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ABSTRACT 

This article reviews current evidence regarding the relationship between vegetarian eating patterns and cancer risk. Although plant-
based diets including vegetarian and vegan diets are generally considered to be cancer protective, very few studies have directly 
addressed this question. Most large prospective observational studies show that vegetarian diets are at least modestly cancer 
protective (10%–12% reduction in overall cancer risk) although results for specific cancers are less clear. However, a broad body of 
evidence links specific plant foods such as fruits and vegetables, plant constituents such as fiber, antioxidants and other 
phytochemicals, and achieving and maintaining a healthy weight to reduced risk of cancer diagnosis and recurrence. Also, research 
links the consumption of meat, especially red and processed meats, to increased risk of several types of cancer. Vegetarian and 
vegan diets increase beneficial plant foods and plant constituents, eliminate the intake of red and processed meat, and aid in 
achieving and maintaining a healthy weight. The direct and indirect evidence taken together suggests that vegetarian diets are a 
useful strategy for reducing risk of cancer. 
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INTRODUCTION 

espite widespread research efforts and increasing 
treatment options, cancer remains a leading cause 
of death worldwide. In 2004, cancer accounted for 

13% of deaths worldwide (~7.4 million people) with 
projections estimating an increase to 12 million deaths in 
2030.1 Yet cancer is still considered a largely preventable 
disease with estimates of up to 90%–95% of the risk with 
roots in environment and lifestyle.2 Important lifestyle 
factors include tobacco use, diet, alcohol, sun exposure, 
environmental pollutants, infections, stress, obesity, and 
physical inactivity. Dietary factors were estimated to be 
responsible for 30%–35% of all cancers in the US in 1981.3 
More recent estimates keep 35% as the overall impact of 
suboptimal dietary choices, but more specifically note 
that diet may be linked to as many as 70% of cases of 
colorectal and prostate cancer, 50% of cases for breast, 
endometrial, pancreatic, and gallbladder cancers, but only 
to about 20% of cases of lung, bladder, mouth, and 
esophageal cancers.4 

While it is clear that dietary patterns and choices are 
important modulators of cancer risk, the question 
remains just what dietary pattern is optimal for primary 
prevention of cancer. The question remains just what 
dietary pattern is optimal for primary prevention of 
cancer. The purpose, then, of this study is to review 
current evidence regarding the relationship between 
vegetarian eating patterns and cancer risk. 

Cancer 

Cancer encompasses a group of diseases related to 
malignant neoplasms. Known characteristics include: lack 
of apoptotic expulsion of mutant cells, prolific cell division 
with no inhibitor mechanisms; invasion of and nutrient 

diversion from ‘normal’ tissue cells, metastasis (blood and 
lymph) and/or tumour formation.4 In 2007, 13% of global 
mortality (~7.9 million people) was attributed to cancer.5,6 
While recent reductions have occurred in affluent 
countries (presumed due to technological advances6-10 
and/or education), an ageing population may elevate 
mortality (~12 million by 2030).5  

While cancers can arise from genetic predisposition, 
reduced immunity and adverse external environmental 
factors (pollution, toxins, etc.13,14 most are considered 
preventable (e.g. ~1.5 million deaths linked to smoking).6-

10 Diet (including cooking methods and alcohol 
consumption, ingestion of carcinogenic-initiating or -
promoting foodstuffs and exclusion of anti-carcinogenic 
foodstuffs) accounts for ~30% of cancers in developed 
countries.5,6,10,15-17  

While some propose the tumorigenic role of diet is more 
‘modifying’ than ‘instigating’18, the WHO’s ‘Global Burden 
of Disease’ survey study19 estimates (by way of 
extrapolating observational data) that increasing fruit and 
vegetable intake to a 600 g baseline could reduce the risk 
of esophageal, stomach and lung cancer by 20%, 19% and 
12%, respectively. Health authorities advocate diets 
limited in animal-based foods, charring cooking methods, 
dairy products, refined sugars, salt and hydrogenated and 
saturated fats, and rich in a selection of plant-based foods 
to protect against cancer.13,16,17,20 

This is not surprising the high quantity of non-nutritive 
phytochemicals (including carotenoids, polyphenols, 
flavenoids, isoflavones, catechins, phenolic compounds, 
indoles, tocotrienols and tocophenols) that plants contain 
possess well documented antioxidant, antineoplastic, 
anti-inflammatory and/or anti-carcinogenic 
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properties.10,18,21-27 Elevated quantities of protective 
phytochemicals and fiber in vegan diets were confirmed 
by Dewell et al.28, though use of soy protein supplements 
may have enhanced results. Steinmetz and Potter 
(1996)26 conducted a journalistic review of 228 published 
research studies (22 of which were animal studies, whose 
results should be approached with caution) investigating 
the protective effects of vegetables and fruit (including 
tomatoes). They reported strong inverse correlations 
between high consumption and cancer (especially 
stomach, esophageal, lung and bladder). Conversely, a 
significant number of the studies indicated positive 
correlations between citrus fruit and breast and colon 
cancers, and legumes and colon cancer.  

Vegan diets, however, are not defined by what they 
incorporate, but rather what they omit. Whereby any diet 
can increase protective dietary components and limit 
detrimental ones, on a molecular level the difference 
between ‘limiting’ and ‘removing’ food groups is 
significant. Vegans omit meat, fish and dairy, lending 
conjecture toward protein, calcium and B12 deficiencies 
and variations in essential fatty acid levels.29,30 

DIETARY PATTERNS AND CANCER RISK 

Epidemiologic evidence from the Cornell–Oxford China 
Study conducted in the 1970s and 1980s demonstrated 
important relationships between dietary patterns and 
cancer risk and highlighted the importance of diets rich in 
whole plant foods for cancer prevention.31 The magnitude 
of difference in cancer risk within China ranges by more 
than a factor of 10 across the 65 counties studied. 
Campbell and colleagues found that a group of diseases 
(notably cancers of the colon, lung, breast, brain, as well 
as leukemia, cardiovascular disease, diabetes) were all 
associated with a diet of nutritional extravagance – 
meaning a diet that was associated with higher levels of 
blood cholesterol and blood urea nitrogen. These risk 
markers were directly associated with the intake of milk, 
meat, eggs, dietary fat, and animal protein and inversely 
associated with dietary fiber and legumes. In addition, 
breast cancer mortality increased with increasing dietary 
fat concentration and blood cholesterol levels. Higher 
blood levels of vitamin C and beta carotene, antioxidants 
provided by plant foods, were associated with lower rates 
of several cancers.31 In another report, Campbell and 
Chen make the strong statement that “there appears to 
be no threshold of plant food enrichment or minimization 
of fat intake beyond which further disease prevention 
does not occur”. And they add that in the context of diets 
in China the addition of small amounts of foods from 
animal sources is associated with increased risk of chronic 
degenerative diseases including cancer.32  

Similarly, Carroll and colleagues observed a strong 
relationship between animal fat intake and breast cancer 
mortality across 38 countries and no relationship 
between plant fat intake and breast cancer in these same 
countries.33 And in China during this time, where the 
variations in fat intake were mostly from animal-based 

foods and ranged from 6%–24% percent (all within “low-
fat” ranges by US standards), breast cancer risk increased 
as fat intake increased.34  

Evidence from migration studies in the 1980s also pointed 
to the hypothesis that plant-based dietary patterns are 
more cancer protective than standard Western dietary 
patterns that tended to be higher in animal food, sugar, 
and highly processed food products. For example, in one 
study breast cancer incidence for Japanese women who 
migrated to Hawaii increased nearly 3-fold in the first 
generation and increased to 5-fold higher in the second 
generation. Similarly, colorectal cancer incidence jumped 
5-fold for first generation immigrants in this same study 
population while stomach cancer incidence dropped by 
about half.35 Other migrant studies demonstrate dramatic 
shifts in site-specific cancer incidence when groups of 
people migrate to countries with different dietary and 
other lifestyle patterns.36 Worldwide nutrition transitions 
in less developed countries continue to rapidly unfold and 
are linked to cancer largely through their direct or indirect 
effect on body weight. The key changes increasing body 
weight and thereby increasing the risk of cancer are foods 
from animal sources, caloric sweeteners, and highly 
energy dense beverages and foods. This evidence clearly 
points to the importance of environment, including food 
availability and dietary patterns, for cancer risk. 

Current interest in diets of hunter gatherers, both past37-

40 (Palaeolithic) and present41 (e.g. the Papua New 
Guinean Samberigians and Kitavans and the Australian 
Aboriginal tribes) is due to hypothesis that their intake of 
wild meat, fish and shellfish, leafy vegetables, fruit, nuts, 
insects and larvae38,39 is causal of consistent findings of 
low relative risk (RR) for diseases such as obesity, 
hypertension, hyperinsulinaemia, ischaemic heart 
disease, stroke and malnutrition.39 Outside the hunter-
gatherer realms, significant dietary modifications from 
farming (meat and fish), refinement (grains, sugars, fats) 
and the inclusion of dairy, alcohol and salt are 
hypothesized to have produced ever-increasing 
occurrence of these maladies, thus affording them the 
labels ‘diseases of civilization’ or ‘diseases of longevity’.38  

At present, cardiovascular disease (CVD) and cancer are 
the most prevalent mortality causing non-communicable 
diseases globally.42 Vast amounts of time, money and 
resources are utilized to identify risk reduction factors, 
many of which are fashioned after dietary aspects.  

The modern diet consists of three main groups: 
omnivorous (consumption of all food groups); lacto-ovo-
vegetarian or ‘vegetarian’ (consumption of all edible 
plant-derived material, eggs, dairy, honey; though no 
meat or fish) and vegan (sole consumption of edible 
plant-derived material). There exist variations to these 
(e.g. fructarian, pescatarian) as well as scope for 
dominance of particular food group or nutrient 
depending on the desired outcome (e.g. high animal 
protein, low refined carbohydrate, low fat, high fibre, 
etc). 
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Nutritional research has invariably found vegans to 
consume less zinc, protein, calcium, fat (including 
saturated fat), cholesterol and B12 and more 
carbohydrate, fibre, vitamins A, C, B6 (folate), B9, 
potassium, magnesium, manganese, copper and iron 
(presumably plant-derived non-haeme iron, whose 
bioavailability is inferior to haeme iron)43-45 relative to 
their omnivorous and vegetarian counterparts. One study 
reported vegans to show more diversity in their nutrient 
sources and to augment their B12, calcium, zinc, selenium 
and vitamin D intake with supplements.46  

Non-dietary related aspects were found to include higher 
socio-economic status, reduced alcohol and tobacco 
consumption and greater levels of education and dietary 
restraint (which reduced propensity toward obesity).44, 47-

49 While these factors may contribute to cancer and CVD 
risk reduction or promotion, only nutritional factors are 
investigated herein. 

Dietary Factors and Cancer Risk 

Red and processed meats increase the risk of some types 
of cancer. Diets rich in plant foods decrease the risk of 
many types of cancer; specifically, beneficial effects have 
been shown for fiber, fruits, vegetables, legumes 
including soy foods, and whole grains. Obesity increases 
the risk of some types of cancer. Many plant constituents, 
some nutrients, and other non nutriuent phytochemicals 
increase immune function. Each of these will be discussed 
below and each one points to the potential use fullness of 
vegetarian dietary patterns for reduction of cancer risk.2, 

50-59  

Meat and Cancer 

Higher levels of meat, especially red meat (egg, beef, 
pork, lamb) and processed meat (egg, bacon, hotdogs, 
luncheon meat, chicken nuggets, and other salted or 
cured meats) have been linked to a variety of cancers in a 
number of studies.2,10 

When meat is cooked at high temperatures through pan 
frying, grilling, or barbequing potential carcinogenic 
compounds, heterocyclic amines (HCAs), are formed.60,61 
These compounds and have been strongly linked with 
increased risk of cancer at a number of sites.62 A study of 
grilled chicken dishes from popular chain restaurants in 
California, found that all 100 samples contained some 2-
Amino-1-methyl-6-phenylimidazo(4,5-b)pyridine (one 
common HCA). The authors concluded that “although 
risks to the public have not been precisely calculated, 
strategies to reduce exposure to these and other 
carcinogens are warranted”.63 They also note that HCA 
formation in plant based grillable foods such as veggie 
burgers or mushrooms is highly unlikely.63 By definition, 
vegetarian diets are meat free. Even semi vegetarian diets 
are usually devoid of red and processed meats. Studies 
linking the consumption of red meat and the 
consumption of HCAs to cancer risk highlight the 
potential benefits of vegetarian eating styles to reduction 
of cancer risk. 

