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Abstract

Caco-2 cells are frequently used for screening compounds for their permeability characteristics and P-glycoprotein (P-gp) interaction potentia
Bi-directional permeability studies performed on Caco-2 cells followed by analysis by HPLC-UV or LC-MS method constitutes the “method of
choice” for the functional assessment of efflux characteristics of a test compound. A high throughput LC-MS/MS method has been develope
using on-line extraction turbulent flow chromatography coupled to tandem mass spectrometric detection to analyze multiple compounds present |
Hanks balanced salt solution in a single analytical run. All standard curves (P-gp substrates: quinidine, etoposide, rhodamine 123, dexamethasol
and verapamil and non-substrates: metoprolol, sulfasalazine, propranolol, nadolol, and furosemide) were prepared in a cassette mode (ten-in-ol
while Caco-2 cell incubations were performed both in discreet mode and in cassette mode. The standard curve range for most compounds w
10-2500 nM with regression coefficient®?] greater than 0.99 for all compounds. The applicability and reliability of the analysis method was
evaluated by successful demonstration of efflux ratio greater than 1 for the P-gp substrates studied in the Caco-2 cell model. The use of cassette mc
analysis through selected reaction monitoring mass spectrometry presents an attractive option to increase the throughput, sensitijity, selectiv
and efficiency of the model over discreet mode UV detection.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction tem; and it can actively facilitate excretion of drugs via biliary
and urinary routef4—7]. Since P-gp interactions of a drug can
Amongst the biopharmaceutical properties that need to bplay such a pivotal role in dictating its pharmacokinetics and
considered in early discovery, assessment of intrinsic permeabigventually its distribution into target organs, increasing efforts
ity and P-glycoprotein (P-gp) interaction potential is critical in are being made in early discovery and development to identify
determining the fate of a test compound. Transport of drug subcompounds that can potentially interact with P-gp.
stances across the intestinal membrane is a complex and dynamicCaco-2 cell based bi-directional permeability assay is cur-
process. In addition to influx, various efflux mechanisms (viarently accepted as the “method of choice” for P-gp substrate
carriers and transporters) are also functional that limit the sysdentification in drug discovery laj8—10]. However, the cur-
temic availability of compounds. Drug efflux transporters suchrent approach for high-throughput Caco-2 cell analysis is one
as P-gp are well established to be a major determinant of absorg which a single compound is incubated per well in a 24-
tion, distribution and elimination of a wide variety of marketed well Caco-2 cell plate. The analytical method used for detec-
drugs[1-3]. P-gp is known to limit the oral absorption of drugs tion is either an HPLC-UV or a LC-MS method performed
such as cyclosporine and taxol; it can limit entry of drugs suchin discreet mode. A different approach using LC-MS/MS for
as HIV protease inhibitors into brain and central nervous syseetection has been evaluated for a series of literature based
biopharmaceutics classification system (BCS) compounds and
P-gp substrates with known permeability values. These com-
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quinidine, and verapamil. Both positive and negative P-gp subfurosemide Fig. 1). Nadolol and verapamil were purchased
strates were chosen for comparison. All compounds were confrom Fluka (Switzerland). Etoposide and quinidine were pur-
mercial available. chased from Alexis (CA, USA). Acetonitrile (HPLC grade),

