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ABSTRACT KEYWORDS
Many dietary phytochemical sexhibit health-beneficial effectsincluding pre- Phytochemicals;
vention of diseases such as cancer, neurological, cardiovascular, inflamma- Aswagandha;
tory, and metabolic disorders. Medicinal plants described in Ayurveda and Curcumin;
traditional Chinese literatures are the key knowledge resources that inspired Neem;
molecular research for drug devel opment world over. A precise regul ation of Apoptosis.

redox balanceisrequired for the cellular homeostatic control. Aberrant acti-
vation of redox-senditive transcription factors contributes to carcinogenesis
by promoting persistent inflammation, abnormal cell proliferation, evasion
from apoptosis, angiogenesis, etc. A wide variety of dietary phytochemicals
have been reported to exert cancer chemopreventive properties by suppress-
ing the inappropriate activation of the transcription factors. On the other
hand, transcription of genesinvolved in the activation of cellular antioxidant
arsenal and carcinogen detoxificationislargely regulated by redox-sensitive
transcription factors. Chemoprevention, the use of drugs or natural com-
pounds at pharmacological levels to inhibit the development of cancer, is
currently attracting agreat deal of interest, particularly in USA, but many of
the same mechanisms may be triggered by phytochemicals. Mechanistically,
chemoprevention can be achieved by enhancing cellular antioxidant and
detoxification capacity, promoting carcinogen detoxification, suppressing
abnormally activated pro-inflammatory signaling pathways, down-regulat-
ing expression of proteinsinvolved in cell proliferation, inducing apoptosis
of precancerousor malignant cells, and inhibiting neovascul arization. There-
fore, redox-sensitive transcription factors might be potential targets for
chemoprevention with dietary phytochemicals. This paper will focus on how
afew representative edible phytochemicals viz. curcumin, aswagandha and
neem, can exert chemopreventive effects on oxidative stress and inflamma:
tion-associated carcinogenesis through modulation of signal transduction
mediated by distinct redox-regulated transcription factors.
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INTRODUCTION nonnutritiveingredientsderived from plant-based dit,
collectively termed phytochemicd's, can reducetherisk
Studiesindicatethat the regular consumption of  of certain cancerd*2. Itisnow estimated that morethan
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1,000 different food-derived phytochemica s possess
chemopreventive activities. Examples of dietary
chemopreventive phytochemica sincluderesveratrol and
proanthocyanidinsfrom grapes, curcuminfromturmeric,
epigallocatechin gallate (EGCG) from green tea,
sulforaphane and isothiocyanates from broccoli,
genistein from soybean, indole- 3-carbinol from cab-
bage, lycopenefrom tomato, organosulfur compounds
from garlic, gingerol from ginger, caffeic acid phenethyl
ester (CAPE) from honey bee, propalis, etc..

Recent progressin unraveling the process of car-
cinogenesishasidentified abnormal functioning of the
key componentsof theintracellular signaling network,
especidly apanel of redox-sengitivetranscription fac-
tors. Thesetranscription factorsregul ate thetranscrip-
tion of awidevariety of genesinvolvedinthemainte-
nance of homeostatic cell growth and proliferation, and
the protection of cellsfrom oxidativeand other noxious
insults. Mechanistically, chemoprevention can be
achieved by enhancing cdlular antioxidant and detoxi-
fication capacity, promoting carcinogen detoxification,
suppressing abnormally activated pro-inflanmatory Sg-
naling pathways, down-regul ating expression of pro-
teinsinvolvedincell proliferation, inducing gpoptos sof
precancerous or malignant cells and inhibiting
neovascularization®. Therefore, redox-sensitivetran-
scription factors might be potential targets for
chemoprevention with dietary phytochemicals.