BODY WEIGHT AND CANCER 

Convincing evidence links higher levels of body fatness to 
increased risk of cancers of the esophagus, pancreas, 
colorectum, breast (postmenopausally), endometrium, 
and kidney.36 Consistent evidence also indicates that 
overweight and obesity are significant risk factors for 
cancer recurrence and comorbidities including 
cardiovascular disease and diabetes among cancer 
survivors.64 Adopting a physically active lifestyle can help 
individuals achieve a healthy weight and has been found 
to reduce the risk of colon and breast cancer.64  

Vegetarians on average weigh 3%–20% less and have 
lower rates of obesity than omnivores.65 In addition, short 
term studies of low-fat vegetarian and vegan diets have 
been successfully utilized to reduce body weight.65  

For these reasons, adopting a low fat vegetarian diet and 
regular physical activity will likely move individuals to a 
healthy weight and therefore reduce cancer risk. 

DIETARY PROTEIN MODULATES GLUCAGON/INSULIN 
ACTIVITY 

Dietary protein triggers release of both insulin and 
glucagon. However, the pancreatic islets obviously do not 
detect ‘protein’ per se, but rather the postprandial 
increase in circulating amino acids.66-69 The mechanisms 
whereby pancreatic α and β cells respond to amino acids 
are clearly distinct, since their responses to individual 
amino acids differ greatly. As a rough rule of thumb, 
essential amino acids are relatively more effective for 
releasing insulin, whereas non-essential amino acids – 
particularly arginine and pyruvate precursors – 
preferentially release glucagon. This makes sense 
homeostatically. When essential amino acids are amply 
available, it is appropriate to stimulate protein synthesis 
and storage with an insulin burst. When the non-essential 
amino acids used avidly for gluconeogenesis, as well as 
arginine (a catalyst of the urea cycle), are present in 
excess, it is reasonable for increased glucagon activity to 
stimulate gluconeogenesis. The failure of branched-chain 
amino acids to trigger glucagon release is understandable 
in light of the fact that these amino acids are catabolized 
primarily in skeletal muscle, which is not responsive to 
glucagon.  

In general, vegan proteins tend to contain a higher 
fraction of non-essential amino acids than the main 
animal-derived dietary proteins do.70 (A notable 
exception is gelatin.) For this reason, it is reasonable to 
expect that, if total protein intake is kept invariant, a 
vegan diet will promote greater net glucagon activity than 
an omnivorous diet. 

Presumably, the fasting amino acid profile is as crucial a 
determinant of basal glucagon secretion as fasting 
glucose is for insulin secretion. Conversely, even though 
basal plasma levels of essential amino acids may not in 
themselves have a potent impact on insulin secretion, 
they can be expected to modulate beta cell response to 
fasting or post-prandial glucose. Thus, when dietary 



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

268 

protein is relatively high in non-essential amino acids, 
down-regulation of insulin and up-regulation of glucagon 
is a logical consequence.  

As compared to soy protein, casein is a relatively poor 
source of non-essential amino acids; it is notably low in 
arginine and glycine, which are excellent secretogogues 
for glucagon. Sanchez and colleagues demonstrated that 
addition of arginine and glycine to a casein-based liquid 
meal resulted in a substantial increase of the postprandial 
glucagon/insulin ratio.71 (The fact that milk proteins are 
relatively poor glucagon releasers is probably not 
accidental – milk protein is ‘intended’ for the anabolic 
needs of the growing infant, not as substrate for 
gluconeogenesis). 

Health Benefits of Increased Glucagon Activity 

The liver appears to be the sole significant target for 
glucagon activity. The action of glucagon on hepatocytes 
is mediated by a stimulation of adenyl cyclase that raises 
cAMP levels.72 Insulin acts to antagonize hepatic glucagon 
activity, by activating cAMP phosphodiesterases and by 
additional mechanisms.73,74 Thus, the ratio of circulating 
glucagon to insulin is a crucial determinant of net 
glucagon activity in hepatocytes. 

 cAMP and protein kinase A regulate the synthesis of a 
wide range of hepatic proteins. In particular, cAMP 
downregulates the synthesis of a number of enzymes 
required for de novo lipogenesis and cholesterol synthesis 
(including citrate lyase, acetyl CoA carboxylase, fatty acid 
synthetase, and HMG-CoA reductase), while up-regulating 
key gluconeogenic enzymes as well as the LDL receptor 
and IGFBP-1.75-85 cAMP also post-translationally 
modulates the phosphorylation of key hepatic enzymes to 
stimulate gluconeogenesis and fatty acid oxidation.86-90  

The actions of cAMP in hepatocytes are readily 
rationalized when we realize that glucagon, as well as 
epinephrine (which likewise increases hepatocyte cAMP), 
are signals evoked by hypoglycemia. These hormones 
suppress less urgent anabolic activities of hepatocytes 
(such as fat or cholesterol synthesis) so that most 
available free energy can be diverted to fuel 
gluconeogenesis. Hepatic fatty acid oxidation accelerates 
to meet the increased energy needs for gluconeogenesis 
and to generate ketone bodies as ancillary fuel for the 
central nervous system. The induction of IGFBP-1 – a 
short halflife protein that sequesters unbound IGF-I, 
blocking its activity – is likewise physiologically adaptive. 
During hypoglycemia, the tonic insulin-like activity of the 
circulating pool of IGF-I could worsen matters by pushing 
serum glucose lower.91-93 The cAMP-mediated 
acceleration of IGFBP-1 synthesis minimizes this problem 
by rapidly down-regulating IGF-I activity. Suppression of 
serum ‘somatomedin’ activity following glucagon 
administration has in fact been documented in human 
volunteers.93 The effects of a chronic net increase in 
hepatic glucagon activity are readily predicted: 

 a reduction in de novo lipogenesis, decreasing fat 
storage in animals; 

 a reduction in cholesterol synthesis and in circulating 
LDL cholesterol 

 an increase in hepatic lipid oxidation (in part owing to 
lower malonyl-coA levels) that, in conjunction with 
the decrease in lipogenesis, causes a reduction in 
triglyceride synthesis and in serum triglycerides;  

 a decrease in effective IGF-I activity that can be 
expected to retard cancer development and in some 
instances slow cancer growth. (IGF-I, a crucial 
‘progression’ growth factor, enhances the mitotic 
rate of stem cells, pre-neoplastic lesions, and some 
cancers, while inhibiting apoptosis.94-98 

These effects are precisely what are observed when 
animals or humans are switched from omnivorous or 
casein-based diets to comparable diets in which soy 
protein is substituted for animal proteins. Soy-based diets 
decrease weight gain in obesity-prone rats99, lower 
elevated serum LDL cholesterol in cholesterol-fed rodents 
and in hypercholesterolemic humans99,100, lower elevated 
serum triglycerides, and often inhibit cancer induction 
and/or slow cancer growth in various animal cancer 
models.101,102 

WEIGHT REDUCTION WITH VEGAN DIETS 

since hepatic fatty acid oxidation promotes appetite 
control and lowers the respiratory quotient103, a relative 
disinhibition of hepatic fatty acid oxidation in vegans may 
play a role in the body weight reduction observed during 
ad libitum vegan diets. Increased thermogenic activity 
may also be involved; glucagon has thermogenic effects 
that is part may reflect the uncoupled nature of hepatic 
ketogenesis.104-106 Additionally, Iritani et al. recently 
reported that conversion of thyroxine to triiodothyronine 
is catalyzed more efficiently by liver microsomes derived 
from soy protein-fed rats (as compared to casein-fed 
controls); this was paralleled by significantly higher 
plasma T3 levels in the soy group.99 Conveivably, this up-
regulation of 5’-deiodinase activity may reflect increased 
growth hormone produciton107 – a consequence of soy 
feeding observed clinically.71  

Vegan diets may also impact adipocyte function. Kern et 
al. report that human adipocytes express IGF-I receptors, 
and that indeed the physiological activator of human 
adipocyte lipoprotein lipase activity is IGF-I rather than 
insulin.108 This intriguing finding merits replication. The 
implication is that IGF-I has an important anabolic impact 
on adipocytes – very reasonable in light of IGF-I’s function 
as a signal of abundance – and that conversely, measures 
(such as vegan diets) which down regulate IGF-I activity 
should promote leanness. Analogously, some of the 
weight loss on vegan regimens presumably is attributable 
to loss of lean mass consequent to a decreased anabolic 
impact of IGF-I on skeletal muscle. 
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Vegan Diets Vs Cancer 

In a nutshell, the thesis presented here is that animal 
protein – precisely because it is ‘high-quality’ protein, rich 
in essential amino acids – will up-regulate IGF-I activity 
and thereby act as a cancer promoter; ‘low-quality’ vegan 
proteins can be expected to have the opposite effect. As 
stated previously, IGF-I acts as a ‘progression factor’ for 
most normal and pre-neoplastic tissues; although often 
not sufficient to induce mitosis by itself, IGF-I usually 
works in tandem with ‘competence’ growth factors to 
promote cell turnover.95 Induction of the IGF-I receptor is 
often one of the essential roles of competence growth 
factors. Recent studies also show that IGF-I can inhibit 
apoptosis in many normal and neoplastic cell lines.97,98,109 
It is now believed that apoptosis of genetically damaged 
cells is crucial to cancer prevention; cancer promotional 
agents invariably demonstrate anti-apoptotic activity.110-

115 Increased IGF-I activity can be expected to increase the 
rate at which fixed mutations are accumulated in stem 
cells by promoting stem cell turnover; by suppressing 
apoptosis, it can be expected to increase the chance that 
initiated cells will engender clinical cancer. In addition, 
the mitotic and apoptotic rates of many cancers are 
sensitive to IGF-I activity.95 Dietary modulation of IGF-I 
activity can therefore be expected to have profound 
consequences for cancer risk and progression.  

As noted above, reduction of IGF-I activity during a vegan 
diet can be expected owing to up-regulation of IGFBP-1. 
However, the possibility that such diets may also 
modestly decrease hepatocyte synthesis of IGF-I should 
be considered. In clinical or animal studies, low-protein 
diets of adequate caloric content decrease the serum 
level and hepatic synthesis of IGF-I116-120; this effect 
appears to be attributable to a dietary deficit of certain 
essential amino acids.120-122 Low intake of these essential 
amino acids markedly destabilizes the 7.5kb form of the 
IGF-I mRNA, and may also impede translation of IGF-I 
mRNAs.122-124 Severe protein restriction may not be 
required to evoke this effect. 

Moreover, down-regulation of IGF-I activity in vegans is 
often not solely attributable to the protein content of 
vegan diets. To the extent that vegan diets, as compared 
to omnivorous diets, tend to be relatively low in fat 
(especially saturated fat), and high in fiber, these factors 
should promote increased insulin sensitivity – both 
acutely, and by aiding prevention of obesity.125,126 This 
improved insulin sensitivity will down-regulate insulin 
secretion, thus contributing to the protective increase in 
glucagon/ insulin ratio and the resulting up-regulation of 
IGFBP-1. Evidently, several independent mechanisms can 
interact to reduce IGF-I activity in vegans. (Perversely, the 
saturated fats featured in many animal products are the 
most efficient at inducing insulin resistance, whereas 
ingestion of monounsaturates – found in such favorite 
vegan foods as avocadoes, olives, and olive oil – appear to 
have little impact on insulin sensitivity in humans127,128; 
perhaps this is a major reason why monosaturates 
emerge blameless in much recent epidemiology.) 

