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1 #ihana 0.908 finana 0.592
2 fihana 0.898 finans 0.704
3 Fhea 0.900 fihaa 0.876
4 Fihana 0.950 Fihana 0.975
5 Fihena 0.835 Fihana 0.433
6 fihena 0.812 fihena 0.444
7 Fihena 0.825 ihana 0.511
8 Fhena 0.602 Hiana 0.456
9 Hihes 0.911
10 Fihens 0.911
11 Fihana 0.911
12 Fima 0.911
13 Finena 0.911
14 #ihena 0.944
15 fihana 0.944
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9 WiRaddudan 250 9 T EREIGIH 250
10 |whadfudaunin| 200 10 lRDI 350
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519 5 anuaunsalumisnusiadiaifon K562 uaz GLC4 filuazhade

#1 doxorubicin "uaamsaﬁ@u‘%zgﬂ‘ﬁmﬂuLaqamawmmxwmﬁu

ICs pg/ml
Molecules
K562 K562/adr GLC4 GLC4/adr

Fraction 4 215 300 125 100
Fraction 5 350 420 200 165
Fraction 6 320 420 310 215
Fraction 7 340 410 230 175
Fraction 8 510 430 185 150

Apigenin 3.21 1.68 1.52 1.61
Eriodictyol 7.15 2.98 4.23 3.93
Kaempferol 3.79 3.07 2.81 2.52
Quercitr.in 3.19 1.48 244 3.37
Pirarubicin 0.0149 0.0999 0.0093 0.0534




25

3.3 1lsz@nBnmzaspolyphenol tslutana daanudwdndmanusuzaslulaaan

A5 LaEN15n19a ROS Ninlaaawiaiy

Turamnasasiaifanld Apigenin Taswuluszduanuidudu 40 pum finarh
Wanuddndnlulanaweioaaaslunn cell lines (31 10)

- . . oA aan & L. o & A 4

maamn‘lmaqa apigenin uqmﬁuumﬂu antioxidant @3nulNaNITNaRaULlT:

fmSnmweslaana apigenin damshia RoOs filulanawaiy ldvnnmmenaslasiy

\wadiY H,0, 100 UM fiwam 2 $alws e Wisadegluanizeisannmaiia
Buowad ROS wudlwoaduzis GLC4 anudusnduuiuusadlulanauiadoan
seadalinedeTy (31]17‘; 11n) uazluiana apigenin (40 UM) sansafmda ROS szl
anuddndlulassweisldlamzluoadunds cled  lasfianuinsdurinuses
S rhodamine B 1findu 0.5, 0.97 winluiaraduzis GLC4/S, GLC4/ADR audéiu
(gﬂﬁ 112) uRswuwaaNz3e K562 sanianusdamiz oxidative stress @@niuoas

uese eLed wazlunmzftninlwaadusss K562 agluma: oxidative stress WU

Imaqa



26

80

—R— K562/R

— o —K562/S
4  GLC4R

—v—GLC4/S

40 |-

% decrease of rhodamine B up take

20

0 'S T N ST I B SV IS ST S 0% AN TN T ST ST SN T SO YK TR0 SO DU TN 2N SN T T N IC UK U SN O IO0 VAN U ST T TN S S B |

1] 10 20 30 40
[Apigenin],uM

g1#t 10 Usz@nBnmassluiang APIGENIN Aensanaszesnsutiuzesdnynnos RHODAMINE B lu

FARNZI K562 uas GLC4 Winesann uasilosasmiuansy

Werhizadeglusniziaiainnnindulaminde BSO anududs 50 UM
| 4 o ° 9 . 3 s ' o A o A
1w 20-24 Talue ezl glutathione maluiadaadias adwilivuiay Loy
BSO futalenlas Y-glutamylcysteine synthetase Alglunsaine glutathione Wazin
LrRanUNeY BSO untudaday H,0, 100 UM (lutian 2 Talus uazilaniasaunil
FAavadwadeny trypan blue In1ensvassasaniduiasas 6, 5, 96, 86 lulwanuzi3

o & & o . a [ 1

K562/S, K562/ADR, GLC4/S, GLC4/ADR e1ufau FIFUARTIURUAaTUNMITURY
UBIFY WM rhodamine B (3UH 12n) Lraduzi3s GLC4 in17z oxidative stress 1nnin

