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MI3IH annalnnAnuLiSaRLTIu multifactor LAY
multi-step processes M lnnstlesiunasinenlldnan
PANel (‘iﬂ‘V] 2)" 7 1 MeELEANILIANNT initiation &gl

15 1ungu blocking agents anavinldlnefiunnsvinsuae
detoxn‘ymg enzyme WaiiunIvinae 13 carcinogens 38
udl oxidative stress FlHAn cel damage Tenaned
DNA #a¢l ﬂﬁnmqm antioxidant ‘vl‘iﬂscavengmg activity 111
ellagic acid,Jndole—S—carbinol, sulforaphane 38 flavonoids’

'qumiﬁuﬁqmvmum? promotion %38 progression 3N
Az mmmmﬂumsmumu N1TULNATRIAR b cell cycle
Funousing T WIBNILAUNIANYUBITAR (apoptosis) Hael

ﬁﬂ‘t&ﬂ@ﬁdﬂﬁﬂﬂ% suppressing agents LT beta-carotene,
curcumin, gingerol, epigallocatechin gallate 38 resveratrol" 2
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PROCARCINOGEN
g|||l|lnl|m|lnrlnmnmumlnm Me{aboﬂc Acﬁva‘!fﬂﬂ
Blocking Agents nmmim ULTIMATE CARCINOGEN
o Ellagic acid

0 Indole-3-carbinol

Interaction with

LT TR T T T T

o Sulforaphane Cellular DNA
0 Flavonoids
DNA DAMAGE,
MUTAGENESIS
(Initiated Cells)
Suppressing agents ﬁ:ﬂ;‘:‘:ﬂ’;h
0 beta-Carotene
O Curcumin MALIGNANT
0 Gingerol TRANSFORMATION

o Epigallocatechin gallate
o Resveratrol
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AN5197 1 AR89 ARBUINIANNEITNTNR

Drug Medical use Mechanism of action Source
Aspirin Analgesic, anti-inflammatory, Inhibition of COX Plant
(Salicylate) antipyretic
Atropine Pupil dilator Antagonist of ACh at muscarinic Plant

receptors at post-ganglionic
parasympathetic neuroeffector sites

Codeine Analgesic, Opioid receptor agonist Plant
antitussive
Digoxin For atrial fibrillation and CHF Inhibition of the Na + /K + ATPase Plant
membrane pump
Morphine Analgesic Opioid receptor agonist Plant
Pilocarpine Glaucoma Muscarinic receptor agonist Plant
Quinine Malaria prophylaxis Inhibition of protein synthesis in the Plant

malaria parasite

Taxol Anticancer agent Antimitotic agent (binds to and stabilizes ~ Plant

microtubules)

Penicillin Antibiotic Inhibition of synthesis of cell wall Microbe
peptidoglycan
Tetracyclin Antibiotic Inhibition of protein synthesis by Microbe

binding to the ribosome 30S subunit

ACh, acetylcholine; CHF, congestive heart failure; COX, cyclooxygenase.

AN519% 2 Faaeng N9efnuNsEan ldunannneT®

Compound Cancer use

Vincristine Leukemia, lymphoma, breast, lung, pediatric solid cancers and others
Vinblastine Breast, lymphoma, germ-cell and renal cancer
Paclitaxel Ovary, breast, lung, bladder, and head and neck cancer
Docetaxel Breast and lung cancer

Topotecan Ovarian, lung and pediatric cancer

Irinotecan Colorectal and lung cancer

Flavopiridol Experimental

Acronyciline Experimental

Bruceantin Experimental

Thalicarpin Experimental
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Compound Cancer use

Actinomycin Sarcoma and germ-cell tumors

Bleomycin Germ-cell, cervix, and head and neck cancer
Daunomycin Leukemia

Doxorubicin Lymphoma, breast, ovary, lung and sarcomas
Epirubicin Breast cancer

|darubicin Breast cancer and leukemia

Mitomycin C Gastric, colorectal, anal and lung cancer

Streptozocin

Wortmannin
Rapamicin*

Geldanamycin

Experimental
Experimental

Experimental

Gastric and endocrine tumors

*Rapamicin is also a potent immunosupressant.

