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ABSTRACT KEYWORDS
Deoxyribonucleic acid (DNA) damage is an elementary root of DNA damage;
developmental and degenerative diseases. DNA damageisaccel erated by Vitamins;
oxidative stressors such as tobacco smoke, strenuous exercise, and a Antioxidants;
high-fat diet. Thereissignificant interest in the functions of nutrients and Minerals.

DNA damagein carcinogenesis. Numerous surveillances provide support
for a defensive association between high dietary intakes and/or
supplemental doses of vitamins with cancer risk. There are nine key
nutrients that may affect genomic integrity in various ways. When feed
consumptionincreased, six nutrientsout of nine (folate, vitamin B, niacin,
vitamin E, retinol, and cal cium) are associated with adropin DNA damage,
whereas other three nutrients (riboflavin, pantothenic acid and biotin) are
associated with an increase in DNA damage to the same extent observed
with occupationa exposure to genotoxic and carcinogenic chemicals. Fruits
and vegetables have been shown to decrease oxidative DNA damage in

numerous studies.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION

Deoxyribonucleic acid damageisaprimary cause
of developmental and degenerativediseases’®. Deox-
yribonuclei ¢ acid damageisgenerated by exogenous
agentssuch asionizingradiation (IR), ultraviolet (UV)
light exposure, genotoxic compoundsind uding chemo-
therapeutic drugssuch asadriamycin, and endogenous
factorssuch asreactive oxygen specieswhich aregen-
erated by mitochondriain the processof f-oxidation.
Depending on thetypesand the harshnessof DNA le-
sions, cellsrespond to DNA damage by undergoing
cell cyclearrest or gpoptosswhenthedamageisaway
from repairl™. Genomicintegrity is persistently faced
by the effectsof DNA-damaging agents.

