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Abstract

Chemoprevention is defined as the use of spedifemis to suppress or reverse carcinogenesis amdrprine
development of cancer. This is a review to asaetta¢ effectiveness of antioxidants in cancer prgea and
treatment. Antioxidants are the substances whiatscavenge free radicals and help to decreasedhiznce of
oxidative stress induced damage. Prevention ofezaiscreviewed from the viewpoints of action medbanrs
and clinical trials in order to introduce promisimgents discovered by vitro and/orin vivo studies to
applications in humans using systematic methoddétpiological studies of some published and cohantkes
on clinical trials from 2002 till date was usedewaluation of chemoprevention of cancer. A good Inemof the
studies showed the effectiveness of fruits and taddes in cancer treatment. Clinical trials of lladcancer,
prostate cancer, gastric cancer, hepatocellulger(Icells) carcinoma, breast cancer, head and naoker,
colorectal cancer and lung cancer showed posiggealr on effectiveness of chemoprevention. Studiss
revealed the advantages and toxic effects of thgsats, example, in a chemoprevention trial of lcaugcer -

carotene was unexpectedly found to increase thkeofilung cancer among high-risk groups. It is evidthat
chemoprevention is effective in cancer treatmedt@nevention.
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1. Introduction
1.1 Cancer
Cancer is a disease in which abnormal cells diwiithout control and are able to invade other tiss(iCl,
2013).Cancer develops as a result of free radichlided oxidative stress causing a cellular reddxalance
found in various cancer cells which cannot be foimdormal cells. It is related to oncogenic stiatidn and
modification of genetic material resulting from dative damage (Saikat and Raja, 2011). Canceruisechby
internal factors (such as inherited mutations, fwres, and immune conditions) and environmentalfeediu
factors such as tobacco, diet, radiation, and fities organisms (Ananet al, 2008).

Free radicals are chemical entities with one oremarpaired electrons. These radicals cause DNtation,
change in enzymatic activity, lipid peroxidation céllular membrane and death. Examples of harmig f
radicals are unpaired anions of oxygen, hydropemzand superoxide (Birangaeteal., 2011).

DNA mutation also known as the change in genetitenial or character of an individual is a vitagstin
carcinogenesis. Elevated levels of oxidative DNgidas have been noticed in various tumours, inwbaesuch
damage, in the etiology of cancer.

Cancers are caused by a series of mutations. Eatdtiom alters the behaviour of the cell.

Three different levels of this disease preventiomehbeen identified namely; primary prevention, selzvy
prevention and tertiary prevention.

« Primary prevention is the prevention of the ocauteeof diseases by (i) avoiding exposure to known
cancer-causing agents, (ii) enhancement of hosindefmechanisms, (iii) modifying life style and)(iv
chemoprevention.

e Secondary prevention is the early diagnosis arehiettion particularly at the preclinical stagehwit
the objective of reversing, inhibiting or delayithge progress of the disease condition.

e Tertiary prevention deals with the reduction of ftinepact of the disease through prevention of
complication and early deterioration.(Kakizoe, 2003

Chemoprevention is defined as the use of spgesifents to suppress or reverse carcinogenesis and

prevent the development of cancer. Antioxidardrn example of chemopreventive agent (Kakizoe,
2003, CA cancer J, 2004).

29



Journal of Biology, Agriculture and Healthcare
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online)
Vol.4, No.5, 2014

www.iiste.org
JLIEN|

ST

Mutation inactivates
UM SUppressor gene

CELLS PROLIFERATE

Mutation inaclivales
DA repair gene

Mutation of proto-oncogene
creales an oncogene

Mutation inactivates
several more
tumor SUPPressor genes

Loss of Normal Growth Control

= .
‘\.\ A
Cell Sulchde or Apoptosis

Cell damage—
no repair

Mormal

/
cell division \\.