Eratustsy K562 1iasamnanuiifurdiuaasfygnos rodamine B lutamauz3s GLC4



27
wasnilwandunds Ke62 adwlibddy luans apigenin (40 UM) swsnfinda
ROS uaztfinanusnsdndlulanaueisldanzbwosduns oLcs TagfanuEims
Furnuasdyanos rhodamine B tRudu 1.32, 477 wh uasfienudiuslasasety
$maumsmsvenTadianssfiadiutasas 12, 10 lwaaduz$e GLCA/S, GLC4/ADR
AU (31!17i 129) Uaz (gﬂﬁ 13) fanlwoasdunds K562 wuingasznunnnuss
N1z oxidative stress la@AniwadNzSs GLC4 uazluiany apigenin LiAswwlasany
dvrndlulanauiade

TumasfinileniIfioadiie oxidative stress waz@iamumadsuudasniny
andndluutuiupadlulanaweds wuiiTaduzse K562 s101Innudan1is oxidative
stress ld@ninaasundy GLC4 aratfiasinein msvhauues MRP protein §9&0Ins
glutathione  wana Nl ”a%uﬁ‘uqmauﬁ“ Suwnzvenwadudaziia  Feliouloifidiu
antioxidant WAN@1SNYH H,0, damaulifidu oxidizing agent agvsan Mlvifia oxidation
yaslan oy glyceraldehyde-3-phosphate dehydrogenase lw ATP ma‘lumaﬁa@.oﬁﬁaa
Litfpanaiez/aow GSsG (oxidized form) 1Wifl GSH (reduced form) F9inalwdinas

P & - ° Iy ' o =
/Y ROS quuqﬂwuluiwiﬂﬂautﬂiﬂ ﬂqlvlﬂ'}']ll@n\?ﬁﬂﬁLNNLUT%mBG‘NI@ﬂﬂ%L@ﬁUR@

84 uazluana apigenin fus=zEmBnmlumsmda ros filulaneueieluoss GLC4



28

lavilfigadnagluanziaioe né”uzjamwﬁﬁm"\mmﬁnaﬁumuswnaa"lu'[ﬂﬂaum‘%ﬂ



om
o 5
L
= i
O
£ 4o [y
m 3 N :}' gt
G L by
Py 3B Mk MWW«MGLWR
o o GLC4/S
S 30 "™
@ i K562/R
c K562/S
3 25 |-
0
g
= !
3
i_t 20 1 | 1 I i { 1 | 1 l 1 l i
200 400 600 800 1000 1200 1400
s Time,second
' — W —K562.R
L —®—K562.5
....... A - GLCAR
(] 1-0 ™ _Y“GLC4.S J—— A
4 o b — T
3 b
(el - o
3 :é."
“ osf Y
s v
k= v—""_
N e
(o] Z
0.0 %= =
g oot - — o
L B | N
-0.5 L I 1 | 1 | L | i
0 10 20 30 40
[Apigenin], 1 M

317 11 MsBaruwasdynos RHODAMINE B lwimadftuds Hy0, 100 UM 1iu

a1 2 Talud slaaiuuaastoyaiTinnnwuasfyin. RHODAMINE B ()

YrzAnBmwaesluana APIGENIN dansinda ROS filulanauieds (v)