A major obstacle for LC-MS/MS-based analysis is the presmethanol (HPLC grade), formic acid, and dimethlysulfoxide
ence of non-volatile buffers and saturated salts that are typicallwere purchased from EMD Chemicals (Gibbstown, NJ, USA).
used in Caco-2 cell experiments, such as primarily Hanks baPeionized water was further purified with a Purelab plus fil-
anced salt solution (HBSS). These buffers and salts must ker system from US Filter (Lowell, MA, USA). 96-well plates
diverted or removed prior to the introduction of the samples intqCostar), plate seals, and plate sealer were purchased from Corn-
the mass spectrometry source to avoid signal suppression aimd Inc. (NY, USA).
source contaminatidi 1-13] The diversion of buffers from the
mass spectrometer source can be simply accomplished with t262. Caco-2 cell culturing and bi-directional permeability
use of a divert value, preferable controlled through a softwargrocedure
link. Turbulent flow also diverts flow away from the source but
adds additional in-line retention of analyte and provides a fur- Caco-2 cells were seeded onto 24-well polycarbonate fil-
ther sample clean-up step. Comparison of data using a diverér membrane at a density of 36,000 cells/well. The cells were
value and a divert value with a turbulent flow chromatographygrown in culture medium consisting of Dulbecco’s modified
(TFC) cartridge was not explored in these experiments. Th€agle’s medium supplemented with 10% fetal bovine serum, 1%
commercial availability of complete turbulent flow chromato- nonessential amino acids, 1%glutamine, 100 U/mL penicillin-
graphic systems that can interface with the mass spectromete, and 10Qug/mL streptomycin. The culture medium was
has eliminated the need to assemble these complicated systeraplaced every 2 days and the cells were maintained €37
in “contact closure” configurations. The use of turbulent flow959% relative humidity, and 5% COPermeability studies were
chromatography not only diverts the sample onto an on-line traponducted with the monolayers cultured for approximately 21
column, but also removes polar interferences with a high aquetays with the cell passage numbers between 20 and 40. Phys-
ous flow rate thereby essentially fractionating multiple com-iologically and morphologically well developed Caco-2 cell
ponent analytefl4-20] The trapped analytes are back-elutedmonolayers with TEER values greater than bén? were
from the on-line trap column and further chromatographicallyused. The transport medium used for the bi-directional stud-
resolved on a second analytical C18 column. Combining thées was HBSS buffer containing 10 mM HEPES. The pH of
TFC technique with the specificity of a mass spectrometer opeboth the apical compartment and the basolateral compartment
ating in the selected reaction monitoring mass spectrometryyas maintained at 7.4. Prior to all experiments, each mono-
(SRM) mode permits Caco-2 cell analysis in a cassette N-intayer was washed twice with buffer and TEER was measured to
1 mode[21-24] Several different researchers have publishecensure the integrity of the monolayers. The concentration of test
papers for utilizing cassette mode approach. In this strategy,ompounds was @M in this assay. The bi-directional perme-
throughput can increase substantially as multiple compounds aggility studies were initiated by adding an appropriate volume
incubated in a single well. LC-MS/MS also provides detectionof buffer containing test compound (either alone or in cassette
at much lower concentrations as compared to LC-UV detectionmode,N = 3) to either the apical (for apical to basolateral trans-
Initial concentrations of 3M represent a more realistic physi- port; A to B) or basolateral (for basolateral to apical transport; B
ological concentration of drug exposure in vivo as compared t@o A) side of the monolayer. Volume of the apical and basolateral

50uM needed for LC-UV assay. compartment was maintained at 0.2 ml and 0.6 ml, respectively.
The monolayers were then placed in anincubator for 2 h a€37

2. Experimental Samples were taken from both the apical and basolateral com-
partment at the end of the 2-h period and the concentrations

2.1. Reagents and chemicals of test compound were analyzed by a LC-MS/MS method as

described earlier.

