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The first urine in the morning (total 15 samples) and whole day urine (total 4 days, 17 samples) were
collected from a young healthy woman during the pregnancy and lactation period, to examine the possible
interactions of urine components (methanol extracts) with P-glycoprotein (P-gp) and multidrug resistance-
associated proteins (MRPs). The interaction was evaluated by measuring the intracellular accumulation
of rhodamine123, a P-gp substrate, in LLC-GA5-COL150 cells, or calcein, an MRP substrate, in Caco-2
cells in the absence and presence of urine components. Four first urine samples out of 12 collected before
childbirth and one sample out of three collected after childbirth suppressed P-gp function significantly. The
effect of pregnancy and lactation on P-gp inhibitory potencies of urine components was not observed.
The whole day urine samples showed a clear circadian rhythm, in which three first urine samples in the
morning out of four showed greater P-gp inhibitory potencies than other daytime samples. Interaction
of urine components with MRPs was not detected. In conclusion, the concentration of endogenous P-gp
inhibitor(s) was higher in the first urine in the morning, showing a clear circadian rhythm. Normal pregnancy

and lactation appeared not to significantly affect the P-gp inhibitory potencies of urine components.

1. Introduction

ATP-dependent efflux transporters such as P-glycoprotein
(P-gp) and multidrug resistance-associated proteins (MRPs)
are expressed in various normal tissues including the intes-
tine, liver, kidney, brain and placenta (Kool et al. 1997; Takano
et al. 2006). These ATP-binding cassette (ABC) transporters
have important roles in preventing the intracellular accumu-
lation of endogenous and exogenous substrate compounds by
limiting the influx into cells and facilitating the efflux out of
cells. P-gp transports relatively hydrophobic compounds such
as steroidal hormones, immunosuppressants, calcium channel
blockers, anticancer agents and anti-human immunodeficiency
virus agents. In contrast, MRPs transport relatively hydrophilic
compounds such as methotrexate, pravastatin and various conju-
gated compounds. Like this, both P-gp and MRPs also recognize
exogenously administered compounds, in addition to endoge-
nously produced compounds such as estrogens, corticosterone,
progesterone, and bilirubin glucuronides (Ueda et al. 1992;
Rao et al. 1994; Orlowski et al. 1996; Takano et al. 20006;
Yokooji et al. 2010, 2011). Biological fluids such as plasma
and urine contain various endogenous P-gp and MRP sub-
strate/modulators (Ichikawa et al. 1990; Ichikawa-Haraguchi
et al. 1993; Charuk and Reithmeier 1992; Charuk et al. 1994;
Rao et al. 1994; Miilder et al. 1996; Murakami et al. 2002a,
2002b; Mutsaers et al. 2011), though the inhibitory potencies
of biological fluids against the transporter-functions could vary
depending on the physiological states of hosts (Huang et al.
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2000, 2001; Murakami et al. 2002a, 2002b; Yumoto et al.
2003; Yokooji et al. 2006, 2011). It is known that, in the late
stage of pregnancy, the plasma and urinary levels of steroidal
hormones such as estrogens and cortisol, which are known
as endogenous modulators for P-gp and MRPs, are increased
by approximately 100- and 1000-fold of non-pregnant states,
respectively, with great circadian variations (Adlercreutz et al.
1967; Burke and Roulet 1970; Rado et al. 1970; Tulchinsky
et al. 1972; Townsley et al. 1973; Ueda et al. 1992; Rao et al.
1994). Based on such information, in the present study, urine
was collected from a young healthy woman before and after
childbirth, hydrophobic urine components were extracted by
methanol using a reversed phase cartridge, and the inhibitory
potencies of urine extracts on P-gp and MRP functions were
examined in vitro. Inhibitory potencies against P-gp and MRPs
were evaluated by measuring the intracellular accumulation
of rhodamine123 (Rhol123), a P-gp substrate, in LLC-GAS-
COL150 cells, and calcein, an MRP substrate, after application
of calcein acetoxymethyl ester (calcein-AM) in Caco-2 cells,
respectively. LLC-GAS5-COL150 cell is a porcine kidney epithe-
lial cell line (LLC-PK)) transfected with human MDR1 cDNA,
which overexpresses human P-gp on the apical membrane (Ueda
et al. 1992; Tanigawara et al. 1992). Caco-2 cell, a human
colonic adenocarcinoma cell line, expresses various ABC and
solute carrier (SLC) transporters including P-gp and MRPs, as
well as human intestine (Hunter et al. 1993; Wils et al. 1994,
Prime-Chapman et al. 2004; Englund et al. 2006; Seithel et al.
2006).
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Fig. 1: (A) Western blot analysis of P-glycoprotein in crude membranes from
LLC-GAS5-COL150 cells. Crude membrane fractions (20 pg protein) were
subjected to SDS-PAGE. The proteins were blotted on a PVDF membrane
and detected with a primary antibody for P-gp (C219). (B) Effect of
verapamil on the accumulation of rhodamine 123 in LLC-GA5-COL150
cells. The accumulation of rhodamine 123 (20 M) in the absence (opened
circles) or presence (closed circles) of 300 wM verapamil was measured at
37°C after 30, 60, 90, and 120 min-incubation. Each value represents the
mean + S.E.M. of three trials. “P <0.01, P <0.05: significantly different
from the value in the absence of verapamil.