Hyperinsulinemia as A Risk Factor For Breast, 
Endometrial, And Colon Cancers 

Several authors have presented cogent evidence that 
hyperinsulinemic insulin resistance is an important risk 
factor for postmenopausal breast cancer, and that 
hyperinsulinemia induces the increased testosterone 
production, the reduction in serum SHBG, and the 
increased free estradiol levels that characterize subjects 
at high risk for this disorder.129-132 It may be reasonable to 
extend and clarify this hypothesis by proposing that the 
fundamental risk factor is a high activity of insulin relative 
to glucagon in hepatocytes, resulting in a suppression of 
IGFBP-1 production. As suggested previously130-132, the 
consequent increase in effective IGF-I activity can be 
expected to potentiate the LH-induced production of 
androgens by ovarian stroma,133-135 while decreasing 
hepatic production of SHBG. Peripheral aromatization of 
these androgens will give rise to estrogens, an increased 
proportion of which will remain unbound owing to the 
decrease of circulating SHBG and the increased 
competition by testosterone for binding to this SHBG. The 
increased effective activities of both estrogen and IGF-I 
will then synergize to stimulate mitosis and inhibit 
apoptosis in pre-neoplastic breast tissue; this synergism 
results, at least in part, from estrogen-mediated induction 
of IGF-Ireceptors.136,137 

This formulation recognizes a countervailing protective 
role for glucagon – and, by implication, for vegan proteins 
that preferentially promote glucagon release. It also 
stresses the importance of insulin activity on hepatocytes. 
The equivocal impact of diabetes on breast cancer risk132 
is rationalized by the realization that net insulin activity 
on hepatocytes is decreased in diabetics – even in type 2 
diabetics who are hyperinsulinemic. Hepatocytes are 
typically insulin resistant in type 2 diabetics; in type 1 
diabetics and in type 2 diabetic with profound beta cell 
failure, portal insulin concentrations are sub-normal. That 
some studies nevertheless do see an increased breast 
cancer risk associated with type 2 diabetes138,139 may 
reflect the fact that this type of diabetes is usually 
preceded by a long period of compensated 
hyperinsulinemic insulin resistance. 

These considerations enable the prediction that a low fat 
vegan diet will be profoundly protective with respect to 
risk for postmenopausal breast cancer. The protein 
content of this diet will preferentially support glucagon 
activity and possibly decrease IGF-I synthesis. Other 
aspects of the diet – a low intake of fat, increased fiber, 
decreased propensity to induce obesity – will promote 
good peripheral insulin sensitivity and thus down regulate 
insulin secretion. Such diets are likely to be relatively high 
in phytochemicals that may have anti-initiating activity, 
and the possibility that phytoestrogens contribute some 
protection does merit further evaluation.140 

Endometrial cancer is also associated with obesity (and, 
by implication, insulin resistance), and the role of 
increased unopposed estrogen activity in its etiology is 
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well known. A favorable impact of a low-fat vegan diet on 
endometrial cancer risk is therefore readily predicted. As 
in the breast, estrogen induces IGF-I receptor expression 
in the uterus.141 

Risk of colon cancer has likewise been linked to 
hyperinsulinemia.142 That induction of this cancer may be 
particularly sensitive to IGF-I activity is suggested by the 
high-incidences of colon polyps and colon cancer 
associated with acromegaly.143,144 The normal colonic 
mucosa, as well as many colon adenocarcinomas, are IGF-
I sensitive.145-149 

The puzzling fact that postmenopausal estrogen 
replacement does not increase breast cancer risk as 
greatly or consistently as might be expected, may reflect 
the fact that orally-administered estrogens (but not 
transdermal or endogenous estrogens) suppress hepatic 
production of IGF-I.150 This suggests that long-term 
estrogen replacement therapy may reduce the risk of 
colon cancer and perhaps of other cancers that are not 
estrogen-dependent. In fact, decreased colon cancer risk 
associated with estrogen replacement has recently been 
demonstrated,151-155 this effect is quite substantial – 30–
50% reduction in risk is seen in current or long-term 
users. 

 A concurrent vegan diet and insulin-sensitizing lifestyle 
should amplify this benefit, and also reduce the breast 
cancer risk associated with estrogen replacement. Indeed, 
the down-regulation of IGF-I activity achievable by oral 
estrogen in conjunction with a vegan diet might be 
sufficiently large to be useful in cancer therapy – either as 
a palliative regimen or as an adjuvant to apoptosis- 
inducing measures. Tamoxifen, which is reported to 
decrease IGF-I and/or up-regulate IGFBP-1156,157, might be 
a useful alternative to estrogen in men or in women who 
have estrogen-sensitive tumors. It will be interesting to 
determine whether soy phytoestrogens can influence 
hepatic IGF-I production. In light of the media frenzy 
regarding hormone replacement therapy’s impact on 
breast cancer risk, wouldn’t it be ironic if such therapy 
proves to have a neutral or even favorable impact on 
overall cancer mortality? 

Igf-I Activity and Prostate Cancer Risk 

IGF-I is a potent growth factor for normal prostatic 
epithelium, as well as for prostate adenocarcinoma cell 
lines158-164. That IGF-I activity is crucial for prostate cancer 
growth is suggested by studies showing that IGFBP-1 and 
other IGF-1 antagonists suppress the proliferation of 
cultured prostate cancer cells, that transfection of such 
cells with antisense DNA to the IGF-I receptor inhibits 
their growth and invasiveness in vivo, and that an 
antagonist of GHRH (which decreases IGF-I levels) 
suppresses the growth of human prostate cancer cell lines 
in nude mice.163-167 Prostate-specific antigen (PSA), a 
marker for prostate cancer prognosis, is a serine protease 
that cleaves and inactivates IGFBP-3; it may therefore 
serve to induce a local increase in IGF-I activity.168 There is 
evidence that IGF-I may activate the androgen receptor in 

human prostate cancer cell lines, in the absence of 
androgens.169,170  

Increased IGF-I activity can also up-regulate testosterone 
availability. In addition to suppressing hepatic SHBG 
production, IGF-I may promote GnRH secretion, 
potentiate the LH response to GnRH in pituitary 
gonadotrophs, and likewise potentiate the steroidogenic 
response of Leydig cells to LH.171-176 Reduced levels of free 
testosterone reported in vegetarians may reflect these 
effects.177,178 It can be concluded that high IGFI activity 
should have a potent growth promotional/antiapoptotic 
impact on prostate epithelium, owing both to a direct 
impact of IGF-I, as well as an increase in testosterone 
availability. 

Two other high-incidence cancers in Western society are 
those of the ovary and pancreas. Both theca and 
granulosa cells of the normal ovary are IGF-I 
responsive.133-135,179 Virtually all ovarian cancers and 
cancer cell lines examined express IGF-I receptors, and 
respond to IGF-I as a growth factor.180,181 Estradiol 
potentiates the response to IGF-I in some ovarian cancer 
cell lines by up-regulating the IGF-I receptor.182 Case-
control studies often but not invariably point to obesity as 
a risk factor.183-186 With regard to the pancreas, IGF-I 
appears to be a progression factor for cells of the 
exocrine pancreas, and many recent reports indicate that 
pancreatic adenocarcinomas express IGF-I receptors and 
are IGF-I responsive.187-190 In some pancreatic cancer cell 
lines, IGF-I functions as an autocrine growth factor, such 
that antibodies to the IGF-I receptor, or antisense DNA to 
this receptor, inhibit cell growth in vitro. An LHRH agonist, 
which down-regulates IGF-I receptor expression in 
carcinogen-induced autogenous pancreatic cancers in 
hamsters, markedly retards the growth of these 
cancers.191 Some epidemiology links pancreatic cancer 
risk to high BMI as well as to diabetes; the latter 
correlation, however, declines with time, suggesting that 
the associated diabetes is sometimes caused by the 
nascent pancreatic cancer. Overall, these findings appear 
consistent with the possibility that IGF-I activity 
modulates the promotion and progression of both 
ovarian and pancreatic cancer.192-196 

CHEMOPREVETION OF CANCER BY PLANT POLYPHENOLS 

Epigallocatechin galate 

EGCG induces apoptosis and cell cycle arrest, and exhibits 
anti-angiogenic and anti-metastatic potential in 
hepatoma cells by modulating signal transduction 
pathways. Paradoxically, EGCG may exert its cytostatic 
effects against cancer cells through a pro-oxidant 
activity197, although it has strong antioxidant properties. 
In addition, a number of animal studies have shown that 
EGCG prevents chemical-induced HCC. Moreover, a 
number of studies with tea extracts rich in EGCG have 
given very promising results for its chemopreventive 
activity198-202, although there was not always an apparent 
relationship between EGCG concentration and liver tumor 
response.203 So far, there are no clinical or 



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

271 

epidemiological studies available on EGCG 
chemopreventive activity against HCC. However, use of 
EGCG in clinical trials for other cancer types, such as 
cervical cancer, has given optimistic results.203 

Quercetin 

Quercetin seems to exert its chemoprevention potential 
through inhibition and induction of survival and death 
signaling pathways respectively in liver cancer cells. 
Moreover, in animal studies, quercetin protects from 
DEN- or AFB(1)-induced liver carcinogenesis due mainly to 
its strong antioxidant activity and consequent prevention 
of ROS-induced DNA mutations in critical genes for cell 
cycle control, such as p53. Although there are concerns 
about the toxicity and safety of quercetin, human studies 
have not shown adverse effects associated with the oral 
administration of quercetin in a single dose of up to 4 g or 
after one month of 500 mg twice daily.204 

Luteolin 

the mechanisms for the potential anticarcinogenic effects 
of luteolin against HCC include mainly induction of 
apoptosis and cell cycle arrest by action on critical 
molecular targets for cell survival such as p53, p21, cyclin 
dependent kinases and caspases in liver cancer cells.205 
Indeed, the induction of caspase-8 and -9 suggests that 
luteolin may activate both molecular pathways for 
capsases, the extrinsic and mitochondrial respectively. 
Moreover, like other polyphenols, luteolin’s apoptosis 
induction in cell culture studies seems to be mediated 
through pro-oxidant effects.206 There are limited data 
regarding the in vivo chemopreventive activity of luteolin 
against HCC, and thus to fully elucidate the molecular 
mechanisms of its action and potential use in clinical 
trials, more in-depth animal studies are needed. 

