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ABSTRACT 

            Angiogenesis is a key process in the cancer. Many natural health products that inhibit 

angiogenesis also manifest other anticancer activities. The present article focuses on products 

that have a high degree of anti-angiogenic activity, but it also describes some of the many other 

actions of these agents that can inhibit tumour progression and reduce the risk of metastasis. 

Natural health products target molecular pathways other than angiogenesis, including epidermal 

growth factor receptor, the HER2/neu gene, the COX-2 enzyme, the nuclear factor kappa-B 

transcription factor, the protein kinases, the Bcl-2 protein and coagulation pathways. The herbs 

that are traditionally used for anticancer treatment and that are anti-angiogenic through multiple 

inter dependent processes including effects on gene expression, signal processing and enzyme 

activities. The efficacy of anti-angiogenic compounds varies from one tumour to another. The 

more specific the intervention is to one domain of the angiogenic pathway, the more likely a 

beneficial reduction in tumour growth is to occur, because alternative pathways can compensate. 

If the angiogenic activity of a tumour is initiated primarily by only one or two factors, than 

blocking the activity may be enough to inhibit the tumour growth. However if several factors 

mediate the angiogenic activity in a particular tumour, an alternative intervention strategy is 

required. Natural health products contain a cocktail of active principles that act on multiple 

pathways that initiate and maintain tumour angiogenesis. 
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INTRODUCTION: 

 

Angiogenesis is a physiological process involving the growth of new blood vessels from 

pre-existing vessels and plays a vital role in growth and development, as well as in wound 

healing. However, it is also a fundamental step in the transition of tumours from a dormant state 

to a malignant one. The identification of angiogenic diffusible factors derived from tumour was 

identified long days before by Greenblatt and Shubik in 1968. The process of angiogenesis is 

very much important in the procession of the tumour growth. Chemotherapeutic agents do not 

specifically target tumour cells, but rather interfere with cell division or inhibit enzymes involved 

in DNA replication or metabolism. These drugs therefore also damage the normal dividing cells 

of rapidly regenerating tissues, such as those of the bone marrow, gut mucosa and hair follicles. 

Cancer  chemotherapy  is  limited by  a  lack  of  specificity,  resulting  in  damage  to  not  only 
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cancer  cells  but  also  normal  cells. This creates a narrow therapeutic index. Trying to avoid the 

side effects occurring as a result of toxicities to normal tissues, we often give sub-optimal doses 

of cancer chemotherapeutic agents. The result is often incomplete tumour response and eventual 

failure of therapy, early disease relapse, drug resistance, and metastatic disease.  

 

The growth of solid tumours is dependent on  their  capacity  to  induce  angiogenesis,  to  

induce  the growth  of  blood  vessels  to  supply  them  with  oxygen  and nutrients. Considering  

the  side  effects  associated  with traditional chemotherapies and the possibility of interrupting a  

tumour’s  supply  of  oxygen  and  nutrient,  there  has  been great interest taken in the targeting 

of tumour vasculature and much  effort  has  been  directed  towards  the  development  of anti-

angiogenic agents that could disrupt this angiogenesis
1
. Tumours do not grow progressively 

unless they induce a blood supply from the surrounding stroma. Cancers that lack angiogenesis 

remain dormant. Rapid logarithmic growth follows the acquisition of a blood supply. The tumour 

angiogenic switch seems to be activated when the balance shifts from angiogenic inhibitors to 

angiogenic stimulators. The process of neovascularization is subtly controlled in normal tissues 

by a sequence of endogenous polypeptides that are secreted during growth, healing, and tissue 

renewal (Table I).  

 

 

TABLE I: ENDOGENOUS ANGIOGENIC POLYPEPTIDES 

 

Activator protein 1 (AP-1) 

Angiogenin (AG) and angiotropin (AT) 

Angiopoietin (APN) 

Basic fibroblast growth factor (bFGF) 

Cyclooxygenase (COX) and lipoxygenase 

(LOX) 

Granulocyte-colony stimulating factor (G-

CSF) 

Hepatocyte growth factor (HGF) 

Insulin-like growth factors 1 and 2 (IGF-1 

and -2) 

Interleukin-8 (IL-8) 

Nuclear factor kappa B (NF-κB) 

Placental growth factor (PGF) 

Platelet-derived endothelial cell growth 

factor (PD-ECGF) 

Pleiotrophin (PTN) 

Proliferin Thrombospondin-1 (TSP-1) 

Transforming growth factor alpha (TGFα) 

Transforming growth factor beta (TGFβ) 

Tumour necrosis factor alpha (TNFα) 

Vascular endothelial growth factor (VEGF) 

Vascular permeability factor (VPF) 

 

 

Neoplasms are able to synthesize or induce some of these polypeptides, an activity that is 

partly achieved by the secretion of vascular endothelial growth factor (VEGF) and angiopoietins 

(APNs). Hypoxia stimulates these peptides; the result is a sprouting of endothelial cords. This 

sprouting creates profuse but immature networks of thin endothelial-lined channels, essential for 

tumour oxygenation. Although these networks permit progressive tumour growth, they are less 

efficient than the vascular supply to normal tissues. The APNs recruit pericytes and initiate 

modelling of the vessel wall to more mature forms. Tumours often secrete a relative excess of 

VEGF that results in disorganized and leaky vessels that cause local bleeding and oedema.  

