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Abstract: Problem statement: Quercetin and its glycoside derivatives are insiregly receiving
interests as new generation of anticancer molecates were recognized by multidrug resistant
transporters such as P-glycoprotein and MRP1 pro@i relevance to their use as anticancer agents
alone or in combination with other agents, thiglgtaims to analyze the interaction of the compounds
with the MDR transporters including P-glycoproteind MRP1 protein in living multidrug resistant
cells. Approach: The potential MDR reversing action of flavonoidasvassessed by using the co-
treatment of anticancer drug, pirarubicin or daubarin and quercetin, quercetrin or rutin compared
with the series of co-treatment of pirarubicin aaudorubicin and the known inhibitor such as
cyclosporine A and verapamil. The evidence of diiateraction of molecules with MDR protein
was investigated by measuring the ability of intidsi of the rate of P-glycoprotein- and MRP1-
mediated efflux of pirarubicin out of cellfResults. Quercetin and its glycoside derivatives
efficiently inhibited cancer cell proliferation and-sensitize the MDR cells to pirarubicin but not
for daunorubicin. Our results clearly show that rgeéin, quercetrin except rutin non-competitively
inhibited the function of P-glycoprotein in K562fagnd MRP1 in GLC4/adr cells. The determined
K, value of P-glycoprotein was equal to 0.33 pM foeigetin and 1 uM for quercetrin ang\@lue of
MRP1 was equal to 0.48M for quercetin and 0.5M for quercetrinConclusion: The overall results
demonstrated that quercetin, quercetrin and rutioulsl be considered as potential pharmaceutical
molecules that might be used as MDR inhibitors.

Key words: Quercetin, quercetrin, rutin, multidrug resistaqdenomenon, MDR reversing activity,
spectrofluorometry, co-treatment

INTRODUCTION studies using rat bearing cancer tissue as models.
Because these flavonoids are potent antioxidahéss t
Bioflavonoids such as quercetin, apigenin andpresence in the cytosol of cells should cause
kaempferol are increasingly receiving interestyas  dramatically alteration the redox state of the sl
generation of anticancer molecules due to theidepleting the intracellular Reactive Oxygen Species
antioxidant and cancer apoptosis induction activity(ROS) and Reactive Nitrogen Species (RNS) were
(Kothanet al., 2004; Dechsupet al., 2007; Galati and reported (Chaiswingt al., 2007; Pelicanat al., 2004;
O'Brien, 2004; Jeongt al., 2009; Tan and Swain, Sribureeet al., 2009). Recently, it was shown that after
2002). These researchers made evidence that how addition of quercetin, apigenin, kaempferol or
antioxidant molecule could be potentially anticance eriodyctiol in to cancer cells (Kothast al., 2004); the
molecule of bothn vitro studies using cells arid vivo  four flavonoids diffused across the plasma membrane
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into the cytosol of cells and immediately deplethd
ROS contents. However, the same concentration of
these flavonoids did not affect the redox state of #o. -~ _o. -
normal peripheral blood mononuclear cells. These
findings suggest the differential maintenance ofSRO
of cancer and normal cells. Since the normal cells
maintain the redox state more efficiently thaost HO™ N
of cancer cells (Chaiswing al., 2007; Pelicanet al., on
2004), thus the antioxidant molecules whose Quercetrin O on on_o_o
concentration mediated cytotoxicity in cancer celig Ao ’ '|
not possess the effects in normal cells. Moreothes, HO. oL ) o™~y on
intact molecule of flavonoids mediates the antieainc YT T

activity by apoptosis induction via the mitochordiri ] " on
pathway. We have recently reported that, beside the on o
efficient antioxidant activity, quercetin, apigenin Quercetrin
kaempferol and eriodyctiol also efficiently inhibdt ) ) ) )
cell growth of various cancer cell types includorgast ~ Fig- 1: Chemical structure of quercetin, quercesaid
cancer MDA-MB 435, erythromyelogenous leukemic rutin

K562, small cell lung carcinoma GLC4 cells (Suttana
2009). The particular interests are these flavanoid
mediated almost the same antiproliferation efficaty ruct £11 ids in livina MDR cell
multidrug-resistant cancer cells such as K562/atichv structures ot iavonolds in tiving cers.