Caco-2 cells (passage # 17) were obtained from the American Permeability coefficientfc) was calculated according to the
Type Culture Collection (Rockville, MD). Dulbecco’s modi- following equation:
fied Eagle’s medium, nonessential amino acids and Antibiotics dA
were purchased from JHR Biosciences (Lenexa, KS). Fetabc =
bovine serum was obtained from Hyclone Lab. Inc. (Logan, dr SCo
Utah). HTS-Transwefl inserts (surface area: 0.33¢with a  where di/dr is the flux of the test compound across the
polycarbonate membrane (Quin pore size) were purchased monolayer (nmol/s),S the surface area of the cell mono-
from Costar (Cambridge, MA). Hank’s balanced salt solu-layer (0.33cr), and Cp is the initial concentration (8M)
tion (HBSS),N-2-hydroxyethylpiperazin@¥ -2-ethanesulfonic in the donor compartment. Thec values were expressed as
acid (HEPES) and 4-morpholineethnesulfonic acid (MES)hm/s. Discrete and cassette mode Caco-2 bi-directional stud-
were purchased from Sigma Chemical Co. (St. Louis, MO)ies were performed with marketed compounds characteristic of
The following compounds were purchased commercially fromlow (nadolol, furosemide, sulfasalazine) and high (metoprolol
Sigma-Aldrich Chemie (Steinheim, Germany): metoprolol, sul-and propronolol) permeability classes. Classical P-gp substrates,
fasalazine, propranolol, rhodamine 123, dexamethasone, amsdich as etoposide, verapamil, rhodaminel123, dexamethasone




272 J. Smalley et al. / J. Chromatogr. B 830 (2006) 270-277

and quinidine, were also included in the studies. These comand two Shimadzu 10ADvp controllers. The auto sampler
pounds were selected to provide the structural and physicawas a dual injection arm from CTC Analytics and the soft-
chemical diversity needed to ensure the utility of the modelware version was Aria 1.4.1. The Aria was configured in the
Since the assay applies to bi-directional permeability in Caco-Buick Elute Mode and was capable of alternating injections
cells, common P-gp substrates that are known to demonstratesing two injection arms and two injection ports. The lig-
vectorial transport (i.e. efflux ratio higher than 2) were used aslid handlers used to transfer samples and standards prior to

positive controls. analysis consisted of a Quadra 96 Model 196-320 (Tomtec,
Hamden, CT, USA) and a Packard multiPROBE Il Plus
2.3. Instrumentation (Perkin—Elmer, Shelton, CT, USA). The mass spectrometer used

for quantitative analysis was a MDS Sciex API-3000 triple
The LC system used for all analysis was an Aria TX-2quadrupole equipped with a turbo ion spray source (Toronto,
TurboFlow? (Cohesive Technologies, Franklin, MA, USA). Canada). The software version operating the Sciex was Analyst
This LC system consists of eight Shimadzu 10ADvp pumpsl.2.
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Fig. 1. Compounds evaluated and their corresponding molecular weights (Mol. Wt.).
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2.4. Chromatographic conditions 2.5. Standard solution preparation

Chromatography was conducted using two different types Individual 10 mM stock solutions of all compounds were
of columns: high TurboFlof® liquid chromatography (HTLC) first prepared in dimethlysulfoxide. Next, a set of working
Cyclone trap column 0.5 mm 50 mm (Cohesive Technology, stock solutions containing all 10 compounds were prepared in
Franklin, MA, USA). The Cyclone was composed of mixed 1:1 acetonitrile/water at 25M, 10 M, 5uM, 1 M, 0.5uM,
porous material at approximately pfn pore size. The Cyclone 0.25uM, and 0.1uM by serial dilution from each 10 mM stock.
column has the properties of an on-line reverse phase trapach of the standard curve solutions were diluted directly
column for small molecular weight molecules and a sizefrom the working stocks by adding 2. of working stock
exclusion fractionation column under high agueous flow ratesind 18QuL of HBSS. The final standard calibration concen-
(1.8 mL/min) creating turbulent flow conditions. The secondtrations were 2500 nM, 1000nM, 500 nM, 100nM, 50nM,
column used in-line was an analytical C18 column (Atlantis25nM, and 10 nM. Preparing working stock solutions using 50%
2.1x 50 mm, 5um pore size) from the Waters Corp. (Ireland). organic/aqueous solvent mixture helped to reduce and or elimi-
The flow rate of the Atlantis column was kept at 0.3 mL/min. All nate any possible non-specific binding due to absorbance in most
columns remained at room temperature during data collectiortases.