 

Anti-angiogenic therapy has this theoretic attraction: it may be less susceptible to 

development of treatment resistance because it is directed to stroma rather than to genomically 
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unstable tumour cells. Judah Folkman and his colleagues were the first to propose using 

inhibition of tumour vasculature formation as anticancer therapy
2
.
 
 Their proposal led to the 

development and clinical trial of more than 20 drugs from groups that inhibit various steps in 

angiogenesis. Recently, targeted therapies using monoclonal antibodies that antagonize the 

formation of new blood vessels have been developed. One example is bevacizumab (Avastin: 

Genentech, San Francisco, CA, U.S.A.). Bevacizumab is a genetically engineered humanized 

monoclonal immunoglobulin G antibody that blocks the VEGF receptor in endothelial cells, 

thereby shutting off the tumour blood supply. When used in conjunction with chemotherapy, 

bevacizumab has been shown to extend life by a few months for some metastatic colorectal 

cancer patients
 3

. Preliminary evidence is available that adding bevacizumab to paclitaxel and 

carboplatin can improve survival by 2 months for non-squamous cell lung cancer patients. 

Although bevacizumab increases survival for some patients, it increases the risk of adverse 

effects, including leucopoenia, diarrhoea, and hypertension. Use of bevacizumab is also 

associated with major risks of thrombosis (resulting in stroke and myocardial infarction), fatal 

haemorrhage (such as gastrointestinal bleeding or haemoptysis), and visceral perforation 
4
.  

 

Anti-angiogenic therapies may also be combined with radiotherapy to improve local 

tumour control and reduce the risk of metastasis. During a course of radiotherapy, some tumours 

increase their angiogenic activity
5
. Combined modality therapy with anti-angiogenesis 

compounds induces a normal microvascular bed out of the disorganized tumour vessels. During 

the anti-angiogenic treatment, a critical time occurs when the VEGF: APN ratio approximates 

normal. At that point, pericytes are recruited, the vascular basement membrane adopts a thinner 

morphology and tumour oxygenation temporarily increases. This is a favourable time to apply 

ionizing radiation, because such radiation is preferentially lethal to replicating and well-

oxygenated cells. The combination of the anti-angiogenic agent and the radiation therapy is 

optimally effective if this window of opportunity is exploited 
6

.   

 

So far, the evidence suggests that single anti-angiogenic agents have limited efficacy. 

Natural health products contain a range of complex organic chemicals that may have synergistic 

activity. They may inhibit angiogenesis by interacting with multiple pathways and by acting in 

other ways that can affect cell signalling, the apoptotic pathway and the interaction of cancer 

cells with the immune system. Some anti-angiogenic agents also have anti-coagulation activity 

that may also be associated with a reduction in metastasis. Rather than developing multiple 

monoclonal antibodies to target the multiple peptides and their receptors, an alternative approach 

might be developed to evaluate phytochemicals and certain animal-derived chemicals that 

influence multiple pathways. The science of pharmacognosy evaluates natural drugs derived 

from herbal remedies or phytomedicines. Minimal clinical research has been undertaken to 

evaluate the use of natural drugs as adjuvant therapy with conventional treatment using cytotoxic 

drugs and radio therapy. Research is required on the timing of administration of natural health 

products with anticancer therapies. 

 

ANGIOGENESIS IN CANCER: 
 

Normal angiogenesis is the regulated formation of new blood vessels from existing ones. 

It is the basis of several physiologic processes, such as embryonic development, placenta 

formation, and wound healing. It is a good example of how a tumour can take control of normal 
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processes and deregulate them to its own advantage. 

 

In the normal and orderly formation of new blood vessels, endothelial cells receive 

stimulatory signal from angiokinins and secrete specific enzymes such as matrix 

metalloproteinase (MMP) and heparinase that result in the dissolution of the extracellular matrix 

(ECM). The tight junctions between the endothelial cells are disrupted. The endothelial cells can 

then project through the newly created spaces and organize into fresh capillary tubes that grow 

toward the source of the blood supply
7
. The induction of new blood vessels provides tumours   

with a survival advantage. The survival and growth of cells depends on an adequate supply of 

oxygen and nutrients and on the removal of toxic products. Oxygen can diffuse radially from 

capillaries for only 150-200 µm. When distances exceed this maximum, cell death follows. Thus, 

the expansion of tumour masses beyond 1mm in diameter depends on the development of a new 

blood supply angiogenesis
8,9

. 

 

An increasing density of tumour vasculature raises the probability that the tumour will 

metastasize. Generally, increased micro vascular density (―angiogenesis index‖) is a significant 

indicator of poorer prognosis. Angiogenesis plays a central role in the progression of most solid 

tumours, including those of bladder, brain, breast, cervix, colon, lung and prostate. Increased 

vascular density has also been found in the bone marrow of patients with acute myeloid leukemia 

and myeloma
10-15

. Cancer cells begin to promote angiogenesis quite early in the development of a 

tumour. The angiogenesis is characterized by oncogen e-driven tumour expression of pro-

angiogenic proteins (Table I). 