a o | o @ Ay v & A A 6
AT NN 4 FIRLINY W?E‘l’]ﬂﬂ&?\iﬂiﬂﬁﬂ‘%ﬂ AINTANTANNNELA
Compound Cancer use Mechanism of action
Citarabine Leukemia, lymphoma Inhibition of DNA synthesis

Bryostatin 1
Dolastatin 10

Ecteinascidin 743

Aplidine
Halicondrin B
Discodermolide
Cryptophycin

Experimental
Experimental
Experimental
Experimental
Experimental
Experimental

Experimental

Activation of PKC

Inhibition of microtubules and pro-apoptotic effects
Alkylation of DNA

Inhibition of cell-cycle progression

Interaction with tubulin

Stabilization of tubulin

Hyperphosphorylation of Bcl-2

PKC, protein kinase C.
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3N (initiation phase)

phenolic compounds, alkaloids, terperoids, carotenmds ludu
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1. Phenolic compounds
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Role of Natural Products on cancer Prevention and Treatment

(1) Simple phenols/phenolic acid waTaLWUFLTY gallic
acid, ellagic acid, tannic acid, vanillin, catechol, resorcinol LA
salicylic acid g 1enguiinuldlunalivanaiin
raspberry, blackberry .

(2) Phenylpropanoids &M phenolic compound #
aromatic ring § three-carbon side chain 1N1¥@E] ugNgias
aanlsivaranguldun hydroxycinnamic acids (ferulic acid,
caffeic acid %138 coumaric acid), coumarins (umbelliferone,
scopoletin, aesculetin V38 psoralen), lignans (pinoresinol,
eugenol %38 myristicin) WUlA 1 wathdla wnwg uaz nuw

(3) Flavonoids \ungu MAzya84 phenolic compounds

°’|1ﬂLLﬂ ’W?VIN mﬂmd ?'NL‘]J% C6-C3-C6 LLElﬂElﬂEI’rJ@ﬂ
1mLﬂuu@ﬁﬂﬂz§u1mLLﬂ catechins,
anthocyanidins flavones, flavonols, flavonones uaz isoflavones
’W']ﬂﬂ"l?‘V]W‘LI flavon0|ds vLﬁ@EIW\TﬂQ'N?JQ']\?VNW‘H Nﬂ N@llﬂ\l
?QN‘VNLPW?@QﬂNV]LF’]?ﬂNNW@WﬂW‘H L‘Hu Nl (MW?WQ‘V] 5)
Wuqﬂu'luﬂﬁwm catechins BTN 30% m@qﬁmﬁﬂuﬁq
uazidadndy s Wﬁﬂﬂuﬂﬁiﬂﬂﬂqwmﬂuant|OX|dant uaz
chemoprevention Anthocyanins w198~ e quﬂ@u
flavones, ﬂavonols Wae isoflavones ﬂ@“’WUiﬂV]QMLL@“’L‘ﬂ@
anilu wmuﬂiv‘imummwmﬂa’”

mqmmmqmmmwmm phenollc compounds RN

M’mmmqumqwﬁmum LfN L‘Hﬂfmqvmmuu L?\'i"ll@ﬂ

ﬁﬂuﬂ@um LAAANN multn‘unctlonal activities (A3
FaREaey resveratrol u i‘ﬂ‘V] 3" GansuAuAdangln
ﬁl’\\‘i"]l,‘i)lﬂ"luﬂd "Juel.uﬂ?”‘]_l’li‘lﬂq?ﬂ@ﬂ Lﬁ\i LL@“’“QW]J’PJﬂﬂWQ
ﬁNﬂﬂVLﬂﬂl@Q ﬁ‘fl,uﬂ@wﬂ'm "'] Iﬂﬂﬂ?']')"] mu

proanthocyanins,

Antioxidant activity

mnﬁmmfhﬂ%@?ﬂ 3% (free radicals) ldnaziutiin
reactive oxygen species (ROS: Oz', OH',HZOZ, HOCI) ‘vﬁﬂl
reactive nitrogen species (RNS: NO, OONOZ') auiilu 199