The compounds evaluated in these experiments were injected in
alternating multiplex system with two HTLC columns and two 2.6. Sample processing
analytical C18 columns.

The Aria TX-2 was configured in a Quick Elute Mode. This  Standard curve solutions were prepared manually in HBSS
configuration includes six divert values connected in series thand transferred into 96-well plates containing Caco-2 cell incu-
were controlled by the Aria software. A total of four pumps perbations to be analyzed. The Tomtec or the Packard multiPROBE
channel include: two loading pumps and two eluting pumpslI plus was used to transfer 3. of each standard into a new 96-
The loading pumps and eluting pumps share the same aqueowell plate. Next, an additional 4Q0L of methanol was added
solventreservoir using water with 0.1% formic acid and the saméo each well to improve the overall solubility and to dilute sam-
organic solvent reservoir using acetonitrile with 0.1% formicples such that the signal response remained linear in the mass
acid. spectrometer. The injection volume wasill0

In the loading step, the HTLC on-line trap Cyclone column
was maintained at 100% aqueous for 1.5 min at a flow rate of.7. Mass spectrometry settings
1.8 mL/min, after the sample was injected. The eluting pumps
were maintained at 50% acetonitrile at a flow rate of 0.3 mL/min. The mass spectrometer used for all experiments was an AB-
In the eluting step, the loading pumps for the HTLC trap columnSciex API-3000 triple quadrupole with turbo ion spray source
uses 100% acetonitrile to rinse and wash, followed by 100%TIS). The temperature of the source was maintained at@00
agueous to re-equilibrate at a flow rate of 1.8 mL/min prior toNitrogen was used as the nebulizer gas, setting 6, curtain gas,
the next injection. At the same time, the flow from the elutingsetting 8, and collision gas, setting 7 for all analysis. For positive
pumps was diverted to back-elute all trapped analytes during thelectrospray (ESI), ion spray voltage was 4500 V and the EP and
transfer step from the HTLC on-line trap column onto the C18CXP ion optics was setat 10 V. Both positive and negative ioniza-
analytical Atlantis column at a flow rate of 0.3 mL/min. A 1-min tion was used in SRM mode. Negative ESI was performed with
gradientwas run on the eluting pumps up to 95% acetonitrile anthe same gas settings. Negative ESI, ion spray voltage was set to
was held for 1 min after which the eluting pumps re-equilibrates—4500 V and the EP and CXP ion optics was seta0 V. Each
the C18 column back to 50% acetonitrile. The MS acquisitioncompound was optimized for quadrupole 1 (Q1) transition and
time was 3 min for every injection and the total run time was équadrupole 3 (Q3) fragmentation including declustering poten-
and a 1/2 min. tial (DP), focusing potential (FP), and collision energy (CE)

Table 1
Compound dependent Sciex API-3000 mass spectrometer voltage settings including MS/MS transitions, declustering potential (DP), fociadi(igR)otamd
collision energy (CE) for all compounds evaluated

Compound lonization mode Q1/Q3 transitions, DP (V) FP (V) CE (V)
precursor ion > product ion

Metoprolol ESI+ 268.1>116.2 40 190 25
Sulfasalazine ESI+ 399.0>381.0 40 190 25
Etoposide ESI+ 589.3>229.0 50 170 25
Propranolol ESI+ 260.1>116.1 40 130 25
Rhoadamine 123 ESI+ 345.1>285.2 80 260 60
Nadolol ESI+ 310.2>254.2 35 150 25
Dexamethasone ESI+ 393.2>373.1 45 210 12
Furosemide ESt 328.7>284.9 -35 —175 -20
Quinidine ESI+ 325.2>184.0 60 220 40