2. Investigations and results

2.1. Expression and function of P-gp in
LLC-GA5-COL150 cells

Expression of P-gp in LLC-GA5-COL150 cells was evaluated
by Western blot analysis, and band of approximately 170 kD
corresponding to the molecular size of P-gp was detected in the
CM fraction of LLC-GAS5-COL150 cells (Fig. 1A). The func-
tional expression of P-gp was also examined by comparing the
intracellular accumulation of Rho123 in the absence (control)
and presence of verapamil, and the intracellular accumulation of
Rho123 was significantly increased by approximately 4.3-fold
of control in the presence of verapamil (Fig. 1B).

2.2. Interaction of hydrophobic urine extracts with P-gp

The interaction of hydrophobic urine extracts from a pregnant
and lactating woman with P-gp was examined by measuring
the intracellular accumulation of Rho123 (30 min incubation) in
LLC-GA5-COL150 cells. Four urine samples out of 12 collected
before childbirth and one sample out of three collected after
childbirth significantly increased Rho123 accumulation (Fig. 2).
In the case of whole day urine samples, the inhibitory potencies
of urine extracts varied remarkably depending on the sampling
times, and urine extracts prepared from the first urine in the
morning showed greater inhibitory potencies on P-gp function
than other urine extracts, and the potency decreased with time
along the day time (Fig. 3).

2.3. Expression of ABC transporters and interaction of
urine extracts with MRPs in Caco-2 cells

Expression of P-gp, MRP2 and MRP3 in Caco-2 cells was eval-
uated by Western blot analysis, and bands of approximately
170kD corresponding to the molecular size of P-gp and approx-
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imately 190 kD corresponding to the molecular sizes of MRP2
and MRP3 were observed in the CM fraction of Caco-2 cells
(Fig. 4A). Calcein, a hydrolysate of calcein-AM, is known
as a specific substrate for MRPs and calcein-AM is known
as a substrate for P-gp (Essodaigui et al. 1998; Evers et al.
2000). The effects of MK-571, an MRP inhibitor, and vera-
pamil, a P-gp inhibitor, on the intracellular accumulation of
calcein after application of calcein-AM were also examined to
elucidate the functional expression of MRPs and P-gp in Caco-
2 cells (Fig. 4B). Both MK-571 and verapamil significantly
increased the intracellular accumulation of calcein by approx-
imately 3-fold and 2.5-fold that of calcein-AM alone, possibly
due to the inhibition of MRPs- and P-gp-mediated efflux of
calcein and calcein-AM, respectively. The mixture of MK-571
and verapamil further increased the accumulation of calcein by
approximately 5-fold that of control.

