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bstract

MDCKII–MDR1 cell line has been extensively selected as a model to study P-gp-mediated drug efflux. Recently, investigators have employed
his cell line for studying influx of peptide prodrug derivatives of parent compounds, which are P-gp substrates. Therefore, the objective of this study
s to functionally characterize the peptide mediated uptake and transport of [3H] Glycylsarcosine ([3H] Gly-Sar), a model peptide substrate across

DCKII–MDR1 cells. [3H] Gly-Sar uptake from apical (AP) and basolateral (BL) membranes was found to be time-dependent and saturable.
ichaelis–Menten (Km) constants of [3H] Gly-Sar uptake across the AP and BL directions in MDCKII–MDR1 cell line were found to be 457 ± 37

nd 464 ± 85 �M, respectively. Vmax values in AP and BL directions for the peptide transporters in MDCKII–MDR1 cell line were calculated
o be 0.035 ± 0.001 and 0.35 ± 0.034 pmol/min mg protein, respectively. Uptake of [3H] Gly-Sar was significantly inhibited in the presence of
minocephalosporins and ACE-Inhibitors, known substrates for peptide transporters in both the AP and BL directions. Permeability of [3H]
ly-Sar in the BL direction was maximal at pH 4 as compared to pH 5, 6 and 7.4 whereas such permeability in the AP direction was optimal

t pH 7.4. Transepithelial transport of [3H] Gly-Sar in the AP–BL direction was significantly lower than from BL–AP direction at all observed
Hs. No statistical difference was observed in the transepithelial permeability of [3H] Gly-Sar across both AP and BL directions over 4–10 days
f growth period. The present study indicates that peptide transporters are effectively involved in the bidirectional transport of Gly-Sar across
DCKII–MDR1 cell line; the BL peptide transporter can transport Gly-Sar at a greater rate as compared to the AP peptide transporter. Results
rom these studies suggest the application of MDCKII–MDR1 cell line as a rapid effective tool to study peptide mediated influx of compounds
hat may be substrates for both P-gp and peptide transporters.

2006 Elsevier B.V. All rights reserved.
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. Introduction

Madin–Darby canine kidney (MDCK) cells are a dog renal
pithelia derived cell line. When grown onto Transwell® inserts,
DCK cells differentiate into columnar epithelium and form

ight junctions in a shorter time period than Caco-2 cells (3
ays versus 21 days). MDCK cells and Caco-2 cells have been
eported to share many common epithelial cell characteristics

Putnam et al., 2002). A good correlation between the per-
eation of passively absorbed drugs across Caco-2 cells and
DCK cells suggests that MDCK model may be useful in place
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E-mail address: mitraa@umkc.edu (A.K. Mitra).

v
p
w
a
s
i
t

378-5173/$ – see front matter © 2006 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2006.09.056
f Caco-2 cells as a monolayer model for intestinal mucosa
Irvine et al., 1999). In the late 1990s, a MDCKII–MDR1 cell
ine was generated by transfecting human mdr1 gene into MDCK
ells.

MDCKII–MDR1 cell line is derived from the kidney, and
herefore its physiological function is excretory rather than
bsorptive. The properties of the renal AP and BL peptide
ransporters differ from those in the intestine as has been pre-
iously reported (Terada et al., 2000). The BL peptide trans-
orter in Caco-2 cells mediates the efflux of small peptides
hereas the BL peptide transporter in MDCK cells medi-
tes cellular uptake of small peptides from the extracellular
pace. The AP peptide transporters in MDCK are involved
n reabsorption of small peptides from renal tubules and
he AP peptide transporters in Caco-2 cells are involved in

mailto:mitraa@umkc.edu
dx.doi.org/10.1016/j.ijpharm.2006.09.056
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bsorption of peptides from the intestinal fluid (Terada et al.,
000).