Silymarin and Silibinin 

The potential use of silymarin and its most active 
constituent, silibinin, as chemopreventive agents against 
HCC is based on their capability to induce pro-apoptotic 
and reduce anti-apoptotic proteins in hepatoma cells. In 
addition, they have been shown to possess anti-
metastatic and anti-angiogenic potential in cell culture 
studies. Moreover, their pro-apoptotic effects on liver 
cancer cells have been confirmed in in vivo experiments. 
Interestingly, a number of clinical studies have been 
performed with silymarin investigating its 
hepatoprotective activity.207  

Acacetine 

Acacetin inhibited cell growth, induced cell cycle arrest at 
G1 phase and apoptosis through increase in levels of p53 
protein and its downstream pro-apoptotic targets, 
p21/WAFI and Bax proteins. In addition, the acacetin-
induced increase in Fas/APO-1 and its ligand FASL 
suggested the involvement of FAS/FASL system in the 
observed apoptosis.208 

 

Genistein 

Genistein induces inhibition in hepatoma cells growth, 
apoptosis and metastasis by modulating the expression of 
antiapoptotic, pro-apoptotic and regulating motility 
proteins, as well as the activity of cyclin dependent 
kinases regulating cell cycle. These in vitro effects have 
also been confirmed in animal studies, since genistein 
induced apoptosis and inhibited metastasis of HCC 
induced by either chemicals or implanted hepatoma 
cells.209  

Daidzein 

Daidzein inhibit hepatoma (i.e. HepG2, Hep3B, Huh7, PLC 
and HA22T) cell growth, induce apoptosis through 
caspase-3 activation and PARP cleavage.210 Daidzein was 
also demonstrated to affect the redox status in hepatoma 
cells although the data are conflicting since it induced 
mRNA catalase expression but at the same time caused a 
mild oxidative stress.211 However, an in vivo study showed 
that daidzein administration (50 mg/kg) to rats increased 
antioxidant enzymes activity such as SOD, catalase, GPx, 
GST, DT-diaphorase (DTD) and GSH levels in liver.212  

Stilbenes (trans-resveratrol) 

The anticarcinogenic effects of trans-resveratrol against 
HCC include apoptosis and cell cycle arrest by modulation 
of the expression and activity of pro-apoptotic, anti-
apoptotic and cell cycle regulating proteins, and anti-
metastatic potential and anti-angiogenic potential by 
modulation of the expression of pro-angiogenic 
molecules.210,213,214 

Cucurmin 

Curcumin’s suppression against HCC cells is largely due to 
inhibition of abnormal cell proliferation and apoptosis 
through modulation of relevant signaling pathways.202,215-

217. Curcumin has also been shown in vivo to inhibit HCC 
induced by chemicals or implanted hepatoma cells. 
Moreover, both in vitro and in vivo studies exhibited anti-
angiogenic and anti-metastatic properties of curcumin 
against hepatocarcinogenesis.  

Cafeic acid 

Both in vitro and in vivo studies have shown that cafeic 
acid and its derivative, cafeic acid phenyl ester (CAPE), 
inhibit growth and metastasis of HCC through modulation 
of expression of proteins involved mainly in NF-jB 
molecular pathway.218,219  

Protocatechuic acid 

Protocatechuic acid has been shown to inhibit HepG2 cell 
growth through induction of JNK and p38 proteins.220 
Protocatechuic acid to induces apoptosis through 
mitochondrial membrane disruption and caspase-3 and -8 
activation, exhibit anti-metastatic potential by reducing 
intercellular adhesion molecule (ICAM)-1 level, and 
possible anti-angiogenic and anti-inflamatory activity by 
reducing VEGF, interleukin (IL)-6 and (IL)-8 levels.221 
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Capsaisin 

In vitro studies have shown capsaicin to induce apoptosis 
in HepG2 cells.222,223 In particular, capsaicin-induced 
apoptosis in HepG2 cells is associated with increased 
levels of ROS, intracellular Ca2+, p53 protein, cytochrome 
c protein, an indicator of mitochondrial membrane 
disruption, growth arrest and DNA damage-inducible 153 
(GADD153) protein, and caspase-3 activity, and decreased 
levels of the anti-apoptotic proteins Bcl-2 and Bax.224  

Another study suggested that the capsaicin- induced 
inhibition of NAD(P)H:quinone oxidoreductase (NQO1) 
enzyme activity leads to increased ROS levels in HepG2 
cells225. The increased ROS levels, in turn, result in 
activation of Akt and increased nuclear translocation of 
NF-E2- related factor (Nrf2) that binds to the antioxidant 
response element (ARE), thus causing the expression of 
heme oxygenase-1 (HO-1), an enzyme conferring 
cytoprotection against oxidative stress.225  

Also, capsaicin has been shown to induce apoptosis in SK-
Hep-1 HCC cells mediated through down-regulation of 
anti-apoptotic Bcl-2 protein and upregulation of pro-
apoptotic protein Bax and caspase-3.222  

DISCUSSION 

The complexity of factors impacting overall cancer risk, 
the heterogeneity of cancer etiology, and the limitations 
and the variation in dietary patterns may be responsible 
in part for the lack of clarity regarding the relationship 
between overall cancer risk and specific dietary factors. In 
addition, specific constituents in these whole foods such 
as soluble fiber, carotenoids, indoles, isoflavones, among 
hundreds of others have been linked to protection against 
specific cancers.  

Vegetarian and vegan diets tend to be higher in these 
protective plant foods and plant constituents than 
omnivorous diets. Vegetarian and other diets built mainly 
from plant foods would also be expected to support 
higher immune function, largely because they tend to be 
richer in cancer protective phytochemicals. The extent to 
which a vegetarian diet is cancer protective likely 
depends on how rich the dietary pattern is in these 
protective whole plant foods.  

Wide homogeneity of vegetarian diets exists such that 
individuals choosing self reported vegetarian diets may 
exclude only some types of meat to all animal products, 
may include very large or very small amounts of highly 
processed food, may include only raw foods, or may vary 
widely with respect to cheese and other dairy product 
consumption. 

Some factors may even be protective for some types of 
cancer and causal or promoting for other types of cancer. 
For example, adequate vitamin D status is thought to be 
protective against prostate cancer, but sun exposure (the 
stimulus for vitamin D production in the human body) is a 
major risk factor for skin cancer. Similarly higher calcium 
intakes are associated with decreased risk of colon cancer 

but increased risk of prostate cancer. Perhaps even more 
problematic for nutrition and cancer research generally 
and the question at hand specifically are the problems 
inherent in measuring food intake and quantifying dietary 
patterns.  

Results for specific cancers are less clear although there is 
some observational evidence that vegetarian diets may 
reduce risk of prostate, breast, colon, stomach cancer, 
bladder cancer, ovarian cancer, and cancers of the 
lymphatic and hematopoietic tissues. 

Choosing a vegetarian dietary pattern is an easy way to 
follow the expert recommendations to “eat mostly foods 
of plant origin” and “limit intake of red meat and avoid 
processed meat” to reduce cancer risk. 

The vegan diet typically differs from vegetarian and/or 
omnivorous by: reduced protein, energy, saturated fat, 
cholesterol, calcium, B12, phosphorous, zinc and sodium 
levels; and increased carbohydrate, fiber, saturated fat; 
vitamins A, C, B6, B9, magnesium and potassium levels. 
Whilst aspects of this diet in reducing risk of cancer may 
be obvious (e.g. increased phytochemicals), studies 
assessing the efficacy or detriment of some nutrients 
remain ambiguous and/or incomplete.  

A vegan diet, aside from its deficit of vitamin B12 activity 
(readily compensated by supplementation), is typically 
more micronutrient-dense (per calorie) than the diets 
favored by omnivores, higher in protective 
phytochemicals and fiber, and usually somewhat lower in 
fat – especially saturated fat. Fears that a vegan diet may 
be inadequate in protein quality or quantity are 
unfounded. Advocates of veganism often cite the 
remarkable fact that human breast milk – presumably 
‘designed’ to promote anabolism during a time of rapid 
growth – has a protein content that corresponds to only 
5% of total calories. With the exception of fruit or refined 
sugar or oils, the protein content of vegan foods is 
considerably higher than this. 

Clearly, vegan protein is not the only way to achieve a 
favorable balance of glucagon/insulin activity. Measures 
which promote the insulin sensitivity of skeletal muscle, 
and thus down-regulate insulin secretion, should have 
comparable benefit. A low-fat, fiber-rich diet, coupled 
with regular exercise and avoidance of visceral obesity, 
should be useful in this regard. 

CONCLUSION 

No diet or regimen can be expected to be free of any 
drawback. The fact that a low-fat, fiber-rich vegan diet is 
likely to reduce risk for most types of cancer, should be 
sufficient to recommend it. Those who are willing to 
make less striking changes in their lifestyle can be 
encouraged to reduce their consumption of animal 
products.  

 

 



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

273 

REFERENCES 

1. World Health Organisation [WHO], Projections of mortality and 
burden of disease, 2004–2030. Available from: 
http://www.who.int/healthinfo/global_burden_disease/projection
s/en/index.html. Accessed 18 Aug 2010. 

2. Anand P, Kunnumakkara AB, Sundaram C, Tharakan ST, Lai SS, 
Sung B, Aggawal BB, Cancer is a preventable disease that requires 
major lifestyle changes, Pharm Res, 25(9), 2008, 2097–2116. 

3. Doll R, Peto R, The causes of cancer: quantitative estimates of 
avoidable risks of cancer in the United States today, J Natl Cancer 
Inst, 66, 1981, 1191–1308. 

4. Willett WC, Diet and cancer, Oncologist, 5, 2000, 393–404. 

5. WHO (World Health Organisation) (2009a) Cancer, Fact Sheet No. 
297. http://www.who.int/mediacentre/factsheets/fs297/en/.  

6. Garcia M, Jemal A, Ward EM, Center MM, Hao Y, Siegel RI, Thun 
MJ, Global Cancer Facts and Figures, American Cancer Society, 
2007.  

7. Danaei G, Vander Hoorn S, Lopez AD, Murray CJ, Ezzati M, Causes 
of cancer in the world: comparative risk assessment of nine 
behavioural and environmental risk factors, Lancet, 366, 2005 
1784–1793.  

8. Vioque J, Barber X, Bolumar F, Porta M, Santiabariez M, de la Hera 
MG, Moreno-Osset E, Esophageal cancer risk by type of alcohol 
drinking and smoking: a case-control study in Spain, BMC Cancer 1, 
2008, 8-221.  

9. Fan Y, Yuan JM, Wang R, Gao YT, Yu MC Alcohol, tobacco, and diet 
in relation to esophageal cancer: the Shanghai Cohort Study, Nutr 
Cancer, 60, 2008, 354–363. 

10. Anand P, Kunnumakkara AB, Sundara C, Harikumar KB, Tharakan 
ST, Lai OS, Sung B, Aggarwal BB, Cancer is a preventable disease 
that requires major lifestyle changes, Pharm Res, 25, 2008, 2097–
2116.  

11. Singh GK, Miller BA, Hankey BF, Changing area socioeconomic 
patterns in U.S. cancer mortality, 1950–1998, Part II–Lung and 
colorectal cancers. J Natl Cancer Inst 94, 2002, 916–925.  

12. Singh GK, Miller BA, Hankey BF, Feuer EJ, Pickle LW, Changing area 
socioeconomic patterns in U.S. cancer mortality, 1950–1998: Part 
I–All cancers among men. J Natl Cancer Inst 94, 2002, 904–915.  

13. Rolfes S, Pinna K, Whitney E, Understanding Normal and Clinical 
Nutrition. USA:Thompson Learning, Inc, 534, 2006. 

14. IARC (International Agency for Research on Cancer), IARC Launches 
the World Cancer Report 2008. IARC Press Release No. 191, 2008.  

15. WHO (World Health Organisation) (2009b) Cancer: Diet and 
Physical Activity’s Impact. World Health Organisation: Global 
Strategy on Diet, Physical Activity and Health.  

16. AICR/WCRF AIfCRWCRF Food, nutrition, and the prevention of 
cancer: a global perspective, Nutrition, 15, 1999, 523–526. 

17. WHO (World Health Organisation), Diet, Nutrition and the 
Prevention of Chronic Disease, Technical Report Series No. 916, 
Geneva 2003. 

18. Alcantara EN, Speckmann EW, Diet, nutrition, and cancer, Am J Clin 
Nutr, 29, 1976, 1035–1047.  

19. Lock K, Pomerleau J, Causer L, Altmann DR, McKeeM, The global 
burden of disease attributable to low consumption of fruit and 
vegetables: implications for the global strategy on diet, Bull World 
Health Organ, 83, 2005, 100–108.  

20. Cancer Research UK, A Brief History of Cancer, 2004.  

21. Lambert JD, Hong J, Yang GY, Liao J, Yang CS Inhibition of 
carcinogenesis by polyphenols: evidence from laboratory 
investigations, Am J Clin Nutr, 81(1), 2005, 284–291.  