 

The formation of new vasculature occurs in sequential steps. Endothelial cells must 

proliferate, migrate, and penetrate host stroma and the ECM. The endothelial cells must also 

undergo morphogenesis. The process of angiogenesis consists of activation and resolution 

phases. Activation requires initial degradation of the basement membrane, followed by 

endothelial cell migration, invasion of the surrounding ECM, endothelial cell proliferation, and 

capillary lumen formation. During resolution, the microvasculature matures and stabilizes by 

enclosure of the vessel by pericytes, inhibition of endothelial proliferation, reconstitution of 

basement membrane, and formation of gap junctions. 

  

The vasculature of many solid tumours is not identical to that of normal tissue
 16

. The 

resolution phase is often incomplete in tumours, resulting in tumour micro-vessels that are highly 

irregular and tortuous and that are only partially lined with endothelium and basement 

membrane. Arterio-venous shunts and blind ends are common. 

 

Failure of resolution may be a consequence of persistent over expression of APN-2 in the 

tumour-associated vasculature. Differences are seen in cellular composition and permeability, in 

vessel stability, and in regulation of growth. The balance between factors that stimulate new 

blood vessel growth and those that inhibit it determines the vascular density. The inhibitory 

influence predominates in normal tissues. In tumours, many neoplastic cells switch from an 

angiogenesis-inhibiting to an angiogenesis-stimulating phenotype. That switch coincides with the 

loss of the wild-type allele of the TP53 tumour suppressor gene and is associated with reduced 

production of thrombospondin-1 (TSP-1), a controller of angiogenesis in fibroblasts 
17-21

.  

The production of VEGF is considered essential for most cancer cell migration and for 
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angiogenesis. A high VEGF expression level is associated with worse outcome in a wide array of 

malignancies. Expression of VEGF messenger RNA is up-regulated by many oncogenes 

(including H-ras, K-ras, src, TP53, and c-jun) and growth factors including epidermal growth 

factor, transforming growth factors alpha and beta, insulin-like growth factor–1, and platelet-

derived growth factor 
22

. 

 

ANTI-ANGIOGENIC THERAPEUTIC DRUGS AND THEIR POSSIBLE 

MECHANISMS: 

Tumor blood vessels  are  distinct  from  normal  resting blood  vessels,  and  the  

distinctness  of  these  special  tumor vessels  features  them  as  good  targets  for  cancer  

therapies. In  order  to  block  tumor  growth  and  metastasis  formation,  a number  of  inhibitors  

targeting  the  tumor  vasculature  have been  identified  in in-vitro  and  in-vivo  anti-

angiogenesis studies 
23

. 

Anti-angiogenic  therapeutic  drugs  may  act  by inhibiting  synthesis  of  angiogenic  

proteins  by  cancer  cells, neutralizing the angiogenic proteins,  inhibiting  the receptors of  

endothelia for  angiogenic  proteins, or  directly  inducing endothelial  cell  apoptosis  (Figure1).  
 

 

Figure 1: Strategies for inhibition of tumor growth by anti-angiogenic therapeutic drugs.     

These  inhibitors include  therapeutic  antibodies  and  small  molecules  both capable  of  

targeting  angiogenic  growth  factors,  such  as VEGF  and  bFGF, or  angiogenic  growth  factor  

receptors, such as VEGFR and PDGFR. These inhibitors fall into several different categories, 

depending on their mechanism of action. Some inhibit endothelial cells directly, while others 

inhibit the angiogenesis signalling cascade or block the ability of endothelial cells to break down 

the extracellular matrix.  One class of angiogenesis inhibitors being tested in cancer patients are 

molecules that directly inhibit the growth of endothelial cells (Figure 2).  
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Figure 2: Drugs that inhibit angiogenesis directly. 

  

 

 Included in this category is endostatin, the naturally occurring protein known to inhibit 

tumour growth in animals. Another drug, combretastatin A4 causes growing endothelial cells to 

commit suicide (apoptosis). Other drugs, which interact with a molecule called integrin, also can 

promote the destruction of proliferating endothelial cells. A second group of angiogenesis 

inhibitors being tested in human clinical trials are molecules that interfere with steps in 

angiogenesis signalling cascade (Figure 3).  

 
Figure 3: Drugs that block the angiogenesis signalling cascade. 
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Included in this category are anti- VEGF antibodies that block the VEGF receptor from 

binding growth factor. Another agent interferon-alpha is a naturally occurring protein that 

inhibits the production of bFGF and VEGF, preventing these growth factors from starting the 

signalling cascade. A third group of angiogenesis inhibitors are directed against one of the initial 

products made by growing endothelial cells, namely, the MMPs, enzymes that catalyse the 

breakdown of the extracellular matrix (Figure 4).  

 

 
 

Figure 4: Drugs that block extracellular matrix breakdown. 

