditions such as rheumatoid arthritis and diabetic retinopathy.

2. Angiogenesis and cancer

The era of modern angiogenesis began with the work of
Judah Folkman, who hypothesized that tumor growth is
angiogenesis-dependent M. During early stages of cancer
development, their nutrient requirements are satisfied via
diffusion from normal vessels. Beyond a certain size, new blood
supply becomes essential for further growth of the tumor. It has
been observed that cancer cells develop this new blood supply
either by directly activating pathways that stimulate
angiogenesis or by stimulating the nearby normal cells for the
same. The resulting new blood vessels feed growing tumors with
oxygen and other essential nutrients, allowing the cancer cells to
grow and metastasize. Vascular angiogenesis promotes the
growth and invasion of tumor cells and their absence may lead
to necrosis or apoptosis of the same. Tumor cells secrete
cytokines and pro-angiogenic factors that aid in increasing
vascular permeability thereby promoting angiogenesis.
However, the demand for oxygen and nutrients differ amongst
the different kinds of tumors depending on their size, location
and developmental stage. Although cancer cells have been
shown to undergo aerobic glycolysis to meet their oxygen
requirements, angiogenesis becomes a necessity during the

87



International Journal of Food Science and Nutrition

exponential phase of tumor growth. The increased demand for
oxygen stimulates the angiogenic switch and alters the balance
of angiogenesis towards increased blood vessel formation,
aiding further tumor growth . Angiogenesis is regulated by
both activator and inhibitor molecules. Sustained tumor growth
requires upregulation of pro-angiogenic factors along with
downregulation of anti-angiogenic factors. It has been observed
that cancerous cells release pro-angiogenic proteins that
stimulate formation of new blood vessels in tumors, providing it
with oxygen and nutrients. Furthermore, immunohistochemical
analysis have revealed the VEGF family and their receptors to
be expressed in about half of the human cancers investigated I,
VEGF has been associated with colorectal cancers, breast
cancers, lung cancers, head and neck cancers as well as Kaposi’s
sarcoma. Levels of expression of angiogenic factors indicate the
stage and severity cancer and other chronic ailments. Moreover,
recognition of the fact that control of angiogenesis could lead to
cancer therapies have stimulated intensive research in the field.
Henceforth, employment of anti-angiogenic therapy should
interfere with the process of blood vessel growth and may be
targeted to inhibit the progress of cancer and other chronic
diseases.

3. Anti-angiogenic agents

Angiogenesis based medicine is an upcoming approach to fight
disease. Recently, a large number of angiogenesis inhibitors
have been discovered and developed ranging from monoclonal
antibodies, small organic molecules to microRNAs. These
inhibitors interfere with various steps in the angiogenic process.
For example, bevacizumab (Avastin®) is a monoclonal
antibody that specifically recognizes and binds to VEGF. When
VEGF is attached to bevacizumab, it is unable to activate the
VEGF receptor. Other angiogenesis inhibitors, including
sorafenib and sunitinib, bind to receptors on the surface of
endothelial cells or to other proteins in the downstream signaling
pathways, blocking their activities. By using new medical
treatments that interfere with angiogenesis, doctors are
prolonging the lives of patients suffering from a range of chronic
diseases. Angiogenesis inhibitors are unique cancer-fighting
agents because they tend to inhibit the growth of blood vessels
rather than tumor cells. Angiogenesis inhibitor therapy does not
necessarily kill tumors but instead may prevent tumors from
growing. Therefore, this type of therapy may need to be
administered over a long period.

Our diet has been shown to improve the prognosis of various
diseases including cancer. Moreover, studies have also
highlighted the role of a number of edible foods in inhibiting
angiogenesis. Apart from modulating other biological processes,
the dietary components influence the angiogenic switch for the
benefit of the individual. Many of these bioactive food
components target the genetically stable endothelial cells and
inhibit their ability to form new vasculature during tumor growth
thereby leading to tumor regression. These compounds alter the
balance of the angiogenesis towards anti-angiogenesis by
targeting some of the important genes of the pathway such as
NOS, VEGF, Vascular Endothelial Growth Factor Receptor
(VEGFR), Epidermal Growth Factor Receptor (EGFR), (TNF-
a) and Cyclooxygenase 2(COX 2). The mitochondria, being the
hub of apoptosis has also been shown to play a role in anti-
angiogenesis by inducing endothelial cell death. Extensive
researches in this area have implicated the mechanism of anti-

angiogenesis by the above and have laid down the possibility of
diet related angiogenesis modulation.