22. Key TJ, Thorogood M, Appleby PN, Burr ML, Dietary habits and 
mortality in 11,000 vegetarians and health conscious people: 
results of a 17 year follow up, BMJ 313, 1996, 775–779.  

23. Yang CS, Lee MJ, Chen L, Yang GY, Polyphenols as inhibitors of 
carcinogenesis, Environ Health Perspect, 105(4), 1997, 971–976. 

24. Yang GY, Liu Z, Seril DN, Black tea constituents, theaflavins, inhibit 
4-(methylnitrosamino)-1-(3-pyridyl)-1-butanone (NNK)-induced 
lung tumorigenesis in A/J mice, Carcinogenesis, 18, 1997, 2361–
2365.  

25. Kris-Etherton PM, Hecker KD, Bonanome A, Bioactive compounds 
in foods: their role in the prevention of cardiovascular disease and 
cancer, Am J Med, 113(9B), 2002, 71–88.  

26. Steinmetz KA, Potter JD Vegetables, fruit, and cancer prevention: a 
review, J AmDiet Assoc, 96, 1996, 1027–1039.  

27. Van Duyn MA, Pivonka E, Overview of the health benefits of fruit 
and vegetable consumption for the dietetics professional: selected 
literature, J Am Diet Assoc, 100, 2000, 1511–1521.  

28. Dewell A, Weidner G, Sumner MD, Chi CS, Ornish D, A very-low-fat 
vegan diet increases intake of protective dietary factors and 
decreases intake of pathogenic dietary factors, J Am Diet Assoc, 
108, 2008, 347–356.  

29. Ellis FR, Mumford P, The nutritional status of vegans and 
vegetarians, Proc Nutr Soc, 26, 1967, 205–212.  

30. Key TJ, Roe L, Thorogood M, Moore JW, Clark GM, Wang DY, 
Testosterone, sex hormone-binding globulin, calculated free 
testosterone, and oestradiol in male vegans and omnivores, Br J 
Nutr, 64, 1990, 111–119.  

31. Campbell TC, Parpia B, Chen J, Diet, lifestyle, and the etiology of 
coronary artery disease: The Cornell China study, Am J Cardiol. 82, 
1998, 18T–21T. 

32. Campbell TC, Chen J, Diet and chronic degenerative diseases: 
perspectives from China, Am J Clin Nutr, 59, 1994, 1153S–1161S. 

33. Carroll KK, Braden LM, Bell JA, Fat and cancer, Cancer, 58, 1986, 
1818–1825. 

34. Campbell TC, Campbell TM, The China Study, Callas TX: BenBella 
Book, 2005, 86–87. 

35. Kolonel LN, Hinds MW, Hankin JH. Cancer patterns among migrant 
and native-born Japanese in Hawaii in relation to smoking, drinking 
and dietary habits, In: Gelboin HV, (editors), Genetic and 
environmental factors in experimental and human cancer, Tokyo: 
Japan Sci Soc Pr, 1980, 327–340. 

36. World Cancer Research Fund/American Institute for Cancer 
Research, Food, nutrition, physical activity, and the prevention of 
cancer: a global perspective, Washington DC: AICR, 2007, 22–25. 

37. Cordain L, The nutritional characteristics of a contemporary diet 
based upon paleolithic food groups, JANA, 5, 2002a, 15–24.  

38. Cordain L, Eaton SB, Sebastian A, Mann N, Lindeberg S, Watkins 
BA, Origins and evolution of the Western diet: health implications 
for the 21st century, Am J Clin Nutr, 81, 2005, 341–354.  

39. Lindeberg S, Cordain L, Eaton BS, Biological and clinical potential of 
a Palaeolithic diet, J Nutr Environ Med, 13, 2003, 149–160.  

40. O’Keefe JHJr, Cordain L, Cardiovascular disease resulting from a 
diet and lifestyle at odds with our Paleolithic genome: how to 
become a 21st-century hunter-gatherer, Mayo Clin Proc, 79, 2004, 
101–108.  

41. Kende M, Superiority of traditional village diet and lifestyle in 
minimizing cardiovascular disease risk in Papua New Guineans, P N 
G Med J 44, 2001, 135–150.  

42.  WHO (World Health Organisation) (2008) The 10 leading causes of 
death by broad income group, 2004.  



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

274 

43. Haddad EH, Berk LS, Kettering JD, HubbardRW, PetersWR, Dietary 
intake and biochemical, hematologic, and immune status of vegans 
compared with nonvegetarians, Am J Clin Nutr 70(3), 1999, 586S–
593S.  

44. Janelle KC, Barr SI, Nutrient intakes and eating behavior scores of 
vegetarian and nonvegetarian women, J Am Diet Assoc, 95, 1995, 
180–186.  

45. Draper A, Lewis J, Malhotra N, Wheeler E, The energy and nutrient 
intakes of different types of vegetarian: a case for supplements, Br 
J Nutr, 69, 1993, 3–19.  

46. Larsson CL, Johansson G, Young Swedish vegans have different 
sources of nutrients than young omnivores, J Am Diet Assoc, 105, 
2005, 1438–1441.  

47. Spencer EA, Appleby PN, Davey GK, Key TJ Diet and body mass 
index in 38000 EPIC-Oxford meat-eaters, fish-eaters, vegetarians 
and vegans, Int J Obes Relat Metab Disord, 27, 2003, 728–734. 

48. Langley G, Vegan Nutrition, UK, Vegan Society, 1988. 

49. Kendler B, Vegan Nutrition. Nutrition, 19, 2003, 285–289. 

50. Tyrovolas S, Panagiotakos DB, The role of Mediterranean type diet 
on the development of cancer and cardiovascular disease, in the 
elderly: a systematic review, J Maturitas, 65(2), 2009, 122–130. 

51. Demark-Wahnefried W, Rock CL, Patrick K, Byers T, Lifestyle 
interventions to reduce cancer risk and improve outcomes, Am 
Fam Physician, 77(11), 2008, 1573–1580. 

52. Russo GL, Ins and outs of dietary phytochemicals in cancer 
chemoprevention, Biochem Pharm, 74, 2007, 533–544. 

53. Reilly JK, Diet and immune function in cancer prevention and 
survival, Hematol Oncol News Iss, 2006, 30–33. 

54. Divisi D, Di Tommaso S, Salvemini S, Garramone M, Crisci R, Diet 
and cancer, Acta Biomed, 2006, 118–123. 

55. Béliveau R, Gingras D, Role of nutrition in preventing cancer, Can 
Fam Physician, 53, 2007, 1905–1911. 

56. Williams MT, Hord NG, The role of dietary factors in cancer 
prevention: beyond fruits and vegetables, Nutr Clin Prac, 20, 2005, 
451–459. 

57. Fraser GE, Vegetarian diets: what do we know of their effects on 
common chronic diseases, Am J Clin Nutr, 89, 2009, 1607–1612. 

58.  Craig WJ, Health effects of vegan diets, Am J Clin Nutr, 89, 2009, 
1627–1633. 

59. Craig WJ, Mangels AR, American Dietetic Association, Position of 
the American Dietetic Association: vegetarian diets, J Am Diet 
Assoc, 109, 2009, 1266–1282. 

60. Felton JS, Knize MG, Wu RW, et al., Mutagenic potency of food 
derived heterocyclic amines, Mut Res., 616, 2007, 90–94. 

61. Knize MG, Felton JS, Formation and human risk of carcinogenic 
heterocyclic amines formed from natural precursors in meat, Nutr 
Rev, 63(5), 2005, 158–165. 

62. Zheng W, Lee SA, Well-done meat intake, heterocyclic amine 
exposure, and cancer risk, Nutr Cancer, 61(4), 2009, 437–446. 

63. Stoick KM, Erickson MA, Sandusky CB, Barnard ND, Detection of 
PhIP in grilled chicken entrees at popular chain restaurants 
throughout California, Nutr Cancer, 60(5), 2008, 1–9. 

64. Demark-Wahnefried W, Rock CL, Patrick K, Byers T, Lifestyle 
interventions to reduce cancer risk and improve outcomes, Am 
Fam Phyiscian, 77(11), 2008, 1573–1580. 

65. Berkow SE, Barnard N, Vegetarian diets and weight status, Nutr 
Rev, 64(4), 2006, 175–188. 

66. Rocha DM, Faloona GR, Unger RH, Glucagon-stimulating activity of 
20 amino acids in dogs, J Clin Invest, 51, 1972, 2346–2351. 

67. Assan R, Attali JR, Ballerio G, Glucagon secretion induced by 
natural and artificial amino acids in the perfused rat pancreas, 
Diabetes, 26, 1977, 300–307. 

68.  Assan R, Marre M, Gormley M, The amino acid-induced secretion 
of glucagon, In: Lefebvre Glucagon II. P. J. ed. Berlin: Springer-
Verlag, 1983, 19–41. 

69. Sanchez A, Hubbard RW, Plasma amino acids and the 
insulin/glucagon ratio as an explanation for the dietary protein 
modulation of atherosclerosis, Med Hypotheses, 36, 1991, 27–32. 

70.  Kurowska EM, Carroll KK, Effect of high levels of selected dietary 
essential amino acids on hypercholesterolemia and down-
regulation of hepatic LDL receptors in rabbits, Biochim Biophys 
Acta, 1126, 1992, 185–191. 

71. Descovich GC, Benassi MS, Cappelli M, Gaddi A, Grossi G, Piazzi S, 
Songiorgi Z, Mannino GC, Lenzi S, Metabolic effects of lecithinated 
and non-lecithinated textured soy protein in 
hypercholesterolaemia. In: Noseda G., Fragiacomo C., Fumagalli R., 
Paoleti R. Eds. Elsevier, Amsterdam, 279, 1982. 

72. Sanchez A, Hubbard RW, Smit E, Hilton GF, Testing a mechanism of 
control in human cholesterol metabolism: relation of arginine and 
glycine to insulin and glucagon, Atherosclerosis, 71, 1988, 87–92. 

73. Rodbell M, The action of glucagon at its receptor: regulation of 
adenylate cyclase. In: Lefebre Glucagon I. P. J., ed. Berlin: Springer-
Verlag, 1983, 263–290. 

74. Houslay MD, The use of selective inhibitors and computer 
modelling to evaluate the role of specific high affinity cyclic AMP 
phosphodiesterases in the hormonal regulation of hepatocyte 
intracellular cyclic AMP concentrations, Cell Signal, 2, 1990, 85–98. 

75. Girard J, Perdereau D, Foufelle F, Regulation of lipogenic enzyme 
gene expression by nutrients and hormones, FASEB J, 8, 1994, 36–
42. 

76. Fukuda H, Katsurada A, Iritani N, Effects of nutrients and hormones 
on gene expression of ATP citrate-lyase in rat liver, Eur J Biochem, 
209, 1992, 217–222. 

77. Hillgartner FB, Charron T, Chesnut KA, Triiodothyronine stimulates 
and glucagon inhibits transcription of the acetylcoA carboxylase 
gene in chick embryo hepatocytes: glucose and insulin amplify the 
effect of triiodothyronine, Arch Biochem Biophys, 337, 1997, 159–
168. 

78. Edwards PA, Lemongello D, Fogelman AM, The effects of glucagon, 
norepinephrine, and dibutyryl cyclic AMP on cholesterol efflux and 
on the activity of 3-hydroxy-3- methyglutaryl coA reductase in rat 
hepatocytes, J Lipid Res, 20, 1979, 2–7. 

79. Ness GC, Zhao Z, Wiggins L, Insulin and glucagon modulate hepatic 
3-hyroxy-3-methylglutaryl-coenzyme A reductase activity by 
affecting immunoreactive protein levels, J Biol Chem, 269, 1994, 
29168–29172.  

80. Goodridge AG, Dietary regulation of gene expression: enzyme 
involved on carbohydrate and lipid metabolism, Ann Rev Nutr, 7, 
1987, 157–185. 