Verapamil ESI+ 455.3>165.0 65 230 35
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voltages as shown ifable 1 Product ions were selected by on the Sciex API-3000 and may be different from transitions
ramping the collision energy in MRM scan mode during directreported in other literature references. Electrospray ionization
infusion to the source of the mass spectrometer. The most proms a “soft” ionization technique that can vary between differ-
nent product ions were chosen based on the highest resporset manufactures of tandem mass spectrometer platforms. The
corresponding to the strongest transmission through the collisiodwell time was 50 ms for all SRM transitions. All the data was
cell. The MS/MS transitions reported Table 1were the direct obtained with each quadrupole set at unit resolution. Positive
results obtained from optimizing each compound individuallyESI Q1 spectra was dominated by the [M +Hdns for each

of the compounds. The only compound detected as a negative
ion was furosemide which generated a negative ESI Q1 spectra

Table 2 ; _ :
Accuracy and precision data determined from the standard curve (:alibrat-hat was dominated by the [MH]™ ions. Fig. 1 shows each

tion concentration from four replicates using LC-MS/MS turbulent flow compound and their corresponding molecular weights.
chromatography

Compound Concentration (nM) 3. Results and discussion

100 250 500 100.0 500.0 1000.0 2500.0 3. Method validation

Metoprolol,n=4
Mean 9.8 249 533 107.6 4952 9851 2266.5 3.1.1. Standard curves
Z/"CV 47 90 40 25 57 0.5 4.1 Seven point standard curves in replicates of four were used
%Accuracy  98.2 994 1065 1076 99.0 985 907 44 eyglyate the overall accuracy and precision of the bioanalyti-
Sulfasalazines =4 cal method. The standard curve ranged from 10 nM to 2500 nM
Mean 103 238 482 96.6 5089 10344 25917 fqr 5)| compounds studied except quinidine (25-2500 nM). All
%CV 126 100 126 23 23 2.4 8 ctandard vzed imult ton-i
%Accuracy 1029 951 964 966 1018 1034 1037 Standard curves were analyzed as a simultaneous ten-in-one or
Etonosidena cassette approach. The seven-point standard curves used to gen-
oposiden = . e .
Mean 105 230 452 986 5211 10106 27128 erate this valld_atlon_data was also intended t_o fully explore the
WCV 67 111 64 169 113 65 112 responseandlinearity atthe lownMranges using aturbulent flow
%Accuracy 1051 921 905 98.6 1042 101.1  108.5 chromatography approach coupled to the selectivity of tandem

Propranololy = 4 mass spectrometry. All standard curves were evaluated with a

Mean 102 239 488 1025 5105 10035 24938 Weighted 1£ linear regression model. The regression was based
%CV 115 31 87 53 64 2.6 3.4 on an external plot of area cps counts. An internal standard (IS)
%Accuracy 101.9 957 977 1025 1021 1004  99.8 was not used in these assays due to the unavailability of a suit-

Rhodamine 123; = 4 able IS for such a structurally diverse set of compounds. The use
Mean 105 239 434 882 5115 11156 27533 of internal standards in MS is to help reduce injection to injec-
%CV 100 82 88 135 41 1.8

shccurasy 1064 066 868 862 1093 1116 ﬁg L tion variability. This method was proven accurate and prec?se i.n
: ' ' ' ' ' "~ the absence of an IS demonstrating robustness needed in high
Nadolol,n=4 throughput screening.
22‘(*;;‘ 13-;5 285-62 5315 112098 52254 9$662 21173-9 Individual compound summaries are presentedable 2
YAccuracy 963 1047 1039 1108 1005 96.6 g7 o Analysis was performed with =4 replicates. All regression
coefficients g2) were greater than 0.99 (data not shown). The
De,\’/‘lzg‘:thasone":lg s 241 473 1048 555 o772 aasag 2CCUTACY was defined as the percent difference from the nominal
%CV 172 88 47 80 91 35 70 concentration. The meanwas determined by averaging the calcu-
%Accuracy 102.0 963 947 1048 1051  97.7  99.4 lated concentrations for each calibration standard. The intra-day

