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Abstract: Problem statement: Cellular drug resistance to anticancer agents agpomobstacle in
cancer chemotherapy and the mechanisms by whicke tMDR cells possess for protecting
themselves to survive prolonged exposure to cytotagents still debatind’he study aimed to clarify
the role of P-glycoprotein (Pgp) and enhanced daguestration in lysosomes to confer the multidrug
resistance K562 cells with varied degree of Pgpesqion Approach: Erythromyelogenous leukemic
K562 and its corresponding Pgp-over expression K&i2(RF=26.5)and K562/10000 (RF = 39.6)
cells were used. The transport of intrinsic fluosge molecules including acridine orange and
pirarubicin across plasma membrane of living celts performed by using spectrofluorometric and
flow cytometric analysisResults: Pirarubicin passively diffused through the plasmembrane of
K562, K562/adr and K562/10000 cells with the saratues of k = 3.4+0.3 pL. S.cell™. Similar
results were found for acridine orange, which pesdgidiffused through plasma membrane of these
cell lines about 30-fold faster than pirarubicitneTmean rate of Pgp-mediated efflux coefficien} @
pirarubicin was equal to 2.6 + 0.9 pL.sell* for K562/adr and 4.7 + 1.0 pl’scell™ for
K562/10000 cells. The Pgp-mediated efflux of acrédorange could not be determined for K562/adr
cells while an enhancement of exocytosis in K56@000cells was characterized. The acridine orange
exhibited antiproliferative activity and igfor K562, K562/adr and K562/10000 cells was 447+40
715419 and 1,719+258 nM, respectively. Cytotoxiafyacridine orange was increased by 2-fold in
the presence of and 25 nM monensonclusion: The results clearly demonstrated for the firstetim
that by using the same methods and cell lines. plelominant cellular defense mechanism
determined in multidrug resistant cells dependsnuplte nature of molecular probes used. As
molecular probe, pirarubicin clearly showed that Bgp-mediated efflux of drug play as predominant
mechanism while AO clearly demonstrated the rol@rofy sequestration in lysosomes following an
enhance exocytosis in both MDR sublines.

Key words: Multidrug Resistance (MDR), P-glycoprotein (Pgpcridine Orange (AO), Drug
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INTRODUCTION and physiological changes other than an over-

expression of MDR protein transporters especially a

Multidrug Resistance (MDR) of tumor cells to altered pH gradient across different cellular

anticancer agents remains a major cause of failure compartments in particular for acidic organelles of
cancer therapy. MDR is frequently associated with aVMDR cells was reportdtf!. Studies have shown that

decreased intracellular accumulation of anticancethe lysosomes entrapped following an enhance
drugs due to an overexpression of MDR proteinexocytosis of weak base anticancer drugs was pegpos
transporters including P-glycoprotein (Pgp)MRP? as a factor that favors a reduced their intracadlul
and lung resistance related prot@inin fact MDR  accumulation thus their efficien€y Despite many

phenomenon is always multifactorial. The biochemnicastudies over recent years, the role of MDR protein
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transporters and the sequestration in acidic vesicl Cell culture and cytotoxicity assay: The human
following an enhance exocytosis of drugs on conwgyi erythromyelogenous leukemic, K562 and its Pgp-over
drug resistance phenomenon were never studiedein trexpression K562/ali#*® were routinely cultured in
same MDR cell lines. Especially for the MDR celistt RPMI 1640 medium supplemented with 10% fetal calf
have different degrees of drug resistance by udieg serum (Gibco Biocult Ltd.). For assays, a cultur@sw
same methods of MDR cell selection. initiated at %10° cells per mL to have cells in the

Recently we selected MDR cells with Pgp over-exponential growth phase; the cells were used [24eh
expression by exposing the K562/adr to a repetitibn for all series of experiments, when the culture had
fixed adriamycin concentrations (100, 300 andgrown to approximately 8.0° cells per mL. Cell
10000 nM) in a culture medium. We reported that (i)viability was assessed by trypan blue exclusione Th
the MDR1 mRNA levels and the resistance factor (RFhumber of cells was determined by haemocytometer.
increased with increase in the concentration of  The cytotoxicity assay was performed as follows:
adriamycin used for MDR cell selection and (ii) the 5x10* cells per mL were incubated in the presence of
efficiency of Pgp-mediated efflux was proportiotal  various THP concentrations. The viability of celias
the RF and the MDR1 mRNA levéls determined by MTT-reduction. The 4 (conc. of