 

 

Because breakdown of the matrix is required before endothelial cells can migrate into 

surrounding tissues and proliferate into new blood vessels. Drugs that target MMPs also can 

inhibit angiogenesis. A miscellaneous group of drugs whose ability to inhibit angiogenesis 

involves mechanisms that are either nonspecific or not clearly understood, is also being tested in 

cancer patients. One example, a drug called CAI, exerts its effects by inhibiting the influx of 

calcium ions into cells, while this inhibition of calcium uptake suppresses the growth of 

endothelial cells
24

.  

 

THE ANGIOGENIC–METASTATIC PATHWAY AS A TARGET FOR 

ANTICANCER THERAPIES: 
 

The process of cancer metastasis consists of a series of inter-related sequential steps. Each 

step is rate-limiting and may be a target for therapy. The outcome of the process depends on both 

the intrinsic properties of the tumour cells and the responses of the host. The balance of these 

interactions varies from one tumour to other and one patient to another. These are the major steps 

in the formation of a metastasis
25-27

: 

1. Transformation of normal cells into tumour cells, followed by growth. Initially depends       

on nutrients supplied by simple diffusion. 

2. Extensive vascularization (angiogenesis): Vascularization must occur if the tumour mass is to 
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exceed 1mm in diameter. The production and secretion of pro-angiogenic factors by tumour 

cells and host cells plays a major role in establishing a capillary network from the 

surrounding host tissue. 

3. Local invasion: Tumour cells use several mechanisms to invade the host stroma. Thin walled 

venules, fragmented arterioles, and lymphatic channels offer little resistance to penetration 

and provide the most common pathways for entry of tumour cells into the circulation. 

4. Detachment and embolization: Single cells or clumps break away. Most circulating tumour 

cells are rapidly destroyed. Those that survive must arrest in the capillary beds of distant 

organs by adhering either to capillary endothelial cells or to the exposed sub-endothelial 

basement membrane. 

5. Extravasation into new host organ or tissue. 

6. Proliferation within the new host organ or tissue. To continue growing beyond the 1mm 

diameter, the micro-metastasis must develop a vascular network and evade destruction by 

host defences. The cells can then continue to invade blood vessels, enter the circulation, and 

produce additional metastases. 

  

 The growth of many cancers is associated with an absence of the endogenous inhibitors 

of angiogenesis—for example, interferon beta (INFβ). A potent inhibitor of angiogenesis, INFβ 

works by blocking potent angiogenic factors interleukin-8 (IL-8), basic fibroblast growth factor 

(bFGF), collagenase type V, that aid tumour development and invasiveness. 

 

Vascular endothelial growth factor stimulates the proliferation and migration of 

endothelial cells and induces plasminogen activity and the expression of metalloproteinase. In 

several animal models, over expression of VEGF in tumour cells enhances tumour growth and 

metastasis by stimulating vascularization 
28

.     

  

 One class of angiogenesis inhibitors being tested in cancer patients are molecules that directly 

inhibit the growth of endothelial cells. Included in this category is endostatin, the naturally occurring 

protein known to inhibit tumor growth in animals. Another drug, combretastatin A4, causes growing 

endothelial cells to commit suicide (apoptosis). Other drugs, which interact with a molecule called 

integrin, also can promote the destruction of proliferating endothelial cells.  

 

SCREENING METHODS FOR ANTI-ANGIOGENIC ACTIVITY: 

  

 One of the first anti-angiogenic agents to be isolated was a phytochemical. In 1990, 

Ingber et al. reported on the anti-angiogenic properties of fumagillin, a secreted antibiotic of the 

fungus Aspergillus fumigatus
 29

. Refined fumagillin produces excess toxicity, and so analogues 

of fumagillin were subsequently synthesized. Various assays are used to screen natural health 

products for anti-angiogenic activity 
30

. Assays used for screening are briefly discussed in the 

next few subsections. 

 

 In Vitro Assays: 

The ability to maintain endothelial cells in culture has enabled the study of endothelial 

cell proliferation, migration, and function. For example, anti-angiogenic activity can be assessed 

by evaluating the potential of a substance to inhibit endothelial cell migration across a Boyden 

chamber. The bovine aortic endothelial cell assay is an established system. In vitro assays are 
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relatively inexpensive and give more rapid results. However, an ability to inhibit endothelial cell 

proliferation, migration, and tubule formation in vitro may not predict in vivo response. In vitro 

assays are a rapid method for initial screening of large numbers of agents. Definitive conclusions 

cannot be based on in vitro assays alone.  

 In vivo Assays: 
               In vivo biologic assays are more specific for detecting anti-angiogenic activity. The 

chick embryo chorio-allantoic membrane model is an extra-embryonic membrane that is 

commonly used to study agents that influence angiogenesis. An angiogenic response in the form 

of increased vessel density around the implant occurs 72–96 hours after stimulation with an 

angiogenic compound. An angiostatic compound will induce the vessels around the implant to 

become less dense and even to disappear. Other systems include animal cornea implantation, 

disc angiogenesis, Matrigel (Becton Dickinson, Mountain View, CA, U.S.A.) systems and 

tumour xenograft models. 