A preciseregulation of redox balanceisrequired
for thecellular homeostatic control . Aberrant activation
of redox-sengitivetranscription factors, such asnuclear
factor-kappaB (NF-kB), activator protein 1 (AP-1),
cyclic adenosine monophosphate response e ement
binding protein (CREB), and hypoxiainduciblefactor
(HIF), contributesto carcinogenesisby promoting per-
sstent inflammation, abnormal cell proliferation, eva
sion from apoptos's, angiogenesis, etc. A widevariety
of dietary phytochemica shave been reported to exert
cancer chemopreventive propertiesby suppressingthe
inappropriate activation of aforementioned transcrip-
tion factors. On the other hand, transcription of genes
involvedintheactivation of cdlular antioxidant arsena
and carcinogen detoxificationislargely regulated by
another redox-sensitivetranscription factor, i.e. NF-
E2 related factor 2 (Nrf2), which playsarolein pro-
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tecting cdll s'tissuesfrom oxidativeor € ectrophilic dam-
age. Some food-derived phytochemicals have been
shownto activate Nrf2. Therefore, the modul ation of
cdlular sgnading mediated by redox-sensitivetranscrip-
tionfactorsrepresentsapromising gpproachin achiev-
ing molecular target-based chemoprevention with ed-
iblephytochemicds.

CURCUMIN

Curcumin [(1E, 6E)-1, 7-bis (4-hydroxy-3-
methoxyphenyl)- 1, 6-heptadiene-3, 5-dione] isan or-
ange-yellow active component from the herb Curcuma
longa (usually known asturmeric) commonly usedin
thelndian and EasternAsa Itisan orange-yellow crys-
talline powder with melting point of 183°C, molecular
formulaof C, H.O,, and molecular weight of 368.37
g/mol. Theessentia structureof thismoleculeconsists
of feruloylmethane skeleton. Itisnow clear that there
are four major curcuminoids namely curcumin,
demethoxycurcumin, bis-demethoxycurcumin, and a
new identified cyclocurcuminoccurring naturaly in Cur-
cumaspecies®s,

Asamedicine, curcuminisshownto exhibit anti-
oxidant, anti-inflammatory, antivird, antibacterid, anti-
fungal, and anticancer activities, and thushas apoten-
tia tofight against vari ous diseasesincluding digbetes,
asthma, allergies, arthritis, atherosclerosis,
neurodegenerative diseasesand other chronicillnesses
likecancerd™.

Curcumin has been extensively studied in modern
medicineand Indian systems of medicinefor thetreat-
ment of variousmedical conditions, including cysticfi-
brosis, hemorrhoids, gastric ul cer, colon cancer, breast
cancer, atherosclerosis, liver diseasesand arthritis. It
has been used in various types of treatmentsfor de-
mentiaand traumatic braininjury. Curcuminadso hasa
potential role in the prevention and treatment of
Alzhemer’s disease (AD). Curcumin as an antioxidant,
anti-inflammatory and being lipophilicimprovesthecog-
nitivefunctionsin patientswithAlzhemer’s disease. A
growing body of evidenceindicatesthat oxidativesress,
freeradicals, betaamyloid, cerebra deregulation caused
by bio-metd toxicity and dbnormal inflammatory reac-
tionscontributeto thekey eventinAlzheimer’s disease
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pathol ogy. Dueto variouseffectsof curcumin, such as
decreased beta-amyl oid plagues, del ayed degradation
of neurons, metd-chelation, anti-inflammatory, antioxi-
dant and decreased microgliaformation, the overall
memory in paientswith AD hasimproved®.,

MDM2, thecellular ubiquitin E3 ligase of thetu-
mor suppressor p53, iscons dered to bean oncoprotein
because of itsactivity in promoting p53 ubiquitination
and proteasomal degradation®'%. Further, MDM2
binds to the NH, terminus of pS3 and blocks its
transactivational activities'?. Theactivation of p53tar-
get genesinduces apoptosis, cell cyclearrest, and se-
nescence, which are important to tumor suppres-
sioni**12, Recently, p53-independent tumorigenic
mechanismsfor MDM2 havebeenidentified. MDM2
promotescell cycleprogression by bindingto and modu-
lating the activities of p21Waf 1/CIP11*41% and E2F1
proteing®®l, Both animal studieswith transgenic mice
and clinical observations have established therole of
MDM2 in cancer development and the response to
treatment, both dependent and independent of p53(t7:18,