In this study, we used the same K562/adr (RF = 14¢ompound that inhibited cell growth by 50%, when
and K562/10000 (RF = 33) cell lines as models formeasured at 72 h) was determined by plotting the
investigating the kinetics of uptake, kinetics atize percentage of cell grO\N‘th inhibition versus the
efflux and drug sequestration in lysosomes by usingoncentration of compound. A Resistance Factor (RF)
Acridine Orange (AO), in comparison with pirarulici  was defined as the ¥gof resistant cells divided by the
AO is an intrinsic fluorescent molecule and is kno& |C., of sensitive cells. The RF of K562/adr and

a lysosomotropic agent. It is frequently used taneie  K562/10000 cells wasgual to 26.5 and 39.6espectively.
the luminal pH of intracellular acidic organelles
(notably lysosoméy™. Because AO is a poor substrate Selection of MDR cells Adriamycin-resistant
of Pgp but efficiently entrapped in lysosomes, ¢fiere  K562/10000 subline was selected and characteriged a
it is a suitable probe use for investigating theerof  previously describéd. Briefly, K562/adr cells were
drug sequestration in lysosomes. Contrary 0 AOcontinuously exposed to 1AM adriamycin in the
pirarubicin is a good substrate of Pgp and is us&d ¢yjture medium for three-times with the intervahi of
molecular probe for measuring the efficiency of Pgp72 h. The MDR cells were maintained in a fresh RPMI
mediated-efflux of drugs out of MDR cells. 1640 medium without doxorubicin for three passages
before using.
MATERIALSAND METHODS

. ) . ) _ . Theoretical approach for intracellular pH (pH;) and
Drugs and chemicals. Adriamycin and pirarubicin | minal pH (pH,) of lysosome deter mination: AO is

were kindly provided by Prof. Arlette Garnier-Seiibt, 5 pasic molecule (pKa (-NH-NH,) = 9.4). In an

Cellulaire, UPRES A 7034 CNRS, UFR Santé Medicinegyositive charge (DH and neutral (D°) forms as
et Biologie Humaine, Bobigny, University de Parisrl  jndicated in reaction:

Tetrazolium salt (3-(4, 5-dimethyHd#azolyl)-2, 5-

diphenyl-2H-tetrazolium bromide (MTT)) was from DH' = D°+H+

Amresco. Monensin was from Sigma.

Adriamycin and pirarubicin stock solutions were In the presence of cells, only D° passively diésis
prepared in double-distilled water, just beforengsi through plasma membrane into cytoplasm and
Concentrations were spectrophotometricallyintracellular organelles. In a steady state, thefdfn
determined by diluting stock solutions in water toequilibrates between the extracellular {D°
approximately 1uM and usingesg = 11, 500 M* cmi™.  intracellular (D) and lysosomal (Qj compartments:

A stock solution of MTT was prepared by dissolving D°, = D° = D°,. In fact, the dissociated constant is the
5 mg MTT mL" in HEPES-N4 buffer and filtering same in each compartment, can be written as the

through a 0.22um filter and stored at 4°C. following expression:

All experiments were performed using HEPES-Na
buffer which consisting of 20 mM HEPES buffer plus ((e°][H ) ([ °1[H] )
132 mM NaCl, 3.5 mM KCI, 1 mM Caghnd 1.5 mM K.= [D'H+] == [Dew] .
MgCl,, pH 7.25 at 37°C. j e

163¢



Am. J. Applied Sci., 6 (9): 1637-1646, 2009

The pH can be determined using the Eq. 1: diameter membrane dialysis compartment (a container
of cells) placed on the top and was continuoustyest
[DH*] at 37°C. The excitation beam was passed through the
pH, - pH, = ApH= - log=——=¢ Q) bottom part of the cuvette, which means only AO in
[DH ]i supernatant was excited. The fluorescence intemsity