) X . . Therefore, this study aims to investigate the
over-expressed P-glycoprotein and GLCA4/adr Whlcrlstructure activity relationship of flavonoids oneth

over-expressed MRP1 protein when compared with thei . B
corresponding drug-sensitive cells (Tungjzdl., 2008). Mu?RospégtaEJﬁCg%t:]ona;‘% Ili\{;ng IMCE)Ei dceelléelii?ersthbesihe
The flavonoids were also reported to be recognizeg poses q giye 1es by
esterification of rhamnose and rutinose ap6sition of

by MDR transporters especially P-glycoprotein and” : , »
MyRPl protein FEChoiet al p 2002/; H(?o)iGbe?get al., ring c (for chemical structure Fig. 1) were usedtiis

1997; Versantvooret al., 1994: Oferet al., 2005; Study. The potential MDR reversing action of
Lania-Pietrzalet al., 2005). Among flavonoids, genistein flavonoids was preliminarily studied using co-treant

is the first flavonoid that was found to be a poten Of pirarubicin or daunorubicin and quercetin, geéno
inhibitor ~ of  MRP1 (Hooijberg et al., 1997; oOr rutin. The interaction of these flavonoids with
Versantvoort et al., 1994). It was reported that glycoprotein and MRP1 protein were later rigorously
unfortunately their similar chemical structuresmso analyzed. The results suggested that an esteidficat
isoflavonoids such as genistin did not inhibit AERa rhamnoside and particular the rutinoside AtpGsition
activity but some such as genistein, kaempferolof quercetin increased in by 3-flod their cytotatyidn
flavopiridol affected the ATPase activity of GLCdfa drug-sensitive but differential sensitivity in drug
cells (Versantvoortt al., 1994). In addition, the direct resistant cells. Quercetin and quercetrin excefih ru
interaction of some flavonoids with recombinant non-competitively inhibited P-glycoprotein- and
Nucleotide Binding Domain (NBDs) of human P- MRP1-mediated efflux of pirarubicin out of cells.
glycoprotein and MRP 1 were reported (Trompgieal .,

Rutin

However, rare studies reported on the inhibitionPef
glycoprotein or MRP1 function related to the cheathic

2003). These authors also mentioned that the itndnibi MATERIALSAND METHODS
of MRP1-mediated efflux of anticancer drug by _ _ _
flavonoids should be due to a direct interactiorthwi Verapamil, cyclosporine A, quercetin (3,5,7,3",4"-

MRP1. These studies lead us to consider the fladsno Pentahydroxyflavone),  quercetin-3-rhamnoside  or

as chemosensitizers which have advantages of &pecifquercetrin (2-(3,4-dihydroxyphenyl)-5,7-dihydroxy-3

action without side effects. [(2R,3R,4R,5R,6S)-3,4,5-trihydroxy-6-methyloxan{?-y
Since the MDR transporters such as P-glycoproteitoxychromen-4-one) and quercetin-3-rutinoside or

and MRP1 are belonging to ABC protein family conhsis rutin (3-[[6-O-(6-Deoxy-alpha-lI-mannopyranosyl)-

of at least two substrate-binding sites which reiogs  beta-d-glucopyranosyl]oxy]-2-(3,4-dihydroxy-phenyl)

a wide spectrum of substrates. Indeed, some fladeno 5,7-dihydroxy-4H-1-benzo-pyran-4-one) were purcbase

depending on their chemical structures probablyfrom Sigma.

interact with the cytosolic domains of P-glycopiote Daunorubicin and pirarubicin stock solutions were

and MRP1 as well as their ATP bindimite. prepared in water just before used. Concentratiere
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spectrophotometrically determined by diluting stock a = [ICs¢(R)-1Cso(RQ)I/[ICs0(R)-1Cso(S)]
solutions in water to approximately 10 uM and using
€480= 11500 Mtcm ™. Where:

HEPES-N& buffer consists of 20 mM HEPES ICs(R) = The concentration of drug that inhibit 50%
buffer plus 132 mM NacCl, 3.5 mM KCI, 1 mM CacCl of MDR cell growth
and 1.5 mM MgC], pH 7.25 at 37°C. IC50(RQ) = The concentration of drug that inhibit 50%

of MDR cell growth in the presence of

Cell lines, cell culture and cytotoxicity assay: The flavonoid
human erythromyelogenous leukemia cell line (K562)ic,(S) = The concentration of drug that inhibit 50%
and its DOX-resistant, P-glycoprotein-overexpregsin of drug-sensitive cell growth