CurcumindownregulaesMDM2expressionincdls
with either wild-type (WT) or nonfunctional p53 and
that thiseffect isat thetranscriptional level. MDM2
transcription isregulated by the phosphatidylinositol 3-
kinase(PI3K)/mammadiantarget of rgpamycin(mTOR)/
erythroblastosi svirustranscriptionfactor 2 (ETS2) path-
ways, whichismodulated by curcumin. Curcuminin-
hibits M DM 2 expression in both normal and cancer-
oushuman cdll lines, independent of pS3 activity. Inthe
PC3 human progtatecancer cdl line, MDM2levelswere
decreased by curcumin in adose and time-dependent
manner. Curcumininhibited MDM2in cell lineswith
either WT p53 (LNCaP and MCF-7) or with p53
knockdown (p53 KD; MCF-7 p53 KD)!"9., In addi-
tion, p21Waf1/CIP1 and Bax wereinduced, whereas
E2F1 and Bcl2 weredecreased in PC3 cells, likely as
aresult of MDM2 inhibition. Theinhibitory effect of
curcumin on MDM 2 was a so noted in the human nor-
mal breast cdll lineMCF10A®,

PI3K-mediated signaling is one of the most fre-
quently targeted pathwaysin human cancers?”. Acti-
vated PI3K promotescell survival and proliferation
through mechanismsthat are not fully understood.
MTOR, ahighly conserved serine/threoninekinaseacti-
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vated by PI3K, isinvolved in cancer initiation and pro-
gression?Y,

PISK/Akt hasbeenimplicatedin MDM2 protein
stabilization and subcdlular localization'?24, PI3K in-
ducesM DM 2 transcription through mTOR/ETS2, sug-
gesting that these protei ns may governthe mechanisms
by which mitogenspromotecdl proliferation andinac-
tivate p53. Because MDM2istumorigeniceveninthe
absence of p53, the presented resultsprovideamecha
nism by which mitogens promote cancer progression
independent of functional p539.

Curcumininhibitscdl proliferation, interruptsthe
cell cycle, and induces apoptosisin cancer cellg25291,
Curcumininhibitsproliferation of normal aswell as
malignant cells, but it induces apoptosismainly in ma:
lignant cellg!.

Reduced thioredoxinisadirect electron donor to
peroxiredoxinsor thioredoxin peroxidases, which are
major hydrogen peroxide- scavenging enzymesnormaly
keep the level of reactive oxygen speciesin the cell
under control. Methioninesulfoxidereductasesutilize
reduced thioredoxin as an el ectron donor, and these
enzymes serveas specific scavengersof ROSviare-
versible oxidation of methionine residues? %1, The
curcumininhibitionof TrxRwill leedtoanoxidizedin-
tracellular environment, and thisoxidetivestressshould
gop cell proliferationinnorma cells, which do not over-
producecyclins.

Curcumincanirreversibly inhibit TrxR activity by
forming covalent adducts and that the inhibition is
NADPH-dependent. The modified residuesof theen-
zyme areinthe active site, i.e. Cys496 and Sec497,
which form aselenol/thiol after NADPH reduction?*
31, In the reduced form generated by NADPH, the
activesiteresidues Cys496 and Sec497 are present in
theform of free—SH/-SeH groups and exposed at the
surface of the enzymé'sY, making them easily attacked
by dkylating agents®. Intheoxidized enzymethereis
a nonreactive Cys496-Sec497 selenenylsulfide
bridge®.

Theo,B-unsaturated ketone structure in curcumin
makesit act asapotentia akylator. Thereisan equilib-
rium between o, B-unsaturated ketone and its enol form,
and thelatter ismore sensitively attacked by nucleo-
philic agents. Thesdenide, with highnudeophilicity and
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exposed to the surface of the enzyme, can attack the
carbon cationintheenol form of curcumin effectively
and producethe covaent adduct.