81. Brown NF, Salter AM, Fears R, Brindley DN, Glucagon, cyclic AMP 
and adrenaline stimulate the degradation of lowdensity 
lipoprotein by cultured rat hepatocytes, Biochem J, 262, 1989, 
425–429. 

82. Rudling M, Angelin B, Stimulation of rat hepatic low density 
lipoprotein receptors by glucagon, J Clin Invest, 91, 1993, 2796–
2805. 

83. Suwanichkul A, DePaolis LA, Lee PDK, Powell DR, Identification of a 
promoter element which participates in cAMP-stimulated 
expression of human insulin-like growthfactor-binding protein-1, J 
Biol Chem, 1993. 

84.  Kachra Z, Yang CR, Murphy LJ, Posner BI, The regulation of insulin-
like growth factor-binding protein 1 messenger ribonucleic acid in 



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

275 

cultured rat hepatocytes: the roles of glucagon and growth 
hormone, Endocrinology, 135, 1994, 1722–1728. 

85. Neau E, Chambéry D, Schweizer-Groyer G, et al., Multiple liver-
enriched trans-acting factors interact with the glucocorticoid-
(GRU) and cAMP-(CRU) responsive units within the h-IGFBP-1 
promoter, Prog Growth Factor Res, 6, 1995, 103–117. 

86. Felíu JF, Hue L, Hers HG, Hormonal control of pyruvate kinase 
activity and of gluconeogenesis in isolated hepatocytes, Proc Natl 
Acad Sci, 73, 1976, 2762–2766. 

87. Claus TH, Park CR, Pilkis SJ, Glucagon and gluconeogenesis. In: 
Lefebre P. J., ed. Glucagon I. Berlin: Springer-Verlag, 1983, 315–
360. 

88. McGarry JD, Foster DW, Glucagon and ketogenesis. In: Lefebre P. 
J., ed. Glucagon I. Berlin: Springer-Verlag, 1983, 383–398. 

89. Mabrouk GM, Helmy IM, Thampy KG, Wakil SJ, Acute hormonal 
control of acetyl-coA carboxylase, J Biol Chem, 265, 1990, 6330–
6338.  

90. Pégorier JP, Garcia-Garcia MV, Prip-Buus C, et al., Induction of 
ketogenesis and fatty acid oxidation by glucagon and cyclic AMP in 
cultured hepatocytes from rabbit fetuses, Biochem J, 2641, 989, 
93–100. 

91. Lewitt MS, Denyer GS, Cooney GJ, Baxter RC, Insulin like growth 
factor-binding protein-1 modulates blood glucose levels, 
Endocrinology, 129, 1991, 2254–2256. 

92.  Baxter RC, Insulin-like growth factor binding proteins in the 
human circulation: a review, Horm Res, 42, 1994, 140–144. 

93. Binoux M, Schimpff RM, Donnadieu M, Serum somatomed in 
activity depressed after glucagon administration in man, J Clin 
Endocrinol Metab, 44, 1977, 1006–1009. 

94. McCarty MF, Up-regulation of IGF binding protein-1 as an 
anticarcinogenic strategy: relevance to caloric restriction, exercise, 
and insulin sensitivity, Med Hypotheses, 48, 1997, 297–308. 

95.  Baserga R, Rubin R, Cell cycle and growth control, Crit Rev 
Eukaryotic Gene Expression, 3, 1993, 47–61. 

96.  Werner H, LeRoith D, The role of the insulin-like growth factor 
system in human cancer, Adv Cancer Res, 68, 1996, 183–223. 

97. Resnicoff M, Abraham D, Yutanawiboonchai W, Rotman HL, 
Kajsture, Rubin R, Zoltick P, Basegra R, The insulin-like growth 
factor I receptor protects tumor cells from apoptosis in vivo, 
Cancer Res, 55, 1995, 2463–2469. 

98. Párrizas M, Saltiel AR, LeRoith D. Insulin-like growth factor 1 
inhibits apoptosis using the phosphatidylinositol 3’-kinase and 
mitogen-activated protein kinase pathways, J Biol Chem, 272, 
1997, 154–161. 

99. Iritani N, Hosomi H, Fukuda H, Tada K, Ikeda H, Soybean protein 
suppresses hepatic lipogenic enzyme gene expression in Wistar 
fatty rats, J Nutr, 126, 1996, 380–388. 

100. Carroll KK, Kurowska EM, Soy consumption and cholesterol 
reduction: review of animal and human studies, J Nutr, 125, 1995, 
594–597.  

101. Messina MJ, Persky V, Setchell KDR, Barnes S, Soy intake and 
cancer risk: a review of the in vitro and in vivo data, Nutr Cancer, 
21, 1994, 113–131. 

102. Hawrylewicz EJ, Zapata JJ, Blair WH, Soy and experimental cancer: 
animal studies, J Nutr, 125, 1995, 698–708. 

103. McCarty MF, Promotion of hepatic lipid oxidation and 
gluconeogenesis as a strategy for appetite control, Med 
Hypotheses, 42, 1994, 215–225. 

104. Nair KS, Hyperglucagonemia increases resting metabolic rate in 
man during insulin deficiency, J Clin Endocrinol Metab, 64, 1987, 
896–901. 

105. Calles-Escandón J, Insulin dissociates hepatic glucose cycling and 
glucagon-induced thermogenesis in man, Metabolism, 43, 1994, 
1000–1005. 

106. Berry MN, Clark DG, Grivell AR, Wallace PG, The calorigenic nature 
of hepatic ketogenesis: an explanation for the stimulation of 
respiration induced by fatty acid substrates, Eur J Biochem, 131, 
1983, 205–214. 

107. Geelhoed-Duijvestijn PH, Roelfsema F, Schroder-van der Elst JP, 
Effect of administration on growth hormone on plasma and 
intracellular levels of thyroxine and triiodothyronine in 
thyroidectomized thyroxine-treated rats, J Endocrinol, 133, 1992, 
45–59. 

108. Kern PA, Svoboda ME, Eckel RH, Van Wyk JJ, Insulinlike growth 
factor action and production in adipocytes and endothelial cells 
from human adipose tissue, Diabetes, 38, 1989, 710–717. 

109. Guenette RS, Tenniswood M, The role of growth factors in the 
suppression of active cell death in the prostate: an hypothesis, 
Biochem Cell Biol, 72, 1994, 553–559. 

110.  Schulte-Hermann R, Timmermann-Trosiener I, Barthel G, Bursch 
W, DNA synthesis, apoptosis, and phenotypic expression as 
determinants of growth of altered foci in rat liver during 
phenobarbital promotion, Cancer Res, 50, 1990, 5127–5135. 

111. Bursch W, Oberhammer F, Schulte-Hermann R, Cell death by 
apoptosis and its protective role against disease, Trends Pharm Sci, 
13, 1992, 245–251. 

112. Schulte-Hermann R, Bursch W, Grasl-Kraupp B, et al., Role of active 
cell death (apoptosis) in multi-stage carcinogenesis, Toxicol Lett, 
82/83, 1995, 143–148.  

113. Tomei LD, Kanter P, Wenner CE, Inhibition of radiationinduced 
apoptosis in vitro by tumor promoters, Biochem Biophys Res 
Comm, 155, 1988, 324–331. 

114. McConkey DJ, Hartzell P, Jondal M, Orrenius S, Inhibition of DNA 
fragmentation in thymocytes and isolated thymocyte nuclei by 
agents that stimulate protein kinase C, J Biol Chem, 264, 1989, 
13399–13402. 

115.  Prewitt TE, D’Ercole AJ, Switzer BR, Van Wyk JJ, Relationship of 
serum immunoreactive somatomedin-C to dietary protein and 
energy in growing rats, J Nutr, 112, 1982, 144–150. 

116. Isley WL, Underwood LE, Clemmons DR, Dietary components that 
regulate serum somatomedin-C concentrations in humans, J Clin 
Invest, 71, 1983, 175–182. 

117. Fliesen T, Maiter D, Gerard G, et al., Reduction of serum insulin-
like growth factor-I by dietary protein restriction is age dependent, 
Pediatr Res, 26, 1989, 415–419. 

118. Young VR, Zamora J, Effects of altering the proportions of essential 
to non-essential amino acids on growth and plasma amino acid 
levels in the rat, J Nutr, 96, 1968, 21–27. 

119.  Kies CV, Linkswiler HM, Effect on nitrogen retention of men of 
altering the intake of essential amino acids with total nitrogen held 
constant, J Nutr, 85, 1965, 139–144. 

120. Clemmons DR, Seek MM, Underwood L. E. Supplemental essential 
amino acids augment the somatomedin-C/insulin-like growth 
factor I response to refeeding after fasting, Metabolism, 34, 1985, 
391–395. 

121. Harp JB, Goldstein S, Phillips LS, Nutrition and somatomedin. XXIII. 
Molecular regulation of IGF-I by amino acid availability in cultured 
hepatocytes, Diabetes, 40, 1991, 95–101. 

122.  Thissen JP, Ketelslegers JM, Underwood LE, Nutritional regulation 
of the insulin-like growth factors, Endocrine Rev, 15, 1994, 80–101. 

123. Thissen JP, Triest S, Moats-Staats BM, et al., Evidence that 
pretranslational and translational defects decrease serum insulin-
like growth factor-I concentrations during dietary protein 
restriction, Endocrinology, 129, 1991, 429–435. 



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

276 

124.  Hayden JM, Straus DS, IGF-I and serine protease inhibitor 2.1 
nuclear transcript abundance in rat liver during protein restriction, 
J Endocrinol, 145, 1995, 397–407. 

125. Fukagawa NK, Anderson JW, Hageman G, et al., Highcarbohydrate, 
high-fiber diets increase peripheral insulin sensitivity in healthy 
young and old adults, Am J Clin Nutr, 52, 1990, 524–528. 

126.  Barnard RJ, Ugianskis EJ, Martin DA, Inkeles SB, Role of diet and 
exercise in the management of hyperinsulinemia and associated 
atherosclerotic risk factors, Am J Cardiol, 69, 1992, 440–444. 

127. Storlien LH, Jenkins AB, Chisholm DJ, et al., Influence of dietary fat 
composition on development of insulin resistance in rats. 
Relationship to muscle triglyceride and omega-3 fatty acids in 
muscle phospholipid, Diabetes, 40, 1991, 280–289. 

128. Garg A, Grundy SM, Unger RH, Comparison of effects of high and 
low carbohydrate diets on plasma lipoproteins and insulin 
sensitivity in patients with mild NIDDM, Diabetes, 41, 1992, 1278–
1285. 

129. Bruning PF, Bonfrèr JMG, van Noord PAH, et al., Insulin resistance 
and breast cancer risk, Int J Cancer, 52, 1992, 511–516. 

130. Kazer RR, Insulin resistance, insulin-like growth factor I and breast 
cancer: a hypothesis, Int J Cancer, 62, 1995, 403–406. 

131. Stoll BA, Nutrition and breast cancer risk: can an effect via insulin 
resistance be demonstrated, Breast Cancer Res Treat, 38, 1996, 
239–246. 

132. Kaaks R, Nutrition, hormones, and breast cancer: is insulin the 
missing link, Cancer Causes Control, 7, 1996, 605–625. 

133. Magoffin DA, Kurtz KM, Erickson GF, Insulin-like growth factor-I 
selectively stimulates cholesterol side-chain cleavage expression in 
ovarian theca-interstitial cells, Mol Endocrinol, 4, 1990, 489–496. 

134. Magoffin DA, Weitsman SR, Differentiation of ovarian 
thecainterstitial cells in vitro: regulation of 17a-hydroxylase 
messenger ribonucleic acid expression by luteinizing hormone and 
insulin-like growth factor-I, Endocrinology, 132, 1993, 1945–1951. 