AO at 527 nm (excited at 491 nm) was measured as a

where, [H]; and [H]. are the concentrations of protons function of time. After addition of AO into the ggsn,
and [DH]; and [DH]. are the concentrations of the AO fluorescence intensity immediately increatsed
positively charged forms of AO in intracellular and be K following a decrease then stable. This due to
extracellular compartments, respectively. amounts of AO was adsorbed on to the surface of the

In a solution at pH 7.25, which is the value of th dialysis compartment. The steady state was reaithed
intracellular of most cells, AO is found in 1% afutral 30 min and the fluorescence intensity became F
and 99% of positive charged forms. The totalWhere the Irwas proportional to the AO concentration
concentration of AO is the concentration of neutnadl  added up to BIM.

charged forms found in cytoplasm;Y@nd extracellular The G corresponds to the quantities of AO
(Co) compartment and can be written as follows: available for the experiment and can be determased
follows:
C, = DH’ + D’ ODH’ )
—ox
C, = DH;, + D° O DH", 3) Cr _C(T)X(FJ Q)

In the first approximation, we replaced [[JHand where, & and Kk are the known final AO
[DH"]e with C; and C,, respectively, in Eq. (1) which concentration added into a cuvette and its
becomes: corresponding fluorescence intensity, respectively.

It was confirmed that the AO fluorescence spectral
shape and intensity did not change in the superhafa
cells. Cells (10 cell.mL™) were introduced into the
dialysis compartment; a decrease in AO fluorescence
intensity was due to the extracellular drug, which
passed through the dialysis membrane and was
incorporated by cells. A new steady state was rathi

] at 60 min, where AO fluorescence intensity was
pH, = 7.25- Io%—i]

C]

Apkizlog%zrj (4)

In our experiments, the pHs equal to 7.25 then
pH; can be determined:

(5) identified as E after which 3uM monensin was added
for eliminating any intracellular pH gradienf\gH)
formation, resulting in an increase in AO fluorasoe

The lysosomal concentration of AO JjCcan be intensity to be F.. Thereafter, 0.02% (v/v) saponin
experimentally determined and the pHan be was successively added, resulting in total pernfigabi
determined in a similar manner as;phBis written in  of the plasma membrane, leading the system to reach
Eq. 6: the equilibrium state. At steady state, the free
extracellular (@ and Ilysosomal (§ AO
concentrations can be calculated from Eg. 8 and 9:

o [E
Ce_CT (F] (8)

T

1

G

C,
C]

{I—

pHv = pH| - IO (6)

Subcellular distribution of acridine orange: In order

to determine the kinetics of uptake and Pgp-mediate
efflux, overall cellular and Iysosomal AO ( —F)

concentrations, a continuous dialysis device wasC, :CTX{ =< } (9)
coupled with the spectrofluorometer (Perkin-EImé& L

55) was applied in the experiments. The experiments

were conducted in a 1 cm optical quartz cuvettewhere, Rq, is AO fluorescence intensity at a steady
containing 3.5 mL of buffer solution with Ojgm pore  state after the addition offB monensin.

T
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In the presence of 3uM monensin, any time (model LS 55 spectrofluorometer, Perkin-Elmer)
intracellular pH gradientpH) formation, in particular The drug influx was measured by the decrease of the
lysosomes, was eliminated. A new steady state wafiuorescence intensity that occurred during incidvat
reached, where AO equilibrated between extracellulawith cells due to the quenching of the fluoresceaiter
and cytoplasm compartments. pirarubicin intercalated between the base paifSA

The extracellular (§ and cytoplasm (f AO in nuclei or accumulated into acidic intracellular

concentrations can be determined using Eq. 10 and 1 organelles. This methodology allowed us to measure
accurately the free cytosolic concentration of

pirarubicin in a steady state JCits initial rate of
C =C X{M} (10)  uptake (V) and the rate of Pgp-mediated efflux,(V

At the end of the experiment, intactness of celesw
confirmed by trypan blue exclusion.