Double-stranded DNA breaks (DSBs) are con-
Sidered to bethe most genotoxiclesionssinceincorrect
repair can lead to chromosome breaksand other aber-
rationsthat are characteristic of and whichmay lead to
cancer®, Many of theproteinsinvolvedin DNA dam-
age response are found to promote cancer devel op-
ment when mutated®!. Furthermore, it was recently
reported that in many cell types, the conversionfrom
pre-cancer to cancer isaccompanied by activation of
the DNA damageresponse, which ceasesto exist once
converted to cancer cellg®. Thefunctionfor thisacti-
vation is to inhibit cell proliferation or to induce
gpoptosis. Asaresult, cdlswith mutationsin proteins
involved in DNA damage response are selected and
become cancerous. Thus, DNA damage responseacts
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as a protective mechanism against cancer develop-
ment*?, The DNA damage at the base sequence,
epigenome and chromosome level isthemost funda-
mental cause of devel opmenta and degenerativedis-
eases?, Although genesarecritical for determining
function, nutrition modifiestheextent towhich different
genes are expressed and thereby modul ates whether
individuasattainthe potentid established by their ge-
netic background®. Genome damage impacts on all
stagesof life. Thereisgood evidenceto show that in-
fertile couplesexhibit ahigher rate of genomedamage
than fertile couples®, whentheir chromosomal stabil-
ity ismeasured inlymphocytes using the micronucleus
assay. Theinfertility may be dueto areduced produc-
tion of germ cellsbecause genome damage effectively
causes programmed cell death or apoptosis, whichis
oneof themechanisms by which grossdy mutated cells
are, eliminated“”. When thelatter mechanismfails, re-
productive cellswith genomic abnormalitiesmay sur-
viveleading to seriousdevelopmental defectd™. Spe-
cificmicronutrient deficienciesthat cause genomedam-
agemay themsdves cause devel opmentd defectsinthe
foetus or increased risk of cancer inthechild. There
arethousandsof DNA alterationsin each human cell
dally; if not efficiently repaired, our genomewould rap-
idly bedestroyed. Diet and lifestyleare mgjor mediat-
ing factors. For example, DNA damageisaccel erated
by oxidative stressors such astobacco smoke, strenu-
ousexercise, and ahigh-fat diet®. Onthe other side,
dietslow infat and/or highin cruciferous vegetables
have been shownto lower theoxidative DNA damage
ratein humans, asindicated by reduced urinary excre-
tion of 8-oxo-7, 8-dihydro-2'-deoxyguanosine (8-
oxodG). In other reports, thedietary intake of vitamin
C determined the concentration of 8-oxodG in human
sperm DNA, whiledietary fish oil and calciumreduced
oxidative DNA damageratein colonic epithdlid cdlS™.
ThereforeNutrition hasacritica rolein DNA metabo-
lismand repair. A large body of evidence suggeststhat
adggnificant percentage of desthsresulting from cancer
due to DNA damage in the United States could be
avoided through greater attention to proper and ad-
equate nutrition®”. Numerous studiesin humans, ani-
mals, and cell cultureshave demonstrated that macro-
nutrients, micronutrients and naturally occurring
bioreactive chemicas(e.g., phytochemicassuch asfla
vonoids, carotenoids, coumarins, and phytosterols; and
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zoochemicals such as eicosapentaenoic acid and
docosahexaenoic acid) regulategeneexpressionin di-
verseways. Many of themicronutrientsand bioreactive
chemicasinfoodsaredirectly involved in metabolic
reactionsthat determineeverything from hormona bal-
ances and immune competenceto detoxification pro-
cessesand the utilization of macronutrientsfor fuel and
growth. Some of the biochemicals in foods (e.g.,
genistein and resveratrol) areligandsfor transcription
factorsand thusdirectly ater geneexpression. Others
(e.g., choline) dter signa transduction pathwaysand
chromatin structure, thus indirectly affecting gene
expression™.Dietary profilediffersbetween individu-
asto varying extents depending on their acquired or
inherited dietary preferencesand food availability; fur-
thermore uptake of micronutrientsfrom the digestive
system and transport into cells of the body also varies
depending on geneticsand atered expression of trans-
portersthat occurswith age. Currently dietary refer-
encevalues (e.g., recommended daily intakes, upper
safety limits) and culture medium recipesand condi-
tionsdo not takeinto considerationimpact on genome
integrity and yet harm to the DNA sequenceand/or the
epigenomeisthemost fundamental and critical pathol-
ogy underlying cellular and organism healthand dis-
ease. The DNA damage, cell death and cell growthin
cultured cellsarestrongly affected by concentration of
essential micronutrients such that both deficiency or
excesswithin the physiological range can profoundly
harm thegenomeand ater cell growth and survival ki-
neticg®. Theuse of excessively high concentrations of
methyl donors(e.g. folate, methionine, cholinevitamin
B,,) inculturemedium theoretically may leadto an ad-
verse DNA methylation pattern that may inappropri-
ately silenceimportant house-keeping genesathough
strong evidencefor thishypothesisiscurrently lack-
ing®, In well-nourished human volunteers, fruitsand
vegetableshavebeen shownto decreaseoxidative DNA
damagein severa studies, but datafrom short-term
human intervention studies suggest that the protective
agentsarenot vitamin C, vitamin E, B-carotene, or fla-
vonoidg*. Numerous studieshave examined associa
tionsof antioxidant intakes (from diet and/or supple-
ments) with oxidative DNA damage and cancer risk.
Mostinterventiontria sthat focused onintakesof fruits
and/or vegetableshave shown significant reductionsin
oxidative DNA damage leveld07, A large body of
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evidence suggeststhat even amoderate daily dose of
supplementary vitamin C (200 mg) inducestheforma:
tion of genotoxinsfrom lipid hydroperoxides, thereby
resultingin DNA damageand initiation of carcinogen-
esid®. Thereisoverwhelming evidencethat alarge
number of micronutrients (vitaminsand mineras) are
required as cofactorsfor enzymesor aspart of thestruc-
tureof proteins(metaloenzymes) involvedinDNA syn-
thesisand repair, prevention of oxidative damageto
DNA aswell as maintenance methylation of DNAX.
Current RDAs for vitamins and minerals are based
largely onthe prevention of diseasesof deficiency, such
asscurvy inthecase of vitamin C, anaemiainthe case
of folic acid and pellagrain the case of niacin. How-
ever, these deficiency diseasesarerarein the devel -
oped countries but degenerative and devel opmental
diseaseisvery important and common. Recently, the
dietary allowancefor folic acid for the prevention of
neura tubedefectshasbeen revised to morethan double
the original RDA™?, Thereisastrong international
awarenessthat it isalso necessary to redefine RDAS
for the prevention of degenerative disease (such ascan-
cer, cardiovascular disease and Alzheimer’s disease)
and compression of themorbidity phaseduring old age.
Since diseases of devel opment, degenerative disease
and ageingitsdlf are partly caused by damageto DNAS,
it seemslogical that we should focus better our atten-
tion on defining optimal requirements of key mineras
and vitaminsfor preventing damageto both nuclear and
mitochondrial DNA. Poor lifestylesdemonstrate cu-
mul ative association with leukocyte DNA damagein
Japanese hard-metal workerg®. Theaim of thisre-
view paper isto givean overview of roleof vitamin,
antioxidants, mineras, faity acidsand bioflavonoidsin
DNA damage.