Ohbvioudy, inhibitionof TrxR, whichwill directly &f-
fect many redox functions of Trx, should be animpor-
tant mechanism to explain the antitumor effects of
curcumin. Curcumin-modified enzymehad astrongly
induced NADPH oxidaseactivity and produced ROS
inthepresence of oxygen.

Thethioredoxin system, composed of TrxR, Trx,
and NADPH, isthemajor disulfidereducing enzyme
systeminadl cdlsresponsiblefor maintainingtheintrac-
ellular redox milieuwith ahigh content of freeprotein
thiolsand rare disulfided®*%, Separate TrxR and Trx
enzymesoperatein the cytosol and the mitochondria,
and both Trx and TrxR have been described to move
intothenucleusin cellsconsstent withtheir roleinregu-
lation of binding of transcription factorsto DNA di-
rectly or viatheredox activity of Apel/Ref-11%, Trx
and TrxR, themgor protein disulfidereductase of the
cdl, havealargerangeof functionsin enzymatic reduc-
tionsand play multiplerolesinintracd lular sgndingand
resistance against oxidativestress. In particular, TrxR
levesintumor cdll linesare often 10 timeshigher than
thosein normal tissues®"¥ perhaps becausetumor cell
proliferation isdependent on aconstant supply of deox-
yribonud eotidesand initiation of protein synthess, both
of which requirean activethioredoxin systemf33949,
Another role of the thioredoxin system isto protect
againgt apoptosis, which may beimportant particularly
intumor cdlls. Extracdlular thioredoxin actsasagrowth
factor, protectingthetumor cell from naturd killer lysin
and tumor necrosisfactor (TNF) and from respiratory
burst of immunecdlls*-42, Considering thetumor-pro-
moting effect of TrxR described above and the much
higher levels of theenzymein tumor cells, withupto
0.5% of total solubleproteinsin mammary adenocarci-
nomacell linesd® 3 itisclear that this selenoenzyme
hasmajor rolesin transformed cells.

A specificfunction of reduced thioredoxinin pre-
vention of apoptosisisviabindingwithASK-1. This
mitogen-activated protein kinase kinase kinase plays
an essentid rolein apoptosisand isactivated by many
stress- and cytokine-related stimuli. Saitoh et al [+
found that reduced Trx, but not oxidized Trx, bound
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directly totheN terminusof ASK-1andinhibited ASK-
1 kinase activity as well as the ASK-1-dependent
gpoptosis. Curcuminwill inactivate TrxR and makeit
unableto reduce oxidized Trx withlossof theactivity
tobindASK-1, causingthesgnding cascadesultimatdy
inducing gpoptoss.

Themost draméti c outcome of the curcumin-modi-
fied TrxRwasitsstrongly induced NADPH oxidase
activity producing ROS. Thus, theenzymeisconverted
into aprooxidant rather than an antioxidant. Now the
higher levelsof TrxR intumor cellswill not act asa
protection but on the contrary will producealot more
ROS. Low concentrationsof ROS areinvolvedin pro-
liferation, differentiation, and regulaion of transcription
factorssuch asNF-kB™. ROS activate transcri pti onof
NF-xB to the nucleus where Apel/Ref-1 is involved
together withreduced Trx inbindingto DNA. Exces-
sive ROS production by modified TrxRwill obvioudy
destroy the NF-«B surviva mechanism.