K562/adr subline, (Mankhetkornet al., 1996;
Tarasiuket al., 1993) and the human small cell lung The o values varied from 0-1o0 = 0 when the

carcinoma cell line (GLC4) and its DOX-resistant, \ipR cells are treated with pirarubicin or doxoribic

MRP1-overexpressing GLCA/adr subline 5ione and = 1 when quercetin, quercetrin or rutin can
(Reungpatthanaphongt al., 2003) were routinely yqoyerse 100% of MDR phenomena, resulting in the

cultured in RPMI 1640 medium supplemented withgyme 1G(RQ) as that of drug-sensitive cell lines. The
10% (v/v) fetal calf serum in a humidified atmosmhe q,y0n0id concentration increases in the efficady o

with 5% CQ at 37°C. qu the cytotoxicitxlassays, cells pirarubicin or daunorubicin by 50% is definedcas.
were plated at a density okB0° cell.mL™ and used

24 h later (810° cell.mL™ so that cells were in  kinetics of membrane protein transporter-mediated
exponential growth phase. Cell viability was asséss efflux of pirarubicin: The rationale and validation of
by Trypan blue exclusion and cell number wasgyr experimental set-up for measuring the kinetits
determined with a haemocytometer. uptake and P-glycoprotein-mediated efflux  of
The cytotoxicity assays were performed as followsiirarybicin in cells has been extensively described

cells (510 mL™) were incubated in the presence of (Mankhetkorn et al., 1996; Tarasiuket al., 1993:
various concentrations of drugs. The number ofscell Reungpatthanaphorg al., 2003; Meesungnoest al.,
was then determined by flow cytometry. Theyqg02: Laochariyakuét al., 2003). Briefly, 210° cells
concentration of drug required to inhibit cell gtovby  \yere incubated for 30 min in 2 mL of HEPES:Na
50% after 72 h (165) was determined by plotting the pyffer in the presence of 10 mM NaNind in the

percentage of cell gr0\_/vth inhibition versus the g}lr_u absence of glucose, in 1 cm quartz cuvette, rigdyou
concentration. The Resistance Factor (RF) was @@fin gijred at 37°C. The fluorescence intensity  of

as the IG, of resistant cells divided by the §{of the pirarubicin at 590 nm (excited at 480 nm) was

corresponding sensitive cells (Mankhetkoen al.,  foliowed, as a function of time (Perkin-Elmer moti&l
1996; Tarasiulet al., 1993; Reungpatthanaphoetel., 55 gpectrofluorometer). The rate of uptake is
2003). determined by following the decrease of fluoreseenc

The potential MDR reversing action of flavonoids jntensity was observed during incubation with ceis
was studied by using the co-treatment assays. i$his gye to quenching of fluorescence after intercatatid
based on the rationale that the cytoxicity of ass@e pirarupicin between the base pairs of DNA. At the
of P-glycoprotein or MRP1 protein can be potendate steady state, concentration of the neutral fornthef
by flavonoids and the percentage of growth infdniti  free grug must be the same in the extracellularimed
was lesser than 15% by treatment with flavonoid seho 5g cytosol. Where pHe pH,, this mean that C the
concentrations can completely or partially inhitiie  eyxiracellular concentration, is equal tg e cytosolic
MDR proteins. The co-treatment using pirarubicin orfree drug concentration. The addition at steadie st
daunorubicin with various concentrations of quercet 5 mm glucose gives rise to ATP synthesis via the
quercetrm_lor rutin was performed as follows. C_ellsglycolysis path way and after about 30 sec, toeiase
(5x10" mL™) were incubated in the presence of variousin the fluorescence signal due to the release og dr
concentrations of pirarubicin or daunorubicin aned  from the cells. The rate of efflux is determinedrfrthe
concentration of flavonoid at 0.5, 1, 2, oubl. The  sjope of the tangent to the curve F = f(t), wheiis the
number of cells was then determined at 72 h lad@rgu  fluorescence intensity at 590 nm, at the time point
a flow cytometer. The MDR reversing efficaay)(of  corresponding to the time () of the addition of
molecule_t_o increase the efficacy of pirarubicin orglucose. This method allows measuring accuratedy th
daunorubicin on MDR cells was calculated by thenuclear concentration of pirarubicin in steadyesta,),
following expression: the initial rates of uptake (Y and the kinetics of active
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efflux (V). By using pirarubicin, the steady state wasTable 1:1G, values of quercetin and its glycoside derivatives,