CONTRIBUTION OF NUTRITIONAL
FACTORSTO DNADAMAGE

Deoxyribonuclec acid damage, cell desthand cell
growthin cultured cells are strongly exaggerated by
concentration of essential micronutrientssuch that both
deficiency or excesswithinthe physiologica rangecan
intensely damagethegenomeand vary cell growth and
survival kineticg®l. Specific micronutrient deficiencies
that cause genome damage may themsel ves cause de-
velopmental defectsin thefoetusor increased risk of

cancer inthechild. Specific examples, include (i) in-
creased oxidation of sperm DNA inhumanswithinsuf-
ficient vitamin Cintake? and the aggravating effect of
vitamin C deficiency on diabetes-induced teratogen-
esig%; (ii) neurd tubedefectsinfolate-deficient human
foetuses at deficiency level sthat correspond within-
creased genome damage rate® and theincreased risk
of childhood leukaemiain children of motherswhodid
not takefolic acid supplements during pregnancy!™;
(i) theobservation that zinc deficiency, which provokes
oxidative damageto DNA and impairsDNA repair, is
itsdlf teratogenic™™; and (iv) increasing rates of human
maeinfertility andtesticular cancer may belinkedviaa
common mechanism, i.e. increased genome damage
eventsin spermatogonia stem cellsowingto environ-
mental genotoxinsand/or micronutrient. Thereisnodi-
rect and forceful evidencethat oxidative DNA damage
isabiomarker of subsequent cancer devel opment, be-
cause studiesto addressthis point have not been done.
However, thereisconsderablecircumstantia evidence,
but not proof beyond reasonabl e doubt to support the
view that itisasuitablebiomarker. It followsthat agents
that decreasethe amount of oxidative DNA damage
should decreasetherisk of subsequent cancer devel-
opment®™, So Itisbelieved that antioxidantshelp main-
tain human health by decreasing oxidative damageto
key biomolecules. Inwell-nourished humanvolunteers,
fruitsand vegetabl es have been shownto decrease oxi-
dative DNA damagein severa studies, but datafrom
short-term human intervention studiesrecommend that
the protective agentsare not vitamin C, vitamin E, 3
carotene, or flavonoidg®4.

ROLESOFVITAMINSANDANTIOXI-
DANTS

Severa studies have examined associationsof an-
tioxidant intakes (from diet and/or supplements) with
oxidative DNA damage and cancer risk. Most inter-
vention considerationsthat focused onintakesof fruits
and/or vegetableshave shown significant reductionsin
oxidative DNA damagelevel 7. In humans, lym-
phocytesaretheonly cell typeavailablefor estimating
oxidative DNA damageinthebody asawhole. That it
isreasonable to regard them as auseful indicator is
suggested by recent studiesinrats, in which consump-
tion of cholesterol increased oxidative DNA damagein
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both lymphocytesand endothelial cellsof the aortd™.
High anti oxidant intake has been shown to reduce can-
cer risk and may a so mitigate the effectsof oxidative
DNA damage, which washypothesized to be causally
linked to carcinogenesis. A study examined potential
racid differencesin (a) dietary intakesand plasmacon-
centrations of vitamin C, vitamin E, and carotenoids
and oxidative DNA damage and (b) associations be-
tween plasma antioxidants and oxidative DNA
damage. Data were from a cross-sectional study of 164
generaly healthy nonsmokingAfrican-Americansand
Whitesin North Carolina, ages 20to 45 years, equal ly
distributed by race and sex. Levelsof oxidative DNA
damage, measured using theadkaline comet assay, were
lower inAfrican-Americansthan Whites. [t hasbeen
suggested that oxidative DNA damageisassociated
with elevated cancer risk and that antioxidantsmay a-
leviatethe effectsof oxidative DNA damage. In addi-
tion, dietshighinfruitsand vegetables, and which are
asorichinantioxidants, have cons stently beenlinked
to lower risk of many cancers, including those of the
breast, colon/rectum, and prostate, al of which dispro-
portionately affect African-Americans!™.