Severd effectsof curcuminonregulation of signal-
ing pathwayscan bedirectly explained by inhibition of
TrxR and excessivegeneration of ROS. Curcumincan
impair p53 functionin colon cancer cellsand B cellsas
reported by Moos et al .*! and Han et al 1%, respec-
tively. Alsotheactivity of activator protein 1 (AP-1)
was suppressed by curcumin in cultured human
promyelocyticleukemiacell$*. Four of theninecys
teines present in p53 DNA-binding domain are essen-
tial for theactivity of thisfactor®™. Thissite-specific
DNA binding of p53 and transcriptional activity are
controlled by thiol redox state, whichisregulated by
thethioredoxin system. The DNA binding activity of
activator protein Lisfacilitated by anuclear redox pro-
tein, Apel/Ref-1“, Asdiscussed above, Trx associ-
atesdirectly withApel/Ref-1in the nucleusand modu-
lates Ref-1 activity. Thisprotein-proteininteractionre-
quirestheactive site cysteineresiduesin the reduced
Trx activesite®?, Thethioredoxin system, besidesbe-
ing the main el ectron donor to peroxiredoxinsand di-
rectly acting as a ROS scavenger™, can regenerate
vitamin C from ascorbate free radical® and
dehydroascorbate’™, lipoic acid®, and ubiquinong™
to maintainthelow molecular weight antioxidant levels
incells. Inhibition of TrxR will impair the antioxidant
defense against oxidativestress, ROSwill accumulate
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frommitochondrid sources, and mostimportantly TrxR
modified by curcuminwill generate ROS. Recent re-
ports by Kang et al > showed that high concentra-
tions (higher than25 M) of curcumin promoted ROS
generation, whereas|ow concentrations (lessthan 10
_M) usualy diminished ROSin Hep3B cells. The ef-
fect wasnot inhibitable by cycloheximide, consistent
with modification of preexisting TrxR.

ASWAGANDHA

Withania somnifera (WS), also known as
ashwagandha, hasbeen used asanimportant herbin
theAyurvedic and indigenous medicd systemsfor over
3000 years™!. Studiesindicate ashwagandha possesses
anti-inflammatory, antitumor, antistress, antioxidant,
immunomodul atory, hemopoetic and rg uvenating prop-
erties. It also appearsto exert apositiveinfluenceon
the endocrine, cardiopulmonary, and central nervous
systems. Themechanismsof action for these properties
arenot fully understood®®!.