MDCKII–MDR1 cell line has been extensively employed
o conduct P-glycoprotein (P-gp/MDR1) mediated drug efflux
tudies (Guo et al., 2002; Williams et al., 2003; Keogh and
unta, 2006; Rodriguez-Proteau et al., 2006). P-gp, a MDR
ene product, is an ATP-dependent drug efflux pump initially
escribed in cancer chemotherapy. This 170 kDa transmem-
rane protein is an ATP-dependent transporter of a wide range
f compounds, including anticancer drugs, protease inhibitors,
eptides, steroids, calcium channel blockers and antihistamines
Endicott and Ling, 1989; Gottesman and Pastan, 1993; Pal
nd Mitra, 2006). P-gp-mediated efflux reduces the intracellu-
ar accumulation of these compounds, thereby diminishing drug
fficacy. P-gp is a multidrug resistance protein which actively
ffluxes drug molecules out of the cell. P-gp is present in the
pical membrane of many critical epithelia and endothelia. It
s ubiquitously expressed in various tissues such as intestinal

ucosa, brain capillary endothelial cells, biliary canaliculus and
idney tubules. Broad substrate specificity of P-gp is a major
actor responsible for sub-therapeutic levels of various drugs in
lood and tissues (Varma et al., 2003). Recent reports suggest
hat the presence of this efflux pump on the brush border mem-
rane of intestinal epithelium not only diminishes permeability
f various therapeutic agents but also enhances the metabolism
f these molecules by effluxing the drug into the intestinal lumen
r blood capillaries thereby increasing the drug exposure to cel-
ular as well as luminal enzymes (Lown et al., 1997; Watkins,
997; Ito et al., 1999). Several strategies have been employed
o bypass or inhibit this efflux transporter and increase the oral
ioavailability of such therapeutic agents. One such promising
trategy is transporter targeted prodrug derivatization. Prodrugs
ave been designed such that the modified compounds become
ubstrates of nutrient transporters like peptide transporters lead-
ng to enhanced absorption of these compounds across various
hysiological barriers (Rousselle et al., 2000; Rouquayrol et al.,
002; Rice et al., 2003).

We have recently reported from our laboratory that pep-
ide prodrug modification of compounds that are P-gp sub-
trates resulted in partial evasion of P-gp mediated efflux (Jain
t al., 2004, 2005). Following this discovery, we have used
DCKII–MDR1 cell line for studying peptide-mediated drug

nflux of peptide prodrug derivatives of compounds which were
riginally P-gp substrates. MDCKII–MDR1 cell line was used
o simultaneously delineate the interaction of these prodrugs
ith P-gp and peptide transporters. Using two different cell lines

or this purpose would have posed a difficulty in normalizing
nd comparing results. Also, Caco-2 cells have been reported to
xpress both P-gp and peptide transporters (Tang et al., 2002).
owever, the disadvantage of using Caco-2 cell monolayers is

hat these cells take 21–28 days to reach confluency and for
omplete functional expression of various proteins like P-gp and
eptide transporters. Moreover, MDCKII–MDR1 cell line has

een established to be as good a model of the intestinal mucosa
s the Caco-2 cell line (Tang et al., 2002).

Therefore, the purpose of this study is to functionally charac-
erize the AP and BL peptide transporters in MDCKII–MDR1
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ell line using [3H] Gly-Sar to investigate the suitability of this
ell line for transport studies involving peptide substrates. Both
he AP and BL peptide transporter mediated influx of [3H] Gly-
ar was studied. [3H] Gly-Sar permeability across the AP and BL
eptide transporters in MDCKII–MDR1 cell line was compared
ith its permeability across MDCK-Wild type (MDCKII–WT)

nd Caco-2 cell lines.

. Experimental section

.1. Materials

[3H] Glycylsarcosine (Gly-Sar) (4.0/1.0 Ci/mmol) was
btained from Moravek Biochemicals (Brea, CA, USA).
DCKII cells, retrovirally transfected with the human MDR1

DNA (MDCKII–MDR1) and MDCKII–WT cells were a gift
rom Dr. Piet Borst (Netherlands Cancer Institute, Amster-
am). Caco-2 cell line was purchased from American Type
ulture Collection (ATCC, USA). The growth medium Dul-
ecco’s modified Eagle Medium (DMEM), Calf serum, Fetal
ovine serum and non essential amino acids were obtained

rom Gibco (Invitrogen, Grand Island, NY, USA). Penicillin,
treptomycin, sodium bicarbonate, unlabeled (cold) Gly-Sar
nd HEPES were purchased from Sigma Chemical (St. Louis,
O, USA). Culture flasks (75 cm2 growth area), polyester

ranswell® inserts (pore size 0.22 �M and 12 mm diameter)
nd 12-well plates were obtained from Costar (Cambridge, MA,
SA). Dulbecco’s modified phosphate buffer saline (DPBS) was
repared with 129 mM NaCl, 2.5 mM KCl, 7.4 mM Na2-HPO4,
.3 mM KH2PO4, 1 mM CaCl2, 0.7 mM MgSO4, 5.3 mM glu-
ose at pH 7.4. DPBS also contained 25 mM HEPES. These
hemicals were of analytical grade and obtained from Sigma.