E Prolonged
! increase
} in signal '
| ransoucton | NECROSIS
G1 arrest E ]
differentiation APOPTOSIS
| Signal ransduction increase |
!
DNA, protein and lipid ddmﬂqP;
CSignal | ; | increase 1
 Sig |
! transduction | L P53p21 increase !
| increasa
. DNA damage |
| increase |
! p53 activities |
! p21
G1/8/G2M
amrest
G1/S/G2 Go)
arrest /

APOPTOSIS

Ktriction

.

P MES i o
! Signal transduction |

: increase |
N—'l SP1 causes ;.21 i
lI'!L‘I'EﬂSl’.‘

G1 arrest

senescence
sU? 3. wnunnu aenalnnisdudaniaiianziieres
resveratrol'’

ldasiauas 1Ny liiie cell damage Taeinnsuwiien
1h1iRan19z oxidative stress TeazynlfiAnAa@aLNA
°]J@\1 cell membrane protein, LAY DNA" mmm%ﬂunﬂiﬂ
i A AUNTINIBINIZUAUNNS carcinogenesis T1aq1TLH
mmmmmmmﬁuﬂum 17 phenolic compounds A1
m‘wuq’vm antioxidant meqm anticancer fing™* " lu
n9ell caffeic, ferulic acid 1138 ~sladiEiAna ﬁma‘ammm
(compete) T1L electrophile Tun1349uriu DNA "Nﬂmﬂu key
step TRANTELAUNNTIANZLSY AziFen ﬂimm‘ﬁfjﬁ

antimutagen '°

m15719% 5. flavonoids THARNS y WATWARININIANNEIINTNR ©

Class Typical sources Representative (aglycone)
Flavonols Tea, onions, red wine, fruit Quercetin

Flavones Vegetables, citrus fruits Apigenin

Flavanones Citrus fruit Hesperitin

Anthocyanidins Berries, colored fruit Cyanidin

Catechins Tea, wine

Isoflavonoids Legumes
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Arachidonic acid metabolism modulation
wﬁ'ﬁqw%rﬁm arachidonic acid metabolism %anann
aziiunum A lunNIFuNELAUNIIaNL U (antiinflam-
mation) udntlaqriugaldiumny wlaluuwdnistlasiunig
\AANZL3 (chemoprevention)® 7 3121971491 non-steroidal
antiinflammatory drugs (NSAIDs) #aNEIFa L°]]'u sulindac,
piroxicam, mdomethacm WAL aspirin mqmﬁﬂumﬂﬁ?mm
e LfNIu WQWﬁ@ﬂQVlﬂﬂﬂ?yﬂuﬂQﬂ WTL?’INT@HL‘H@’J"I@’W@
q Lummnmmummﬂéﬁm cyclooxygenase (COX) Saflu
nalnuanaes 19lungu NSAIDs™™®  wudn phenolic
compounds PANEIFN l;‘ﬁ'u quercetin, eugenol, curcumin LAY
green tea ﬁqwéﬁuﬁi arachidonic acid metabolism &1

s
=

\iuAuuAzHMBEUEaTI cyclooxygenase WA lipoxygenase
pathways %" 1l 1991, Deschner WazAmME 19718971491
quercetin LAY rutin ﬁqm%fﬁuﬁqmmﬁm colon cancer lu
wyngnnsesusag azoxymethanol” uazluTl 1994 Huang
LazAY mﬂmumqmmmummmmu La*qiumumu
fm‘ma‘ (: forestomach, duodenal WAL colon) SN curcumm
4 anadesiude “unminudlszansTi3lnaens il
phenolic compounds ulszandigifnisninnafiauziie
[}T’f"‘