&] (1) Flow cytofluorometric analysiss The cellular
distribution of AO was characterized by using both

] ] fluorescence microscope and flow cytometer. For the
The intracellular AO concentration ;jCat steady assays, 2xT0cells were suspended in 2 mL HEPES-

state, after addition of cells can be determined: Na" buffer pH 7.25 at 37°C in the presence of various
AO concentrations for 30 min, prior to: (i) Placerhe

c=cx S (12) on the sample holder of inverted fluorescence
S e microscope (Nikon model TE-2000E, using a filtexbo

model B-2E/C coupled with Nikon, digital camera
model DXM 1200F) and (i) Inject into a flow

The initial rate of uptake (V<o (passive influx) cytometer (Coulter Epics XL-MCL).

was determined from the equation:

&)
dt t=cell

is the slope (in absolute value) of RESULTS

Statistic analysis. The results were presented as
[&J means * SD. The statisticatomparisons were
R performed using One-way ANOVA analysis, a value of
p<0.05 was considerathtistically significant.

AVARS

where,

&
dt t=cell

tangent to the curve F = f(t). The rate of Pgp-rat=di

efflux (V,)sof AO was determined as followdd: Cytotoxic effects of AO and pirarubicin: Figure 1
shows the efficacy of AO and pirarubicin alone to

inhibit cancer growth. Pirarubicin potently exhéat
anticancer activity (I = 12.5£0.7 nM) against drug-
sensitive K562 cells and was 36-fold more effective
Cellular uptake and the Pgp-mediated efflux of  than AO. Both drugs were less cytotoxic againsgeru
pirarubicin:.  The rationale and validation of resistant sublines; the §¢of the pirarubicin and AO
experimental setup for measuring the kinetics dakip  for K562/adr was 175+35 nM and 715+19 nM and for
and Pgp-mediated efflux of pirarubicin in the cdlld  K562/10000 cells 410+85 nM and 1,719+258 nM,
been largely describ€d®*® Briefly, in a typical respectively. Figure 1 also shows the efficacy of c
experiment, conducted in a 1 cm quartz cuvettereatment using pirarubicin or AO with 25 nM
containing 2 mL of HEPES-Nabuffer, 2x16 cells  monensin. It should be noted that 25 nM monensin di
were incubated for 30 min in the presence of 10 @iM not affect the viability of the cells. Results ihet
sodium azide and in the absence of glucose, undgmesence of 25 nM monensin clearly showed that the
continuous stirring at pH 7.25 and 37°C. ThelCsyof AO significantly decreased in both drug-sensitiv
concentration of pirarubicin added to the celland drug-resistant sublines with p<0.05 (Fig. Wd)ile
suspension was varied from U6 pM. The no significantly affected in the series of expenitse
fluorescence intensity of pirarubicin at 590 nmusing pirarubicin (Fig. 1b) in K562 (p = 0.051),
(excitation at 480 nm) was recorded as a functibn 0K562/10000 (p = 0.48) and K562/adr (p = 1) cells.

(V,)s =k, xnx(C,-C)) (13)
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Determination of the lysosomal concentration (C,) 2000

and mean influx coefficient (k,) of AO: The 18001
interaction of AO with different intracellular orgelles 16001
exhibited the particular light emission spectra chhi 1400

could be detected by flow cytometer such as (i) The = 12004
bright green fluorescence (FL2) when AO bound to

[C50 (nM)

cytoskeleton protein, (ii) Dim red fluorescence 8L 800

when AO accumulated in nucleus and (iii) Bright red 600
AO accumulated in 100
lysosomes. Figure 2 shows the mean fluorescence gl
intensity of AO bound cells; the mean red floreseen

fluorescence (FL4) when

0

intensity decreased (Fig. 2a, ¢ and e) while tlighe
green fluorescence intensity increased (Fig. 2amaif)
in the presence of M monensin. These indicated that

AO was liberated from lysosomes to the cytoplasoh anFig. 1: Drug response pattern of MDR cell linesu@r

consequently  equilibrated
intracellular compartments.

