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Abstract

An automated high throughput human hepatocyte assay has been established with a 96-well format using a Tec&h\Gamhasidion.
Validation of this assay was performed with nine commercially available compounds and an additional 10 Pfizer compounds with varying
hepatic extraction ratio€(;) ranging from 0.02 te~1. The incubation conditions in the automated assay are readily and precisely controlled
and cell viability of over 80% was achieved in the automated assay further confirming its utility for absorption, distribution, metabolism, and
excretion (toxicity) (ADME (T)) screening. The results of the nine commercial compounds correlate with both manually eREcu@eaq)
and literature reported experimental resuR$% 0.93). Overall, measurdg;s were within two-fold of the literature values for approximately
90% of the 19 compounds tested. Additionally, good inter- and intra-day reproducibility was observed for all the 19 compounds. In conclusion,
an automated and robust assay suitable for simultaneously testing up to 48 compounds with multiple time points has been validated. Throughput
of 192 compounds per run can be achieved using 384-well plates to meet increasing needs in drug discovery. Currently, this automated assay
is used to support early discovery profiling towards lead optimization of various discovery targets/programs.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction of this property[2—6]. Since the number of new NCEs to
be screened for potential drug candidates has increased due

New drug candidates for oral delivery need to have de- to advances in combinatorial chemistry and other enabling
sirable pharmacokinetic properties such as a suitable ab-technologies, reliable automated assays for absorption, dis-
sorption, metabolic clearance and adequate bioavailability. tribution, metabolism, and excretion (toxicity) (ADME (T))
Nearly 40% of drugs in the pipeline failed due to poor bio- screening is becoming increasingly necessary to meet the
pharmaceutics/pharmacokinetic (PK) propeifi¢sOne ma- throughput needs and timelines in early discovery.
jor component of drug disposition that contributes to the suc-  This work describes an automated, robust human hepa-
cess of commercialization of drugs is low human hepatic tocyte clearance assay for the estimation of intrinsic hep-
clearance thus facilitating once-a-day dosing. Cryopreservedatic clearance in humans. This assay was based on an ex-
human hepatocytes have been demonstrated to be a usefusting protocol using a manual formpt,8]. Cryopreserved
model for the estimation of hepatic extraction raj and human hepatocytes have been reported to retain most of the
hence serve as a powerful in vitro tool for the prediction phase | and some phase Il metabolic activities, and there-
fore, more closely resemble in vivo metabolism in con-
trast to sub cellular fractions such as microsomes and liver
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Table 1 docaine, and Propafenone were purchased from Sigma
List of model compounds (literature and Pfizer in-house compounds) Chosen(Sigma-Aldl’iCh Co., St. Louis, MO). Leibovitz’s L-15
for assay validation studies . Y -

medium was obtained from Invitrogen Corp. (Grand Island,

Literature Human in Major metabolizing Literature NY).
compound vivomean phases|andll reference
(En) enzymes .
- 2.2. Instrument and materials

Tolbutamide 0.02 CYP2C9 [15]

Triazolam 0.23 CYP3A [16] . .

Zolpidem 098 CYP3A4 [17] For all studies, a Tecan Genesis 200 Workstdtib(Re-

Nortriptyline 0.35 CYP2D6 [18] search Triangle Park, NC) was employed. This workstation

Chlorpromazine ~ 0.55 CYP2D6, CYP1A2, UGT [19] consisted of an eight-channel liquid handling arm (using

Metoprolol 0.68 CYP2D6 [20] standard fixed, non-disposable tips), and was equipped with

ngg;?gm g_;g E\IE;ADG’ CYP1A2, UGT E;} a six-position 96-well aluminum orbital shaker. Tempera-

Propafenone 0.95 CYP2D6 [23] tures in the aluminum shaker were maintained at371°C
using a waterbath. The LC-MS/MS system consisted of a
Sciex API-3000 mass spectrometer from Applied Biosys-

Pfizer compound Estimated human in vivo me¢,) tems (Foster City, CA), two Series 200 Micro Pumps from

PF1 0.52 PerkinElmer (Wellesley, MA), a CTC Analytics model HTS-

EE; (1)'32 PAL autosampler from LEAP Technologies (Carrboro, NC),

PF4 0.80 and a Valco Cheminert 2 position, six port switching valve

PF5 0.06 from VICI (Houston, TX). The YMC Basic HPLC columns

PF6 0.35 were from Waters (Milford, MA) and the Lightning Gene-

PF7 0.02 sis HPLC columns were from Argonaut (Foster City, CA).

EEg g;g Ninety-six-well plates (VWR #20900-900, 0.65mL) were

PF10 0.49 obtained from VWR International (Bristol, CT).