Cancer
cell division

s

Q.
Q"

First Second Third Fourth or
mutation mutation miutation later mutation

Uncontrolled growth

(NCI,2013)

30




Journal of Biology, Agriculture and Healthcare www.iiste.org
ISSN 2224-3208 (Paper) ISSN 2225-093X (Online) l'—,i,!
Vol.4, No.5, 2014 IIS E

Antioxidants are substances which can scavengeadidieals and help decrease the incidence of dx&latress
induced damage (Saikat and Raja, 2011). When adtints are present at low concentrations comptored
those of oxidizable substrate (eg proteins, lipbohydrates and nucleic acids) they signifigad#élay or
prevent oxidation of that substrate (Birangand.c2@l1) or prevent oxidative damage caused bythsence of
ROS (Jaouad and Torsten, 2010). These substanesasryge normal cell cycle regulation, inhibit pretdtion
(rapid reproduction) and induce apoptosis. Apopgtasa form of cell death necessary to make wanéov cells
and remove cells whose DNA has been damaged todingé at which cancerous change is liable to octhey
also inhibit tumour invasion and angiogenesis (trenation of new blood vessels as a result of tynamd
suppress inflammation (Saikat and Raja, 2011). ioXitants are necessary in preventing the tranefer
premalignant lesion to malignancy.

1.2 Mechanism of Action of Protective Roles of Axidants against Free Radicals

(1)Use of suicidal and chain breaking antioxiddatscavenge and destroy reactive oxygen species
(ROS).

(2) use of catalytic systems to neutralise or dik@active oxygen species (ROS)

(3) binding or inactivation of metal ions to prevegeneration of ROS by Haber-Weiss reaction

(4) absorbing energy, electron & quenching of RG&Kat and Raja, 2011).

Oxygen radicals such as singlet oxygen, peroxycedsli superoxide anion and hydroxyl radicals asecated
with carcinogenesis acting in initiation, promotiand progression phases. Oxygen radicals exerttagenic
effect by oxidizing DNA bases, and radicals alsousea DNA strand breaks and chromosome
deletions/rearrangements (Kakizoe, 2003).

Food consumption is a major source of exogenousxadants. Antioxidants are abundant in vegetalsied
fruits and are also found in grain cereals, teagurnes, nuts and other food products (Saikat afa, R@11).
Decrease in intake of nutritional and antioxidardd increases the chance of oxidative stress whiphlead to
cell damage, therefore intake of such natural aittants give protective effect against free radicaluced
diseases (Saikat and Raja 2011, Boyer and Liu 2004).
National Research Council recommended consumpfifimeoor more servings of fruits and vegetablatag.

Laboratory and epidemiologic studies along withosglary endpoints carried out in treatment trialevetd a
strong scientific rationale for the hypothesis tlaafpharmacologic approach--chemoprevention--camnicesd
cancer risk. Numerous chemopreventive agents, dirgyu naturally occurring vitamins, minerals,
phytochemicals, and synthetic compounds, have prtvee safe and effective in preclinical and chiistudies
(Greenwald, 2005). Block et al., (2009) in theietdry study, found that consumption of fruit andetables had
a significant protective effect on cancer and otliseases.

Jaouad and Torsten (2010) referred to exogenoisxatants as double-edged swords in cellular restate.

Timothy et al attributed the low rates of cancerAfinica to high consumption of dietary fibre. Acdimg to
them, fibre increases stool bulk and speeds timsitraf food through the colon thereby diluting the contents
and reducing the absorption of carcinogens by tilenic mucosa. They also pointed out that manyadjet
factors may not act in isolation but act througieriaction with other dietary, lifestyle and / ongéc factor that
alter cell growth and affect cancer risk.

Block et al., (2009) in their review study statéa@tt persons with low fruit and vegetable intake|¢aist the
lower one-fourth of the population) experience dbwtice the risk of cancer compared with those vhiihh
intake. Fruits were significantly protective in cans of oesophagus, oral cavity and larynx. Theyfiooed a
strong evidence of a protective effect of fruit amebetable consumption in cancers of pancreas,asom
colorectal, and bladder. Cancers of ovary, cervid andometrium had a significant protective effglsb. In
meta-analysis breast cancer had a strong proteetiget. Cartmel et al., (2011) also pointed outt tlow fruit
and vegetable intake has been associated withaisederisk of primary head and neck cancers., dlsoypx
and larynx cancers. They stated that increasetakénfollowing diagnosis reduce the risk of secpninary
cancer which occur in the lung and oesophagus.