A largebody of evidence suggeststhat even amod-
eratedaily dose of supplementary vitamin C (200 mg)
inducestheformation of genotoxinsfrom|ipid hydrop-
eroxides, thereby resultingin DNA damageandinitia-
tion of carcinogenesig™. Vitamin Cisconsidered to be
oneof themost preval ent antioxidative components of
fruit and vegetables, and it could exert chemopreventive
effectswithout apparent toxicity at doseshigher than
the current recommended dietary alowance of 60 mg/
d®3. It hasal so been used as adietary supplement in-
tended to prevent oxidative stress mediated chronic
diseases such as cancer, cardiovascular diseasd“, hy-
pertension*®, and stroke!®, and neurodegenerative
disorder?t, Some studies have reported higher oxida
tive DNA damagein men thaninwomen, whichwas
dueto lower fruitintakein menin onestudy®®d. Human
progtatetissuesare susceptibleto oxidative DNA dam-
age. Thedanger of prostate cancer islower in menre-
porting higher consumption of tomato products, which
contain highleve sof theantioxidant lycopeng®. Pros-
tate cancer isthe second primary cause of cancer-re-
lated death among U.S. men. Thefrequency of pros-
tate cancer ishigher inAfrican-Americanmenthanin
EuroAmericanmen®, In arandomized controlled study
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of vitamins C and E supplemented by Huang et al .44,
Theseworkersreported that oxidative DNA damage
(assessed by urinary 7 hydroxy-8-oxo0-22 -
deoxyguanosine) waslower in African-American than
White participantsat baseline. The authors noted that
thesedifferenceswerenot explained by diet or lifestyle
aspects and that al participants were nonsmokers.
Smoking increasesthethreat of several chronicdis-
easesrelated with elevated oxidative stressstatus. Al-
monds are agood source of antioxidant nutrientsand
mal |essen smoking rel ated biomarkers of oxidative
stress. In smokers, after almond supplementation, the
concentration of 8-hydroxy deoxyguanosine (8-OHdG)
remained significantly greater than in nonsmokershby
98%. Thisresearch suggeststhat amond intake can
boost antioxidant defenses and weaken biomarkers of
oxXidative stressin smokerg>. A significant positiveas-
sociationfor a-tocopherol and a converseassociation
for lycopene with oxidative DNA damage were
found®., Whilenot significant when andyzed separatdly
by race, the directions of these associationswere con-
sstent for both African-Americansand Whites. There
appear to bedifferencesby sex in the association be-
tween a-tocopherol and oxidative DNA damage among
African-Americans, asthereisastrong positive con-
nection in men and anon-stati stically significant oppo-
Steassociation inwomen. Another study comparing o-
tocopherol and oxidative DNA damage have not re-
ported apositive association in men and a- tocopherol
supplementation has been associated with lower oxi-
dative stressleve sin healthy young adults™!. Prostate
cancer isthe second leading cause of cancer-related
death among U.S.men. According to National Cancer
Institute report’®, the preval ence of prostate cancer is
higher in African-American menthanin Euro-Ameri-
can men. Human progatetissues arevulnerableto oxi-
dative DNA damage. Thethreat of prostate cancer is
lower in men reporting higher consumption of tomato
products, which contain high level s of the antioxidant
lycopene*2. Lycopene, anon-provitaminA carotenoid
(i.e., thered pigment in tomatoes), isthe most compe-
tent Singlet oxygen (areactive oxygen species) quencher
among thenatura carotenoids®Y. Epidemiologic stud-
ieshavereved ed that, anong theantioxidant nutrients,
only highlycopeneintakeor plasmaconcentrationsare
associated with alower danger of prostate cancer. For
example, consumption of four or five servings of to-
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mato products per week was associated with a40%
lower risk of prostate cancer inU.S.men®, Themecha
nism by which lycopenereducesprostate cancer risk is
blurred. Lycopenehasbeen showntoinhibit prolifera:
tioninvariouscancer cdl lines®, but the poor absorp-
tion of carotenoids by laboratory rodentshas severely
vul nerabletheuse of animal modelsin cancer preven-
tion studiesto eval uate the effectiveness and mecha-
nism of action of lycopene. In epidemiologi
studies?, tomato sauce consumption is associated with
alower risk of prostate cancer, in part because lyco-
pene may be better absorbed from tomato sauce than
from fresh tomatoesor becauselycopeneisnot theonly
antioxidant intomato products.

Theeffect of vitamin B deficiency onmitochondria
was reviewed by Depeint et al.'l. Vitamin B, defi-
ciency iscommonin the popul ationthat isassociated
with cognitive dysfunction and multiple sclerosisand
induces chromosome breaks. The cognitive dysfunc-
tion associated with B, , deficiency improved with
supplementation withinthefirst year of onset’™. Folate
isthe most often cited ascritical to genomic stability
among the nutrients¥. Folate deficiency also causes
chromosome breaksand isassociated with severa hu-
man cancersZl, Even moderatefolate deficiency within
the physiological range causesas much DNA damage
incultured lymphocytes asten timestheannud alowed
limit of exposureto X-raysand other formsof low lin-
ear energy transfer ionizing radiation for the general
population™, Margina thiaminedeficiency inratsin-
ducestheformation of colonic aberrant crypt foci, a
preneoplastic lesioninamode for detecting colon car-
cinogendg?®, Thiaminedeficiency isalso associated with
brain dysfunction and diabetes. Niacin deficiency in
cdllular and anima studies appearsto be genotoxici®l,
Nicotinamide, whichisthedietary precursor for NAD+
(nicotinamide adenine dinucl eotide), providesasub-
strate for PARP-1 activity. The activation of nuclear
enzyme PARP-1(poly-ADP ribose polymerase) by
DNA strand bresksduring cellular genotoxic stressre-
sponses|eadsto complex signaling pathway that can
enhance DNA repair, result in apoptotic cell death, or
causecdlular energy lossleadingtonecrotic cell desth™.
Nicotinamideand niacin arereadily availablefrom plant
and animd foods, and niacin can be endogenoudy syn-
thesi zed from the amino acid tryptophant™, which con-
stitutes ~1% of proteininthediet. The main dietary