2 Based on Pfizer internal research reports. .
P 2.3. Human hepatocytes preparation

cytes are now readily commercially available from many  Cryopreserved human hepatocytes were purchased from
venders. XenoTech, LLC (Lenexa, KS). XenoTech protocol and
Automation of cell based assays are generally challenging XenoTech Hepatocyte Isolation Kit (XenoTech LLC, Lenexa,
as vigorous and repeated pipetting can shear the cell memKS) were used for thawing cryopreserved hepatocytes. First,
branes causing low and variable cell viability. In developing 50 mL of tube A (media containing PercBil solution used
this automated assay, adequate care was exercised to optin initial cell isolation) and 50 mL of tube B (media used to
mize the liquid handling on TECAN to allow for hepatocyte wash the isolated hepatocytes) were pre-warmed &€37
pipetting in order to maintain the viability of the cells while  Subsequently, cryopreserved human hepatocytes, at least
at the same time improving throughput and robustness. three vials from different lots, were removed from the lig-
Nine literature/model compound$able 1 Tolbutamide,  uid nitrogen freezer and immediately placed in°8water
Triazolam, Zolpidem, Nortriptyline, Chlorpromazine, Meto-  bath for 1.5+0.25min (for 1.5mL vials) or 2= 0.25min
prolol, Propranolol, Lidocaine and Propafenone) with low, (for 4.5mL vials). Vials of thawed hepatocytes were gen-
medium and high hepatic extraction rati&s (rangingfrom  tly poured into tube A. The hepatocyte cells were gently

0.02to 1.0) that are commercially available (Sigma-Aldrich) re-suspended and centrifuged at room temperature (RT) for
were selected to validate the automated method. Parallel ex5 min at 90x g. The supernatant was discarded and the me-

periments were conducted in a manual fashion to allow for dia in tube B was added to the cells. The resulting mix-
comparisons between the two techniques. Additionally, 10 ture was re-suspended and centrifuged at RT for 3min at
Pfizer model compounds with varyirtg, (Table 9 in com- 60x g. The supernatant was discarded and the cells were
bination with the nine literature compounds were used to re-suspended in an appropriate volume of pre-warmed Lei-
establish linear correlation between predicted/meadtrsd bovitz L-15 media. Trypan blue solution in tube C (from
(from automated procedure) and known in vigs. the hepatocyte isolation kit) was used for cell count and vi-
ability calculation. Cell viability of >80% was set as crite-
ria in selection of hepatocytes to ensure quality of this as-

2. Experimental say.
2.1. Chemicals 2.4, Automated human hepatocyte assay
Chemicals including Tolbutamide, Triazolam, Zolpidem, Custom scripts were written for Tecan Genesis 200