Based on these findings, the interaction between urine extracts
and MRPs was examined in the presence of verapamil, to avoid
the P-gp-mediated efflux of calcein-AM. However, the calcein
accumulation was not affected by the presence of urine extracts,
in all urine extract samples examined (Figs. 5 and Fig. 6).

3. Discussion

Biological fluids such as plasma and urine contain various
endogenous P-gp and MRP modulators in human and rats
(Ichikawa et al. 1990; Charuk and Reithmeier 1992; Charuk
et al. 1994; Rao et al. 1994; Miilder et al. 1996; Huang et al.
2000, 2001; Murakami et al. 2002a, 2002b; Yumoto et al.
2003; Yokooji et al. 2011). Murakami et al. (2002a) reported
that the plasma samples obtained from glycerol-induced acute
renal failure (ARF) and carbon-tetrachloride-induced acute hep-
atic failure (AHF) rats exhibited potent P-gp inhibitory effects,
in which higher plasma concentrations of corticosterone, an
endogenous P-gp substrate/inhibitor, were observed. Yumoto
et al. (2003) reported that the in-vivo intestinal P-gp function
was significantly lower in AHF rats, though the expression of P-
gp and in-vitro P-gp function were significantly higher in AHF
rats, as compared with those in untreated control rats. The dis-
crepancy between the in-vitro and in-vivo P-gp functions in AHF
rats was considered to be due to the accumulation of endoge-
nous modulators in the body of AHF rats. Recently, we also
demonstrated that hyperbilirubinemia accompanied by obstruc-
tive jaundice can increase harmful toxicities of exogenously
administered Mrps and/or Oatps substrate drugs at various
tissues, by suppressing the efflux transporter’s function system-
ically in rats model (Yokooji et al. 2010, 2011).

The levels of steroidal hormones such as cortisol, progesterone
and estrogens in blood and urine are known to be higher during
pregnancy with wide circadian variation in a day, compared to
those in non-pregnancy (Adlercreutz et al. 1967; Burke et al.
1970; Rado et al. 1970; Tulchinsky et al. 1972; Townsley et al.
1973). The higher steroidal hormone levels in the body dur-
ing pregnancy may suppress the function of transporters and
modulate the pharmacokinetics of substrates for transporters,
since many steroidal compounds and their metabolites are sub-
strates of P-gp and/or MRPs (Ueda et al. 1992; Rao et al. 1994;
Yumoto et al. 2003; Takano et al. 2006; Murakami and Takano
2008). In relation to pregnancy, Hebert et al. (2008) reported that
the hepatic and/or intestinal CYP3A and renal P-gp activities
were increased during pregnancy in human. Zhang et al. (2009)
reported that plasma concentrations of protease inhibitors were
lower in pregnant women than those in non-pregnant women or
men, and in a representative non-human primate model, Macaca
nemestrina. They proposed that factors other than increased
CYP3A or P-gp activity contribute to the increased clearance of
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Fig. 2:

Effect of human urine extracts prepared from female urine, collected at first morning on different days during pregnancy and postpartum, on the accumulation of

rhodamine 123 in LLC-GA5-COL150 cells. The cellular accumulation of Rho123 (20 uM) in the absence (control) or presence of verapamil (VRP, 300 wM) or urine
extracts was measured after 30 min-incubation at 37°C. Human urine extract was added to the uptake medium at the same concentration with that in original urine. Each
value represents the mean + S.E.M. of three trials. ““P <0.01: significantly different from the value for control.