         In vivo assays provide a more complete physiologic assessment of angiogenesis, but are                            

more time consuming and expensive. 

 

SCOPE FOR ANTI - ANGIOGENIC ACTIVITY: 

 

Most of chemotherapy drugs have anti-angiogenic activity at high doses. Anti-angiogenic 

activity is dose-dependent. Clinicians are especially interested in compounds which when 

administered at low doses, specifically interact and antagonize the steps involved in 

angiogenesis. These agents may have relatively low toxicity at low doses and may exhibit a 

higher therapeutic gain. Most conventional chemotherapy drugs have some degree of anti      

angiogenic activity as a consequence of their cytotoxic activity. Ideal botanical derivatives would 

specifically antagonize new vessel formation in tumors without significant toxicity to normal 

tissues and without major adverse reactions. The ideal agent would also inhibit tumor cell 

proliferation through other physiologic pathways, such as intracellular signalling pathways. 

Multiple levels of anti-angiogenic activity may be required to overcome the development 

of resistance by tumour-associated endothelial cells. Survival factor such as increased secretion 

of VEGF and bFGF by the tumour cells activate intracellular pathways that prevent apoptosis in 

tumour-associated endothelial cells. Maximal anti-angiogenic usually required prolonged 

exposure to low concentrations of the active agent. This approach contrasts with the concept of 

administering maximum-tolerated doses of cytotoxic drugs to maximize tumour-cell kill. Some 

reports have confirmed the utility of combining low, frequent–dose chemotherapy with an agent 

that specifically targets the endothelial cell compartment 
31

. The evidence suggests that an anti-

angiogenic schedule can be more effective than the use of high-dose cytotoxic drugs alone. The 

hypothesis was that concomitant scheduling of anti-angiogenic botanicals with low frequent–

dose cytotoxic therapies may have biologic advantages that can increase therapeutic gain. 

 

NATURAL PRODUCTS THAT INHIBIT ANGIOGENESIS: 

Further research is necessary to screen herbs that may be useful in anti-angiogenic 

therapies. Table II gives the list of natural health products with anti-angiogenic activity. 
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TABLE-II: NATURAL HEALTH PRODUCTS WITH POTENTIAL DIRECT AND 

INDIRECT ANTI-ANGIOGENIC ACTIVITY
 
 

Herbs and associated phytochemicals 
Aloe barbadensis (aloe vera leaf and pulp extracts) 

Angelica sinensis (aqueous extracts) 

Artemisia annua (artemisinin) 

Camellia sinensis (epigallocatechin) 

Chrysobalanus icaco (methanol extract) 
Curcuma longa (curcumin) 

Dysoxylum binectariferum (flavopiridol) 

Flos magnoliae (magnosalin) 

Ganoderma lucidum (triterpenoids) 

Ginkgo biloba (ginkgolide B) 

Glycyrrhiza glabra (isoliquiritigenin,; glabridin) 

Hibiscus sabdariffa L. (protocatechuic acid) 

Livistona chinensis (aqueous extract from seed) 

Matricaria chamomilla (flavonoids: apigenin, fisetin) 

Ocimum sanctum (carnosol, ursolic acid) 

Omega-3 fatty acids (eicosapentaenoic acid, 

docosahexaenoic acid) 
Magnolia obovata (honokiol) 

Panax ginseng (saponins: 20(R) - and 20(S)-

ginsenoside-Rg3) 

Polypodium leucotomos (difur) 

Poria cocos (1–3-D-glucan) 

Polygonum cuspidatum (resveratrol) 

Proanthocyanidin 

Quercetin 

Rabdosia rubescens Hora (ponicidin and oridonin) 

Rosmarinus officinalis (carnosol and ursolic acid) 
Scutellaria baicalensis (baicalin and baicalein) 

Silybum marianum (silymarin) 

Soy isoflavones (genistein, daidzein) 

Tanacetum parthenium L. (parthenolide) 

Tabebuia avellanedae (β-lapachone) 

Taxus brevifolia (taxoids) 

Viscum album (lectins) 

Zingiber officinale (6-gingerol) 

Other Chinese herbs  

Cyclo-oxygenase-2 antagonists  

Minerals 

Selenium 

Animal-derived 

Bovine cartilage 

Shark cartilage (water soluble extract AE-941) 

Squalus acanthias (dogfish liver:squalamine) 

Vitamin D (1α,25-D)

 

TABLE III:HERBS AND THEIR DERIVATIVES THAT SPECIFICALLY INHIBIT 

VASCULAR ENDOTHELIAL GROWTH FACTOR AND HAVE DIRECT ACTIVITY 

AGAINST ANGIOGENESIS 

Artemisia annua  

(Chinese wormwood) 

Contains 95% artemisinin, and other related terpenes & 

flavonoids 

Viscum album 

(European mistletoe) 
Contains mistletoe lectin III (ML3A) 

Curcuma longa (turmeric) Contains 95% curcumin 

Vitis vinifera (grape seed extract) 

 

Contains 95% proanthocyanidins 

 

Angelica sinensis (dong quai) 