Thechemistry of WShasbeen extensively studied
and over 35 chemicd condituentshavebeenidentified,
extracted, andisolated™. Thebiologicdly activechemi-
cd condituentsaredka oids(isopd | etiering, anaferine),
geroidd lactones(withanolides, withaferins), sgponins
containing an additional acyl group (sitoindoside VI
and VI1), and withanolideswith aglucose at carbon
27 (sitoindoside IX and X)®8. Two main classes of
compounds—steroidal alkaloids and steroidal lac-
tones—may account for its broad range of beneficial
effects. Steroidd |actonescompriseacassof constitu-
entscaledwithanolides. To date, scientistshaveidenti-
fiedand sudied a least 12 dka oidsand 35 withanolides.
Much of ashwagandha’s pharmacological activity has
been attributed to two primary withanolides, withaferin
A and withanolide D*, Withanolides are C28-steroi-
da lactonesbased on anintact or rearranged ergostane
framethrough appropriate oxidationsat C-22 and C-
26toform ad-lactonering, and arechemically caled
22-hydroxy ergostane-26-oic acid 26, 22-l1actone.
Withaferin A (WA) isone of the mgjor and most pre-
dominant withanolidesfound in the plant®. Thepure
compound, WA, established itself as antiprolifera-
tive’®® anti angiogenesisin breast cancer cdll lines®,
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apoptosis-inducing activity in prostate®” and HL-60
cdlsand oxidativestressinducingincell lines®?.
Several studies support therole of ashwagandha
asan effective cancer chemopreventive agent, how-
ever limited information is available regarding the
mechanism of regul ation of these chemopreventive ef-
fectd®*%, Results showed that Ashwagandhatreatment
modul ated several functionally important classes of
genes, which areassociated with cell cycleregulation,
regulation of apoptos s, modulation of stressproteins,
cytokineand chemokineregulation, regulation of signa
transduction, and oncogeneregulation in prostate can-
cer cdls(PC-3)1®¥., Thethreesignificant pathwaysthat
aresignificantly modulated are JAK-STAT pathway,
the apoptosispathway and the MAPK signaling path-
way. Among thesethe JAK-STAT pathway appearsto
bethekey becauseit dso modulatesboth the gpoptosis
processand the MAPK signaling®.
Ashwagandhatreatment sgnificantly downregulated
the geneand protein expression of proinflammatory
cytokines IL-6, IL-1b, chemokine IL-8, Hsp70 and
STAT-2, whileareciprocal upregulation wasobserved
ingeneand protein expression of p38 MAPK, PI3K,
caspase 6, Cyclin D and c-myc. Among the 249 genes
that weres gnificantly modul ated by Ashwagandha, sev-
erd werestructurd proteins, likefilaminA, lamininand
tight junction protein-zonaoccludens 2. Thesignificant
antitumor effects of flavonoids are attributed to the
modulation of protein tyrosine phosphorylation®l. Sup-
pression of carcinogenesi s by tumor suppressor genes
ismediated by constraining tumor cell proliferation and
colony formation. Thetumor suppressor genes, sup-
presses tumor growth by modulating the phospha-
tidylinositol 3-kinase (PI3K) and causes G1 cdll cycle
arrest and cell death®5%1, Thecyclin D geneencodesa
regulatory subunit of the CDK4 and CDK 6 hol oen-
zyme complex that phosphorylates and inactivatesthe
tumor suppressor protein, pRB, thereby modulating cell
cycleprogressionintolate G1 and S phased® ™,
Ashwangandhatreatment down regul atesthe ex-
pression of the proinflammatory cytokines|IL-6, IL-8
and 1L-1b hereby acting asanimmunomodulator, viathe
dynamic regulation of these cytokines. These cytokines
arecrudd toinnateand adaptiveinflammeatory responses,
cdl growth and differentiation, cell death, angiogenesis
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and developmentd aswdll asrepair processes. Thejanus
kinase/signal transducer and activator of transduction
(JAK/STAT) pathway isaintracdlular signd-transduc-
ing pathway that isactivated by oxygenradicas, various
cytokines, and growth factors in various disease
stated’ 7, Originally described as the regulator for
cytokinesignaling, JAK/STAT pathway isnow recog-
nized asan important membrane-to-nucleussignaling
pathway for avariety of stressresponsesand oxidative
stress. STAT proteins have thedua function of signal
transduction and activation of transcription aspart of a
phosphorylation cascade™. Ashwagandhadownregu-
lates the expression of STAT2 which is a potent
transactivator and formsstable homodimerswhich com-
plex with adaptor protein p48 and bind to theinterferon-
gtimulated responseelement (ISRE) therelby modulating
cdl proliferationandimmunity.

Expression of Hsp70 in tumor cellshasbeen pro-
posed to enhancetheir immunogenicity and prevent tu-
mor cell death™. Ashwagandhatreatment significantly
decreasesthe gene and protein expression of Hsp70,
which may resultinthegeneration of aspecificimmune
response by promoting gpoptoss. Theoncogenec-myc
gene participatesin most aspectsof cdlular function,
including replication, growth, metabolism, differentia-
tion, and gpoptosis™ ™. Our studieshighlight that treat-
ment of PC-3 cellswith Ashwagandharesultsin the
activation of c-Jun N-terminal kinase (JNK) signaling,
indicating that it may bethekey signaling pathway in-
volvedinthe processleading to activation of gpoptosis
inthese cancer cellg%.

The p38MAPK activity has been reported to be
associated with gpoptoticinductionin severd cdl types
andinresponsetoamultitudeof cellular stress®”™. In
thep38MAPK signaling cascade, signdingisinitiated
by phosphorylation of p38MAPK at Thr180, Tyr182
and subsequently HSP27. Such phosphorylation may
beresponsiblefor achangeinthetertiary structure of
HSP27 and increased concentrations that possibly
modulate cell viability by actin polymerizationandre-
organization”, Theactivep38M APK aso phospho-
rylated another important transcription factor ATF-2in
WA -treated cells, which hasbeenimplicatedin theregu-
lation of widesetsof genesthat forcetheleukemiccells
to undergo apoptoss. Taken together, our resultsindi-
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catethat early initiation of thep38MAPK signaling cas-
cadewithin2.5hisacentral event for theinduction of
apoptosisby WA.