4. Anti-angiogenic foods

4.1 Fruits & Vegetables

The health effects of fruits and vegetables have been well
established over the past years. These products not only
contribute to overall nutrition but are also endowed with
properties of disease prevention and treatment owing to their
anti-oxidant, anti-inflammatory and anti-angiogenic potentials.
Different classes of anti-angiogenic and anti-carcinogenic
bioactive plant compounds present in fruits and vegetables
include  flavonoids, antioxidants, carbohydrates and
triterpenoids. Amongst others, berries have been thoroughly
studied for their anti-angiogenic potential. It has been observed
that extracts of berries especially wild blueberries, bilberries,
cranberries, elderberries, raspberries and  strawberries
significantly decreased hydrogen peroxide as well as TNF-a
induced angiogenesis via downregulation of the expression of
VEGF [l Moreover in vitro matrigel analyses have also
displayed the anti-angiogenic potential of berries. The above
effect has been demonstrated to correlate with reduction in
tumor mass. The proanthocyanidin compounds from the
cranberry extracts have displayed the potential to inhibit VEGF
induced receptor phosphorylation in endothelial cells thereby
blocking endothelial cell migration /1. These proanthocyanidins
are naturally occurring flavonoids that provide protection
against pathogenic infections and other diseases. Berries,
especially black raspberries contain significant quantities of
antioxidant polyphenols that have been reported to offer
protection against inflammatory diseases and cancers. The
extracts of black raspberries have been observed to reduce the
expression of pro-inflamatory cytokines accompanied with a
concomitant reduction of VEGF dependent vascularization and
angiogenesis as evident in studies of cell migration, proliferation
and tube formation. Furthermore, previous studies have
highlighted the capability of grape seed extract to affect
angiogenesis by downregulating MMPs and inhibiting capillary
tube formation by endothelial cells . Moreover, resvetrol
present in grape skin suppresses angiogenesis Pl Flavonoids
isolated from Lycium barbarum fruits has also been observed to
inhibit angiogenesis by interfering with VEGF stimulated
endothelial cell migration. Furthermore, Psidium Guajava
commonly known as guava has been found to have the capacity
to inhibit angiogenesis %, This plant is common to Africa,
America and Asia, where all parts have been used for a variety
of purposes including food and medicine. It is also a good source
of fiber and vitamin C apart from iron, calcium, phosphorus and
vitamins A and B. It contains numerous polyphenols, most of
which display anti-cancer abilities. Studies have displayed
guava leaf extracts to inhibit NFkp, COX-2 and NOS mediated
pathways implying its role in anti-angiogenesis 3. Moreover,
previous studies have also highlighted the effect of
proanthocyanidins isolated from fruit peels of Choerospondias
axillaris on angiogenesis. These compounds were detected to
arrest all stages of angiogenesis including migration of
endothelial cells and the formation of capillary tubes.
Additionally, the proanthocyanidins inhibited the cellular
signaling associated with angiogenesis without causing any
toxicity (2. Fisetin is a dietary polyphenol found in numerous
vegetables and fruits including apples, grapes, strawberries,
onions and cucumber at concentrations in the range of 2-160
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lg/g. These polyphenols have portrayed a protective action
against different malfunctions such as cancers, neuronal