 

Contains 4-hydroxyderricin 

 

Taxus brevifolia (Pacific yew) Contains Taxol 

Scutellaria baicalensis  

(Chinese skullcap) 
Contains 95% baicalin and flavonoids 

Polygonum cuspidatum  
Contains 20% resveratrol 

 

Silybum marianum (milk thistle) Contains 80% silymarin (silybin) 

Magnolia seed cones Contains 90% honokiol 

Camellia sinensis (green tea) 
 

Contains 95 % phenols; 50% epigallocatechin 
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 Table III gives the list herbs and their derivatives that inhibit VEGF
 32

. A master 

herbalist can advise on potential herbal treatments derived from centuries of traditional 

observations and advanced traditional medical systems such as Traditional Chinese Medicine. It 

will be imperative to develop a new model of modern pharmacology based on traditional 

pharmacognosy. Our developing knowledge of cancer biology suggests that administering 

cytotoxic drug therapy at very high doses is not always appropriate. A new approach is to 

administer lower doses of synergistic organic chemicals. These complexes already exist in 

myriad botanicals. New laboratory techniques permit more specific assays of activity, enabling 

maintenance of quality assurance and consistency between batches of botanical preparations. 

Such quality standards will permit credible clinical trials of anti-angiogenic natural health 

products to be initiated. At the same time, the importance of a holistic approach to managing the 

patient with cancer should not be minimized. Anti-angiogenic therapies form only a small part of 

a complex management program. Attention to the patient’s overall health and ability to mount an 

immune response are subtle factors that may become more important in tipping the balance 

towards cancer control. 

CURRENTLY USING ANGIOGENESIS INHIBITORS IN CANCER TREATMENT: 

The U.S. Food and Drug Administration (FDA) has approved bevacizumab to be used 

alone for glioblastoma that has not improved with other treatments and to be used in combination 

with other drugs to treat metastatic colorectal cancer, some non-small cell lung cancers, and 

metastatic renal cell cancer. Bevacizumab was the first angiogenesis inhibitor that was shown to 

slow tumor growth and, more important, to extend the lives of patients with some cancers. 

The FDA has approved other drugs that have anti-angiogenic activity, including sorafenib 

(Nexavar®), sunitinib (Sutent®), pazopanib (Votrient®), and everolimus (Afinitor®). Sorafenib 

is approved for hepatocellular carcinoma and kidney cancer, sunitinib and everolimus for both 

kidney cancer and neuroendocrine tumors, and pazopanib for kidney cancer. Researchers are 

exploring the use of angiogenesis inhibitors to treat other types of cancer. In addition, 

angiogenesis inhibitors are being used to treat some diseases that involve the development of 

abnormal blood vessel growth in non-cancer conditions, such as macular degeneration. 

SIDE EFFECTS WITH ANTI ANGIOGENIC THERAPY IN CANCER: 

Initially, it was thought that angiogenesis inhibitors would have mild side effects, but 

more recent studies have revealed the potential for complications that reflect the importance of 

angiogenesis in many normal body processes, such as wound healing, heart and kidney function, 

fetal development, and reproduction. Side effects of treatment with angiogenesis inhibitors can 

include problems with bleeding, clots in the arteries (with resultant stroke or heart attack), 

hypertension, and protein in the urine 
33-35

. Gastrointestinal perforation and fistulas also appear to 

be rare side effects of some angiogenesis inhibitors. Animal studies have revealed the potential 

for birth defects, although there is no clinical evidence for such effects in humans. 

It is likely that some of the possible complications of angiogenesis inhibitor therapy 

remain unknown. As more patients are treated with these agents, doctors will learn more about 

possible rare side effects. 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045698&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000444983&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045323&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000044988&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000390251&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000470244&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000492233&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000492235&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR00000527219&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000658368&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000386203&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000639749&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000642150&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000441269&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000463712&version=Patient&language=English
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In addition to the angiogenesis inhibitors that have already been approved by the FDA, 

others that target VEGF or other angiogenesis pathways are currently being tested in clinical 

trials (research studies involving patients). If these angiogenesis inhibitors prove to be both safe 

and effective in treating human cancer, they may be approved by the FDA and made available 

for widespread use. 

ONGOING RESEARCH IN ANGIOGENESIS INHIBITORS: 

In addition, phase I and II clinical trials are testing the possibility of combining 

angiogenesis inhibitor therapy with other treatments that target blood vessels, such as tumor-

vascular disrupting agents, which damage existing tumor blood vessels
36

. 

The list below includes cancers that are being studied in active phase III treatment 

clinical trials using angiogenesis inhibitors. The clinical trials can be found in NCI’s list of 

clinical trials. 