protease inhibitors during M. nemestrina pregnancy. However,
the detailed mechanism underlying the effect of pregnancy on
pharmacokinetics of P-gp substrates is not yet fully understood.
In the present study, we evaluated possible interactions of
hydrophobic urine components of a pregnant and lactating
woman with P-gp and MRPs. The interaction of urine extracts
with P-gp was evaluated by measuring the intracellular accumu-
lation of Rho123 in LLC-GAS5-COL150 cells. The interaction
with MRPs was evaluated by measuring the accumulation of
calcein after application of calcein-AM in Caco-2 cells in the
absence and presence of urine extracts. In this latter study, vera-

pamil was also added, in addition to urine extracts, to prevent the
efflux of calcein-AM, since calcein-AM is a substrate of P-gp
(Essodaigui et al. 1998; Evers et al. 2000) (Fig. 4). Four urine
samples out of 12 collected before childbirth and one sample out
of three collected after childbirth suppressed P-gp function sig-
nificantly (Fig. 1). However such inhibitory potencies of urine
components have also been observed even with non-pregnant
female and male urine samples (Murakami et al. 2002b). A
rational relationship was not observed between the timing of
childbirth and the P-gp inhibitory potencies of urine extracts.
In addition, urine extracts collected 3 month after childbirth
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Fig. 3: Effect of human urine extracts prepared from female urine, collected at different times in each day during pregnancy and postpartum, on the accumulation of rhodamine
123 in LLC-GAS5-COL150 cells. Urine was collected at different times in 11/5 (2009) (A), 12/4 (2009) (B), 1/8 (2010) (C) and 2/4 (2010) (D). Cellular accumulation of
Rho123 (20 wM) in the absence (control) or presence of verapamil (VRP, 300 wM) or urine extracts was measured after 30 min-incubation at 37°C. Human urine extract
was added to the uptake medium at the same concentration with that in original urine. Each value represents the mean + S.E.M. of three trials. *P<0.01, "P <0.05:
significantly different from the value for control.
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Fig. 4: (A) Western blot analysis of P-gp, MRP2 and MRP3 in crude membranes of
Caco-2 cells. Crude membrane fractions (20 g protein) were subjected to
SDS-PAGE. The proteins were blotted on a PVDF membrane and detected
with a primary antibody for MRP2 (M,I1I-6) and MRP3 (D-15). (B) Effect of
MK-571 and verapamil (VRP) on the accumulation of calcein in Caco-2
cells. The accumulation of calcein after application of calcein-AM (2 pM) in
the absence or presence of MK-571 (25 wM) and/or verapamil (300 uM) was
measured after 30 min-incubation at 37°C. Each value represents the
mean & S.E.M. of three trials. “P <0.01: significantly different from the
value for control. TP <0.01: significantly different from the value for
MK-571. #P<0.01: significantly different from the value for verapamil.

showed a significantly greater P-gp-inhibitory potency, though
1 and 2 month urine samples after childbirth showed no P-gp
inhibitory potencies. Itis reported that the plasma estrogen levels
3 months after childbirth are similar to those under non-pregnant
normal conditions (Rado et al. 1970). Thus, it was considered
that normal pregnancy and lactation of healthy pregnant women
does not cause interaction between plasma components in cen-
tral circulation and P-gp expressed in the body, as well as those
in non-pregnant women and men.