Enzyme activity modulation

Tunszuaunisiasyaassasazandaiauladuans
mﬁmﬁmfﬂuma\lﬂ?m (growth) WAZNN9LLINEA (cell division)
WU  phenolic compound PANEITUA mwnﬂ“u&mu%ﬂ
mmu”lm mlan cell hyperprohferahon %QNN@@@MWN
Ceazgeld mamwﬁu n"9€MIE1S protein kinase C 84
quercetin™, F;I‘LI?N protein tyrosine kinase 184 genistein®,
s topoisomeraserase 284 psammaplin A" Lz
wulnivataaiinaes green tea®

Inhibition of carcinogen formation
19 carcinogens Lﬂuﬁ@ﬂiﬁwﬁqﬁi\ﬂﬁﬁmmﬁ*q 76N
A4 carcinogen ﬁuwmﬂﬁﬁ*m:ﬁﬁq exogenous LAY
endogenous sources NITUANLAEN 19 carcinogen AN
AEUBNVTRAANNT 519 19 carcinogen TWI9NNY Azdae
ﬂmﬂumm?mmmﬂmu LvaLﬁ WU phenolic compounds
V@']ﬂ[fl'lllf]’ﬂﬁﬁlllﬂ\?ﬂq? T’N 19 carcinogens Iua‘Nmﬂm
LS mmumm‘zuqupﬁi nitrosation WA caffeic WAL
ferulic acid”’ visan"sefuEl nitrosation Iumﬁﬂﬂuﬁfm green
tea Hua langFRn1sniNafANzIT ATt 1l aAnIs
514 N-nitrosodiethylamine (carcinogen ﬁﬂizﬁuIﬁLﬁm fore

AUATUNTINY 13 2548; 20(3)

stomachs, lung cancer), 4-(methyl-N-nitrosamino)-1-(3-pyridyl)-
1-butanone (carcinogen “lum?mzcv’ju lung tumor) w3 N-

. . . = ¥ 28
nitrosomethylamine (carcinogen INT<F)W esophageal tumor)

Immunomodulation
wudn alnsvie asfiuenann yulwsvansaiiagl
nanszfuiAuiu taneraaziinaifia humoral- vie
cell mediated immune response vidaiuilsz " n3nm
199ns2UAUNNAUANLAZ AN~ ulandaey
(phagocytosis)
15lungx phenols, quinone ummﬁmﬁﬁqm%‘rm
FEULNNANY uneTiafifuFan granulocytes 1y
cleisanthin, anethol, catechin, protocatechuic acid, ubiquinone
Q, ‘1_|NﬂjﬁmﬁLﬁumﬁuﬁuLLmﬂﬂm@%W u 2,3-
dihydroxybenzoic acid, ferulic acid, curculigoside AINITUNF
Curculigo orchidoides 1nsTRinfRqnanseduliinad s
interferon 4 interferon TugLnAsn 7 AzngERUNIT
antibody uaznszéu macrophage haneqadwldanni
130N phenol & quinone Tuﬂzjm‘ﬁﬁ@ gossypol LAy
chlorogenic acid
15lungu saponin ¥naziflu immunoadjuvants WM
fnudn saponin Liiadinasenisfudusiianein
1914 cynanchoside %Iﬂﬁju steroid-saponin ﬁLLﬂﬂblﬁ@ﬁﬂmﬂ
484 Cyananchum caudatum AunsafiNNN Y UALLAL
?Jfrjmmj‘w ﬂu‘wuﬁmm oleanolic acid A1N Ara//a mandshurica
ﬁmmquqmmmumvmmmw fugsnaifansiia
wazilaaii mononuclear system 1u “nSnaaesilésy
cyclophosphamide
Glycyrrhetinic acid 11 triterpene-saponin ﬁiﬁ@ﬁﬂ
TLLANINA (Glycyrrhiza glabra L) 151’9?5%1&":{1%%%
N "IN vianatineLmil qmﬁmu@m U FIUNIIAALNA
wazdnuly  ludsemadiluld 13 A (glycyrrhizin) a‘fm
il glycine WAY cysteine MINI9INEIALANL U LLmq‘wﬁ
sz ULNANTY Abe wazaniy” Towuan glycyrrhitinic
acid WAz glycyrrhizin st 5N interferon T
wuﬁm"ﬂﬂﬁlﬂimummm 20 Az 50 mg/kg. N1INARDI
NNARUNNLIN mem glycyrrhizin aU1A 80 mg. Az 1
meaf;m interferon 1214 45% Tugftlag 21 918 uazda Tu
q‘wﬁmm NK cell 16
UANAINNIANEN in vitro A9IANAIINILEY il
518910l in vivo BNEANANERL A9ANEATES phenolic
compound Tunnsfudanisifinuside avaenaniaanty
Asiwuldins 19y
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Role of Natural Products on cancer Prevention and Treatment