Epidemiologic studies have consistently linked atamt consumption of foods of plant origin, suchfrags,
vegetables, whole grains, legumes, nuts, seedstemdwith decreased risk of developing various sypé
cancers (Kakizoe, 2003). Beliveau and Gingras, 1200 their cancer study reported that as man802 of
the study showed a substantial decrease in rigk Righer intake of at least one vegetable or fcaiegory
examined. This is particularly true for cancershef upper gastrointestinal tract which indicateat tis many as
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75% of colorectal cancers, the second leading cafiseath in Canada, could be prevented by inangaiie
amount of plant-based food in the diet. These oasieins suggest that food of vegetable origin isasential
source of molecules with chemopreventive propertizsiveau and Gingras, 2007). A case control study
Hawaii showed that apple and onions intake wascésteal with a reduced risk of lung cancer in botderand
female (Boyer and Liu, 2004). Health beneficiakefs of apple and onion against lung cancer wabuwted
basically on individual components such as querceativing to its potent chemopreventive activity iagh
carcinogens invitro and invivo animal studies (&band Torsten, 2010).

Fruits and vegetables have high potential for pnérg incidence of cancer due to their broad raoigkealth
promoting phytochemicals. World cancer ResearchdF#merican Institute for Cancer Research provided
convincing evidence for the inverse associationvben fruit and vegetable consumption and canckrbased

on their cohort, case control and epidemiologitadies (Schreiner et al., 2006).

Guenoveva and Rajendra (2011) stated that vegstalfleruciferous family have effect on carcinogésnes
during initiation and promotion phases of cancesetigpment.

Ugbogu et al., (2013) in their study stated thansbpreventive agents retard, inhibit or reversetirstdges of
carcinogenesis and gave examples of these ageotscasnin, gingerol and resveratrol.

2.1 Benefits of Antioxidants

Antioxidants preserve normal cell cycle regulatiamhibits proliferation (rapid reproduction) anddirces
apoptosis (a form of cell death necessary to make far new cells and to remove cells whose DNA lasn
damaged to the point at which cancerous changékédyIto occur ). They inhibit tumour invasion and
angiogenesis (formation of new blood vessels asaltrof a tumour). Antioxidants help suppressaimination.
Vitamin C, E and3- carotene which are antioxidants have protectdle against cancer. Antioxidant diet or
consumption of antioxidant like vitamins E, C, aselenium play potential role in enhancing the effic of
cancer treatment, they also protect against sifketefto normal tissues that are associated withtriment (
Saikat and Raja, 2011).

2.2 Risks of Antioxidants

Natural antioxidants, if taken in greater quanthign required concentrations can cause significametimes
even deadly physiological effects. The estimatéakim for vitamin C, vitamin E and carotenoids rabgéveen
high micromolar and low millimolar levels in humahasma and organs, while polyphenol concentratisns
found in the high nanomolar to low micromolar rande interactive and often synergistic action betwe
endogenous and exogenous antioxidants helps tadaimambalance between oxidation and antioxidation.

It has been stipulated that consumption of vita@irmore than 3000 mg/day for several days can lead t
illnesses such as kidney stones, and an increasetfar oxygen.

Intake of vitamin C with any acid can lead to excesc acid excretion and erosion of dental enakfighmin E
supplements may amplify the risk of bleeding in eandividuals.

Vitamin A overdoses (1600-3200 mg/kg) for extengexliod can lead to symptoms such as fatigue, breast
soreness, gastrointestinal stress, renal probleasssular inflammation, and thyroid problems.

Coenzyme Q10 also causes severe haemorrhage iif tmkery large quantity, and can act like pro-axitlin
high concentrations.

The dietary antioxidants likB-carotene, vitamin C, vitamin E produce complicated conflicting results in
cardiac health as reported by different researchers

Synthetic antioxidants at very large doses may yeedoxic effects. Even though at normal level gtit
antioxidants seem to pose no side effect, long tesemmay led to chronic health problems. Publicrangss
and proper investigation regarding this is necgstgaminimize the toxic effect of antioxidants (Eai and Raja,
2011).