reached within 30 ands. At the end of the expertEnen pirarubicin for K562 and GLC4 cell lines determinéed
) normoxic and hypoxic conditions. RF is resistanaetdr

cell Vi_abi”ty was assessed by using trypan blue defined as the IG of drug-resistant cell divided by that of its
exclusion. corresponding drug-sensitive cells
Compounds IGokssz (UM) RF ICsoclca) (MM)  RF
RESULTS Quercetin 23.83.0 1.0 18.48.5 1.0
Quercetrin 11.0 1.9 1242.5 4.8
Cytotoxicity of quercetin, quercetrin and rutin: The ~ Rutn 30.2 11.6 4.0 14.8
Pirarubicin 9.0* 6.7 5#61.0* 6.0

cytotoxicity of compounds was indicated in TableA.
can be seen, quercetin, quercetrin and rutin eteubi
antiproliferation in K562, K562/adr, GLC4 and Taple 2: MDR reversing efficacyn) of quercetin, quercetrin and

*: The concentration of pirarubicin used is in nM

GLC4/adr cells; the Ig values were in micromolar rutin in K562/adr and GLC4/adr cells

range. The nonglycoside quercetin has similar toxic MDR reversing efficacyd)

in drug-sensitive and drug-resistant cells while a

conjugation of rhamnoside (quercetrin) and rutidesi Compounds. KS62/adr GLca/adr

(rutin) at C in ring ¢ trend to increase and decrease in;z.)”M quercetin 0.67x0.14 0.6220.10
L . . UM quercitrin 0.63+0.10 0.51+0.29

cytotoxicity in drug-sensitive and drug-resistaells; 5 u quercitrin 0.26+0.11 0.56+0.21

respectively. It should be noted that pirarubicrvery  5uMm quercitrin 0.3040.15 0.66+0.08

high efficacy in K562 and GLC4 (Kgis about 742 nM) 2 pM rutin 0.24+0.01 0.49+0.09

but it was recognized and pumped out from K562/adp HM rutin 0.33£0.03 0.52%0.11

cells by P-glycoprotein and from GLC4/adr by MRP1

protein. These are the origins of lower efficacMBR The MDR reversing assays of similar conditions of

cells as a consequence of an increase in the |@b@y  experiments were performed but this time using

and RF values (6-11 fold) in K562/adr and GLC4/adrdaunorubicin and quercetin, quercetrin or rutinl Al
cells. compounds used did not modify the cytotoxicity of

daunorubicin in both K562/adr and GLC4/adr cells.

Quercetin, quercetrin  and rutin  enhanced
cytotoxicity of pirarubicin against K562/adr and  Effects of quercetin, quercetrin and rutin on the P-
GLC4/adr cells: The potential MDR reversing action glycoprotein-and ~ MRP1-mediated  efflux  of
of flavonoids was primarily studied by using the- co pirarubicin: Figure 2 shows the typical results ofi
treatment of anticancer drug, pirarubicin or pirarubicin uptake by K562 and K562/adr cells. /s c
daunorubicin and quercetin, quercetrin or rutinbe seen that the drug-sensitive cells-pirarubigstesn
compared with the series of co-treatment of pirminb was reached at the steady about 20 min anehat |
or daunorubicin and the known inhibitor of MDR 10 pM quercetin, quercetrin or rutin did not caused
protein transporters (cyclosporine A or verapamil)significant change in the fluorescence intensity of
(Mankhetkorn and Garnier-Suillerot, 1998). pirarubicin. This signifies that the applied of ske

Cyclosporine A is an efficient inhibitor of both P compounds whose concentration lower than (M
glycoprotein and MRP1 protein, while verapamil isshould not modify the nature of pirarubicin
more specific to P-glycoprotein and is consideraed afluorescence and any modification of pirarubicin
very poor substrate of MRP1 protein. Cyclosporine Afluorescence should cause by the interaction of
(0.5 uM) increased in cytotoxicity of pirarubicinyb molecules with cells.
100% in K562/adr and 61% in GLC4/adr cells.
Verapamil (2 pM) increased in cytotoxicity of Determination of the plasma membrane P-
pirarubicin by 60% in K562/adr but not in GLC4/adr glycoprotein-and ~MRP1-mediated  efflux  of
cells. pirarubicin: Because pirarubicin is a weak based