Types of Cancer in Active Phase III Treatment Clinical Trials of Angiogenesis Inhibitors: 

 Breast cancer 

 Colorectal cancer 

 Oesophageal cancer 

 Gastrointestinal stromal tumor 

(GIST) 

 Kidney (renal cell) cancer 

 Liver (adult primary) cancer 

 Lymphoma 

 Melanoma 

 Non-small cell lung cancer (NSCLC) 

 Ovarian epithelial cancer 

 Pancreatic cancer 

 Prostate cancer 

 Stomach (gastric) cancer 

CONCLUSION: 

 Tumor angiogenesis have been considered as an especially useful  target  for  therapy  

and  the  effect  of  anti-angiogenic therapy  has  improved  the  therapeutic  index. At   present, 

angiogenesis  inhibitors  have  been  shown  to  prolong  progression-free survival but  only have 

a small effect on overall survival  in  patients  with  cancer. The  inhibition of angiogenesis  has  

given  us  a  straightforward  means  of  treating cancer,  though  many  anti-angiogenic  agents  

have  side effects. Therefore, understanding  the  biological  mechanisms  underlying  these  

toxicities  may  help  optimize  such strategies. The  development  of  targeted  therapeutics  

against  cancer, with  improved  discrimination  between  tumor  cells  and  non malignant 

counterparts,  is  one  of  the  major  goals of  current anti-cancer  research. 

 In vitro and in vivo studies are uncovering anti-angiogenic activity in many natural 

products. Further preclinical research is required to define whether single compounds or complex 

mixtures will be optimal for clinical trials. A potential advantage of phytochemicals and other 

compounds derived from natural products is that they may act through multiple cell-signalling 

pathways and reduce the side effects and development of resistance by cancer cells. 

 

ACKNOWLEDGEMENT: 

 

The authors are thankful to Principal, National College of Pharmacy, Shimoga and 

Management, National Educational Society, Shimoga for their timely support and guidance. 

http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045961&version=Patient&language=English
http://www.cancer.gov/Common/PopUps/popDefinition.aspx?id=CDR0000045961&version=Patient&language=English
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http://www.cancer.gov/search/ResultsClinicalTrials.aspx?protocolsearchid=4586421
http://www.cancer.gov/search/ResultsClinicalTrials.aspx?protocolsearchid=4586451
http://www.cancer.gov/search/ResultsClinicalTrials.aspx?protocolsearchid=4586448
http://www.cancer.gov/search/ResultsClinicalTrials.aspx?protocolsearchid=4586453
http://www.cancer.gov/search/ResultsClinicalTrials.aspx?protocolsearchid=7454385&vers=1
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http://www.cancer.gov/search/ResultsClinicalTrials.aspx?protocolsearchid=4586439


INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY                                          

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                                          ISSN: 2249-9954 

 Page 188 
 

REFERENCES: 

1. Han-Chung Wu, Chia-Ting Huang, and De-Kuan Chang, Anti-Angiogenic Therapeutic 

Drugs for Treatment of Human Cancer: Journal of Cancer Molecules., Vol.4(2), pp.37-

45,2008. 

2. Folkman J, Angiogenesis inhibitors- a new class of drugs: Cancer Biol Ther, 2003; 2 (suppl 

1):S127–33. 

3. Kabbinavar FF, Hambleton J, Mass RD, Hurwitz HI, Bergsland E, and Sarkar S, Combined 

analysis of efficacy the addition of bevacizumab to fluorouracil/leucovorin improves 

survival for patients with metastatic colorectal cancer, J Clin Oncol., Vol.23, pp.3706–3712, 

2005. 

4. Hurwitz H, Fehrenbacher L, and Novotny W, Bevacizumab plus irinotecan, fluorouracil, 

and leucovorin for metastatic colorectal cancer, N Engl J Med., Vol.350, pp.2335–2342, 

2004. 

5. Ansiaux R, Baudelet C, and Jordan BF, Thalidomide radio sensitizes tumors through early 

changes in the tumor microenvironment, Clin Cancer Res., Vol.11, pp.743–750, 2005. 

6. Ergun A, Camphausen K, and Wein LM, Optimal scheduling of radiotherapy and 

angiogenic inhibitors, Bull Math Biol., Vol.65, pp.407–424, 2003. 

7. Folkman J, Fundamental concepts of the angiogenic process, Curr Mol Med., Vol.3, 

pp.643–51, 2003. 

8. Folkman J, How is blood vessel growth regulated in normal and neoplastic tissue? G.H.A.     

Clowes Memorial Award Lecture, Cancer Res., Vol.46, pp.467–473, 1986. 

9. Auerbach W, and Auerbach R, Angiogenesis inhibition: A Review, Pharmacol Ther., 

Vol.63, pp.265-311, 1994. 

10.  Weidner N, Folkman J, and Pozza F, Tumor angiogenesis a new significant and 

independent prognostic indicator in early stage breast carcinoma, J Natl Cancer Inst., 

Vol.84, pp.1875–1887, 1992. 

11.  Gasparini G, and Harris AL, Clinical importance of the determination of tumor 

angiogenesis in breast carcinoma much more than a new prognostic tool, J Clin Oncol., 

Vol.13, pp.765–782, 1995. 

12.  Hall NR, Fish DE, Hunt N, Goldin RD, Guillou PJ, and Monson JR, Is the relationship 

between angiogenesis and metastasis in breast cancer real, Surg Oncol., Vol.1, pp.223-229, 

1992. 