sourcesof nicotinamideand niacin arevarious mests,
liver, yeadt, dairy products, legumes, beans, nuts, seeds,
green |eafy vegetabl es, fortified bread, ceredls, coffee,
and tea®l. Uncooked foods mostly
contain NAD+ and NADP+, which can be enzymati-
cdly hydrolysedto nicotinamidein the process of cook-
ing“, Studiesin adult humansinthe 1950s estimated
that around 60 mg of tryptophan is hepatically con-
vertedto 1 mg of niacin, whichisequal to 1 niacin
equivaent (NE). VitaminsB, (riboflavin) and B, (py-
ridoxine) in additiontoiron are needed as cofactorsfor
conversion of tryptophan to niacin®l. The ability to
convert tryptophan to niacin variesgreetly betweenin-
dividuasandisenhanced by protein and tryptophan
deficiency, andit isdepressed by excessivedietary leu-
cing“l, Deficiency of nicotinamideand other micronu-
trientsincluding riboflavin, zinc, and magnesum have
been linked to theincreased frequency of oesophagea
cancer in certain populationsin Chinaand Itay®. Low
dietary niacin hasa so been associated with anincreased
frequency of ord, gastric, and colon cancers, aswell as
oesophaged dysplasid®. IntheLinxiantria in China,
involving nearly 30,000 residents, 40 mg niacinand
3.2 mgriboflavinweresupplemented inoneof thetreet-
ment armsdaily for over Syears. It wasshownthat this
combined supplementation decreased oesophaged can-
cer incidenceand mortaity by 14% and 10%, respec-
tively®. Theimpact of niacin on human carcinogenesis
istherefore confounded by the effect of other micronu-
trients. Moredirect evidencecomesfromsudiesinrats,
which showed that niacin deficiency significantly in-
creasestherisk of chemotherapeuti c-induced second-
ary leukemia®. Niacinand NAD+levels are impor-
tant determinants of genomic responsesto genotoxic
insultg®,

Ultraviolet (UV) radiatiioninsunlightistheprimary
initiator of skincancer by causing DNA damageinthe
skin and & so by suppressing cutaneousimmunity, even
at exposure doses 25% to 50% of those required to
cause mild sunburn®2, Both UVB (290-320nm) and
UVA (320-400nm) in sunlight areimmune suppres-
sve. UV-induced DNA damage, particularly intheform
of cyclobutane pyrimidinedimers, isanimportant mo-
lecular trigger for UV-induced immunosuppression'.
Agentsthat can modulate DNA repair and prevent UV-
induced immunosuppress on may thusreduce skin can-
cer. Inmice, 200 5@13M topica nicotinamideand 0.5%
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and 1% niacin supplemented diets have both been
shown to markedly protect against UV-induced immu-
nosuppress on and significantly reducetheincidence of
UV-induced skin tumourg?®!. Inthese studies, UV-in-
duced immunosuppression was measured by passive
transfer assay, whereby splenocytesfromirradiated mice
enhanced the growth of antigenic tumours in
unirradiated, recipient mice®, Topicd nicotinamidedso
dowed downtherateof skintumour development and
theeffect of ord niacin ontumour inhibition wasgrester
withincreasingdose.

Many other micronutrient deficienciesareaso as-
sociated with chromosome breaks and cancer in hu-
mans, cause DNA damagein rodentsor human cellsin
culture, some studies showed that humansfed alow-
cholinediet develop hepatosteatosis, liver and muscle
damage and lymphocyte apoptosis. Therisk of devel-
oping such organ dysfunctionisincreased by the pres-
ence of single-nucleotide polymorphismsin genesin-
volvedinfolateand cholinemetabolismi®. Cholineisa
crucia dietary nutrient involvedin amultitude of meta-
bolic Roles®!. Itisamagjor source of methyl groupsfor
methionine synthesisand is needed for the structural
integrity of cell membranes, thetrangport of lipidsfrom
theliver and cholinergic neurotransmission®. In popu-
lation studies, dietslow in cholinewas associated with
agreater hazard of birth defectd™ and with high ho-
mocysteine concentrationsin blood. It isreported that
some humans fed a diet low in choline developed
hepatosteatos s, experienced liver and muscledamage,
and had greater lymphocyte apoptosi 4. Deficiency
of Cholineinhuman caused moreDNA damageinlym-
phocytes®l. Inrats, choline deficiency has been asso-
ciated with brain dysfunction™, oxidant release and
mitochondria damage4. Biotin deficiency ismorecom-
mon than previously thought; mostly pregnant women
who do not takeamultivitamin show metabolic sgnsof
deficiency®3. Margind biotin deficiency isteratogenic
inmice®, Biotinisaprosthetic groupin four biotin-
dependent carboxylases (three of which are solely
present inmitochondria) that replenishintermediatesin
thetricarboxylic acid cycl€®?. Biotin deficiency de-
creasesthe activity of theseenzymes, leadingto ade-
crease of two heme precursors, mitochondrial succi-
nyl-CoA andglycine, thusresultinginhemedeficiency®.
Biotin deficiency innormal human lungfibroblastsin
culture caused a40-50% decrease in heme content,
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oxidant rel ease, premature senescence, and DNA dam-
age’.