The MDR reversing efficacyaf of quercetin and its molecule and is a substrate of P-glycoprotein and
derivatives increased in cytotoxicity of pirarubicby = MRP1 proteins, it is very suitable for use as aguoolar
inhibiting the function of P-glycoprotein or MRP1 probe to investigate cellular distribution and P-
protein in K562/adr or GLC4/adr cells, respectivelsas  glycoprotein-and MRP1-mediated pumping of drug at
indicated in Table 2. It should be noted that qeenc the plasma membrane and intracellular vesicle
exhibited similar efficacy on MDR reversing action  membrane (Laochariyakuét al., 2003). Pirarubicin
K562/adr or GLC4/adr cells while quercetrin andirut accumulated in both the nuclear compartment and
have higher degree of efficacy in GLC4/adr cells. acidic organelles, regardless of its concentrative
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have previously reported that the dissociation rateilternatively, when intracellular P-glycoprotein or
constant, or the affinity of pirarubicin for celudei, = MRP1 proteins play a predominant role in pumping
was about 3uM. The suitable range of pirarubicin pirarubicin into acidic organelles, a decrease in
concentrations when using as a molecular probe tBuorescence intensity should be occurred as can be
investigate the function of intracellar P-glycomiot seen in Fig. 3.
and MRP1 protein was in the range of 4Bl. To Figure 4 shows the typical results of pirarubicin
apply this technique, the nuclei should be satdrateuptake (in the range of 748M) in GLC4/adr cells. It
with pirarubicin so that the minute amount of should be noted that in the range of concentraized
pirarubicin released can be detected by a change ihe nuclei were saturated. As we have been reported
fluorescence intensity. When P-glycoprotein or MRP1that the affinity of DNA to pirarubicin did not chge,
protein on the plasma membrane plays predominaran amount of pirarubicin accumulated in the acidic
role in pumping pirarubicin from the cells an organelles should indicate an entrapping process of
increase in fluorescence intensity should be oleser weak base molecule inside the acidic organelles and
these were completely disappeared when 20 nM

concanamycin A was added. Once the cells-piramibici
Drug efflux rate (V)
~ 5 R system was reached to a steady state, 5 mM glucose
= B B i was added, an increase in pirarubicin fluorescence
2 N intensity was occurred, signifying that the funotib
5 i Glucose / ‘ MRP1 proteins were localized on the plasma membrane
5 Querce:.m Yot "Effgiadr of GLC4/adr cells. The similar results were obtdirf@r
g r Tv o FG& K562/adr cells.
s a
i "
P o Direct measurements of P-glycoprotein-and M RP1-
l I l mediated efflux of pirarubicin out of cells in
-;“ R T RO, O v W presence of quer cetin, quercetrin and rutin: In _order.
TG to analyze the direct interaction of flavonoids twit

plasma membrane P-glycoprotein or MRP1 proteins,
the series of experiments were performed as follows
The uptake of pirarubicin was performed using tbksc
preliminarily treated using 10 mM NaNor 30 min
= 480 nm) was recorded as a function of time With a fixed pirarubicin concentration at 0.5,41and
Cells (x10° cells) were suspended in a cuvette6 MM and varied concentration of flavonoids were added

filed with 2 mL HEPES-N& pH 7.25 at 37°C at the steady state, 5 min before adding 5 mM

under vigorous stirred. The cells were energyglucose. As can clearly be shown in Fig. 5 for the

: - ; _ typical results of quercetin inhibited the functiohP-
depleted by incubation with NaNAt t = 0, a S . .
known concentration of pirarubicin was added toglycoproteln. in K562/adr (Fig. 5a) ar_ld MRP1 ‘in
the cells, yielding a £uM pirarubicin solution. GLC4/adr (Fig. 5b) cells. The rate of active efflwas
The quor,escence intensity was thenaRd F, or directly measured, after addition of glucoseeds.
n