13. Van Hoef ME, Knox WF, Dhesi SS, Howell A, and Schor AM, Assessment of tumour 

vascularity as a prognostic factor in lymph node negative invasive breast cancer, Eur J 

Cancer., Vol.29A, pp.1141–1145, 1993. 

14.  Weidner N, Carroll PR, Flax J, Flumenfeld W, and Folkman J, Tumor angiogenesis 

correlates with metastasis in invasive prostate carcinoma, Am J Pathol., Vol.143, pp.401–

409, 1993. 

15. Fregene TA, Khanuja PS, and Noto AC, Tumor-associated angiogenesis in prostate cancer, 

Anticancer Res., Vol.13, pp.2377–2381, 1993. 

16. Liotta LA, Steeg PS, and Stetler Stevenson WG. Cancer metastasis and angiogenesis- an 

imbalance of positive and negative regulation: Cell., Vol.64, pp.327–336, 1991. 

17. Kumar R, Yoneda J, Bucana CD, and Fidler IJ, Regulation of distinct steps of angiogenesis 

by different angiogenic molecules, Int J Oncol., Vol.12, pp.749–757, 1998. 

18.  Folkman J, and Klagsbrun M, Angiogenic factors. Science., Vol.235, pp.442–447, 1987. 



INTERNATIONAL JOURNAL OF ADVANCED SCIENTIFIC RESEARCH AND TECHNOLOGY                                          

ISSUE 2, VOLUME 3 (JUNE- 2012)                                                                                                                          ISSN: 2249-9954 

 Page 189 
 

19. Nagy JA, Brown LF, and Senger DR, Pathogenesis of tumor stroma generation- a critical 

role for leaky blood vessels and fibrin deposition:  Biochim Biophys Acta, Vol.948, pp.305–

326, 1989. 

20.  Folkman J, and Cotran R, Relation of vascular proliferation to tumor growth, Int Rev Exp 

Patho, Vol.16, pp.207–248, 1976. 

21. Fidler IJ, Angiogenic heterogeneity- regulation of neoplastic angiogenesis by the organ      

microenvironment, J Natl Cancer Inst., Vol.93, pp.1040–1041, 2001. 

22. Houck KA, Leung DW, Rowland AM, Winer J, and Ferrara N, Dual regulation of vascular 

endothelial growth factor bioavailability by genetic and proteolytic mechanisms, J Biol 

Chem., Vol.267, pp.26031–26037, 1992. 

23. Ferrara N, and Kerbel RS, Angiogenesis as a therapeutic target, Nature, Vol.438, pp.967-

974, 2005. 

24. http://cancer.gov/cancertopics/understandingcancer 

25. Sugarbaker EV, Cancer metastasis a product of tumor–host interactions, Curr Probl Cancer, 

Vol.3, pp.1–59, 1979. 

26. Hart IR, Goode NT, and Wilson RE, Molecular aspects of the metastatic cascade, Biochem 

Biophys Acta, Vol.989, pp.65–84, 1989. 

27.  Liotta LA, and Stetler Stevenson WG, Tumor invasion and metastasis an imbalance of 

positive and negative regulation, Cancer Res., Vol.51(suppl 18), pp.S5054–S5059, 1991. 

28. Folkman J, and Cotran R, Relation of vascular proliferation to tumor growth, Int Rev Exp 

Pathol., Vol.16, pp.207–248, 1976. 

29. Ingber D, Fujita T, and Kishimoto S, Synthetic analogues of fumagillin that inhibit 

angiogenesis and suppress tumor growth: Nature, Vol.348, pp.555–557, 1990. 

30. Kruger EA, Duray PH, Price DK, Pluda JM, and Figg WD, Approaches to preclinical 

screening of antiangiogenic agents, Semin Oncol., Vol.28, pp.570–576, 2001. 

31. Hanahan D, Bergers G, and Bergsland E, Less is more, regularly metronomic dosing of 

cytotoxic drugs can target tumor angiogenesis in mice, J Clin Invest., Vol.105, pp.1045–

1047, 2000. 

32. Singh RP, and Agarwal R, Tumor angiogenesis a potential target in cancer control by 

phytochemicals, Curr Cancer Drug Targets., Vol.3, pp.205–217, 2003. 

33. Cook KM, and Figg WD, Angiogenesis inhibitors current strategies and future prospects, 

Cancer Journal for Clinicians., Vol.60(4), pp.222–243, 2010.  

34. Chen HX, and Cleck JN, Adverse effects of anticancer agents that target the VEGF 

pathway, Nature Reviews Clinical Oncology., Vol.6(8), pp.465–477, 2009.  

35. Verheul HM, and Pinedo HM, Possible molecular mechanisms involved in the toxicity of 

angiogenesis inhibition, Nature Reviews Cancer., Vol.7(6), pp.475–485, 2007.  

36. Siemann DW, The unique characteristics of tumor vasculature and preclinical evidence for 

its selective disruption by Tumor-Vascular Disrupting Agents, Cancer Treatment Reviews., 

Vol.37(1), pp.63–74, 2011.  

 

http://cancer.gov/cancertopics/understandingcancer