Quercetin ay rutin 1w phenolic compound ﬁwuio’w’
‘LIfrJF;Iﬁlu human food ‘W‘LI'J’muVWMm&I quercetin/rutin azil
mw‘umm?mmwmmmumwm‘”mumfm phorbal ester
('|'|:’A)30 m@ma“wmmluwuiuﬂa‘”mumm@wm NWJF;I
quercetin @”ﬂumma‘m‘”mﬂummwm‘wLmuu (m”mu
28 DMBATNMUP uazaizfasl” | (nazsusae AOM)™ 16

Curcumin ( wdmﬁmﬁwﬂmuﬁwmmﬁm i
‘um‘uuumu Curcuma longa) WU'J’]NQ‘V]ﬁ antiinflammatory
(mouse ear Itest) uazd strong antitumorigenic activity 11

“RiMaaeninszEusae DMBA visa TPA vinTangiEnsnd

N18LfiA gastric, duodenal LA colon carcinogenesis™

Caffeic uaz Ferulic acid ﬁimwuimummm wa L
V@']il‘ﬂuﬂ) VN caffeic WAy ferulic acid @”NN@ﬂUﬂ\?ﬂq?Lﬂﬂ
chemical-induced forestomach tumor sluﬁg.m‘i_lfﬂm‘ WAL
caffeic ﬁqw%rlfﬂu potent inhibitor 484N N carcinogenic
nitrosamines™

Ellegic acid (wu'lalu walnuts, raspberries uazualdan
NAETRA) wudﬁﬁqwéﬁugq chemical-induced esophageal,

lung, liver carcinogenesis™

2. Lignans
Lignans fév“mﬂumjwﬁwm phenolic compound (NG
ghenylpropanoids) Hsenuna cytotoxicity property U84 lignan
4 in vitro™ WA in vivo™ AaNTANIIAWNL podophyllotoxins,
’13“17]ILL?;Iﬂ Anlfannsiu Mayapple (Podophyllum peltatum),
mqmﬁﬂumma‘mmmm microtubule LLALANNNITNANDN
ﬁlﬂ”] WINLIN "Iﬁ‘ﬂ\i “IATTRd podophyllotoxm G
etoposide ‘Viﬁ‘@ teniposide /% uqmmuu LfN‘V] "Iﬂﬂ_l
1129111 etoposide fiflueninunzifanasaiining
LﬁWﬁ:NxL?ﬂﬁgﬂm 114 testicular carcinoma, small-cell lung
carcinoma, nonlymphocytic leukemic WaZ non-Hodgkin’s

lymphomas®®

3. Alkaloids

Alkaloids Wl ﬂ?@ﬂﬂ@NMuQVIWUNWﬂIMW%LL@”‘W‘LI'J’W
S} ﬁiwummwmmmqmmqm “FAneNaeening
SN ﬁﬂuﬂ@umm EIGEN afumnsnariuannyinls
mﬂmﬂummnmmm usiatinglsfinulaeialilud

. o = AN A =< o ' a
alkaloids sinaziflu 9M1af" Rgwsilusing uazdl nitrogen
atom i1 "2utlsznauaey cyclic part

= = <y @ ' .
N?"Iﬂ\?quﬂ\?q%ﬁﬁmumﬁfl@@ﬂﬂﬂ ﬁ?luﬂqm alkaloids
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