.2. Methods

.2.1. Cell culture
MDCKII–MDR1, MDCKII–WT and Caco-2 cells were cul-

ured at 37 ◦C in a humidified atmosphere with 5% CO2. Cell
onfluence was assessed by light microscopy. Cells were pas-
aged at 80–90% confluence using 0.25% trypsin EDTA and
ere seeded at a density of 100,000 cells/cm2 on 12-well tissue

ulture plates or on Transwell® inserts. Cells were maintained in
MEM, supplemented with 10% calf serum, 100 IU/mL peni-

illin, 100 �g/mL streptomycin, 1% non essential amino acids,
.7 g of sodium bicarbonate and 25 mM HEPES, pH 7.4. MDCK
ells were allowed to grow for 6–8 days. Caco-2 cells were
rown for 21 days.

.2.2. Uptake studies
Uptake studies were conducted with confluent cell mono-

ayers, 6–8 days post seeding. Medium was aspirated and cells
ere washed thrice with DPBS pH 7.4. For AP–BL and BL–AP
ptakes, 12 well plates and 12 well Transwell® inserts were

sed, respectively. Uptake was initiated by adding 1 mL of drug
olution containing 0.5 �Ci/ml [3H] Gly-Sar on the AP side for
P uptakes and 1.5 ml on the BL side for BL uptakes (in the pres-

nce or absence of competing substrates). Incubation was carried
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and BL peptide transporters in MDCKII–MDR1 cells

Fig. 4 shows the time in culture dependence of [3H] Gly-
Sar transport across the AP and BL peptide transporters in
S. Agarwal et al. / International Jour

ut over a period of 15–30 min. After the incubation period,
he cell monolayers were rinsed three times with ice-cold solu-
ion (200 mM KCl and 2 mM HEPES) to terminate drug uptake.
ells were lysed overnight (using 1 mL 0.1% (w/v) Triton X-
00 in 0.3N sodium hydroxide) at room temperature. Aliquots
500 �L from the AP side or 250 �L from the BL side) were
ithdrawn from each well and transferred to scintillation vials

ontaining 5 mL scintillation cocktail. Samples were then ana-
yzed by liquid scintillation spectrophotometry with a Beckman
cintillation counter (Model LS-6500, Beckman Instruments,
nc.). Rate of uptake was normalized to the protein content of
ach well. Amount of protein in the cell lysate was quantified
y the method of Bradford utilizing BioRad protein estimation
it (BioRad, Hercules, CA).

.2.3. Transport studies
Transport studies were conducted with MDCKII–MDR1,

DCKII–WT or Caco-2 cell monolayers grown on 12 well tran-
well inserts (diameter 12 mm). Medium was aspirated and cell
onolayers were washed three times (10 min/wash) with DPBS

H 7.4. Volumes of the AP and BL chambers were 0.5 and
.5 mL, respectively. Transport experiments were conducted for
period of 3 h. Aliquots (100 �L) were withdrawn at predeter-
ined time intervals i.e. 15, 30, 45, 60, 90, 120, 150 and 180 min

rom the receiver chamber and replaced with fresh DPBS pH 7.4
o maintain sink conditions. Dilutions were taken into account
or the flux calculations. For pH dependent transport studies, the
H in the donor chamber was varied while the pH of the receiv-
ng chamber remained at 7.4. All transport experiments were
erformed at 37 ◦C. The radioactive samples were analyzed as
entioned above for the uptake experiments.

.2.4. Data analysis
Linear regression of the amounts transported as a function

f time yielded the rate of transport across the cell monolayer
dM/dt). Rate divided by the cross-sectional area available for
ransport (A) generated the steady state flux as shown in Eq. (1),

ux = (dM/dt)

A
(1)

ermeability was calculated by normalizing the steady state flux
o the donor concentration (Cd) of the drug according to Eq. (2),

ermeability = flux

Cd
(2)

ptake data was fitted to Michaelis–Menten Eq. (3),

= Vmax [C]

Km + [C]
(3)

here V is the total rate of uptake, Vmax is the maximum uptake
ate for the carrier-mediated process, K (Michaelis–Menten
m
onstant) is the concentration at half-saturation, and C is
he substrate concentration. Data were fitted to above equa-
ion with a nonlinear least square regression analysis program
Kaleida Graph Version 3.09, Synergy Software, Reading, PA,
SA).