disorders, diabetes, obesity and pulmonary diseases and hence
have emerged as a potent neutraceutical 31, Their role in anti-
carcinogenesis has been well studied where they have been
shown to reduce the incidence and progression of tumors of the
lung, colon, pancreas and prostrate by influencing MMPs and
key signaling pathways, thereby indicating their role in anti-
angiogenesis. Dietary polyphenols have shown numerous
benefits on human health by interfering with important signaling
cascades. Therefore, the identification of dietary polyphenols
that alter angiogenesis has become a significant area in health-
related research. Reports portray that polyphenols have the
capacity of altering important events in the angiogenesis
signaling pathways. These include inhibition of Epidermal
Growth Factor Receptor (EGFR) and VEGFR activation as well
as decrease in expression of VEGF, MMPs and HIF-a, all of
which lead to inhibition of capillary tube formation.
Additionally, Punica granatum or pomegranate has been
established a good anti-tumor agent owing to its capability to
decrease inflammation and angiogenesis 4. Moreover, the fruit
has also displayed protection against cardiovascular,
neurological and metabolic diseases. Pomegranate juice
contains bioactive agents such as organic acids, vitamins,
sugars, as well as phenolic components all of which contribute
to the above. Previous reports have shown the juice to own the
capability of inhibition of migration and invasion of endothelial
cells 1, Gallic acid, a natural phytochemical in numerous fruits
and vegetables has also been shown to inhibit tumor growth by
targeting the HIF-a and VEGF dependent angiogenic pathways.
In vitro matrigel and western blot analysis have indeed
demonstrated the decrease in protein expression of the above in
ovarian cancer cells [¢, Tomato forms a major part of the diet
in many countries since it serves as a good source of nutrients,
vitamins, minerals, dietary fibers, anti-oxidants and
phytonutrients. Interestingly, consumption of tomato has been
linked to reduced incidences of cardiovascular diseases and
cancers. Tomato cysteine knot miniproteins isolated from the
tomato fruit has been well researched for its anti-angiogenic
potential. Cystine knot miniproteins generally contain less than
50 amino acids, have a unique three-dimensional structure
possessing three intra-molecular disulphide bonds forming a
cystine-knot and play an important role in cell growth and
development. Many of these proteins have been studied and
exploited for their therapeutic potential. Notably, these proteins
have proven their role in anti-angiogenesis. They interfere with
endothelial cell migration by effecting nitric oxide mediated
VEGF receptor activation 71, Additionally, bioactive flavonoids
such as Galangin and Myricetin that is present in many
vegetables and fruits also display anti-angiogenesis potential.
These phytochemicals have been found to affect the secretion
and expression of important mediators of angiogenesis both in
vitro and in vivo ['8l, The anti-angiogenic activity of Morinda
citrifolia L. also known as the starvation fruit or Noni has also
been evaluated. The fruit extracts, especially the compound
scopoletin have shown a potential of angiogenesis inhibition as
observed in chick chorioallantoic membrane assays [,
Moreover, scopoletin isolated from Nicotiana glauca extract
have also been demonstrated to exhibit vascularization
inhibition ex vivo, in vivo as well as in silico. This anti-
vascularization has been further correlated with anti-
tumorigenesis. Date fruit (Phoenix dactylifera L.) has long been