135.  Magoffin DA, Weitsman SR, Insulin-like growth factor-I regulation 
of luteinizing hormone (LH) receptor messenger ribonucleic acid 
expression and LH-stimulated signal transduction in rat ovarian 
theca-interstitial cells, Biol Reprod, 51, 1994, 766–775. 

136. Steward AJ, Johnson MD, May FE, Westley BR, Role of insulin-like 
growth factors and the type I insulin-like growth factor receptor in 
the estrogen-stimulated proliferation of human breast cancer cells, 
J Biol Chem, 265, 1990, 21171–21178. 

137. Thorsen T, Lahooti H, Rasmussen M, Aakvaag A, Oestradiol 
treatment increases the sensitivity of MCF-7 cells for the growth 
stimulatory effect of IGF-I, J Steroid Biochem Molec Biol, 41, 1992, 
537–540. 

138. Talamini R, Franceschi S, Favero A, et al., Selected medical 
conditions and risk of breast cancer, Br J Cancer, 75, 1997, 1699–
1703. 

139. Weiderpass E, Gridley G, Persson I, Risk of endometrial and breast 
cancer in patients with diabetes mellitus, Int J Cancer, 71, 1997, 
360–363. 

140. Barnes S, Sfakianos J, Coward I, Kirk M, Soy isoflavonoids and 
cancer prevention, Underlying biochemical and pharmacological 
issues, Adv Exp Med Biol, 401, 1996, 87–100. 

141. Ghahary A, Murphy LJ, Uterine insulin-like growth factor-I 
receptors: regulation by estrogen and variation throughout the 
estrous cycle, Endocrinology, 125, 1989, 597–604. 

142. Giovannucci E, Insulin and colon cancer, Cancer Causes Control, 6, 
1995, 164–179. 

143. Ziel FH, Peters AL, Acromegaly and gastrointestinal 
adenocarcinomas, Ann Intern Med, 109, 1988, 514–515. 

144.  Terzolo M, Tappero G, Borretta G, Asnaghi G, Pia G, Reimondo G, 
High prevalence of colonic polyps in patients with acromegaly, 
Arch Intern Med, 154, 1994, 1272–1276. 

145. Rouyer-Fessard C, Gammeltoft S, Laburthe M, Expression of two 
types of receptor for insulinlike growth factors in human colonic 
epithelium, Gastroenterology, 98, 1990, 703–707. 

146. Mantrell MP, Ziegler TR, Adamson WT, et al., Resectioninduced 
colonic adaptation is augmented by IGF-I and associated with 
upregulation of coloinc IGF-I mRNA, Am J Physiol, 269, 1995, 974–
980. 

147. Culouscou JM, Shoyab M, Purification of a colon cancer cell growth 
inhibitor and its identification as an insulin-like growth factor 
binding protein, Cancer Res, 51, 1991, 2813–2819. 

148. Baghdiguian S, Verrier B, Gerard C, Fantini J, Insulin like growth 
factor I is an autocrine regulator of human colon cancer cell 
differentiation and growth, Cancer Lett, 62, 1992, 23–33. 

149. Guo YS, Narayan S, Yallampalli C, Singh P, Characterization of 
insulinlike growth factor I receptors in human colon cancer, 
Gastroenterology, 102, 1992, 1101–1108. 

150.  Campagnoli C, Biglia N, Altare F, Lanza MG, Lesca L, Cantamessa G, 
Peris C, Fiorucci GC, Sismondi P, Differential effects of oral 
conjugated estrogens and transdermal estradiol on insulin-like 
growth factor 1, growth hormone and sex hormone binding 
globulin serum levels, Gynecol Endocrinol, 7, 1993, 251–258. 

151. Chute CG, Willett WC, Colditz GA, Stampfer MG, A prospective 
study of reproductive history and exogenous estrogens on the risk 
of colorectal cancer in women, Epidemiology, 2, 1991, 201–207. 

152. Gerhardsson de Verdier M, London S, Reproductive factors, 
exogenous female hormones, and colorectal cancer by subsite, 
Cancer Causes Control, 3, 1992, 355–360. 

153.  Newcomb PA, Storer BE, Postmenopausal hormone use and risk of 
large-bowel cancer, J Natl Cancer Inst, 87, 1995, 1067–1071. 

154. Calle EE, Miracle-McMahill HL, Thun MJ, Health CW Jr, Estrogen 
replacement therapy and risk of fatal colon cancer in a prospective 
cohort of postmenopausal women, J Natl Cancer Inst, 87, 1995, 
517–523. 

155. Kampman E, Potter JD, Slattery ML, Caan BJ, Edwards S, Hormone 
replacement therapy, reproductive history, and colon cancer: a 
multicenter, case-control study in the United States, Cancer Causes 
Control, 8, 1997, 146–158. 

156. Huynh HT, Tetenes E, Wallace L, Pollak M, In vivo inhibition of 
insulin-like growth factor I gence expression by tamoxifen, Cancer 
Res, 53, 1993, 1727–1730. 

157. Lahti EI, Knip M, Laatikainen TJ, Plasma insulin-like growth factor I 
and its binding proteins 1 and 3 in postmenopausal patients with 
breast cancer receiving long term temoxifen, Cancer, 74, 1994, 
618–624. 

158. Cohen P, Peehl DM, Lamson G, Rosenfeld RG, Insulin-like growth 
factors (IGFs), IGF receptors, and IGF-binding proteins in primary 
cultures of prostate epithelial cells, J Clin Endocrinol Metab, 73, 
1991, 401–407. 

159. Peehl DM, Cohen P, Rosefeld RG, The insulin-like growth factor 
system in the prostate, World J Urol, 13, 1995, 306–311. 

160. Culig Z, Hobisch A, Cronauer MV, et al., Regulation of prostatic 
growth and function by peptide growth factors, Prostate, 28, 1996, 
392–405. 

161. Connolly JM, Rose DP, Regulation of DU145 human prostate cancer 
cell proliferation by insulin-like growth factors and its interaction 
with the epidermal growth factor autocrine loop, Prostate, 24, 
1994, 167–175. 

162.  Iwamura M, Sluss PM, Casamento JB, Cockett AT, Insulinlike 
growth factor I: action and receptor characterization in human 
prostate cancer cell lines, Prostate, 22, 1993, 243–252. 



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

277 

163. Pietrzkowski Z, Mulholland G, Gomella L, et al, Inhibition of growth 
of prostatic cancer cell lines by peptide analogues of insulin-like 
growth factor I, Cancer Res, 53, 1993, 1102–1106. 

164. Burfeind P, Chernicky CL, Rininsland F, Antisense RNA to the type I 
insulin-like growth factor receptor suppresses tumor growth and 
prevents invasion by rat prostate cancer cell in vivo, Proc Natl Acad 
Sci, 93, 1996, 7263–7268. 

165. Figueroa JA, Lee AV, Jackson JG, Yee D. Proliferation of cultured 
human prostate cancer cells is inhibited by insulinlike growth 
factor (IGF) binding protein-1: evidence for an IGFII autocrine 
growth loop, J Clin Endocrinol Metab, 80, 1995, 3476–3482. 

166. Pietrzkowski Z, Wernicke D, Porcu P, Jameson BA, Baserga R, 
Inhibition of cellular proliferation by peptide analogues of insulin-
like growth factor I, Cancer Res, 52, 1992, 6447–6451. 

167. Jungwirth A, Schally AV, Pinski J, Halmos G, Groot K, Armatis P, 
Inhibition of in vivo proliferation of androgen-independent 
prostate cancers by an antagonist of growth hormone-releasing 
hormone, Br J Cancer, 75, 1997, 1585–1592. 

168. Gau JT, Salter RD, Krill D, The biosynthesis and secretion of 
prostate-specific antigen in LNCaP cells, Cancer Res, 57, 1997, 
3830–3834. 

169. Culig Z, Hobisch A, Cronauer MV, Androgen receptor activation in 
prostatic tumor cell lines by insulin-like growth factor-I, 
keratinocyte growth factor, and epidermal growth factor, Cancer 
Res, 54, 1994, 5474–5478. 

170. Culig Z, Hobisch A, Cronauer MV, Hittmair A, Radmayr C, Bartsch G, 
Klocker H, Activation of the androgen receptor by polypeptide 
growth factors and cellular regulators, World J Urol, 13, 1995, 285–
289. 

171.  Zhen S, Zakaria M, Wolfe A, Radovick S, Regulation of 
gonadotropin-releasing hormone (GnRH) gene expression by 
insulin-like growth factor I in a cultured GnRH-expressing neuronal 
cell line, Mol Endocrinol, 11, 1997, 1145–1155. 

172. Soldani R, Cagnacci A, Yen SS, Insulin-like growth factor I (IGF-I) 
and IGF-II enhance basal and gonadotropin-releasing hormone-
stimulated luteinizing hormone release from rat anterior pituitary 
cells in vitro, Eur J Endocrinol, 131, 1994, 641–645. 

173. Soldani R, Cagnacci A, Paloetti AM, Modulation of anterior 
pituitary luteinizing hormone response to gonadotropin-releasing 
hormone by insulin-like growth factor I in vitro, Fertil Steril, 64, 
1995, 634–637. 

174.  Lin T, Haskell J, Vinson N, Terracio L, Characterization of insulin 
and insulin-like growth factor I receptors of purified Leydig cells 
and their role in steroidogenesis in primary culture: a comparative 
study, Endocrinology, 119, 1986, 1641–1647. 

175. Moore A, Morris ID, The involvement of insulin-like growth factor-I 
in local control of steroidogenesis and DNA synthesis of Leydig and 
non-Leydig cells in the rat testicular interstitium, J Endocrinol, 138, 
1993, 107–114. 

176. Grizard G, IGF(s) and testicular functions. Secretion and action of 
IGF-1 on Leydig cells, Contracept Fertil Sex, 22, 1994, 551–555. 

177. Belanger A, Locong A, Noel C, Influence of diet on plasma steroids 
and sex hormone-binding globulin levels in adult men, J Steroid 
Biochem, 32, 1989, 829–833. 

178. Schmidt T, Wijga A, Von Zur Muhlen A, Changes in cardiovascular 
risk factors and hormones during a comprehensive residential 
three month kriya yoga training and vegetarian nutrition, Acta 
Physiol Scand Supp, 640, 1997, 158–162. 

179. Adashi EY, Resnick CE, D’Ercole AJ, Svoboda ME, Insulin-like growth 
factor as intraovarian regulators of granulosa cell growth and 
function, Endocrine Rev, 6, 1985, 400–415. 

180. Yee D, Morales FR, Hamilton TC, Von Hoff DD, Expression of 
insulin-like growth factor I, its binding proteins, and its receptor in 
ovarian cancer, Cancer Res, 51, 1991, 5107–5112. 

181. Beck EP, Russo P, Gliozzo B, Zaeger W, Papa V, Wildt L, Pezziro V, 
Lang N, Identification of insulin and insulin-like growth factor I 
(IGF-I) receptors in ovarian cancer tissue, Gynecol Oncol, 53, 1994, 
196–201. 

182. Wimalasena J, Meehan D, Dostal R, Foster JS, Cameron M, Smith 
M, Growth factors interact with estradiol and gonadotropins in the 
regulation of ovarian cancer cell growth and growth factor 
receptors, Oncol Res, 5, 1993, 325–337. 

183. Osler M, Obesity and cancer, A review of epidemiological studies 
on the relationship of obesity to cancer of the colon, rectum, 
prostate, breast, ovaries, and endometrium, Dan Med Bull, 34, 
1987, 267–274. 

184. Farrow DC, Weiss NS, Lyon JL, Daling JR, Association of obesity and 
ovarian cancer in a case-control study, Am J Epidemiol, 129, 1989, 
1300–1304. 