3.0 Antioxidant Vitamins

3.1 Vitamin C (Ascorbic Acid)

. Vitamin C is the major water-soluble antioxidaanid acts as a free radical scavenger. Vitamin C
inhibits malignant transformation in vitro, decreashromosome damage in lymphocytes caused by @ngsos
to bleomycin and inhibits in vivo nitrosation iretlstomach, resulting in decreased levels of seitnmsamines.
(Kakizoe, 2003). Vitamin C blocks the formation mifrosamines and faecal mutagens, enhances therimmu
response, and accelerates detoxification of livelymes. Chemotherapy (like bleomycin) and radiati@rapy
(x-ray andy-ray) in cancer can generate free radicals whielr@active atom or molecule and cause threatening
of the integrity and survival of surrounding norroalls (Saikat and Raja, 2011).

The recommended Dietary Allowance (RDA) of 60mg/taacceptable for vit. C (Birangane et al., 2011)
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3.2 Vitamin E ¢-Tocopherol)

Vitamin E is a lipid-soluble vitamin among whiehtocopherol is the most potent and abundant. & astan
antioxidant to protect unsaturated lipids in cemibranes and as a free radical scavenger. VitantiasEa
capacity to inhibit N-nitrosation. N-Nitroso compuls have relevance to various cancers. N-Nitrosasmiccur
in nitrite in cured meat and due to these effedgtamin E is one of the possible agents for chemegntion of
bladder cancer (Kakizoe, 2003). Vitamin E protegainst immunocompetency which is the ability & body
to develop immunity (by increasing humoral antibopisoduction, resistance to bacterial infectionsll- ce
mediated immunity, natural killer cell activity (W blood cells), blocking of nitrosamine formatjoand
prevention of cancer formation (Saikat and Rajd,120Low plasma levels of vitamin E have been eslab
increased risk of prostate cancer (CA cancer 4200

3.3 Beta Carotene

This is found in dark green orange fruits or vegkts such as spinach, carrots, sweet potato aitd fike
apricot, papaya and vegetable. The deeper the rcofovegetable or fruit, the greater is the caretenntent.
Beta carotene is a vitamin ¢ precursor hence ciihrutritional requirement for vitamin A. Beta a@tene has
immune regulatory properties which retard developnuég cancer cells. It increases the number afutating
lymphoctyes, enhances the proliferation and inductf cytotoxic T cells and helper T cells are diyua
increased. Beta carotene increases tumour nedextt and enables natural killer cells to be meifective
(Birangane et al., 2011). Photoprotective rolegd-@farotene is to protect against ultraviolet (U\ghl-induced
cancer (Saikat and Raja, 2011).

3.4 Lycopene

Lycopene a carotenoid present in tomatoes is a gfolguencher of singlet oxygen. Epidemiologicalidst
strongly suggested that lycopene consumption inatonproducts contribute to reduction of risk of siate
cancer (Farombi, 2004). Lycopene is found in tHefang fruits, watermelon, apricots, guava, grap#éfand
tomatoes. The mechanisms for the anticancer effedycopene involves scavenging of Reactive Oxygen
Species (ROS), up-regulation of detoxification eyss, interference with cell proliferation, inductiof gap-
junctional communication, inhibition of cell-cycpgogression, and modulation of signal transducpiathways.
Other carotenoids reported to have anticancerigcfiivclude beta-carotene, alpha-carotene andrdugeharm.
Res. 2008).

3.5. Resveratrol

Resveratrol is a polyphenol found in the skin odmgs and peanuts. In vitro experiments have shban t
prostate cancer can be prevented using resverd&edveratrol was also found to decrease expression
prostate-specific antigen (PSA), an androgen-resipergene (ARG) that is often used as marker fostate
cancer cell growth. They also suggested that rasnedis protective effects against prostate cawceld be due
to modulation of steroid hormone-mediated pathwélfsomas et al., 2008).

Resveratrol exhibits anticancer properties as stgdeby its ability to suppress proliferation ofviale range of
tumour cells, including lymphoid and myeloid carsgzemultiple myeloma, cancers of the breast, prtstra
stomach, colon, pancreas and thyroid, melanomal hed neck squamous cell carcinoma, ovarian car@no
and cervical carcinoma (Farombi, 2004).

4. FRUITS WITH ANTIOXIDANT PROPERTIES

Asparagus has a cleansing effect on the lymphatic systethladney. It contains protein compounds called
histones which act as cell-growth normalizers amceg-cell division.

* Avocados are perhaps the best overall source of essdntigl acids, glutathione and are a great source of
protein. Avocados are easily digested, making thendeal food for people recovering from surgeryasrthe
very sick.