Furosemiden = 4 precision was expressed as the percent coefficient of varia-

Mean 100 243 504 107.8 5182 9825 23008 tion (CV) calculated as the standard deviation divided by the
%CV 77 87 42 27 14 4.9 1.7 mean concentration. The overall accuracy for all compounds
%Accuracy 100.1 974 1008 1078 1036 983  92.0 was+15% of the nominal concentration. These results indicate
Quinidine,n =4 multiple component analysis does not adversely affect accuracy
Mean NA 262 456 97.8 496.2 1021.0 2619.2 and precision under SRM mass spectrometric detection. A high
Z"(AW NA 98 101 89 25 7.8 3.4 throughput screening model based on MS detection using SRM
bAccuracy NA 1049 912 978 992 1021 scanning could be set up for cassette mode Caco-2 cell incuba-
Verapamil,n=4 tion screening. This MS based model would increase the number
Mean 106 233 436 885 5214 11482 26491 of compounds and turnaround time associated with analysis over
%CV 68 122 91 71 96 4.8 4.8

WAccuracy 1062 931 871 888 1043 1148 1060 & discreetmode incubation using UV detection.

The accuracy was defined as the percent difference from the nominal concentra-; » Accuracy and precision

tion. The mean was determined by averaging the calculated concentrations for The accuracy and precision were determined from the
each calibration standard weighted?llinear regression model. The intra-day y P

precision was expressed as the percent coefficient of variation (CV) calculatedtandard curve calibration qoncentration response difference
as the standard deviation divided by the mean concentration. from the nominal concentratiofable 2shows this data. All
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Efflux ratios from P-gp substrates etoposide, dexamethasone, and quinidine in the Caco-2 cell bi-directional assay and measured nM coffiegnt@iioetsoms

at 3..M concentrations

Compound Studytype A-B A-B B-A B-A Efflux A-B top nM A-B bottom B-A top nM B-A bottom
(mean) (SD) (mean) (SD) ratio (mean) nM (mean) (mean) nM (mean)
Etoposide Cassette 7.4 0.6 86 17 11.6 4785 22 770 6853
Etoposide Discreet 4 0.8 86 7 21.5 6167 11 718 8475
Dexamethasone  Cassette 153 8 320 20 2.1 2227 165 1039 2536
Dexamethasone  Discreet 150 16 269 7 1.8 2135 178 961 2611
Quinidine Cassette 146 21 509 25 3.5 5097 436 4508 5120
Quinidine Discreet 183 32 632 51 3.5 2831 194 2035 2688
268.1/116.2 amu 1.78 399.0/381.0 amu 2.22
8.0e4 Metoprolol 5.5e4 Sulfasalazine
Oe4
3.5e4 L
1.0e4 1.0e4
04 08 12 16 20 24 28 04 08 12 16 20 24 28
589.3/229.0 amu 1.86
: 260.1/116.1 amu 1.76
4.5e41 Etoposide 5.5e4] Propranolol
Ly 3.0e4
5000 1.0e4
0.4 0.8 1.2 1.6 2.0 2.4 2.8 04 08 12 16 20 24 28
1.20e4 | 345.1/285.2 amu 1.76 2 310.2/254.2 amu 1.78
o Rhodamine123 1285 Nadolol
&
Z
‘m 7000, 7.0e4
=
[}
c
1000 1.0e4
04 08 12 16 20 24 28 04 08 12 16 20 24 28
393.2/373.1 amu 2.05 328.7/284.9 amu 2.08
65641 Dexamethasone 5.5e4| Furosemide
3.5e4 3.0e4
5000 5000
04 08 12 16 20 24 28 0.5 1.0 1.5 2.0 2.5 3.0
20004 325.2/184.0 amu 1.77 1.20e5] 455.3/165.0 amu
Quinidine Verapamil 1.73
1100
7.00e4
100 . 1 A YT TVET T 1.00e4
02 06 10 14 18 22 286 04 08 12 16 20 24 28
Time, min