F
M
a
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.2.5. Statistical analysis
All experiments were conducted at least in quadruplicate

n = 4) and results are expressed as mean ± S.D. Statistical com-
arison of mean values were performed using one-way analysis
f variance (ANOVA) or Student t-test (Graph Pad INSTAT, Ver-
ion 3.1). *P < 0.05 was considered to be statistically significant.

. Results

.1. Time course of Gly-Sar uptake in MDCKII–MDR1
ells

Time-dependent uptake of [3H] Gly-Sar was carried out from
P and BL direction in MDCKII–MDR1 cells. Fig. 1 depicts

he time course of [3H] Gly-Sar uptake from AP and BL direc-
ions, respectively. Ten minutes uptake time was considered as
ontrol. [3H] Gly-Sar uptake accelerated in a time-dependent
anner and was linear (r2 = 0.99) up to 60 min in both AP and
L directions. Duration of uptake for all the further experiments
as kept constant at 15–30 min.

.2. Concentration dependence of Gly-Sar uptake in
DCKII–WT and MDCKII–MDR1 cells

Concentration dependent uptake of [3H] Gly-Sar was car-
ied out to investigate the uptake kinetics of [3H] Gly-
ar from AP and BL directions in MDCKII–WT and
DCKII–MDR1 cells. AP and BL uptakes of [3H] Gly-

ar were saturable with apparent Michaelis–Menten constant
Km) values of 457 ± 37 and 464 ± 85 �M, respectively in

DCKII–MDR1 cells (Figs. 2 and 3). In MDCKII–WT cells,
uch AP and BL Km values were 542 ± 37 and 106 ± 15 �M,
espectively. Vmax values for the AP and BL peptide trans-
orters for MDCKII–MDR1 cell line were calculated as
.035 ± 0.001 and 0.35 ± 0.034 pmol/mg protein min, respec-
ively and 0.06 ± 0.001 and 0.01 ± 0.022 pmol/mg protein min,
espectively for MDCKII–WT cell line.

.3. Time in culture dependent Gly-Sar transport by the AP
ig. 1. Time-dependent AP–BL and BL–AP uptake of [3H] Gly-Sar across
DCKII–MDR1 cells. Each data point represents the mean ± S.D. of 3–4 sep-

rate uptake determinations.
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Fig. 2. Concentration dependent AP uptake of [3H] Gly-Sar across
MDCKII–MDR1 cells. Solid line represents the calculated fit of the data to
Michaelis–Menten Eq. as described under Section 2. Each data point represents
the mean ± S.D. of 3–4 separate uptake determinations.

Fig. 3. Concentration dependent BL uptake of [3H] Gly-Sar across
MDCKII–MDR1 cells. Solid line represents the calculated fit of the data to
Michaelis–Menten Eq. as described under Section 2. Each data point represents
the mean ± S.D. of 4–5 separate uptake determinations.

Fig. 4. Day dependent AP–BL and BL–AP permeability of [3H] Gly-Sar across
MDCKII–MDR1 cells.

Fig. 5. AP and BL uptake of [3H] Gly-Sar in the presence of 20 mM inhibitors,
cold Gly-Sar, cefazoline, cephradine, cefadroxil, captopril and enalapril across
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DCKII–MDR1 and MDCKII–WT cells. Each data point represents the
ean ± S.D. of 3–4 separate uptake determinations. Asterisk (*) represents sig-

ificant difference from control (p < 0.05).

DCKII–MDR1 cells. There was no statistical difference in
he transepithelial permeability of [3H] Gly-Sar across both the
P and BL membranes, throughout 4–10 days of culture period.

3H] Gly-Sar transport was inhibited in the presence of unlabeled
ly-Sar in all the studies (data not shown). All subsequent exper-

ments were carried out on the 8th day after seeding to normalize
nd compare results.

.4. Effect of inhibitors on Gly-Sar uptake in
DCKII–MDR1 and MDCKII–WT cells

To determine the substrate specificity, competitive inhi-
ition studies were carried out in the presence of various
ephalosporins and ACE-inhibitors. [3H] Gly-Sar uptake by
oth AP and BL transporters was markedly inhibited by 20 mM
f cephalosporins like cefazoline, cephradine, and cefadroxil
nd ACE-inhibitors like captopril across both the cell lines
Fig. 5).