F., once the steady state was reached. After
adding 10 pM flavonoid no change in
fluorescence intensity was observed. The
following addition of 5 mM glucose, which led

to restoration of ATP synthesis and increased ir
fluorescence intensity in K562/adr cells because
the efflux of pirarubicin, the fluorescence
intensity was F at the new steady state. The
addition of Triton X-100 yielded the equilibrium Deplsted eneray 5 shencusiii Wi soorr

state, giving the fluorescence intensity Qf Fhe i+ V=0 Vo4 v Py =0

overall cellular concentration (Cand the overall

nuclear concentration (§ were determined as Fig. 3: Conceptual model of cellular distributionda
follows: G, = Gi(Fo — R)/Fo or Gy = Gi(Fo - MDR transporters mediated efflux of
Fn)/Fo pirarubicin in GLC4/adr cells
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Fig. 2: Typical kinetics of pirarubicin uptake in582
and deprived-energy K562/adr cells
Note: The fluorescence intensity at, =590 nm Rex
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Fig. 4: Kinetics of pirarubicin uptake in deprived-
energy GLC4/adr cells

Note: The fluorescence intensity ate,, = 590 nm
(Aex = 480 nm) was recorded as a function of
time. Deprived-energy cells ¥20° cells) were
suspended in a cuvette filled with 2 mL HEPES-
Na’, pH 7.25 at 37°C under vigorous stirred. At t
= 0, a known concentration of pirarubicin was
added to the cells, yielding a 7-9 uM pirarubicin
solution. The fluorescence intensity was thgn F
and F; once the steady state was reached. Upon
adding of 5 mM glucose, which led to restoration
of ATP synthesis and increased in fluorescence
intensity because the efflux of pirarubicin, the
fluorescence intensity was, lat the new steady
state. The addition of Triton X-100 yielded the
equilibrium state, giving the fluorescence
intensity of K

In these conditions, at the timg, torresponding to the

100 +

Triton 3-100

20 4
&0 I‘.

40
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20 o
0 LI Ll LI 1 1
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40
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o
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Titne (sec)

(b)

addition of glucose, Cwas equal to the extracellular Fig.5: Typical kinetics of pirarubicin uptake in
drug concentration (& V., and G were directly deprived-energy K562/adr (a) and GLC4/adr (b) cells
determined and the data obtained have been platted Note: The fluorescenc e intensity aten =590 nm

1/V, versus the concentration of quercetin, querceitrin
rutin (Fig. 6 and 7).

The results show that quercetin and quercetrin
efficiently inhibited the function of P-glycoproteand
MRP1 with similar behaviors but rutin slightly did.
These results also strongly suggested that queraat
guercetrin except rutin non-compettively inhibit P-
glycoprotein- and MRP1-mediated efflux of pirarubic
The three straight lines fitted the plot of 1/¥s a
function of the compound for experiments performed
at constant pirarubicin, intersect x-axis almosthe
same point yielding Kof P-glycoprotein was equal to
0.33uM for quercetin and LM for quercetrin and K
of MRP1 was equal to 0.48M for quercetin and 0.50
UM for quercetrin. It should be noted that rutin diot
exhibit the typical of neither competive nor non-
competitive inhibition.
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(Aex = 480 nm) was recorded as a function of
time. Deprived-energy cells ¥20° cells) were
suspended in a cuvette filled with 2 mL HEPES-
Na’, pH 7.25 at 37°C under vigorous stirred. At t
= 0, a known concentration of pirarubicin was
added to the cells, yielding a 0.5 pM pirarubicin
solution. The fluorescence intensity was thgn F
and F;, once the steady state was reached. Varied
flavonoid concentration ranging from 0-10 uM
was added following a successive addition of 5
mM glucose, which led to restoration of ATP
synthesis and increased in fluorescence intensity
in Kb562/adr cells because the efflux of
pirarubicin, the fluorescence intensity was &t

the new steady state. The addition of Triton X-
100 vyielded the equilibrium state, giving the
fluorescence intensity of\F
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Fig. 6: Inhibition of P-glycoprotein-mediated effllof pirarubicin by quercetin (a), quercetrin (bjdarutin (c).
Variation of 1/\j has been plotted as a function of the flavonoidceatration. The straight lines are the
linear least-square fits of the data

