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Effect of Flavonoids on Efflux and Cytotoxicity of Daunomycin

Soo Yeon Chung, Eun Jung Go, Na Hyung Kim and Hwa Jeong Lee'

College of Pharmacy, Ewha Womans University, Seoul 120-750, Korea
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ABSTRACT-One mechanism which plays a prominent role in development of multi-drug resistance seen in cancer cells
is the over-expression of P-glycoprotein (P-gp). It is known that compounds found in vegetables and fruits not only have
anticarcinogenic properties but may also modulate P-gp activity. The effect of some dietary components on efflux of dauno-
mycin (DNM), a P-gp substrate, was examined in P-gp over-expressed human uterine sarcoma cell line, MES-SA/DXS5. The
efflux of DNM from the cells was significantly inhibited by quercetin and verapamil, but not by 1-naphthyl-isothiocyanate
(NITC). The ICs, values for DNM in MES-SA/DXS cells were increased by flavonoids (quercetin and fisetin), but not by
NITC after 72 hour incubation with dietary constituents. In conclusion, flavonoids may play a role in the modulation of P-

gp activity in human uterine sarcoma cells.

Key words—P-glycoprotein, Quercetin, Fisetin, 1-Naphthyl-isothiocyanate, Verapamil, Human uterine sarcoma cells

AAAA ¢ A57t sk 8 4 T shie oA
WA (multidrug resistance, MDR) &4} wj&ojmD o=
FH Zg7170) s g FUAE] digh M E WA

o] fiE= Ao pFEd (P-glycoprotein, P-gp)e] 3}
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Dulbecco's modified eagle medium/A &% FF325
(DMEM), trypsin-EDTA (0.25% wypsin-lmM EDTA) %
HUAZ (10,000 units/ml)-~EF Enlo]al (10,000 pg/ml)y
Invitrogen (Calsbad, USAAFZFH, fetal bovine serum
(FBS)& Hyclone (South Logan, USAAZHRE] Foiste] A}
43199}, Hanks' balanced salts without sodium bicarbonate
(HBSS), daunomycin (DNM), verapamil, quercetin, fisetin,
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1-naphthyl isothiocyanate (NITC), dimethyl sulphoxide
(DMSO0), sulforhodamine B (SRB) ¥ trichloroacetic acid
(TCA)= Sigma-Aldrich (St. Louis, USAYX}IIA 74]514
t}. N-(2-hydroxyethyl) piperazine-N'-2-ethanesulfonic acid
(HEPES), Triton®X-100 % Tris baset USB (Cleveland,
USAPIA 244319 .2™ NaCl, KCI, MgCl,= Duksan pure
chemical (Ansan, Korea)AlolA, CaChLb: Showa Chemical
(Tokyo, Japam)Ao|A], Acetic acid= Daejung (Siheung,
Korea)Atell A #4399}, Microscint™40  (scintillation
cocktail):> Packard Instrument Co. Inc. (Meriden, USA)A}
o4, PHI-DNM (16 Ci/mmol)& Perkin Elmer Life Science
(Wellesley, USARIZHRE 3t 717125 A2
(3158, Forma Scientific Inc., Marietta, USA), WA &47]
(Topcount NXT, Packard Insttument Co. Inc., Meriden
USA), orbital shaker (SLOS-20, SLB, Seoul, Korea) %
ELISA reader (3550, Bio-Rad, Hercules, USA) & A}&
skt

M= v =

AU EL/] MES-SA NE (ZAAE) 2 P-gpE FHr}
WE3ko 24 MDRE UEhlE MES-SA/DX5 AlXE 3}s}
AFaoA] Edol AL} o] AlEE CO, 5% 2 F
71 95%7t 5= 37°Ce AlE Hj7] <l FBS 5%
2 A8A] (100 units/ml Y2 H-100 pg/ml 2EH Evlo]al)
& Mrshe DMEMARST SF32 uiRollA AAsiadch Y

M= LHol =XE PH]-Daunomycin Hf&Ee| ZHAIR w3}

MES-SA Al 9 MES-SA/DX5 AlZZ 6 well plated]
150,000/ Awello] E=F gold F 72417k B¢t wjekaisich.
Uptake buffer (137mM NaCl, 54mM KCl, 28 mM CaCl,,
12mM MgCh, 10mM HEPS, pH 74)E AEEE Ao
& F 0025uM F=9 [HI-DNMS F#3t= uptake
buffer 1 mLE 7} wellol] o] 37°CollA A7+ B9 Wik
sttt 283 YA PH]I-DNMS g3 uptake buffers
AASLAL drug-free uptake bufferS Z+ wellel €& & 10
i, 308, 60 F 1208 <t wlYe kS lysis buffer
(0.5% Triton X-100) 1 mLS 7+ welle]l ¥ 150 rpmellA]
30%-7+ shaking®t ¥ I 5 100 uLE FH3sle] Al 24
712 radioactivitys &7 8} T}, 1620