used as for the treatment of a variety of inflammatory ailments
such as intestinal diseases, fever, bronchitis, wound healing and
also cancer. Interestingly, date fruit has been implicated in anti-
angiogenesis apart from other anti-cancer effects such as
protection of oxidative stress. The polyphenols of date syrup
obtained from date fruit had been noted to decrease angiogenic
responses by affecting the expressions of VEGF and COX-2 [29],
Vitamins such as Riboflavin and Niacin that are present in a
range of fruits and vegetables have been documented to reduce
angiogenesis mediated breast cancer progression since they
decrease the expression of pro-angiogenic factors and increase
the expression of anti-angiogenic factors 4. Additionally,
several cruciferous vegetables have been implicated in
inhibiting iNOS influenced angiogenesis ?2. Moreover, leaf
extracts of Nelumbo nucifera have shown the potential to
attenuate VEGF dependent angiogenesis %1, Several dietary
agents have surfaced in laboratory studies as potential anti-
angiogenic agents. Therefore, consumption of fruits and
vegetables are essential not only for maintaining a balanced diet
but also for protection against a range of ailments including
cancer owing to their anti-angiogenic potential.

4.2 Cereals, legumes and oils

Similar to fruits and vegetables, several bioactive compounds
present in cereals, legumes and oils also display potent anti-
angiogenic potential. Numerous natural polyphenols have
indeed been studied with respect to diabetes, cardiovascular
diseases and cancer. The polyphenols such as hydroxycinnamic
acids and ferulic acid found in cereals have been associated with
angiogenesis inhibition. These generally target EGFR mediated
VEGEF signaling pathways. These compounds also exert their
effect on other angiogenic mediators including MMPs and NOS.
Nitric Oxide is produced by a family of Nitric Oxide Synthase
(NOS) enzymes that are concerned with interconversion of L-
arginine to citrulline in the presence of oxygen and Nicotinamide
Adenine Dinucleotide phosphate (NADPH). Inducible NOS
(INOS) dependent signal transduction pathways boost
angiogenesis by targeting cytokine expression which further
leads to increase in vascular permeability and blood flow
followed by neo-vascularization 4. Evidences have shown
iNOS to be elevated during inflammation and hypoxia induced
VEGF dependent tumor angiogenesis. Dietary inositol
hexaphosphate present in cereals, legumes as well as nuts have
been documented to decrease VEGF expression and suppress in
vitro migration and invasion of endothelial cells thereby
implicating them to be potential anti-angiogenic agents [,
Diabetic nephropathy (DN) is a disease characterized by loss of
kidney function, hyperglycemia, renal injury and inflammation.
Interestingly, rice bran proteins have been shown to reduce the
incidence of diabetes nephropathy by decreasing the expression
of pro-angiogenic factors including HIF-0, TGF-p and VEGF
[26] Rice bran which is a by-product of rice processing has
recently received much attention due to its nutritional
significance. Therefore, the benefits of the same may be
exemplified by its further role in anti-angiogenesis.
Additionally, 3-O-Acetyloleanolic acid, a bioactive agent
isolated from cowpea seeds has been studied to inhibit
migration, invasion and capillary tube formation by endothelial
cells 271, Soybean is one of the widely cultivated crops since it
is considered a valuable source of proteins, polyunsaturated fatty
acids, carbohydrates and dietary fibers. Although being a part of
the human diet since many years, soybean and soybean derived
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food is gaining increased popularity recently because of their
ability to reduce the incidences of chronic illnesses like
cardiovascular diseases and cancer. Moreover, they are also a
good source of phytochemicals such as isoflavones, phytosterols
and lecithins, which along with the nutrients confer significant
health benefits. Dietary patterns are known to play a role in
development of cancers. Consumption of soy isoflavones has
indeed been found to inversely correlate with breast cancer
progression [?81, Previous reports have highlighted the role of soy
isoflavones in interfering with the estrogen receptors, apoptosis,
cell proliferation and angiogenesis. These have been shown to
inhibit the expression of VEGF, MMPs and other pro-
angiogenic chemokines and hence influence the endothelial cell
migration and tumor metastasis I, Furthermore, soybean kunitz
trypsin inhibitor has been shown to exert strong inhibitory action
against migration and capillary tube formation of endothelial
cells along with decreasing tumor metastasis [°1. Additionally,
tempeh, a fermented soy product has been associated with anti-
angiogenesis. Isoflavones isolated from tempeh such as
genistein, daidzein, factor 2 and orobol has been experimentally
proved to inhibit in vivo endothelial cell proliferation, migration
as well expression of pro-angiogenic factors U, The above
effects have been found to be responsible for decreasing the
progress of solid tumors. Lunasin, another peptide present in
seeds and legumes including soybean has been associated with
anti-inflammatory and anti-carcinogenic effects 2. Moreover,
hazelnuts, corn derived peptides and canola seed oils have also
been related with anti-cancer effects % 34, Olive oil has also
been connected with the ability of anti-angiogenesis owing to its
ability to reduce the expression of VEGF as well as MMP-2 and
9 %1, Silibinin, a flavonoid derived from the seeds of Silybum
marianum) has been associated with anti-carcinogenic
properties which are mainly attributed to its pro-apoptotic, anti-
proliferative as well as anti-angiogenic capacity. This compound
affects the expression levels of important mediators of
angiogenesis leading to tumor arrest (61, Hence cereals, oils and
legumes like soybean can serve as promising candidate for
preparation of new generation anti-tumor drugs.