We also examined the effects of sampling time of urine on P-gp
inhibitory potencies. Three first urine samples in the morning
out of four showed greater P-gp inhibitory potencies than other
day time samples, and the P-gp inhibitory potencies decreased
with time towards the evening (Fig. 3). The circadian rhyth-
mus of steroidal hormone levels, such as the concentrations of
cortisol and dehydroepiandrosterone (DHEA) in biological flu-
ids, are well and widely recognized. For example, it is reported
that the circadian rhythm of serum cortisol, a potent P-gp
substrate/inhibitor, was characterized by peaks (04:00-06:00)
and troughs (18:00-24:00) in healthy Chinese men, occurring
approximately 2h earlier than those usually reported in Cau-
casians (Zhao et al. 2003). The circadian rhythmus of steroidal
hormones in maternal plasma during pregnancy is also well rec-
ognized. For example, cortisol, estrone, and estriol in maternal
venous plasma showed a clear circadian rhythmus and the mater-
nal cortisol was maximal at 07:30 h and fell significantly to its
lowest concentration at 02:30h. The level of maternal estriol
was lowest between 10:00 and 11:30h and rose significantly
to maximal values between 22:30 and 00:30h, and the level
of maternal estrone was maximal between 10:00 and 11:30h
and showed a significant decrease to reach its lowest concen-
tration at 04:30 to 06:30 h. In contrast, no significant circadian
change was observed in maternal estradiol levels (Patrick et al.
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1979; Patrick et al. 1980). The effect of gestational age is also
reported, in which the circadian changes in the levels of estrone
were apparent at 34 to 35 and 38 to 39 weeks of pregnancy,
and peak values were measured around 08:30 to 09:30h and
troughs occurred between 01:30 and 05:30 h. In addition, night-
time concentrations of estradiol were lower than the peak values
at 07:30 to 08:30 h (Challis et al. 1980; Challis et al. 1983). The
greater P-gp inhibitory potencies of first urine extracts in the
morning would not be explained by only one steroidal hormone
level, but the circadian pattern of P-gp inhibitory potencies of
urine extracts observed in the present study appeared to be corre-
sponding to the circadian rhythmus of some steroidal hormones
such as cortisol in central circulation.

The interaction between urine extracts and MRPs was not
detected in the present study (Figs. 4-6). It is generally accepted
that the substrates for MRPs are hydrophilic, uncharged or
negatively charged compounds. It is considered that many
MRP substrates, such as conjugated compounds of steroidal
hormones, will also be excreted into urine during pregnancy.
However, in this study, the interaction with MRPs was evaluated
by using methanolic urine extracts. Thus, it is unclear whether
endogenous substrates for MRPs in urine were extracted or not
by the present extraction method, because MRP substrates are
mostly hydrophilic compounds. In addition, it is speculated that
hydrophilic MRP substrates are low membrane permeability,
and therefore the interaction with MRPs could be low, if any.
Further study is necessary to evaluate the plausible interaction of
urine components of pregnant and lactating woman with MRPs.
In conclusion, in the present study, we examined the possible
interaction of hydrophobic urine components obtained from a
pregnant and lactating woman with P-gp and MRPs, since the
urine of pregnant woman can contain various endogenous P-
gp substrates/inhibitor(s) at higher concentrations, as compared
with those in non-pregnant women. Some urine samples showed
significant inhibitory potencies on P-gp function, but not on
MRPs function. However, P-gp inhibitory potencies of urine
extracts have been also observed in non-pregnant female and
male urine (Murakami et al. 2002b), and no rational relation-
ship was observed between the timing of childbirth and P-gp
inhibitory potencies of urine extracts. In contrast, a fairly clear
circadian rhythm was observed in the P-gp inhibitory poten-
cies of urine extracts, in which P-gp inhibitor(s) was greater in
the first urine in the morning. Assuming that the urine compo-
nents are concentrated by approximately 100 folds as compared
with that in plasma, the interaction between steroidal hormones
in systemic circulation of healthy pregnant woman and P-gp
expressed in the body would be negligible or very small extent,
if any.

4. Experimental
4.1. Materials

Rho123 was obtained from Acros Organics (Geel, Belgium). Verapamil
hydrochloride, a typical P-gp inhibitor, calcein, a typical MRP substrate,
and calcein-AM (acetoxymethyl ester of calcein) were purchased from
Wako Pure Chemicals (Osaka, Japan). MK-571, a specific MRP inhibitor,
was obtained from Cayman Chemical Company (Ann Arbor, MI, USA).
C18 solid phase extraction cartridges, Bond Elut®, were from Varian (Palo
Alto, CA, USA). All other chemicals used were of the highest purity
available.