185. Tomao S, Taggi F, Sberna RC, Villani C, Ovarian cancer and dietary 
habits, Eur J Gynaecol Oncol, 13, 1992, 91–95. 

186. Mink PJ, Folsom AR, Sellers TA, Kushi LH, Physical activity, waist-to-
hip ratio, and other risk factors for ovarian cancer: a follow-up 
study of older women, Epidemiology, 7, 1996, 38–45. 

187. Vila MR, Nakamura T, Real FX, Hepatocyte growth factor is a 
potent mitogen for normal human pancreas cells in vitro, Lab 
Invest, 73, 1995, 409–418. 

188. Ohmura E, Okada M, Onoda N, et al., Insulin-like growth factor I 
and transforming growth factor alpha as autocrine growth factors 
in human pancreatic cancer cell growth, Cancer Res, 50, 1990, 
103–107. 

189. Perilli D, Mansi C, Savarino V, Celle G, Hormonal therapy of 
pancreatic carcinoma, Rationale and perspectives, Int J Pancreatol, 
13, 1993, 159–168. 

190. Bergmann U, Funatomi H, Yokoyama M, Insulin-like growth factor I 
over-expression in human pancreatic cancer: evidence for 
autocrine and paracrine roles, Cancer Res, 55, 1995, 2007–2011. 

191. Szende B, Srkalovic G, Groot K, Regression of nitrosamine-induced 
pancreatic cancers in hamsters treated with luteinizing hormone-
releasing hormone antagonists or agonists, Cancer Res, 50, 1990, 
3716–3721. 

192. Friedman GD, van den Eeden SK, Risk factors for pancreatic cancer: 
an exploratory study, Int J Epidemiol, 22, 1993, 30–37. 

193. Moller H, Mellemgaard A, Lindvig K, Olsen JH, Obesity and cancer 
risk: a Danish record-linkage study, Eur J Cancer, 30A, 1994, 344–
350. 

194. Ji BT, Hatch MC, Chow WH, Anthropometric and reproductive 
factors and the risk of pancreatic cancer: a casecontrol study in 
Shanghai, China, Int J Cancer, 66, 1996, 432–437. 

195. La Vecchia C, Negri E, Franceschi S, A case-control study of 
diabetes mellitus and cancer risk, Br J Cancer, 70, 1994, 950–953. 

196. Wideroff L, Gridley G, Mellemkjaer L, Cancer incidence in a 
population-based cohort of patients hospitalized with diabetes 
mellitus in Denmark, J Natl Cancer Inst, 89, 1997, 1360–1365. 

197. Brückner M, Westphal S, Domschke W, Kucharzik T, Lügering A, 
Green tea polyphenol epigallocatechin-3-gallate shows therapeutic 
antioxidative effects in a murine model of colitis, J. Crohns Colitis, 
6 (2), 2012, 226–235. 

198. Tharappel JC, Lehmler HJ, Srinivasan C, Robertson LW, Spear BT, 
Glauert HP, Effect of antioxidant phytochemicals on the hepatic 
tumor promotingactivity of 3,30,4,40-tetrachlorobiphenyl (PCB-
77). Food Chem. Toxicol, 46, 2008, 3467–3474. 



Int. J. Pharm. Sci. Rev. Res., 23(2), Nov – Dec 2013; nᵒ 45, 265-278                                                                     ISSN 0976 – 044X  

 

 

International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

 

278 

199. Hirose M, Hasegawa R, Kimura J, Akagi K, Yoshida Y, Tanaka H, Miki 
T, Satoh T, Wakabayashi K, Ito N, Inhibitory effects of 1-O-hexyl-
2,3,5- trimethylhydroquinone (HTHQ), green tea catechins and 
other antioxidants on 2-amino-6-methyldipyrido[1,2-a:30,20-
d]imidazole (Glu-P-1)-induced rat hepatocarcinogenesis and dose-
dependent inhibition by HTHQ of lesion induction by Glu-P-1 or 2-
amino-3,8-dimethylimidazo[4,5-f]quinoxaline (MeIQx). 
Carcinogenesis, 16(12), 1995, 3049–3055. 

200. Umemura T, Kai S, Hasegawa R, Kanki K, Kitamura Y, Nishikawa A, 
Hirose M, Prevention of dual promoting effects of 
pentachlorophenol, an environmental pollutant, on 
diethylnitrosamine-induced hepato- and cholangiocarcinogenesis 
in mice by green tea infusion, Carcinogenesis, 24(6), 2003, 1105–
1109. 

201. Tamura K, Nakae D, Horiguchi K, Akai H, Kobayashi Y, Satoh H, 
Tsujiuchi T, Denda A, Konishi Y, Inhibition by green tea extract of 
diethylnitrosamine-initiated but not choline-deficient, L-amino 
acid-defined diet-associated development of putative 
preneoplastic, glutathione Stransferase placental form-positive 
lesions in rat liver, Jpn. J. Cancer Res, 88(4), 1997, 356–362. 

202. Cao J, Xu Y, Chen J, Klaunig JE, Chemopreventive effects of green 
and black tea on pulmonary and hepatic carcinogenesis, Fundam. 
Appl. Toxicol, 29(2), 1996, 244–250. 

203. Ahn WS, Yoo J, Huh SW, Kim CK, Lee JM, Namkoong SE, Bae SM, 
Lee IP, Protective effects of green tea extracts (polyphenon E and 
EGCG) on human cervical lesions, Eur. J. Cancer Prev, 12, 2003, 
383–390. 

204. Russo M, Spagnuolo C, Tedesco I, Bilotto S, Russo GL, The flavonoid 
quercetin in disease prevention and therapy: facts and fancies, 
Biochem. Pharmacol, 83 (1), 2012, 6–15. 

205. Yee SB, Lee JH, Chung HY, Im KS, Bae SJ, Choi JS, Kim ND, Inhibitory 
effects of luteolin isolated from Ixeris sonchifolia Hance on the 
proliferation of HepG2 human hepatocellular carcinoma cells, 
Arch. Pharm. Res, 26, 2003, 151–156. 

206. Selvendiran K, Koga H, Ueno T, Yoshida T, Maeyama M, Torimura 
T, Yano H, Kojiro M, Sata M, Luteolin promotes degradation in 
signal transducer and activator of transcription 3 in human 
hepatoma cells: an implication for the antitumor potential of 
flavonoids. Cancer Res, 66, 2006, 4826–4834. 

207. Kaur M, Agarwal R, Silymarin and epithelial cancer 
chemoprevention: how close we are to bedside, Toxicol. Appl. 
Pharmacol., 224(3), 2007, 350–359. 

208. Hsu YL, Kuo PL, Lin CC, Acacetin inhibits the proliferation of Hep G2 
by blocking cell cycle progression and inducing apoptosis, 
Biochem. Pharmacol., 67, 2004, 823–829. 

209. Pares A, Planas R, Torres M, Caballeria J, Viver JM, Acero D, Panes 
J, Rigau J, Santos J, Rodes J, Effects of silymarin in alcoholic 
patients with cirrhosis of the liver: results of a controlled, double-
blind, randomized and multicenter trial, J. Hepatol., 28, 1998, 615–
621. 

210. Su SJ, Chow NH, Kung ML, Hung TC, Chang KL, Effects of soy 
isoflavones on apoptosis induction and G2-M arrest in human 
hepatoma cells involvement of caspase-3 activation, Bcl-2 and Bcl-
XL downregulation, and Cdc2 kinase activity, Nutr Cancer, 45, 
2003, 113–123. 

211. Röhrdanz E, Ohler S, Tran-Thi QH, Kahl R, The phytoestrogen 
daidzein affects the antioxidant enzyme system of rat hepatoma 
H4IIE cells, J. Nutr, 132, 2002, 370–375. 

212. Mishra P, Kar A, Kale RK, Prevention of chemically induced 
mammary tumorigenesis by daidzein in pre-pubertal rats: the role 
of peroxidative damage and antioxidative enzymes, Mol. Cell 
Biochem, 325, 2009, 149–157. 

213. Kuo PL, Chiang LC, Lin CC, Resveratrol- induced apoptosis is 
mediated by p53-dependent pathway in Hep G2 cells, Life Sci., 72, 
2002, 23–34. 

214. Notas G, Nifli AP, Kampa M, Vercauteren J, Kouroumalis E, 
Castanas E, Resveratrol exerts its antiproliferative effect on HepG2 
hepatocellular carcinoma cells, by inducing cell cycle arrest, and 
NOS activation, Biochim. Biophys. Acta, 1760, 2006, 1657–1666. 

215. Cheng CY, Lin YH, Su CC, Curcumin inhibits the proliferation of 
human hepatocellular carcinoma J5 cells by inducing endoplasmic 
reticulum stress and mitochondrial dysfunction, Int. J. Mol. Med., 
26, 2010, 673–678. 

216. Yoysungnoen P, Wirachwong P, Bhattarakosol P, Niimi H, Patumraj 
S, Antiangiogenic activity of curcumin in hepatocellular carcinoma 
cells implanted nude mice, Clin. Hemorheol. Microcir, 33, 2005, 
127–135. 

217. Ohashi Y, Tsuchiya Y, Koizumi K, Sakurai H, Saiki I, Prevention of 
intrahepatic metastasis by curcumin in an orthotopic implantation 
model, Oncology, 65, 2003, 250–258. 

218. Jin UH, Chung TW, Kang SK, Suh SJ, Kim JK, Chung KH, Gu YH, 
Suzuki I, Kim CH, Caffeic acid phenyl ester in propolis is a strong 
inhibitor of matrix metalloproteinase-9 and invasion inhibitor: 
isolation and identification, Clin. Chim. Acta, 362, 2005, 57–64. 

219. Carrasco-Legleu CE, Márquez-Rosado L, Fattel-Fazenda S, Arce-
Popoca E, Pérez-Carreón JI, Villa-Treviño S, Chemoprotective effect 
of caffeic acid phenethyl ester on promotion in a medium-term rat 
hepatocarcinogenesis assay, Int. J. Cancer, 108, 2004, 488–492. 

220. Yip EC, Chan AS, Pang H, Tam YK, Wong YH, Protocatechuic acid 
induces cell death in HepG2 hepatocellular carcinoma cells 
through a c-Jun Nterminal kinase-dependent mechanism, Cell Biol. 
Toxicol., 22, 2006, 293–302. 

221. Yin MC, Lin CC, Wu HC, Tsao SM, Hsu CK, Apoptotic effects of 
protocatechuic acid in human breast, lung, liver, cervix, and 
prostate cancer cells: potential mechanisms of action, J. Agric. 
Food Chem., 57, 2009, 6468–6473. 

222. Huang SP, Chen JC, Wu CC, Chen CT, Tang NY, Ho YT, Lo C, Lin JP, 
Chung JG, Lin JG, Capsaicin-induced apoptosis in human hepatoma 
HepG2 cells, Anticancer Res, 29, 2009, 165–174. 

223. Baek YM, Hwang HJ, Kim SW, Hwang HS, Lee SH, Kim JA, Yun JW, A 
comparative proteomic analysis for capsaicin-induced apoptosis 
between human hepatocarcinoma (HepG2) and human 
neuroblastoma (SK-N-SH) cells, Proteomics, 8, 2008, 4748–4767. 

224. Joung EJ, Li MH, Lee HG, Somparn N, Jung YS, Na HK, Kim SH, Cha 
YN, Surh YJ, Capsaicin induces heme oxygenase-1 expression in 
HepG2 cells via activation of PI3K-Nrf2 signaling: NAD(P)H:quinone 
oxidoreductase as a potential target, Antioxid. Redox Signal., 9, 
2007, 2087–2098. 

225. Jung MY, Kang HJ, Moon A, Capsaicin-induced apoptosis in SK-Hep-
1 hepatocarcinoma cells involves Bcl-2 downregulation and 
caspase-3 activation, Cancer Lett., 165, 2001, 139–145. 

 

Source of Support: Nil, Conflict of Interest: None. 