4.3 Beverages

Natural beverages like tea, coffee and milk have also shown
substantial anti-angiogenic effects. Tea is the most popular of all
non-alcoholic beverages in the world. About two-thirds of the
world population drinks tea. Tea has now become the worlds
cheapest and is the second most consumed liquid after water.
The different varieties of teas are all derived from the leaves of
Camellia sinensis that are subjected to differential processing
and fermentation methods. Tea and coffee are known to contain
polyphenols such as flavan-3-ols that are associated with a range
of health benefits which include reduction of symptoms of
chronic and inflammatory diseases via anti-angiogenesis F7.
Furthermore, studies have shown Green Tea, Black Tea and
Oolong Tea to aid in reduction of body fat and inflammation.
The bioactive polyphenols isolated from the above tea extracts
were also documented to effect VEGF moderated angiogenesis.
Additionally, epigallocatechin-3-gallate (EGCG) present in
green tea has been shown to decrease iINOS and VEGF
expression B8l It has also been found to be responsible for
blocking cancer progression by inhibiting tumor induced
angiogenesis 1. Moreover, leaves of Origanum onites L. that
are sometimes used as condiments in tea have also portrayed
anti-angiogenic potential as analyzed by cell migration and tube

formation assays. Coffee is another worldwide beverage which
contains a mixture of many bioactive compounds.
Administration of caffeic acid has proven to decrease in
incidence of diabetes. The caffeic acid has been associated with
a decrease in the process of angiogenesis as evident from the
expression levels of MMPs and other pro-angiogenic markers
491 Another bioactive compound, cafestol, found in unfiltered
coffee has been associated with anti-inflammatory, anti-
tumorigenic as well as anti-angiogenesis effects. The above
compound has been shown to exert angiogenic inhibition by
blocking the VEGF signaling induced processes of cell
proliferation, endothelial cell migration and capillary tube
formation ™4, Interestingly, camel milk has been found to play
a role in anti-angiogenesis. The milk of camel has traditionally
been used to treat chronic diseases like cancer. This anti-cancer
effect has mainly been attributed to its ability to downregulate
the expression of VEGF with a concomitant decrease in the rate
of neo-vascularization during tumorigenesis 2. Moreover,
previous studies have documented the ability of milk lactoferrin
in promoting anti-tumor effects. The above has been ascribed
due to its capability to alter important tumor signaling pathways
that influence cell cycle progression, apoptosis and also
angiogenesis 31, Therefore, exploitation of biologically active
compounds from beverages normally consumed by population
at large may lead to improved prognosis in chronic diseases.

4.4 Mushrooms

Mushrooms although biologically distinct from plant and animal
foods are classified in the vegetable food group and are endowed
with unique nutrition and health benefits. They comprise of the
fruiting bodies of filamentous fungi and have long been part of
the human diet. The edible mushrooms are a significant source
of proteins, fats, potassium, calcium, Vitamin D and fibers.
Polysaccharides from many edible mushrooms have been
documented to contribute to reduction in tumor growth and
progression. The role of mushrooms in anti-angiogenesis is now
well established. The fruit extract of Ganoderma lucidum has
been shown to reduce NO mediated endothelial cell invasion 4],
Moreover, Antrodia cinnamomea, a precious edible mushroom
endemic to Taiwan has also been claimed to exert anti-
angiogenic effects according to results of in vitro and ex vivo
analysis 1. Grifola frondosa or maitake mushroom, a health
food especially in China and Japan has also been associated with
inhibition of VEGF dependent angiogenesis via downregulation
of angiogenesis signaling accompanied with reduction of
oxidative stress 461,