Fig. 2. Representative extracted ion chromatograms (XIC) of all compounds evaluated at standard curve concentration 500 nM scanned by SRM.
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compounds yielded a linear response within the dynamic rangieom one injection while the columns are re-equilibrating from
of the curve. In this data set 10 compounds were analyzethe previous injection. This process optimizes MS function by
simultaneously in each of the standard curve concentrationseducing stand-by idle time and is very appropriate for large
The overall percent accuracy for all of the compounds evaluscale screening of discovery compounds. The standard curves
ated was withint15% of the nominal concentration. The %CV were prepared in a cassette mode (ten-in-one) and detected by
was also withint=20 for all compounds evaluated. Mass spec-SRM. Accuracy and precision was determined by the results
trometry detection has a distinct advantage over UV detectioobtained from four separate standard curve analysis. The over-
based upon the selectivity of the mass filters thus allowing mulall percent accuracy for all of the compounds evaluated was with
tiple components to co-elute without inference by the othert15% of the nominal concentration. The %CV was also within
compounds present. Cassette incubations of Caco-2 cells caf20 for all compounds evaluated. The validation parameters
increase the productivity of the screening process while redudsensitivity, accuracy, precision, specificity, repeatability, etc.)
ing the resources of equipment and personnel. obtained by the method was comparable to other established
This validation method was used to determine actual effluanalytical techniques.
ratios from P-gp substrates etoposide, dexamethasone, andAnalysis of Caco-2 cellincubations using LC-MS/MS detec-
quinidine in the Caco-2 cell bi-directional assay. Data for theséion can lower the initial concentration of compound tp.N
compounds is shown ifable 3 Efflux ratios greater than 1 were due to the improved sensitivity of detection by triple quadrupole
observed for these P-gp substrates. The absolute nM concentraass spectrometers. Mass spectrometry offers increased selec-
tion values were comparable between discreet and cassette madaty reducing the potential of possible interference from
incubations. Interactions between compounds may occur whemetabolites, chemical impurities, and or degradations of the
a cassette approach is used as a tool for screening. The use gi@aent compound. Scanning in SRM mode can easily accommo-
reference compound in the cassette mode may prove to be usefldte quantitation of multiple analytes simultaneously without
to validate each assay experiment. This option was not exploredterference by co-eluting compounds. Coupling TFC on-line
in the scope of the data presented in this research. Balancing tle&traction to divert the phosphate buffer used in these types of
risk associated by the need for increased sample analysis apdperiments away from the ESI source produced a consistent
possible drug interactions has to be weighed by each laboratongsponse across a 96-well plate. This method is amendable to

utilizing the cassette approach. a high throughput assay performed in 96-well plates to support
Discovery screening. The Caco-2 cell based bi-directional assay
3.1.3. Specificity in cassette mode presents an efficient model to identify P-gp substrates in early

Triple quadrupole mass spectrometry is the “gold standardDiscovery. However, in spite of its in vitro nature that makes
for quantitative analysis. Scanning in SRM mode permits multiit amenable to higher throughput, it often becomes the bottle-
ple analytes in one injection to be differentiated by unique maseeck during drug discovery screening. The ability to perform
fragmentation. Specificity was examined from the extracted ioitassette mode P-gp assay without compromising its quality and
chromatograms (XIC) in SRM modeEig. 2shows the XIC for  predictability can lead to a significant improvement in the effi-
all compounds studied at the 500 nM concentration. There wasiency of the model. This cassette mode P-gp assay presents an
no interference detected from MS/MS fragmentation betweeimmproved screening paradigm for fast and reliable identification
compounds. All compounds showed good peak shape whicbf potential P-gp substrates in early discovery.
lead to consistent area integration by Analyst software. Turbu-
lent flow chromatography adds a concentration step during the
on-line extraction process which can yield sharp peaks as showglferences

in Fig. 2
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