.5. Energy dependence of [3H] Gly-Sar uptake in
DCKII–MDR1 cells

Ouabain, an Na+/K+-ATPase inhibitor, was added at a
oncentration of 1 mM to delineate energy requirement for
3H] Gly-Sar uptake. Ouabain did not significantly inhibit
he uptake of [3H] Gly-Sar from both AP and BL directions
Fig. 6).

.6. pH dependent transcellular transport of [3H] Gly-Sar
n MDCKII–MDR1 cells relative to MDCKII–WT cells

Permeability of [3H] Gly-Sar across both MDCKII–MDR1
nd MDCKII–WT cell lines was compared at all the pHs
Table 1). At all pHs examined [3H] Gly-Sar transport was inhib-
ted in the presence of unlabeled Gly-Sar in both the cell lines
data not shown). BL–AP peptide mediated transport of [3H]
ly-Sar was maximal at pH 4.0 whereas AP–BL peptide medi-
ted transport was maximal at pH 7.4. Also, BL–AP transport
f [3H] Gly-Sar was higher than the AP–BL transport of [3H]
ly-Sar at all pHs observed. There is no statistical difference

n the BL–AP permeability values of [3H] Gly-Sar in both the
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Table 1
pH dependent AP–BL and BL–AP transport of [3H] Gly-Sar across MDCKII–MDR1 and MDCKII–WT cells

MDCKII–MDR1 MDCKII–MDR1 MDCKII–WT MDCKII–WT
AP–BL permeability of [3H]
Gly-Sar (×107 cm/s)

BL–AP permeability of [3H]
Gly-Sar (×107 cm/s)

AP–BL permeability of [3H]
Gly-Sar (×107 cm/s)

BL–AP permeability of [3H]
Gly-Sar (×107 cm/s)

pH 4.0 3.40 ± 0.15 33.2 ± 0.68 10.04 ± 1.2 28.40 ± 3.0
pH 5.0 5.62 ± 0.12 17.2 ± 1.86 19.76 ± 2.0 15.18 ± 1.16
pH 6.0 7.42 ± 0.10 14.0 ± 0.76
pH 7.4 16.5 ± 0.23 23.7 ± 0.71
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ig. 6. AP and BL uptake of [3H] Gly-Sar in the presence and absence of
uabain (1 mM) across MDCKII–MDR1 cells.

ell lines at all observed pHs. However, the AP–BL permeabil-
ty values of [3H] Gly-Sar in the MDCKII–WT cell line are
reater than the AP–BL permeability values of [3H] Gly-Sar in
he MDCKII–MDR1 cell line at all pHs.

.7. Transcellular transport of [3H] Gly-Sar in
DCKII–MDR1 cells as compared to Caco-2 cells

Fig. 7 represents the comparative permeabilities of [3H] Gly-
ar by AP and BL peptide transporters in Caco-2 at pH 6 and
DCKII–MDR1 cells at all pHs. AP–BL permeability of [3H]
ly-Sar across Caco-2 cells at pH 6 was significantly higher than

ts AP–BL permeability across MDCKII–MDR1 cells at all pHs.
3
owever, BL–AP permeability value of [ H] Gly-Sar across

DCKII–MDR1 at pH 4 (33.2 ± 0.68 × 10−7) was comparable
o the AP–BL permeability value of [3H] Gly-Sar across Caco-2
ells at pH 6 (30.82 ± 0.52 × 10−7).

ig. 7. Comparing permeability of [3H] Gly-Sar across Caco-2 at pH 6 and
DCKII–MDR1 cells at all pH 4, 5, 6 and 7.4.
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20.54 ± 1.25 12.31 ± 1.19
27.19 ± 2.2 23.59 ± 1.45

. Discussion

MDCKII–MDR1 cell line was generated by transfecting the
uman MDR1 gene into MDCK cells. This cell line has been
sed extensively to study P-gp mediated efflux of various drugs
s mentioned earlier. Recently in our laboratory we employed
his cell line for studying peptide transporter mediated transloca-
ion of several modified compounds, which were originally P-gp
ubstrates. These modified compounds were peptide-prodrugs
f therapeutic agents, which bypassed P-gp mediated efflux and
herefore were absorbed intracellularly. A primary objective of
his project was to be able to employ the MDCKII–MDR1 cell
ine in determining simultaneously the affinity of such peptide-
rodrugs for both the P-gp and peptide transporters.