« Bitter melon. The fruit and leaves of bitter melon are a sowfca guanylate cyclase inhibitor which has been
shown to inhibit prostate cancer.

« Broccoli, cauliflower, Brusselssprouts, apples grapefruit, carrots, green onions, apricots and cherries -
contain D-glucarate a natural compound produceshiall amounts by humans and some plants. It engesira
the detoxification of environmental carcinogens asttogenic tumor promoters (Connor, 2009).

Cruciferous vegetablesalso known as cabbage family vegetables whichu@eicabbage, broccoli, cauliflower
and kale contain anti-cancer phytochemicals knosvglacosinolates.

« Broccoli and onions - contain quercetin a flavone which has a canteibiting effect by preventing a defect
in the tumor suppressor gene.

* Carrots, sweet potatoes, collard greens, cantaloupe, kgagsicots, fresh pumpkin, kale, spinach, mangos,
papaya- contain beta-carotene which is consideresl af the most promising anti-cancer agents. Aystud
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showed that the more beta-carotene men got in dheirthe less lung cancer they developed. It pfewent a
second tumor in patients who have been cured oindial cancer but now stand at an increased risk o
developing new cancers in the upper part of the

« Celery - contains abundant amounts of phthalides andapebanes. These are two phytochemicals that have
been shown to inhibit cancer. They are able toxdigtonany carcinogens and are of particular helpeversing
some of the damage done by cigarette smoking.

« Chili peppers- contain capsaicin which may neutralize the cargenic effect of nitrosamines, which are
powerful carcinogens that can form in the stoma&&dpsaicin may also block carcinogens in cigaraetieke
from locking onto DNA -possibly preventing genedi@mage that can lead to lung and other cancers.

» Dark greenleafy vegetables, legumes, nuts, contain vitamin E. @arnutritionists suggest that vitamin E
when taken together with food may reduce human x@oto cancer-causing nitrosamines. Vitamin E was
effective in preventing their formation especiadlijen used in conjunction with vitamin C.

* Garlic, onions leeks, and shallots (album vegetableshccording to the National Cancer Institute gaitic
one of the best foods for protection against cariteontains the anti-cancer mineral selenium Wwhitmulates
white blood cell production and induces apoptosater cell death). Alliums contain compounds stiaulate
the production of enzymes that neutralize the fegicals linked with cancer. They also contain seém®which
prevent cancer cells from multiplying and allylfgles that increase the production of glutathi@transferase
and other enzymes that enhance carcinogen excretion

« Garlic, onions, Brazil nuts and greens contain selenium which causes cancer cellséddfore they spread,
repairs damaged DNA, protects against free radaradsaids the body's natural detoxification process

» Red peppers, fresh orange juice, broccoli, applgiice, green peppers, grapefruit juice, cranberry jiice,
papaya and fresh strawberriescontain vitamin C which fights free radicals. \fitea C appears to offer some
protection against all cancers

Apple contain phytochemical —quercetin, catechmoridzin and chilrogenic acid which are antioxigamhey
have antioxidant activity; inhibit cancer cell gfetation, decrease lipid oxidation and lower cistdeol.

« Raw spinach and parsley- are good sources of glutathione and chloroptR#rsley is also rich in
polyactylenes which block the formation of tumopmoting prostaglandins.

» Tomatoes, watermelons, red peppers, and carrotsontain lycopene which may explain a recent ltalia
study that found that people who ate raw tomatddsast 7 times a week halved their risk of seveeaicers
compared to those who ate tomatoes no more thananeek.

» Tomatoes, green peppers, strawberries and carrotscontain p-coumaric and chlorogenic acids whiochkh
onto nitric oxides in the foods we eat and spiniérh out of the body before they canform cancer ingus
nitrosamines.

» Turmeric and cumin - contain curcumin an anti-mutagenic agent thapsus the liver in detoxification of
carcinogens and helps to block environmental cagens. Curcumin is useful in virtually all typesazncer,
because of its fundamental mechanism of actiongstgeancer progression. In particular, preliminatydies
suggest that curcumin is likely to inhibit prostateeast, skin, colon, stomach and liver cancedsigrsuitable
for use in conjunction with chemotherapy. The reomnded dosage for curcumin is 200-400 mg one &ethr
times a day. To enhance absorption it is takengalvith proteolytic enzymes. This combination ésttaken
on an empty stomach 15-20 minutes before mealstarden meals. (Murray et al , 2002).