ROLE OF MINERALS

Iron deficiency isthe most common micronutrient
deficiency intheworld, and anemiaisprevalentin un-
derdevel oped countries*?. In humans, iron deficiency
anemiaisassociated with poor cognitive devel opment
intoddlerg® suggesting that in humans during critical
periodsof development, iron deficiency harmsthe de-
veloping brain®, [ron deficiency dsoisassociaed with
diminishedimmunefunction and neuromuscular abnor-
malities®, Dietary iron deficiency in the absence of
anemiadecreases aerobic capacity and physica work
performance, which areimproved by iron supplemen-
tation, Iron deficiency in rats caused damages mito-
chondriaand also caused oxidant release, oxidative
DNA damage, and decreased mitochondrial effi-
ciency®,

Zincisan essential component of numerous pro-
teinsinvolvedinthedefenseagainst oxidative stressand
DNA damagerepair. Studiesin vitro have shown that
zinc depletion causes DNA damage™. Inhumancells
inculture, zinc deficiency causestherd easeof oxidants,
resultinginsignificant oxidativedamageto DNAR., Zinc
deficiency a so causes chromosome bresksinratsand
isassociated with cancer in both rodentsand humans®!.
Zincdeficiency inhuman cdlsasoinectivatesother zinc-
containing proteins such asthetumor suppressor pro-
tein p53 and the DNA base excision repair enzyme,
apyrimidinic/gpurinic endonud ease, witharesulting syn-
ergigtic effect on genetic damage!®. Dietary deficien-
ciesin zinc can contributeto single- and double-strand
DNA breaksand oxidative modificationsto DNA that
increaserisk for cancer devel opment®.

Other micronutrient deficiencies associated with
chronic degenerative diseasesis cal cium deficiency
whichisvery common; it hasbeen associated with chro-
mosome breaks?® and diabetes® in humansand co-
lon cancer inmice™!. Rao et al.l"d reported that sele-
nium deficiency in miceinduced geneslinked to DNA
damage and oxidative stressand it has been suggested
that selenium protectsagainst cancer*3. Another study
showed along-term beneficid effect on cardiovascular
disease mortality and medical expenditure associated
with aswitch from regular salt to potassium-enriched
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sdtinagroup of elderly veterans. Theeffect waslikely
dueto amajor increasein potassium and amoderate
reduction insodium intakeg Y.

ROLEOFFATTYACIDS

Omega-3 fatty acid deficiency isassociated with
melanoma and other cancers™ aswell as cognitive
dysfunction®”. A study indicated that increasing dietary
levels of polyunsaturated fatty acid (PUFA) to 15%
may negatively affect someindicesof DNA stability.
However, increasing thedietary intake of vitamin E by
80 mg/day | essens the damaging effects of PUFAL!,
Vitamin E consumption decreasesthe DNA damage
detected after exhaustive exercise, suggesting that ad-
ditional vitamin E can prevent oxidative damageto
DNA®, Consumption of dietslackingin antioxidants
suchasvitamin E and sdeniumincreasesDNA damage
inrats, particularly whenthelevel of dietary PUFA is
raised’®. Numerous studieshaveimplicated thet fatty
acids, dietary fat and obesity play arolein cancer de-
velopment(®, Fatty acids are the building blocksof fat
and exist either in free forms or components of
triacylglyceral, phospholipids, and cholesterol. Thecon-
centration of freefatty acidsin serum, is>500 uM un-
der normal conditionsand >1200 uM under fasting,
with palmitic acid accounting for 28%2". They can be
obtained fromthedietary fat or synthesizedinthecdlls,
especidly inlipogenictissuessuch asliver, adipose, and
lactating breast. Fatty acidsare synthesized by fatty acid
synthase (FASN) using malonyl-CoA and acetyl-CoA
as substrates. For people with a balanced diet, de
novo fatty acid synthesis is insignificant and FASN pro-
teinlevel isvery low inlipogenic aswell asother tis-
sues. Fatty acids play important rolesin energy stor-
age, membranestructure, protein acylation, sgnd trans-
duction, and regul ation of genetranscription®. How-
ever, cancer cells, especialy of the breast, prostate,
colon, ovary, endometrium, and thyroid origin, express
very highlevelsof FASNBY, Fatty acid synthaseisalso
expressedin early stages of tumor devel opment or pre-
cancer lesions such as colonic adenoma, dysplastic
squamous epithelium, and carcinomaof thetongue, d-
though thisup-regulaionismore pronouncedinthelate
stages of tumors. Moreover, FASN can bedetectedin
the serum of these patients and this can beused asa
diagnostic marker. Studies specified that saturated fatty