Uptake studies in both the AP and BL directions showed a
oncentration dependent increase in cellular accumulation of
3H] Gly-Sar in MDCKII–MDR1 cells which was saturated
t higher concentrations. Apparent Km values for the AP and
L transporters were found to be 457 ± 37 and 464 ± 85 �M,

espectively. Though no statistical differences were observed
n the Km values for the AP and BL peptide transporters
n MDCKII–MDR1 cell line, the corresponding Vmax values,
.035 ± 0.001 and 0.35 ± 0.034 pmol/mg protein min, respec-
ively, statistically differed. Thus the capacity of the BL peptide
ransporter is about 10 times greater than the AP peptide trans-
orter in the MDCKII–MDR1 cell line. The Km and Vmax values
or AP and BL peptide transporters for MDCKII–MDR1 cells
ere significantly different from MDCKII–WT cells indicat-

ng that there is a difference in the capacity and the rate of
ranslocation amongst the peptide transporters in the parent and
ransfected cell line. AP peptide transporters in MDCKII–WT
an transport Gly-Sar at a greater rate compared to that in
DCKII–MDR1 cells. However, in MDCKII–MDR1 cells, BL

eptide transporters can transport Gly-Sar at a greater rate than
P peptide transporters.
Since Caco-2 cells require 21–28 days of growth in cul-

ure for maximal expression of transporters and receptors, we
ere interested in learning whether there is any functional

hange in the peptide transporter activity in MDCKII–MDR1
ell line on different days of culture. Transport activities
f the AP and BL peptide transporters at pH 7.4 were
ot growth dependent within 4–10 days of culture period.

owever throughout the culture period, BL–AP transport of

3H] Gly-Sar across MDCKII–MDR1 cell line was constitu-
ively greater than the AP–BL transport. In the MDCKII–WT
ells, AP peptide transporter activity was not dependent
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n culture duration and the BL peptide transporter activ-
ty was highest on the 4th and 6th day of culture growth
Terada et al., 2000). Thus, there is significant difference
etween MDCKII–MDR1 and MDCKII–WT cell lines with
espect to culture duration based functional peptide transporter
ctivity.

Also, the uptake of [3H] Gly-Sar was inhibited by
ephalosporin antibiotics and ACE-inhibitors in both AP and BL
irections in MDCKII–MDR1 cells. Percent inhibition observed
or these substrates compared to the control ranged from 40% to
0% for both the AP and BL peptide transporters. This substrate
pecificity was found to be similar to that of the MDCKII–WT
ells. Uptake studies were also carried out in the presence of
uabain, a Na+/K+-ATPase inhibitor. No significant inhibition
as observed in the uptake of [3H] Gly-Sar in both AP and BL
irections. Thus peptide transporter mediated uptake of [3H]
ly-Sar in MDCKII–MDR1 cells does not appear to be energy
ependent.

Both AP–BL and BL–AP transport of [3H] Gly-Sar were
ound to be pH dependent in the MDCKII–MDR1 cell line.
L–AP transport of [3H] Gly-Sar was maximal at pH 4 as
ompared to pH 5, 6 and 7.4 whereas AP–BL transport was
ighest at pH 7.4. BL–AP transport of [3H] Gly-Sar across
DCKII–MDR1 cell line was significantly higher than the
P–BL transport at all observed pHs.
Transcellular permeability of [3H] Gly-Sar across

DCKII–MDR1 cells was also compared with MDCKII–WT
ells. AP–BL permeability of [3H] Gly-Sar at all pHs
bserved in MDCKII–WT was significantly greater than
hat of MDCKII–MDR1 cells. In MDCKII–WT cells, AP
eptide transporters relatively transport more peptides than
he BL peptide transporters. This pattern has been shifted
n MDCKII–MDR1 cells where BL peptide transporters are

ore efficient in transporting peptides than the AP peptide
ransporters. We hypothesize that this change in properties
f AP peptide transporters in the MDCKII–MDR1 cell
ine could be due to transfection of the MDCKII–WT cell
ine with the mdr1 gene. Transfection may have an effect
n the expression/functional activity of endogenous trans-
orters like peptide transporters in cells. Further studies
ncluding studying functional activity and expression of such
ndogenous transporters are required to substantiate our
ssumption.

In essence results presented in this report suggest that
lthough peptide transporters in MDCKII–MDR1 cell line have
ltered Km and Vmax values as compared to the MDCKII–WT
ell line, it still has active peptide transporters on both the AP
nd the BL side, which could be utilized for testing the affin-
ty of substrates for peptide transporters as a rapid screening
ool. It can serve as a model for testing peptide mediated drug
nflux along with its well-proven utility for screening for P-gp
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