4.2. Extraction of methanolic hydrophobic components in urine

Urine was collected at intervals from a 23-year-old healthy woman before
and after childbirth during September 29, 2009 and June 2, 2010. First urine
in the morning was collected 15 days in total. Also, in four days out of 15,
daytime urine was also collected serially, and the sampling times of urine
were recorded. During these days throughout the urine collection, she took
neither the liquor nor the cigarette nor the medicine. Agreement of using
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Fig. 5: Effect of human urine extracts prepared from female urine, collected at first morning on different days during pregnancy and postpartum, on the accumulation of calcein in
Caco-2 cells. Cellular accumulation of calcein after application of calcein-AM (2 uM) in the absence (control) or presence of verapamil (VRP, 300 wM) or urine extracts
was measured after 30 min-incubation at 37°C. Human urine extract was added to the uptake medium at the same concentration with that in original urine. Each value
represents the mean £ S.E.M. of three trials. Significant effect of urine extracts was not observed.

her urine for interaction study with ABC transporters was obtained with
a written informed consent. The urine sample collected at intervals was
injected at a volume of 4 ml into Bond Elut C18, a reversed phase cartridge,
and then 10 ml of distilled water was injected to remove hydrophilic com-
pounds. The retained compounds in the cartridge were eluted with 2 ml of
methanol, and the solvent was evaporated to dryness under reduced pressure.
The residue, methanolic hydrophobic urine extracts, was stored at —30 °C
until use. In inhibition studies using urine extracts, the residue obtained from
4 ml urine was dissolved in 4 ml of pH 7.4 phosphate-buffered saline (PBS:
137mM NaCl, 3mM KCl, 8 mM Na,HPO,, 1.5mM KH,HPO,4, 1 mM
CaCl, and 0.5 mM MgCl,, 5 mM D-glucose) containing 1% dimethylsul-
foxide (DMSO) to reconstruct the same concentrations of urine components
as that in original urine.

4.3. Cell culture

LLC-GAS5-COL150 cells (Riken Cell Bank, Ibaraki, Japan) between pas-
sages 6 and 10, and Caco-2 cells between passages 70 and 77 were cultured
in the same manner as described previously (Tanigawara et al. 1992; Ueda
et al. 1992; Takano et al. 1998; Yumoto et al. 1999). Briefly, LLC-GAS-
COL150 cells and Caco-2 cells were seeded at a density of 10 x 10° cells
on a 100 mm-dish and cultured with culture medium for 7 days to analysis
transporter expression. For inhibition studies using urine extracts, cells were
seeded at a density of 5 x 10* cells/well on the 24-well plates and cultured
for 14 days. Fresh medium was replaced every 2 days. In case of LLC-GAS-
COLI150 cells, colchicine was removed from the culture medium one day
before the accumulation study, in the similar manner as reported previously
(Murakami et al. 2002b).
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Fig. 6: Effect of human urine extracts prepared from female urine, collected at different times in each day during pregnancy and postpartum, on the accumulation of calcein in
Caco-2 cells. Urine was collected at different times on 11/5 (2009) (A), 12/4 (2009) (B), 1/8 (2010) (C) and 2/4 (2010) (D). Cellular accumulation of calcein after
application of calcein-AM (2 wM) in the absence (control) or presence of verapamil (VRP, 300 wM) or urine extracts was measured after 30 min-incubation at 37°C.
Human urine extract was added to the uptake medium at the same concentration with that in original urine. Each value represents the mean &= S.E.M. of three trials.
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4.4. Western blot analysis