4.5 Spices and sweeteners

Spices and sweeteners have always been of prime importance in
our diet. These not only enable flavor enhancement but also offer
protection from diseases owing to their anti-oxidant, anti-
inflammatory and anti-tumorigenic potential. Interestingly,
many of the upcoming compounds possessing therapeutic
potential against chronic diseases are derived from spices. Many
of these herbs and spices have been shown to protect against
microbial diseases and cancer. The role of spices and sweeteners
in anti-angiogenesis is also well documented. Brassica juncea
or mustard extracts have been associated with anti-cancer effects
mainly by downregulation of pro-angiogenic genes like VEGF
and bFGF ™1 Curcumin, chemically known as
diferuloylmethane is one of the most active polyphenol present
in turmeric. It has been used as medicine for treatments of
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ailments including jaundice, arthritis, asthma, heart disease, skin
infections and many others. The above compound also possesses
significant anti-tumor potential due to its ability to interfere with
signaling pathways involved in generation of reactive oxygen
Species (ROS), angiogenesis and metastasis. Moreover, existing
evidences clearly portray the ability of curcumin to reduce the
expression of iINOS, COX2 and VEGF in addition to decreasing
microvessel density in cancer cells 8. Curcumin has also shown
the ability to inhibit the secretion of angiogenesis promoting
interleukins thereby reducing the rates of endothelial tube
formation and invasion 9, Isoliquiritigenin, a flavonoid isolated
from Glycyrrhiza uralensis is generally used for culinary
purposes in the West. This compound has been shown to possess
anti-inflammatory, anti-angiogenic and anti-cancer properties.
Studies have proven Isoliquiritigenin to inhibit neo-angiogenesis
mediated tumor progression by targeting VEGF, VEGFR and
HIF- o B9, Nutmeg (Myristica fragrans) is another widely used
spice and flavoring agent and has been associated with anti-
inflammatory and anti-microbial effects. The oil of nutmeg has
been documented to decrease the process of angiogenesis as
evident from rat aortic ring assays Y. Moreover, previous
reports have also highlighted the anticancer properties of
phytochemicals derived from pepper 2. Additionally, extracts
of Alpinia caerulea fruit that is used as a flavoring agent and
ginger substitute, prevents proliferation and migration of
endothelial cells and hence interferes with angiogenesis 21, The
growth and expansion of adipose tissue has been correlated with
angiogenesis. Korean red ginseng has been found to reduce
angiogenesis mediated obesity in mouse models by reducing the
expression of pro-angiogenic genes such as VEGF, FGF and
MMPs 4. Honey is one of the most popular natural sweeteners
also endowed with a range of medicinal properties. Studies have
documented honey to induce the property of anti-inflammation
in cells by interfering with VEGF dependent angiogenesis %1,
Moreover, Mogroside V, a natural food sweetener has been
found to exert potent anti-tumor effects. Hence, regular
consumption of virgin herbs used as spices along with natural
sweeteners may prevent the incidences of chronic diseases.

5. Conclusion and future perspectives

An unhealthy diet is an established cause of disease. The link
between nutrition and health benefits has been well proven. Our
daily diet not only provides us with essential nutrients and
energy but also aid our body in prevention and treatment of a
range of chronic disorders. The health benefits of medicinal
foods are subject to immense interest amongst the public,
pharmaceutical companies and health  professionals.
Angiogenesis plays a significant part in the growth and
dissemination of cancer and other chronic diseases. Novel
approaches of cancer treatments that block angiogenesis are now
approved and available. These strategies are mainly based on
interference with angiogenic ligands, receptors and downstream
signaling. This has proven to contribute significantly to treat
tumors of the colon, kidney, lung, breast, liver, brain, ovaries
and thyroid. Amongst others, several dietary bioactive
compounds have also surfaced as potent anti-angiogenic agents.
These are also gaining popularity more so because their
economic affordability, non-toxic nature, diminished side
effects, easy availability and their high acceptance by
consumers. Hence, it has become essential to explore food items
for new angiogenic inhibitors along with understand the detailed
mechanism of the same. These inhibitors may help to normalize

the blood supply of tumor cells thereby aiding in the delivery of
other anti-tumor agents. However, certain limitations are
associated with the numerous anti-angiogenic therapies
available such as increased tumor resistance, increased hypoxia
and decreased delivery of chemotherapeutic drugs. Therefore,
selecting the optimum dosage and combinations in addition to
searching for new therapeutic targets may be required to achieve
adequate benefits. In this regard, a thorough investigation of the
different diet components along with screening of new food for
their anti-angiogenic potential may help in augmenting the
severity of many diseases apart from serving as a potential
source of treatment.
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