29



o 0T MTT 200 ,, M
2
2 * (n)
% Rhodamine 40 n
-8 P ek d it ; ]
£ 40 TR,
< ; ‘sfi‘ﬁ"qq‘i“{.' e i"‘h\ﬂf%ﬂm“rﬁi“%“‘GMl;&%@Jwﬂ
Wi
g L v-vlhm,‘g'_ i
2 Wi, GLCA/S
Favd 1}
5 R,
£ 30
S K562/R/S
ot
Q
g |
1]
v
[®)
2 20 N , | L { 1 { i i 1 |
[
200 400 600 800 1000 1200
6 - Time,(second)
i (2)
5 —m—K562.R A
. |0 — K562.5
X 44— GLC4R
8 |l—v—GLas A
2> 5L e
g 71 A
£ B /
je v
= ik &/ V/
_’&f /v———v/
0 !“-!=x: ﬁ p— ﬁ = B
-1 I . 1 . 1 . L L | 1
0 10 20 30 40
[Apigenin], 1 M

517l 12 mM3Buriuvesdyyo RHODAMINE B luaadfivuds BSO 50 UM tHuinan

20-24 lus uastiudacy H0, 100 UM tiuan 2 $7lus miyaasuuaastaynif

fTNWYBIRYY 1M RHODAMINE B (n)

e Ros filuTanawedy ()

ﬂiz‘ﬁ‘n‘ﬁmwwaﬂmaqa APIGENIN ¢#any

30



31

45

] 40 nM,Rhodamine B

40
Apigenin
35
8 p.M
22 u M

w
=3
1
EN
o
=
=

Fluorescent intensity at 582 nm
]
I

20 T T T T T T T T T T
200 400 600 800 1000 1200
Temps (sec)

T

1
1400

51 13 mﬂﬂ@%'uuamﬂsz‘&ﬂ%mwmaaTuLaqa apigenin damitdasuutasms

LY

TuruBIFYY I rhodamine B luwiraaaziTs GLCA/ADR lagtingay BSO 50 UM 1ilu

a1 20-24 Flad uRsUNdadIs H,0, 100 UM iuam 2 Falas



32

UNN 4 d5duanimanas

m*saﬁwh&ﬁu polyphenol a'mLi{a"l,&'fmuhﬁqn%ﬁwuw:fs’mﬁmﬁa@ K562 uas
uzi5aloa GLC4 Tslusfiafiaasuazladas uazaansnida ROS Aunifinlylnlula
aaulese ldlasyldanudndndauuiuvedlulanomeIomaiu  surusius
(wadasfianns iwasuzse K562 uas GLCA Samwlasamas oxidative stress Taiviniu
RANNTY K562 nNudan1z oxidative stress ldanin wasusss GLC4 wazluiana
apigenin aunsafide ROS luwimasuzis GLC4 1dandn wasuziSe K562 wanainiiei
wud1 Tutana polyphenol Aidnmfidnamwlumnufimwasmninususse

Tmaqaﬁaﬁ'ﬂ‘ld’mnLﬁa"lm”u:uhﬁﬁnz:mwgamﬂﬁmmﬂ@f{umsﬁwmLﬁa

ﬂizqnﬂ“lﬁﬂumﬁwuw:ﬁaﬂ%a’tuqﬂmms‘mmms



33

LanN&1581984

Guz NR, Stermitz FR, Johnson JB, Beeson TD, Willen S, Hsiang JF and Lewis K,
(2001) Flavonolignan and flavone inhibitors of a Straphylococcus aureus multidrug

resistance pump: Structure-Activity relationship, J. Med. Chem., 44, 261-268.

Taylor WC, and Attaur R, (1994) Constituents of some Asian medicinal plants, Pure

and Applied chemistry, 66, 2375-2378.

Lichius JJ, Odile T, Alain M, Mary P, Francoise GV, and Thierry S, (1994)
Antimitotic and cytotoxic flavonols from Zieridium pseudobtusifolium and Acronychia

porteri, natural Products, 57, 1012-1016.

Orjala J, Anthrony D, Wright HB, Gero F,-Oho S, heinz R and Topul R, (1994)

Cytotoxic and antibacterial dihydrochalcones from piper aduncum, Natural products,

57, 18-26.

Solis PN, Ravelo AG, Gonzalez AG, Gupta MP, Phillipson JD, (1995) Bioactive

anthraquinone glycolysides from Picramia antidesma spp. Fessonia, Phytochemistry,

38, 477-480.



6.

10.