The expressions of P-gp in LLC-GA5-COL150 cells and P-gp, MRP2 and
MRP3 in Caco-2 cells were evaluated by Western blot analysis after sodium
dodecyl sulfate (SDS)-polyacrylamide gel electrophoresis (PAGE) using
crude cell membrane (CM) in the same manner as reported previously, with
a slight modification (Yokooji et al. 2007; Patanasethanont et al. 2007a,
2007b). Briefly, the culture medium was removed and each dish was washed
with ice-cold D-PBS (pH 7.4). Tris-HCl buffer (pH 7.5: 150 mM NaCl, 5 mM
ethylenediaminetetraacetic acid (EDTA), 1 mM phenylmethylsulfonyl flu-
oride (PMSF), 10 mM Tris) was added, and the cells were collected with
rubber policeman. The cell suspension was homogenized for 2 min with a
Polytron tissue homogenizer (IKA, Labortechnik, Staufen, Germany) and
was subsequently homogenized by means of a glass-Teflon Potter homoge-
nizer (1,000 rpm, 10 strokes). The homogenate was centrifuged at 3,000 x g
for 10 min and then the supernatant was centrifuged at 105,000 x g for
65 min. The pellet was resuspended in the ice-cold buffer containing 1%
Triton X-100, 150 mM NaCl, 5 mM EDTA, 1 mM PMSF, 10 mM Tris, 0.1%
SDS and 1% deoxycholic acid and centrifuged at 14,000 x g for 15 min.
The supernatant containing the CM fractions was then adjusted at 5 mg/ml
of protein. All procedures were performed on ice or at 4 °C, and the sus-
pended samples were used immediately after preparation or stored in liquid
nitrogen until use. Protein concentration in CM preparations was mea-
sured by the Lowry method using bovine serum albumin as the standard
(Lowry et al. 1951). The CM samples were applied to a gel at an amount
of 20 pg proteins, and SDS-PAGE was performed. For the detection of P-
gp and MRP2, C219 (1:10) and M,III-6 (1:50 dilution) were used as the
primary monoclonal antibodies, respectively. As the secondary antibody,
peroxidase-labeled affinity-purified antibody to mouse IgG (1:1000 dilu-
tion) was used. For the detection of MRP3 protein, D-15 (1:50 dilution) and
peroxidase-labeled affinity-purified antibody to goat IgG (1:1000 dilution)
were used. The optical densities of immuno-reactive proteins were detected
by Light-Capture AE-6971/2 (ATTO, Tokyo, Japan).

4.5. Accumulation study

The intracellular accumulations of Rho123 in LLC-GA5-COL150 cells for
the analysis of P-gp function and calcein in Caco-2 cells for the analysis of
MRPs function were measured in the 24-well plates, as reported previously
with a slight modification (Murakami et al. 2002b; Patanasethanont et al.
2007a, 2007b). Briefly, Rho123 and calcein-AM were dissolved in pH 7.4
PBS at a concentration of 20 and 2 wM, respectively. After removal of the
culture medium, each well was washed twice with 1 ml of PBS, and the
cells were preincubated with 300 wl of PBS in the absence or presence of
urine extracts or transporter inhibitors at 37 °C for 15 min. Then, Rho123 or
calcein-AM with or without urine components or transporter inhibitors was
added to each well and the cells were incubated at 37 °C. After the incuba-
tion for appropriate period of time, the medium was removed by aspiration
and the cells were washed out rapidly twice with 1 ml of ice-cold PBS.
The cells were scraped with a rubber policeman and collected in 200 pl
of 0.1% (v/v) Triton X-100 in 1 mM HEPES/Tris. The cells were lysed
by vortex-mixing and the homogenate was allowed to stand for 1h. After
centrifugation at 9,570 g for 5 min, the supernatant was used to measure
fluorescence intensity and protein contents. In the inhibition studies, vera-
pamil (300 wM, a P-gp inhibitor), MK-571 (25 uM, a MRPs inhibitor), or
urine extracts was added to the uptake medium. In the accumulation study,
the concentration of hydrophobic urine components in the uptake medium
was adjusted to the same concentration as that in original urine. The con-
centrations of Rho123 and calcein in cells were determined by microplate
fluorometer (Perkin Elmer, Waltham, MA, USA) at wavelengths of 485 nm
for excitation and 535 nm for emission. The concentration of protein in
each sample was measured by Bradford method using bovine y-globulin as
the standard (Bradford 1976). The accumulation of each fluorescent probe
into cells was normalized by dividing the fluorescence intensity by protein
contents in each well.

4.6. Statistical analysis

All data are shown as the mean =+ standard error of the mean (S.E.M.).
Differences among group mean values were assessed by Kruskal-Wallis
test followed by post-hoc test (Tukey test). A difference of P<0.05 was
considered statistically significant.
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