Nortriptyline, Chlorpromazine, Metoprolol, Propranolol, Li- Workstatiod™ to perform the assay procedure as follows.
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Incubation studies were carried out in 96-well plates using (10:90:0.001, v/v/v)), which were mixed in a static tee mixer
a hepatocyte pool from several individuals at a cell concen- before the autosampler (the stock concentration of formic
tration of 0.5 million cells/mL in a total volume of 50L. acid was 88%). Chlorpromazine, Naloxone, Nortriptyline,
Plates on the TECAN deck were incubated and shaken (us-Propafenone, Propranolol, Tolbutamide, Triazolam, Vera-
ing an orbital shaker) at 3T for 4 h. Cells were preincu-  pamil, Zolpidem, PF9 and PF10 samples were analyzed on
bated in plates at half of the total well volume for 30 min a Waters YMC Basic S-5 guard cartridge (2.0 mr20 mm,
before addition of an equal volume of Leibovitz’'s L-15 5um particle size). Lidocaine, Metoprolol, Pfizer compound
medium containing AM of the substrate compounds. In- 1 (PFl), PF2, PF3, PF4, PF5, PF6, PF7, and PF8 sam-
cubations were terminated at 0, 30, 60, 90, 120, 180 andples were analyzed on a Lightning Genesis C18 column
240 min by addition of 15Q.L of ice-cold acetonitrile. Ad- (2.1 mmx 50 mm, 3um particle size). The column was
ditionally, 150u.L ice-cold acetonitrile was added to control plumbed in line between the autosampler and the switching
wells containing substrate, in the absence of cells, ipl50  valve which directed flow to either waste or to the mass spec-
Leibovitz's L-15 medium at 0 and 240 min. Sample plates trometer. Initially, the samples were loaded onto the column
were vortex mixed and centrifuged at 4000 rpm for 10 min. with 100% mobile phase A at 3./min with the flow di-
The samples were subsequently analyzed for substrate converted to waste. After a 0.8 min wash step with mobile phase
centration according to the LC/MS/MS conditions detailed A, the valve was switched and the pumps stepped to 100%
below. mobile phase B at 400L/min such that the column was
Studies were conducted on two separate days, in tripli- eluted with mobile phase B into the mass spectrometer. At
cates, to evaluate the reproducibility of this assay. Accuracy a particular time (2.0 min total run time for YMC Basic and
and precision of dispensed liquid volumes by the TECAN 2.5 min total run time for Lightning Genesis), the valve was
were evaluated by using the water-soluble 4-nitrophenol dye switched back to its initial position and the pumps stepped
with known absorptivity at pH 7.4 at 405nfi0] or by back to 100% mobile phase A at 3R0Q/min to allow for re-
gravimetric analysis. The dispensing speed (1DG) for equilibration of the column. The total run times were 2.5 min
hepatocytes with the fixed tips was optimized for accuracy for the YMC Basic and 3.5 min for the Lightning Genesis.
while maintaining a minimal aspirating speed and avoiding The mass spectrometer was controlled with MassChrom 1.1
droplets. With the dye method, absorbance in 96-well plates software and equipped with a Turbo lonspray source. Peak
was read using a 96-well plate reader (EL-808, Biomek) and area ratios were calculated by dividing the analyte peak area
dispensed volumes were calculated using Lambert—Beer'sby the internal standard peak area using TurboQuan 1.0 soft-
law. With the gravimetric method, a 96-well plate was pre- ware. Optimaln/z and collision energies were determined
weighed on a Satorius R 200D balance. In lieu of using a through flow injection analysis. Collision voltages ranged
hepatocyte suspension, HPLC grade water was used as a sufrom +35 to 45 V. The following multi-reaction monitor-
rogate for verification of targeted aspiration and dispensing ing (MRM) transitions were monitored for the analytes of
volumes. The targeted volume of water (&5 was added interest:
to all 96 wells and the plate was reweighed and dispensed Chlorpromazine: (+) 318.8-86.1; Lidocaine: (+)
water volumes were calculated using a density of water of 234.8— 86.1; Metoprolol: (+) 267.8> 116.2; Naloxone:

0.998 g/crA. (+) 328.4— 253.4; Nortriptyline: (+) 264.0>117.2;
Prednisone: (+) 3592 267.2; Proprafenone: (+)
2.5. Manual human hepatocyte assay 341.7— 116.2; Propranolol: (+) 2613 116.2;

Tolbutamide: ) 269.2— 170.1; Triazolam: (+)

The assay procedure was carried out in an identical man-343.1— 308.1; Verapamil: (+) 455.4>165.2; Zolpi-
ner with the exception that sample aliquots were taken manu-dem: (+) 307.8» 235.2; PF1l: (+) 413.6>194.1; PF2:
ally using an eight-channel pipette (Rainin-pipetman). Alithe (+) 330.0— 122.1; PF3: (+) 296.9> 160.2; PF4: (+)
pipets were calibrated regularly to ensure accuracy (within 328.1— 160.2; PF5: (+) 451.8>344.1; PF6: (+)

99% of the liquid volume) and quality. 409.1— 238.1; PF7: (+) 307.4»220.1; PF8: (+)
254.2—197.9; PF9: (+) 442.1-198.0; PF10: (+)
2.6. Bioanalysis/LC/MS/MS conditions 475.2— 99.7.

Prior to analysis, 10Q.L aliquots of samples were spiked 2.7. Evaporation test
with 10pL of internal standard (0.aAM of a proprietary
Pfizer compound that ionizes in both positive and negative = Experiments were performed to investigate the possibility
mode in an ethanolic solution), vortex mixed and then cen- of sample evaporation during the 4 h incubation on the Tecan
trifuged at 4000 rpm at 10C in an Eppendorf 5810R cen- deck. At37C, 50uL of Leibovitz’s L-15 medium was added
trifuge. Aliquots (5uL, flushed loop injection) of sample to each well in a 96-well plate and subsequently 150 uL of
were analyzed using a step gradient HPLC method utilizing acetonitrile was added at various time points (0, 30, 60, 90,
mobile phase A (water—acetonitrile—formic acid (95:5:0.001, 120, 180, and 240 min). Following the 240 min time point,
vivlv)) and mobile phase B (water—acetonitrile—formic acid 10uL of internal standard was added to each well and the
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plate was sealed and analyzed by LC/MS/MS for internal

standard response. Each time point was carried out in 12 190
replicates. 8 g a
E 75 =] o a
2.8. Assay quality control §
= 50
Within each TECAN human hepatocyte experiment, six 8
96-well plates were processed, 48 compounds were run anc?® og

approximately 600 samples were generated. Along with the
discovery compounds, three positive controls (Propranolol,
Triazolam (was recently changed to Verapamil), and Nalox- 0 '
one) are used to allow for a retrospective analysis of the ro- 0 el Lo ,150 _ 290 e 20
bustness of this assay. #heulatian: Tme: gl

Fig. 1. Viability of cryopreserved hepatocytes pipetted bl dutomated
2.9. Data analysis and (O) manual methods.