between

extra and

The quantitative measurement of lysosomal AO
concentration (¢J was carried out using a continuous
dialysis device, coupled with the spectrofluoromete
Figure 3 shows typical kinetics of uptake of AO by
K562 cells. The AO fluorescence intensity decayed a
function of time and reached a steady state @tnid.
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Fig. 2: Typical histograms of cell-AO bound fluocesce: Effects of M monensin on (a and b): K562, (c and d):
K562/adr cells (e,f) K562/10000. Cellsx®f) were incubated with iM in 2 mL of HEPES-N&at 37°C
for 30 min. The cell-bound AO fluorescence intensitas recorded by flow cytometer without or after
immediately added @M monensin. Each histogram was obtained from 10¢20i8
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Quantitative measurement of lysosomalidhoe Orange (AO) concentration [Fluorescencensity at
527 nm (excited at 491 nm) was registered as atibtmof time. AO (1uM) was added into the cuvette
containing 3.5 mL of HEPES-Nauffer at 37C and vigorously stirred. At steady state,<3® cells were
added, yielding a progressive decrease in fluorescéntensity then reached a new steady state fd a
that indicated monensin concentration was addéteadame interval of time. Insét:Fluorescence intensity
at 527 nm as a function of concentration of moreadded]
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(a) A typical AO uptake by three cell lin€$) K562, (2) K562/adr and (3) K562/10000 cels, intralysosmal
concentration (¢} of AO in (@) K562, @) K562/adr and A) K562/10000 cell lines as a function of total
concentration (§ of AO added [Cells were incubated in 1 cm quatizette containing 3.5 mL HEPES-Na
buffer at 37C and vigorously stirred. After the addition of Athe fluorescence intensity detected at 527 nm
(excitation wavelength 491 nm) wasahd decreased progressively until the system egbalsteady state (-
Then 3.5%10° cells were added yielding a progressive decreastudrescence intensity at 527 nm which
corresponded to amounts of AO passively diffusedutih plasma membrane. After the system reacheava n
steady state (J; the pH gradient was eliminated byu®! monensin resulting in an increased in fluoreseenc
intensity, after which and then a new steady state reached and characterized by the fluoresceteesity
value F,n This corresponded to liberation of the lysosorA& (C,) to cytoplasm and extra cellular
compartments. The lysosomal,J&@&nd the initial rate of uptakev() of AO can be determined using the

Foon = F. dF

following equationC, = C; X{(’"‘T:_J} and Vv = [—J , repectively]
T t=Cell

steady state cells were taken and injeat¢nl i addition of incremental monensin concentratiom to

flow cytometer to analyze the ratio of red to green6 uM) into cells, yielding an increase in fluoresoe
fluorescence (Fig. 2). The, @/as evaluated by successive intensity of AO which corresponded to the amount of
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AO released from lysosomes to cytoplasm  cytosolic and nuclear compartment thus increased in
Fluorescence intensity i.e., the difference of AOits efficacy. The results suggested that for AGs th
fluorescence intensity before and after addition ofsequestration of the molecule in lysosomes play a
monensin, corresponding to the, Gs a function of predominant mechanism of MDR phenomenon.
concentration of monensin added is shown in thetins However, for MDR cells even after elimination of pH
of Fig. 3. The maximal Cwas determined on addition gradient formation were still more resistant to A@n
of 3 uM monensin. their corresponding parental K562 cells, indicatihg
The representative kinetics of AO uptake in K562,Pgp-mediated efflux still plays role on the MDR
K562/adr and K562/10000 clis are shown in Fig. 4aphenomenon. The different observation was done for
The initial rate of uptake () was determined in all pirarubicin that is preferable accumulated on rarcle
cell lines used and was proportional tp &lded. This compartment. Although the function of lysosomes was
suggested that in the concentration range usedjnAO inhibited in the presence of 25 nM monensin, no
neutral form passively diffused across plasmaadditional sensitivity to pirarubicin was found for
membrane into cells. The mean influx coefficient of K562/adr and only slightly for K562/10000 cells.€Th
AO (k,) was obtained by linear least-square fit of dataresults signifiedhat the sequestration of pirarubicin in
of the three cell lines and was 103+34 Plcel™ lysosomes did not contribute to drug resistance for
The G was identical and reached a pseudo-plateau, whefio62/adr cells with lower degree of resistance and
the concentration of added AO was above JFGin  Seemed to take role when MDR cells became higher
K562 and K562/adr cells. However, very low resistance such as K562/10000 cells.