« Citrus fruit peels - contain a remarkable anti-cancer substancedc@ldimonene. Plant fiber of citrus fruit
has been shown to inhibit metastasis in prostateszaby competing with tumor cell surface galectimsich are
essential for successful establishment of secorzidlgolonies.

» Cranberry- contains the anti-cancer constituent, proanthoidya which has an anti-oxidant capability more
than that of vitamin E.

« Fruit - contains caffeic acid which enhances productioenaymes that make carcinogens more water-soluble.
Fruit also contains ferulic acid which binds toraies in the stomach preventing production of cagenic
nitrosamines.

« Grapefruit - contains the flavonoid naringenin which slows gtowth of human breast cancer cells

» Grapes, many berries and some nutsontain a phytoalexin component called resverattoth has shown
cancer chemopreventive activity. Resveratrol haanbfeund to act as an antioxidant, antimutagen amtd
inflammatory. It has also been shown to inhibit ttevelopment of breast cancer and induce antipssigne
activity in human myelocytic leukemia.

« Grapes, strawberries, raspberries and nutscontain ellagic acid which blocks the body's prtthn of
enzymes used by cancer cells. In one study anoéxtfaConcord grapes was shown to be as effectviha
cancer drug methotrexate in slowing tumor growthadic acid is particularly effective in the inhilwn of lung
cancer caused by tobacco.
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* Red grapes (especially the seeds), blueberries, thherries, cherries and grapes contain oligomeric
proanthocyanidins known as OPC's, which help totggtoDNA from free radicals due to radiation and
chemicals and slow down the mutation of cancescell

» Tangerines- contain tangertin which inhibits cell-endothébahesion, a very important step in the metastatic
process of cancer

« Fiber from fruits, vegetables, beans and whole graiBmce 1980 till date, studies have shown that,rfibe
protects against colon cancer. Fruits and vegetatuatain soluble fiber. The combination of thege forms of
fiber promotes bowel regularity and protects againfon cancer.

Spinach and peanuts contain CoQ10 which protects against cancerttgngthening the immune system and
zapping free radicals.

Yogurt. Researchers have found that the dialyzate fractioyogurt possesses anti-tumor activity. Lactdbac
and bifidobacteria found in yogurt produce compaumdgthin the colon that increase beta glucaroriratind
nitroreductase, which help the body to excreteinagens and hormones more efficiently. Yogurt asotains
higher levels of free-form amino acids than milkainly due to the proteolytic action of the lactolias
(Connor, 2009).

Dietary intake of fruit 250g and vegetable 375¢g gy is acceptable by International Health BodigaNorld
Cancer Research Fund/American Institute for CaRemearch and Health Education Authority (UK) (Sttee
and Huyskens 2006).

5. SUGGESTIONS

There is need for continued research to help iflettie therapeutically important constituents arnetaty
components that have antioxidant action. It is agagy to quantify these components and assesspitteintial
for in vivo antioxidant activity and their interémhs with target tissue. It is imperative to revewed relationship
between intake of antioxidants and their dose-dépeinfunctional effects. The specific role of aridants
with variation of species or genetic differencesdseto be identified.

6. DEBATE

In as much as antioxidant molecules have beerdftaihave anti-carcinogenic properties, there titedsubts
on their efficiency .We still have debates as twether consuming antioxidants (in food or supplemnfierm)

actually benefits health in all conditions and teguirement of antioxidants. There is also limisegentific data
to support the use of antioxidant supplements ¢éogmt disease based on clinical trials in humans.

7. CONCLUSION

The increasing incidence of cancer led to thisewvion antioxidants. Further research is neededetp h
understand the safety aspects of dietary antiokédamd it is advisable that antioxidant supplemshtsuld not
be used as a replacement for a healthy diet. Eagmg a varied diet (healthy food with antioxidaativity)
still remains the best advice in gaining the besadf antioxidants and other bioactive componentslable
from food for healthy living and reduction of canc@/e should stay alive and healthy with our ndtfrats and
vegetables.
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