%3 MES-SADX5 MEE 6 well plateel 150,00071/
welle] HEE QojE § 7247 9 viUslL 0.025 uM
EE9 PHIDNME 43k uptake buffer 1 mLS 7}
welldl] ¥o] 37°CoA 1AZF B Mgt 2% PH)-
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DNMS 33k uptake bufferS A AL drug-free uptake
buffer 55 100 uM §=2] verapamil (positive controly2
33k uptake bufferS ZF welld] ¥ & 108, 602
2 1208 F oSS lysis buffer2 ZF A EXES £3)4)
Atk L F 100uLE H3t AR 38712 radioactivity
£ A3

MZ22E{2] PH]-Daumonycin HiE0| 291 MEE0| 0]
Xe= HE

6 well plate]l MES-SA/DX5 MXEE well T 150,0007}
7t HEE Yol 72417 Bk vlgs the 0.025uM F
=9 PPH]-DNM2 $h33H= uptake buffer 1 mLES Z} well
o go] 37°CellA 11]7F B1L wigste] AlE Y2 DNME
SHAMHY. 223 U, PHI-DNME 3Hrals  uptake
bufferg AASL MEEE AL T 100 uM ¥59] vera-
pamil (positive control), quercetin (E2T}RX0|E) EE
NITC (7] isothiocyanateyS &3l uptake buffer® ¥
of WNZF F}F ikl W, diRaddle ol 23S
3312 9= drug-free uptake bufferS ¥o] Fo}. 1A)7¢
F-ol jce-cold stop solution (137mM NaCl, 14mM Tris,
pH 7HE AEEE F ¥ HAFE T lysis buffer (0.5%
Triton X-100) 1 mLg Z wells] ¥ 150 rppmol|l A 3087+
shaking¥t ¥ Z 5 100uLE FH 3t WA ZA47=
radioactivityS Z793}53c}.

M= =4 AF

MES-SA A|Z % MESSADX5 AMEE Z well &
5000718 E7F=E 96 well plated] B & A|EE9]
plated] F&3 ¢ JEE 37°ColA 2447+ EF wioFat
t} 1.8x10° M~18x10° M &% ¥<l¢] DNMz} 10 uM
verapamil, 10puM NITC, 50uM quercetin H=+= 50 uM
fiseting 2} welll] Wil 72417k FF MSSIATE? ol
P-gp =4 32 Al DMSOZ ¥ 58S UxFog A}
|39}t 22]32 YA, SRB staining assayS F3] A|E =
AL HESIGon o WS ot 2t 10% TCAR
X7 B AEES 18X F, EE SH AojF Az
AZ. SRB (04% wiv in 1% acetic acid)Z Zt wellol]
Y 158 3o 1% A0 2 49 MoAFEATh PlaeE A%
Al o S]] A%tE MAE 10mM Tris baseZ 43
AlA 515 nmele] FBEE FHT F 1C, 4 73kt

SHE

izl A9} A HAEE £ verapamil2 A EE
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Aggt & dojzl AFAE unpaired student's t-testE E7)
Z2ste] pate] 0.05 oJ3lelH (p<0.05) FAXH o2 Fo4
o] AL skt

=}

A3} 9 D3

= -~
MES-SA/DX5 HEE o8] &
Aoz °LE42% Ao o]= [*H]-DNM uptake U3 &
AAEQ] MES-SA A|22e}l vlmgho 2z 5}, MES-
SA A|Zo4 2] DNM uptake> MES-SA/DXS5 A%l 1]}
7o Olb MES-SA/DXS AIXZe] 7% P-gp7} 3t}
T Eo] AR DNME A|X ¥ro = mlEgozy A
¥ 2] DNMO| S48 Z42A7)7] glas] 2o= Als
Ak
MES-SA AX % MES-SA/DX5 A|¥Zo]A¢] [PH-DNM
& FES Aol whet ddel A on) Bagh vie} 7

FAE s Aol =

k

o] P-gp7t #t} WS MES-SA/DX5 AES] A9 127+
B9t 4% DNMo] ZAAMFESl MES-SA Aol nls) A+

F3] w7] w2 0%, 30%, 60 2 1208 FSF HlE
%321 MES-SA/DX5 A2 W] 23-& DNMe| =AA 29
Hl3] BAo R FoldA (p<0.005 Z p<0.0001) Hgort
HlE FFe F AE Aol FALSIATE (Figure 1). Vera-
pamilZ A2]¥ MES-SA/DX5 A XM E thzsol] n)s)
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Figure 1-Time course of [*H]-Daunomycin efflux from MES-SA
(@) and MES-SA/DX5(O) cells. Each data point is presented as
the mean + S.D. from three wells in one representative study. The
study was repeated two times with similar results.