Inthe complex signaling events of apoptosis, the
pP38MAPK activation reducesthe mitochondria func-
tioninitiated by dterationsintheratio of pro-(Bax) and
antiapoptotic (Bcl-2) members of the mitochondria
causingthelossof AY _, release of cytochromecand
activation of caspases|eading to apoptosis™. Bcl-2
directly or indirectly preventstherelease of cytochrome
c from mitochondria, anditsBH, domain can bindto
the C termind part of Apaf-1, thusinhibiting the asso-
ciation of cagpase-9 withApaf-1 and ultimately inhibit-
ing apoptosi§®.

NEEM

AzadirachtaindicaA. Juss, commonly known as
neem, elaborates a vast array of bioactive
phytochemicalsthat exhibit potent medicinal proper-
tied®84, Mitochondria, which play apivotal rolein
apoptosis, aremgjor sitesof ROS generation. Exces-
sive ROS generation can lead to opening of the mito-
chondria permesability trangtion porewith consequent
release of cytochrome ¢ from theintermembrane space
into thecytosol culminating in activation of the caspase
cascade and apoptotic cell death®, Bcl-2, themajor
antiapoptotic protein of theBcl-2 family inhibitsROS
production, cytochrome c release, and caspase-3 acti-
vation, whereas Bax, isapore-forming proapoptotic
proteinthat facilitates cytochromec rel ease, triggering
caspase-mediated apoptotic cell death. Bel-2 and Bax
have becomeattractivetargetsfor designing new anti-
cancer drugs, and agentsthat lower the Bcl-2/Bax ra-
tio are regarded as promising chemopreventive and
chemotherapeutic agents®#, A decreaseintheBcl-2/
Bax ratio seen after exposureof BeWo cdllsto nimbolide
inthepresent study together with increased expression
of Apaf-1 and caspase-3, and cleavage of PARP, a
nuclear enzymeinvolved in DNA repair, and mainte-
nanceof genomicintegrity, providecompelling evidence
that nimbolideinduced apoptosisis mediated by the
mitochondria pathway!®Y.

Bcl-2, a major anti-apoptotic protein inhibits
apoptosisby preventing mitochondria release of cyto-
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chrome C eventually resulting ininhibition of caspase
activity®87, Bim, aBH3-only proapoptotic member
of antiapoptotic proteins such asBcl-XL and Bcl- w.
In addition, Bim has been reported to induce cyto-
chrome C release from the mitochondria®. There-
lease of cytochrome C from the mitochondriaisalso
induced by caspase 8, aninitiator caspasethat linksthe
death receptor and mitochondrial pathways of
apoptosis. Caspase 3 is an effector caspase that ex-
ecutes cell death by cleavage of proteinsvital for cell
survival®, Overexpression of antiapoptotic proteins
with downregulation of proapoptotic proteins and
caspases has been documented in malignancies®y,
Enhanced expression of Bcl-2 associated with dimin-
ished expression of Bim, caspase 8 and caspase 3 seen
inthe present study may facilitateevasion of apoptosis
and development of the malignant phenotypein HBP
carcinomas®,