quantities of AO were accumulated in K562/10000  Earlier, we reported that the activity of anticanc
cells (Fig. 4b). drug depends on its concentration in the compartimen

where its intracellular target is located and this
intracellular concentration of drug directly depsrah
the mechanisms of its transpoirito the cells, in
particular, the kinetic parametéf§ Thus, the kinetic
eparameters of pirarubicin and AO for K562, K562/adr
and K562/10000 cells were determined. Results sowe
Rhat pirarubicin passively diffused through thespfa
membrane of K562, K562/adr and K562/10000 cells
with the same values of, k= 3.4+0.3 pL.g.cell".
Similar results were found for AO, which passively
diffused through plasma membrane of these celkline
about 30-fold faster than pirarubicin. It shouldrmged
that the k cannot be able to measure for AO but easily
done with pirarubicin for K562/adr cells. This shebu
be interpreted that the, lof AO is very fast, compared
with the k. Under these conditions, Pgp should be
saturated and the activity of Pgp per time turnover
could not maintain the gradient between extra- and
intracellular AO concentrations. We also showed tha
K562/10000 cells contained only about two-fold of
DISCUSSION functional Pgp more than K562/adr cells as shown in
Fig. 5a, but the mean rate of active efflux)lof AO
The results clearly showed for present study thavas 1,930+300 pL&cell™. The overall results
AO was exclusively accumulated in acidic organellesindicated that AO is a poor substrate of Pgp. Iswa
particularly  lysosomes, although the nuclearpossible that its mean rate of active efflux deteed
compartment was reported as its potential intratail  for K562/10000 cells could be contributed by nolyon
target'**®. In fact, efficacy of AO improved Pgp but other mechanisms that can convey numerous
significantly by 2 fold, when cells were incubated  molecules of AO from cytoplasm to the exterior efle
the presence of 25 nM monensin. The results shoulder turn should be involved. This was probably a
be interpreted as an addition of monensin resutied characteristic of a sequestration of AO in lysoseme
an elimination of intracellular’ApH formation and following an enhanced exocytosis. The result was
consequently the release of AO from lysosomes o thconfirmed by the low €in K562/10000 cells.

164:

Pgp-mediated efflux of pirarubicin and AO: In this
study, we checked that in the range of concentnatio
of pirarubicin used, the accumulation in compartteen
other than the nucleus was negligible. Figure 5
shows that K562/adr cells contained functional Pg
(ka = 2.620.9 pL.8".cell™) which extruded piraribicin
out of cells about 2-fold lesser than K562/10000sce
(4.7+#1.0 pL.s*.cell®. It should be noted that the
kinetics of Pgp-mediated efflux of AO determined
from K562/adr cells was very low and could not be
determined by this method. However, initial rate of
active efflux of AO was easily measured from
K562/10000, as indicated in Fig. 5b. In this seés
experiments, saturation of initial rate of weti
efflux of AO was not obtained. The mean rate
constant of active efflux () of AO was equal to
1,930+300 pL. S.cell™.



Am. J. Applied Sci., 6 (9): 1637-1646, 2009

® K562 adr / " 7.5
4 K56210000 F
10 oy / B VA
A A4 T Ja e
p P e ER /.- 70 L
S g i o5 »
] & = /A L,
E = A
= 6 # f:, i /
et A L oant s da/f
=4 2 /' &
) 2 el ; K362
g 5 o » K362/adr
A / g & K3562/10000
. /
/ 55 T - i85 v
Ll s« 0.0 0.3 10 1.5 20 L | X e ]
———TTT—TT T T r T T )
O 1 2 3 4 5 6 7 8 Om g i3 w2 w6 (1] Crt(uM) Cr(uM)
Ci (uM) Ci(uM)