acids(SFAS) could compromise DNA damage-induced
cell responsein primary cellsbut not inimmortalized
cdls. Pretreatment with palmitic acid, myristicacid, or
stearic acid enhanced cdll proliferation®. Theactions
of SFAsin DNA damage response might also be one
of the mechanismsunderlying the association between
high dietary fat/obesity and tumorigenesig*. Cdlswith
activefatty acids metabolism might havedefect in cell
cyclearrest or gpoptod sin responseto genotoxic stress.
Themajor cancers associated with obesity are breast,
prostate, endometrium, colon, and gallbladder cancers.
Most of these cancer typesexpressvery high levelsof
FASNI2, Noteworthy isthat the correl ation between
high dietary fat and increased risk for tumorigenesisis
still controversial except in ovarian cancer™. Inhibi-
torsof FASN have been found to induce apoptosisin
cancer cellsthat have highlevelsof FASN. Thesein-
cludebreast, prostate, colon, and lung cancers.Anin-
creasein SFA levelscompromises DNA damagere-
sponsewhileinhibition of FAssynthesisbooststhese
cdlular events, loweringthecdlular level of FAsmight
reduce therisks of cancer development. In addition,
lowering thecellular level of FAsmight dsoimprove
theeffectivenessof radi othergpy and chemotherapy with
genotoxic drugs. Some chemotherapeutic drugssuch
ascyclophosphamide, busulfan, cisplatin, and mitomy-
cincauseinterstrand and/or intrastrand crosdinks, while
some, e.g., irinotecan and dactinomycin, affect DNA
unwinding and therefore DNA replication“d,

BIOFLAVONOIDS

Flavonoids comprise the most common group of
plant polyphenolsand provide much of theflavor and
color tofruitsand vegetables. Morethan 5000 differ-
ent flavonoi dshave been described. Thesix mgor sub-
classes of flavonoidsincludetheflavones(e.g., apige-
nin, luteolin), flavonols(e.q., quercetin, myricetin), fla-
vanones (e.g., naringenin, hesperidin), catechins or
flavanols (e.g., epicatechin, gallocatechin),
anthocyanidins (e.g., cyanidin, pelargonidin), and
isoflavones (e.g., genistein, daidzein). FHlavonoids con-
sumption has been linked to protection against heart
diseaseand cancers™. Bioflavonoids, which aregen-
eraly consideredfairly beneficial, can causebreaksin
DNA that may trigger the progressof infant leukemia.
Somebioflavonoidswere asvigorousin causing DNA



RRBS, 7(10) 2013

Faiza Rizvi et al.

401

damage asthe powerful anticancer drug etoposide, or
VP16, which has been tideto secondary leukemia—
bone marrow cancersthat result from previous anti-
cancer therapy!®!, Even though bioflavonoids may be
beneficial in certain circumstances, but some studies
suggested that high dietary intakeof bioflavonoidscould
cause DNA breaksin myd oid-lymphoid leukemiaand
probably in other partner genes, infant leukemiasare
rare, affecting only about 37 out of every 1 million chil-
dren inthe United States®!. Some researchers have
disputed that the cause may be aninfectiousagent, but
epidemiological studies have suggested that maternal
consumption of foods, such asbioflavonoids, couldlead
to anincreased risk of infant leukemid?”. The health
benefitsof adiet highinfoodscontaining bioflavonoids
such assoybeans, citrusfruitsand root vegetablesare
unquestioned. The possible benefitsof bioflavonoids
themsel ves a so have been demonstrated, such asthe
low mortdity ratesfrom prostate cancer inAsianmen
compared to Western countries, which may be because
of higher intake of isoflavones. The benefitsof dietary
supplementscontaining bioflavonoids, however, may not
be so believable. This study suggests that pregnant
women, at least, should beespecidly vigilant about tak-
ing such supplements or even eating adiet highin
bioflavonoidg®!.