There is compelling evidence to show that
azadirachtin and nimbolidetransduce gpoptosisby both
the mitochondria and death receptor pathways. In ad-
dition, both thelimonoidsalso activated initiator and
effector caspases and enforced nuclear |ocdization of
survivin enabling increased susceptibility tointrinsic
apoptosis. Theintracellular locdisation of survivinis
crucial for itsanti-apoptotic function; while cytosolic
|ocalisation enablesinteractionwith caspasesand Smac/
DIABLO thereby blocking apoptosis, nuclear
localisation favours apoptosisby increasing p53 and
Bax level§%2%31, Upregul ation of wild typep53inturn
has been reported to abl ate the anti-apoptotic activity
of survivin, and induceanumber of propapoptotic fac-
torsincluding Bax and caspases®. Nimbolideinduced
cdl cyclearrest and antiproliferative effectsinawide
rangeof human cancer cell lines®>*", Cdlstreated with
nimbolideexhibited gpoptotic features characterised by
nuclear condensation and fragmentation, progressive
vacuolization, membrane bl ebbing, increased appear-
anceof annexinV positivecdlls, increasein the num-
ber of cells in the sub-G1 fraction, expression of
phosphatidylserinein the outer cell membrane, gen-
eration of reactive oxygen species, and caspase-de-
pendent apoptosi sl The higher efficacy of
nimbolide has been attributed to its o, f-unsaturated
ketone el ement(*®.
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PCNA, acofactor for DNA polymerases that plays
acentra roleinthecell cycledso blocks apoptosisby
inhibition of Gadd45 and MyD 118, negativeregulators
of growth1192_Activation of wild type p53 exertsits
antitumord effectsthrough activation or inactivation of
Bcl-2 family proteingd®®. In particular, targeting NF-
kB that plays a vital role in cell proliferation, differentia-
tion, gpoptods, inflammation, Stressresponse, and sev-
eral Sgnd transduction pathwaysisconsdered anove
preventiveand therapeuti c strategy against human can-
cerd1%1%, NF-xB undergoes activation via the canoni-
cd pathway | eading to the di ssociation of pS0-p65 sub-
unitswith subsequent nuclear trand ocation and activa
tion of downstream target genesinvolvedin carcino-
genesis. Thusinhibition of PCNA and nuclear trando-
cation of NF-xB with upregulation of IkB and p53 by
azadirachtin and nimbolide may bekey factorsfor sup-
pressing the growth of HBP carcinomasand inducing
apoptosis®.

Combination chemoprevention has attracted the
focus of research attention duetoitshigh potency and
reduced toxicity. Further, medicind plantsin combina
tion areshowntointeract synergistically with high effi-
cacy and have abroader spectrum of action. Thede-
creasein Bcl-2/Bax rétio, areliableindicator of the
overd| propendty of acell toundergo gpoptosiscoupled
with theoverexpression of cytochrome C and caspase-
3, underscoresthe apoptosis-inducing potential of the
Al(Azadirachtaindica)-OS (Ocimumsanctum) com-
bination. Thecombinatorid chemopreventive potentia
of Al and OSledaf extract seeninthe present study may
be ascribed to the rich array of constituent
phytochemicals that are known to exhibit potent
antiproliferative properties. Theuse of theAl-OS com-
bination isastrategic approach to administer acocktail
of phytochemicd entitiesthat could modulatemultiple
signal transduction pathwaysthat are aberrant in can-
cer. Furthermore, synergisticinteractionsamong the
phytochemicalscan ensurehigher efficacy and potency
inaddition to overcoming problemsof toxicity and re-
sistance™™,

CONCLUSION

Thehealth benefits of the three phytochemicas—
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curcumin, aswagandhaand neem has been discussed
inthispaper. Theregular intakeof these photochemicas
hasbeen proved to bebeneficid. These phytochemicas
have some propertiesin common, likethey have anti-
oxidant compounds, they are anticancerous and they
have antitumorigenic propertiesand have antibacteria
properties.

In the current era of molecular target-based
chemoprevention, many food factors, especially
phytochemicals present intheregular diet, have been
explored aspromising cancer chemopreventiveagents,
which modul ate the function of one or more of redox-
regulated transcription factors.

Whilethe magnitude of cancer asaglobal threat
isso frightening, there are glimpses of hopeflared
through the chemoprevention research conducted with
the phytochemicals. Numerous food-derived
phytochemicals have been shown to be effectivein
preventing malignant transformation of cellsin culture
and experimentally induced tumorigenesisin various
anima modesinvivo.

Extensve studieson synergistic pharmacodynamic
interactionsof the phytochemicasaswell astheeffects
onsignal modulation areessentid for the devel opment
of multiactivenaturd drugsfor cancer chemoprevention
inthefuture,
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