Fig. 6: Calculated intracellular (a) and intraluadirfb)
pH of lysosomes ofH) K562, @) K562/adr and
(A) K562/10000 cell lines as a function of
concentration of AO [data from series of
experiments of Fig. 4]

Fig. 5: Pgp-mediated efflux of (a) pirarubicin afio)
AO determined from o) K562/adr and A)
K562/10000 cells plotted as a function of free
cytosolic concentration (ICof pirarubicin or AO
added [Results were obtained from the series of
experiments with the same conditions as Fig. 4
The transport of THP was best described b
Hill's  equation of enzyme  kinetics,

ApH was found to be 1.2 and 0.3 unit in MDR
y(pHi = 7.1£0.025) and sensitive MCF-7 cells
(pPHi = 6.8+0.025) respectivély!. In addition,

nH
a:% where K, was 1.05+0.0uM and  acidification of lysosome was also reported in drug
Kn +C| resistant celfd.
Vimax Was 2.620.9 nM3 for K562/adr and The application of AO, an intrinsic fluorescent

4.7+#1.0 nM.5', respectively. Hill's coefficient basic molecule as molecular probe, allowed us to
(nH) was near to 1.95. The line represents thanonitor the spontaneous changes in; pidring AO
mean value from the triplicate data] incorporation into cells (Fig. 6a). Results suggdghat
uptake of AO stimulated acidification of plih MDR
The accumulation of AO in lysosomes and cells with high degree of resistance. It was impatrto
cytoplasm could also provide information aboutpnote that AO did not induce any pkthange in
physico-chemical properties of microenvironments,K562/adr cell. Recently, we reported that in
especially the local pH. The overall concentratiofis K562/10000 cells, the #H" antiporter exchanger could
AO in each compartment were measured in molar unitge activated by pirarubicin transport, leading to a
(global conc.) for all series of experiments. Thea@d  acidification of pH”. In fact, the maintenance of pH
C, allowed us to determine pleind pH as shown in Fig.  within a narrow physiological range is vital to i
6. The pHifor all cell lines used in these experiments wascell function. Nevertheless, the intracellular freg
about 7.25 (Fig. 6a). The pHas a function of £is  could vary in response to different stimuli. Evides
indicated in Fig. 6b. In K562 and K562/adr cellee pH,  indicated that intracellular protons could serve aas
increased with Cthen reached a plateau whepwWas  second messenger in regulating multiple cellular
equal to 0.5uM, where pH about 7.2 closely to pH  functiong®%,
These results suggested that either theA\FPase pump
may be saturated or the maximum volume of these CONCLUSION
organelles could be attained when there was enough
concentration of the basic molecule inside. Théaini

pH, (without AQ inside) was calculated from the same cell lines and methodology, but different

function of pH, =/(C,) using a non-inear plot yojecylar probes such as AO and pirarubicin, diffier
(Boltzman’s model) for K562 and K562/adr cell lines predominant cellular defense processes were elacida
and was equal to 6.30. Similar results were obthine The predominant mechanism of MDR phenomenon is
K562/10000 cells but no saturation of jpias obtained depended totally on the nature of the moleculabgro
because of too lowCthe data were linearly least-squareused. In fact, the role of Pgp-mediated efflux of
fitted and the initial pklvalue was about 5.70. Both an cytotoxic drug out of the cell conferring lower #dahle
acidified of pH and alkalinized of pHof MDR cells intracellular concentration, thereby lower effiggrcan
compared with its corresponding drug-sensitive scell be clearly demonstrated using pirarubicin. The drug
were also reported in literatUfé§?! For example, sequestration in lysosomes was also a major calise o
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The present study demonstrated that by using the



Am. J. Applied Sci., 6 (9): 1637-1646, 2009

lowering available intracellular concentration dfet 7.
drug which provided the advantages for the MDRscell
particularly K562/10000 cells, to survive prolonged
exposure to cytotoxic agents and thus to contribote
chemotherapeutic resistance.
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