34

Miranda CL, Stevens JF, Helmrich A, Henderson MC, Rodrigguez RJ, Yang YH,
Barmes DW, and Buhler DR, (1999) Antiproliferative and cytotoxic effects of
prenylated flavonoids from hops (Humulus lupulus) in human cancer cell lines, Food

Chem. Tox. 37, 271-285.

Peterson G and Barnes S, (1993) Genistein and Biochanin A inhibit the growth of
human prostate cancer cell but not epidermal growth factor receptor Tyrosine

autophosporylation, prostate, 22, 335-345.

Musey PI, Adlercreutz H, Gould KG, Collins DC, Fotsis T, Bannwart C, Makela T,
Wahala K, Brunow G, Hase T.(1995) Effect of diet on lignans and isoflavonoid

phytoestrogens in chimpanzees. Life Sci, 57, 655-664,

Hutchins AM,‘Lampe JW, Martini MC, Campbell DR, Slavin JL. (1995) Vegetables,
fruits, and legumes: effect on urinary isoflavonoid phytoestrogen and lignan

excretion. J Am Diet Assoc, 95, 769-774.

Markaverich B, Mani S, Alejandro MA, Mitchell A, Markaverich D, Brown T, Velez-
Trippe C, Murchison C, O'Malley B, Faith R. (2002) A novel endocrine-disrupting
agent in corn with mitogenic activity in human breast and prostatic cancer cells.

Environ Health Perspect.,110, 169-177.



11.

12.

13.

14.

15.

16.

35

Whitten PL, Patisaul HB, Young LJ. (2002) Neurobehavioral actions of coumestrol

and related isoflavonoids in rodents. Neurotoxicol Teratol, 24, 47-54.

Ferguson SA, Flynn KM, Delclos KB, Newbold RR, Gough BJ. (2002) Effects of
lifelong dietary exposure to genistein or nonylphenol on amphetamine-stimulated

striatal dopamine release in male and female rats. Neurotoxicol Teratol, 24, 37-45.

Lephart ED, West TW, Weber KS, Rhees RW, Setchell KD, Adlercreutz H, Lund
TD. (2002) Neurobehavioral effects of dietary soy phytoestrogens. Neurotoxicol

Teratol, 24, 5-16.

Lamartiniere CA, Wang J, Smith-Johnson M, Eltoum IE. (2002) Daidzein:
bioavailability, potential for reproductive toxicity, and breast cancer chemoprevention

in female rats. Toxicol Sci, 65, 228-238.

Bobrowska-Hagerstrand M, Wrobel A, Rychlik B, Bartosz G, Soderstrom T, Shirataki
Y, Motohashi N, Molnar J, Michalak K, Hagerstrand H. (2001) Monitoring of MRP-
like activity in human erythrocytes: inhibitory effect of isoflavones. Blood Cells Mol

Dis, 27, 894-900.

Tsimberidou AM, Paterakis G, Androutsos G, Anagnostopoulos N, Galanopoulos A,

Kalmantis T, Meletis J, Rombos Y, Sagriotis A, Symeonidis A, Tiniakou M, Zoumbos



36
N, Yataganas X. (2002) Evaluation of the clinical relevance of the expression and
function of P-glycoprotein, multidrug resistance protein and lung resistance protein

in patients with primary acute myelogenous leukemia, Leuk Res, 26, 143-154,

17. Podgorski |, Bull AW. (2001) Energy-dependent export of the 13-oxooctadecadienoic
acid-glutathione conjugate from HT-29 cells and plasma membrane vesicles.

Biochim Biophys Acta, 1533, 55-65.

18. Tamai |, Yamashita J, Kido Y, Ohnari A, Sai Y, Shima Y, Naruhashi K, Koizumi S,
Tsuji A. (2000) Limited distribution of new quinolone antibacterial agents into brain
caused by multiple efflux transporters at the blood-brain barrier, J Pharmacol Exp

Ther, 295, 146-152.