DISCUSSION living K562/adr and GLC4/adr cells. We thus firstly
demonstrated that the treatment using quercetin,
Quercetin, quercetrin and rutin are abundantlyquercetrin and rutin alone efficiently inhibitedncar
found in our daily foods. In addition to their atidant  cell proliferation; particularly quercetin has alshdhe
properties, a number of interesting activities haeen same activity in drug-sensitive and drug-resistaits
described, especially their effects on cancer cellvhile the differential sensitivity was observed for
proliferation. Of relevance to their use as antiean quercetrin and rutin. However, among flavonoids
agents alone or in combination with other agenty mastudied, rutin was the most potent in drug-sersitiv
be their interaction with the MDR transporters cells following quercetrin then quercetin. The tesu
including P-glycoprotein and MRP1 protein which suggested that an esterification of rhamnoside and
frequently expressed in human cancerous tissuds. Thparticular the rutinoside at *Cposition of quercetin
study rigorously analyzed the kinetic parameter®of enormously increased in their cytotoxicity in drug-
glycoprotein- and MRP1-mediated efflux of piraribhic sensitive but differential sensitivity in drug-rstsint
in the presence of quercetin, quercetrin and rutin cells.
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Fig. 7: Inhibition of MRP1-mediated efflux of pirgicin by quercetin (a), quercetrin (b) and ruth (Variation of
1/V, has been plotted as a function of the flavonoidceatration. The straight lines are the lineartleas
square fits of the data

In order to understanding whether quercetinthat quercetin, quercetrin and rutin increase in
quercetrin or rutin resensitized K562/adr and Gla@#/ cytotoxicity of pirarubicin but not daunorubicin.
cells to daunorubicin or pirarubicin via their dite Indeed, both daunorubicin and pirarubicin are known
interaction with the MDR transporters. It was viedf  substrates of P-glycoprotein and MRP1 protein
that the applied concentration of the flavonoids$ Wbt  (Garnier-Suillerotet al., 2001); as can be expected that
inhibit cell growth of the cells. An increase in the anticancer drugs should be pumped out of bslls
cytotoxicity of the anticancer drugs should be thuthe  the transporters that required energy from ATP
direct interaction of quercetin, quercetrin or mutiith  hydrolysis. If these flavonoids inhibited the ATRas
P-glycoprotein or MRP1 protein by which caused anactivity of the two transporters, the kinetics paeters
increase in available intracellular concentratioh o of transport of the two drugs should be found mikir
anticancer drugs thus its cytotoxicity. Quercetida way. The results suggested that quercetin, quéanamtr
quercetrin have affinity to P-glycoprotein or MRP1 rutin should not inhibit the ATPase activity of hd®-
protein similarly to cyclosporine A. It should betad  glycoprotein and MRP1 protein. The results alsansho
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that quercetin exhibited almost the same MDRquercetin slightly increased in affinity of moleeub its
reversing efficacy in K562/adr and GLC4/adr cdlisf  binding sites on P-glycoprotein and MRP1 protein.
quercetrin and rutin exhibited more MDR reversingBoth quercetin and its rhamnoside derivative non-
efficacy in MRP1 compared with P-glycoprotein competitively inhibited the P-glycoprotein- and MRP
phenotype. mediated efflux of pirarubicin. An esterificationf o
To gain insight into the direct interaction of rutinoside should be affected the molecular stdrics
quercetin, quercetrin or rutin with the MDR its nature of interaction with the MDR transporterg
transporters, the ability of inhibition of rate &- it still inhibits the function of P-glycoprotein dMRP1
glycoprotein- and MRP1-mediated efflux of piraribhic protein. Quercetin, quercetrin and rutin should be
out of cells were analyzed. Since we have prewouslconsidered as potential pharmaceutical moleculas th

demonstrated that the intracellular MDR transpsrter might be used as MDR inhibitors.

were also found localized on the intracellular o

membrane and they also play important role on
pumping the drugs from cytosol into these orgaselle

for example in SiHa cells (Laochariyaketl al., 2003;
Mankhetkorn and Garnier-Suillerot, 1998; Dechsup

and Mankhetkorn, 2009). In this study we prelimynar "
determined that for K562/adr and GLC4/adr cellg th Research Network
functional P-glycoprotein and MRP1 protein was
membrane (Garnier

localized on the plasma
Suillerot et al., 2001). Our results clearly show that
qguercetin, quercetrin except rutin non-competitivel
inhibited the function of P-glycoprotein in K562fad
and MRP1 in GLC4/adr cells. The determinedvKlue

of P-glycoprotein was equal to 0.38/ for quercetin
and 1pM for quercetrin and Kvalue of MRP1 was
equal to 0.45uM for quercetin and 0.5uM for
quercetrin. However, from these data it is difftctd
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