Bioflavonoidshavearddivey highantioxidant value
as compared to other foods and supplements. Scien-
tistshavea so showed that bioflavonoidscan actually
combinewithvitamin Cfor agpecific antioxidant effect:
the bioflavonoids can apparently protect thevitamin C
nutrient from oxidizersinsidethebody. It isakind of
preservative for helpful chemicalsthat can help the
body’s immune system and fight off chronic conditions.
Noroozi et al.[%! assessed the antioxidant potencies of
severa widespread dietary flavonoids acrossarange
of concentrationsand compared with vitaminC asa
positive control. Pretreatment with al flavonoidsand
vitamin C produced dose-dependent reductionsin oxi-
dative DNA damage. At a concentration of 279
micromol/L, they wereranked in decreasing order of
potency asfollows: luteolin (9% of damagefrom unop-
posed hydrogen peroxide), myricetin (10%), quercetin
(22%), keempferal (32%), quercitrin (quercetin-3-L -
rhamnoside) (45%), apigenin (59%), quercetin-3-glu-
coside (62%), rutin (quercetin-3-beta-D-rutinoside)
(82%), and vitamin C (78%). The protective effect of

> Rey/ew

vitamin C against DNA damage at this concentration
wassgnificantly lessthanthat of dl theflavonoidsex-
cept apigenin, quercetin-3-glucoside, and rutin. The
ranking was similar with estimated ED50 (concentra:
tion to produce 50% protection) values. The protec-
tiveeffect of quercetinand vitamin C at aconcentration
of 23.2 micromol/L wasfound to beadditive (Querce-
tin: 71% of maximal DNA damage from unopposed
hydrogen peroxide; vitamin C: 83%; bothin combina:
tion: 62%). These datasuggest that thefreeflavonoids
aremore protectivethan the conjugated flavonoids (eg,
quercetin compared withits conjugate quercetin-3-glu-
coside, P<0.001). Dataarealso consistent with the
hypothesi sthat antioxidant activity of freeflavonoidsis
related to the number and position of hydroxyl groups.

Duthieet a .’ investigated the effects of thefla-
vonoids quercetin, myricetin and silymarin on DNA
damage and cytotoxicity in human cells. Caco-2 (co-
lon), HepG2 (liver), HeL a(epithdid) cellsand normal
human lymphocytes showed different, dose-dependent
susceptibilities (intermsof strand breakage) to thevari-
ousflavonoids, quercetin beingthemost damaging. This
agreed well withtheability of theflavonoidstoinhibit
cdll growth. Noneof theflavonoidsinduced DNA base
oxidation abovebackground levels. All of theflavonoids
under investigation caused depl etion of reduced glu-
tathione, which, inthe case of quercetin, occurred prior
to cdll death. Neither cytotoxicity nor genotoxicity was
associ ated with the anti oxi dant enzyme capacity (glu-
tathione, glutathionereductase, glutathione peroxidase
and catal ase) of thecells.

CONCLUSIONS

Deoxyribonucleic acid damageisaprimary cause
of developmental and degenerativediseases. Thereare
thousandsof DNA variationsin eachhumancdl daily;
if not proficiently repaired, our genomewould quickly
be destroyed. Diet and lifestyle are major mediating.
Deoxyribonucleic acid damageis speed up by oxida-
tive stressors such astobacco smoke, exhausting exer-
cise, and ahigh-fat diet, Thereare ninekey nutrients
that may affect genomicintegrity indifferent ways. When
consumed inincreasing amountsinfood, six of thenu-
trients(folate, vitamin B, niacin, vitaminE, retinol, and
calcium) areassociated with areductionin DNA dam-
age, whereasthree others(riboflavin, pantothenic acid,
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and biotin) are associated with an increase in DNA
damageto the same degree observed with occupationd
exposure to genotoxic and carcinogenic chemicals. It
has been recommended that oxidative DNA damageis
associated with elevated cancer risk and that antioxi-
dants may |essen the effects of oxidative DNA dam-
age. Inaddition, dietshighinfruitsand vegetables, and
which aredsorichin antioxidants, have consistently
been linked to lower threat of many cancers, including
those of the breast, colon/rectum, and prostate. Asthe
diet geneinteractionsare highly multifariousand hard
to calculate, thusdemongtrating the need for highly con-
trolled genotypesand environmenta conditionsthat a-
low for identifying different regul atory patternsbased
on diet and genotype. Many micronutrientsand vita-
minsarevital for DNA synthesis/repair and protection
of DNA methylation patterns. Fol ate has been most
widely investigatedin thisregard because of itsdistinc-
tivefunction asmethyl donor for nucleotide synthesis
and biologica methylation. Cell cultureand anima and
human studies showed that deficiency of fol ate stimu-
|atesdisruption of DNA aswell asvariationsin DNA
methylation status. We should focus better our atten-
tion ondefining optimal requirements of key minerals
and vitaminsfor preventing damageto both nuclear and
mitochondrial DNA.. Poor lifestylesdemonstrate cu-
mul ative association with leukocyte DNA damage
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