*p<0.005 compared with control

**p<0.0001 compared with control

o WA SElEeol=e) Fxh 97
60% 2 12080 M NE W) PH}-DNM T/t f92802
(p<0.05) Z7F3I9h (Figrue 2). ©1¢F & AA4ES 3
MES-SA/DX5 A FEo) A P-gp7} FHt}h HHEHE A0
verapamil®] P-gp ASA2A Zehs A& v T &l
g = AP

Quercetin 2 NITC7} MES-SA/DX5 A X 25-E2] DNM
HiEol nA= FES DA A, Pgp AsiAlR dHx
verapamil?t ZEFE0]=2) quercetins> tiZael] W3] Al
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Figure 2-Time course of [*H]-Daunomycin efflux from MES-SA/
DX35 cells. Daunomycin only (B) and Daunomycin + Verapamil
(). Each data point is presented as the mean £S.D. from three
wells in one representative study. The study was repeated two times
with similar results.

*p<0.05 compared with control

80(
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% of 3H-Daunomycin Effluxed in 1 hour

0

DNM

DNM+Verapamil DNM-+Quercetin ~ DNM-NITC

Figure 3-Effect of Quercetin and NITC on Daunomycin Efflux
from MES-SA/DX5 cells. Verapamil, a P-gp inhibitor, was used as
a positive control. Each data point represents the mean = S.D. (n=7).
*p<0.01 compared with control
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Table I-ICs, Values of Daunomycin in MES-SA and MES-SA/
DX5 Cells (uM) after 72 Hour Incubation

MES-SA (sensitive) MES-SA/DXS (resistant)

Control 0.472£0.319 (10) 2.18+0.82(11)
Verapamil 0.409 +0.205 (9) 0.269 £0.127 (9) **
Quercetin 0.354 £0.192 (9) 4.60+2.05 (10) *

Fisetin 0.578 £0.377 (7) 6.04 £2.99 (8) *

NITC 0.337+0.197 (7) 2.07+0.80 (8)
Number in parenthesis indicates n.
*p<0.01 compared with control
**p<0.0001 compared with control

¥ 2RE DNM HiIEE fo4 (p<0.0D) Al 22 e
1, NITC] 7% tZEZH 933l Xpolg HolR] etk
(Figure 3).

MES-SA/DX5 MZZE 72X7F 5 A DNMst 3
A gt o iRl ICs, e 2.1810.82 uMeIith
Verapamil> P-gp A&A|Z 2-g-3led DNMQ] ICs, 3+ Ul
Z2 ¥sl F2949 (p<0.0001) A FAAFoY ETR
3o]=Q1 quercetin B fisetin 23] Z & I (<
0.0D3IAl F7HIZT} (Table ). ©1% 2+ A3= P-gps
BdH3= HCT-15 MXEE adriamycin® 2 A2 P& o
quercetin®] &J3] HCT-15 A|E2] o] 238 Z7HEAT
E Critchfield 5-¢] 27} AA)3HATH

MES-SA/DX5 A ZE WA DNMoZ Azlst] A2 Ul
2 PMAE FHAZ T quercetin® E A 2]3t] MEZH
¢ DNM Hl&-2 #2% A3, dizF] vs) DNM2] =)
Zo| ooz AT U A o] TUHEHATS
& 4 Ak 28y, o] MEE querceting}t DNMOE &
Aol Mzt g we A tigk GHEY] B0 A
ke AHE Ve ol AlX U2 A fY %
FHo] ZAFW) HELRE ALFHTE? o)9} 7 A=
ME e ZAeEN 1 olfd dalMe A8 & &
= flon} EEpRolEE0] Pgpo] A8 AT B ol
2} A EYIE A3AE-E st A AlXE e e F
Aol W& AL AE Bl A PA] FHS
A7) Aoz AZEm o #3t 2E 7| disiM e
gog & v FAHLE A7 "art Joget AEdT
Movileanu 52 ZF#H=0]=2l quercetin®] ATAE ©lF
A &9} (reconstituted planar lipid bilayer) <toll 4H=™
et W AYEe AX1E pHell wek gelicky B vE bf
AP o) quercetin®] A E=HF A5 228 St DNMS)
AE Y SHolE & X gloRg] uiEo|E AXEE 5
gk oFEe] olFel dFE v & ke A YA Fok
uiel] NITCE MES-SA/DX5 AXE W29 Al 72
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