19. Decleves XI, Regina A, Laplanche JL, Roux F, Boval B, Launay JM, Scherrmann
JM. (2000) Functional expression of P-glycoprotein and multidrug resistance-
associated protein (Mrp1) in primary cultures of rat astrocytes, J Neurosci Res., 60,

594-601.

20. den Boer ML, Pieters R, Kazemier KM, Janka-Schaub GE, Henze G, Veerman AJ.

(1998) The modulating effect of PSC 833, cyclosporin A, verapamil and genistein on



21.

22,

23.

24.

37

in vitro cytotoxicity and intraceliular content of daunorubicin in childhood acute

lymphoblastic leukemia, Leukemia, 12, 912-920.

Simon PN, Chaboud A, Darbour N, Di Pietro A, Dumontet C, Lurel F, Raynaud J,
Barron D. (2001) Modulation of cancer cell multidrug resistance by an extract of

Ficus citrifolia. Anticancer Res.,21,1023-1027.

Comte G, Daskiewicz JB, Bayet C, Conseil G, Viornery-Vanier A, Dumontet C, Di
Pietro A, Barron D. (2001) C-Isoprenylation of flavonoids enhances binding affinity
toward P-glycoprotein and modulation of cancer cell chemoresistance. : J Med., 44,

763-768.

Ahmad I, Beg AZ. (2001) Antimicrobial and phytochemical studies on 45 Indian
medicinal plaﬁts against multi-drug resistant human pathogens, J Ethnopharmacol,

74, 113-123.

De Vincenzo R, Ferlini C, Distefano M, Gaggini C, Riva A, Bombardelli E,
Morazzoni P, Valenti P, Belluti F, Ranelletti FO, Mancuso S, Scambia G. (2000) In
vitro evaluation of newly developed chaicone analogues in human cancer cells,

Cancer Chemother Pharmacol, 46, 305-312.



25.

26.

27.

28.

29.

38

Walgren RA, Karnaky KJ Jr, Lindenmayer GE, Walle T. (2000) Efflux of dietary
flavonoid quercetin  4'-beta-glucoside across human intestinal Caco-2 cell
monolayers by apical multidrug resistance-associated protein-2, J Pharmacol Exp

Ther., 294, 830-836.

Sadzuka Y, Sugiyama T, Sonobe T., (2000) Efficacies of tea components on
doxorubicin induced antitumor activity and reversal of multidrug resistance, Toxicol

Lett. 114, 155-162.

Maitrejean M, Comte G, Barron D, El Kirat K, Conseil G, Di Pietro A. (2000) The
flavanolignan silybin and its hemisynthetic derivatives, a novel series of potential

modulators of P-glycoprotein, Bioorg Med Chem Lett, 1 0, 157-160.

Mitrocotsa D, Bosch S, Mitaku S, Dimas C, Skaltsounis AL, Harvala C, Briand G,
Roussakis C. (1999) Cytotoxicity against human leukemic cell lines, and the activity
on the expression of resistance genes of flavonoids from Platanus orientalis,

Anticancer Res., 19, 2085-2088.

Perez-Victoria JM, Chiquero MJ, Conseil G, Dayan G, Di Pietro A, Barron D,

Castanys S, Gamarro F. (1999) Correlation between the affinity of flavonoids binding



30.

31.

33

to the cytosolic site of Leishmania tropica multidrug transporter and their efficiency

to revert parasite resistance to daunomycin, Biochemistry, 38, 1736-1743.

Bois F, Beney C, Boumendjel A, Mariotte AM, Conseil G, Di Pietro A. (1998)

Halogenated chalcones with high-affinity binding to P-glycoprotein: potential

modulators of multidrug resistance, J Med Chem., 41, 4161-4164.

Stermitz FR, Lorenz P, Tawara JN, Zenewicz LA, Lewis K., (2000) Synergy in a

medical plant: Antimicrobial action of berberine potentiated by 5'-

methoxyhydnocarpin, a multidrug pump inhibitor, PNAS, 97, 1433-1437.



	Title
	Acknowledgement
	Abstract
	Content
	Chapter1
	Chapter2
	Chapter3
	Chapter4
	Reference