To determine the hepatic intrinsic clearance {©l-the
half-life (t12) was calculated from a log linear plot of Taple2

peak area ratio versus time using WinNonifh (non- Gravimetric volume determinations for the accuracy of the robotic pipetting
compartmental, model 201, version 3.0, Pharsight Corpora- (25pL of water was added to 9 columns, 8 rows, and 72 wells)
tion, Mountain View, CA) and the following equations were Run# Day 1 Day 2 Day 3
employed9]: (kL H20) (kL H20) (kL H20)
CLint =(0.693t12) x (g liver/kg body)x (mL incuba- R1 2510 2378 2426
tion/cells incubationk (cells/g liver) R2 2415 2465 2489
Clpjood= Clp = Q(1 — €=Ctn/@)  (parallel-tube  F* 2 oa v o
model without including fraction unbound). R5 2366 2559 2491
R6 2551 2434 2466
En =Clp/0
Mean (1= 6) 24494 24551 24660
where Cly, blood clearance), liver blood flow. For humans,  Standard deviation .666 Q606 Q257
the following values applyQ =20 mL/min/kg; 21 g liver/kg ~ Volume L H>O added) 25 25 25
bodv: 1.2x 18 cells/q liver Relative error (%) D2 179 136
y: L. SIgIVer.. .. CV (%) 272 247 104
The success criteria for this assay are that the predicted
Ex should be within two-fold of the known in vivo human ~ Mean 0=18) 2457
Standard deviation .08
Ey for the 19 compounds testétil].
3. Results and discussions Table 3
Determinations of dispense volume by Tecan Gen¥siiguid handler in
3.1. Cell viability with manual and automated assays individual wells using 4-nitrophenol absorbange«(scd, via 96-well reader)
wL added
The viability of hepatocytes after pippetting with the 1 5 3 2 5 p = 3 9

TECAN® liquid handler was similar to that after manual 206 486 288 247 1 9 62 67 63
plpett|ng_($5 %Fig. 1), Whlle malntamlng pipetting accuracy 504 503 500 272 277 275 65 64 68
and precision. Volume pipetting accuracy for atargeted hepa-- 451 480 478 265 263 262 59 60 57
tocyte dispensing volume of 28_ was 24.54- 0.08p.L and D 471 478 469 252 253 258 65 72 55
the relative error was lessthan 5% as determined by the gravi-E 470 480 489 248 244 242 69 71 60
metric methodTable 9. Similarly, using the dye method, the g igg Z‘;g igi ;gz 222 ;gg gg 2; Zg
dispensed volume was 25181 pL and the relative error was H 490 487 488 244 260 255 56 58 50
also less than 5%r@ble 3. These results demonstrate that

human hepatocytes maintained viability up to 4 h with ade-

quate pipetting accuracy and precision. While the literature Average L) (n=24) 486 258 6.2
references on the viability of hepatocytes as a function of Standard deviation @ 10 055
time varies, four hours were deemed to be appropriate for ;irlgazflg';)mr ) 502 22 ) g s
the conduct of high throughput hepatocyte screen in our drug cy (g 203 371 889

discovery.
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. . . ) . _ Fig. 3. Correlation betwedsy of model compounds obtained by automated
Fig. 2. Evaporation test of internal standard during the 240 min incubation and manual method&¢ = 0.97). All data are mea# S.D. withn=3 or 6.
on Tecan at 37C: (¢) 0 min time point; (J) 30 min time point; &) 60 min
time point; @) 90 min time point; &) 120 min time point; @) 180 min time
point; (O) 240 min time point. hepatocyte screeffdble 1. Two experiments (experiments
1 and 2) (sedables 4 and pwere performed on different

days with each experiment being carried out in triplicates

Since the hepatocyte assay is performed under an Operyvithinaday. In general, concentration—time plots of substrate
environment at 37C, significant evaporation can cause vari- disappearance were linear with values bt 0.85 (data not

ation of analyte concentration during the 4 h incubation. In Shown). .

order to investigate this possibility and its potential impact __Results from the manual experiments and automated
upon experimental results, experiments were designed to testt ECAN Genesit" experiments (in 96-well plates) for these
the effects of 4 h plate storage on the internal standard re-Nine compounds are displayedliables 4 and Fespectively.
sponse. The experiments were designed in such a way as td he data{ables 4 andpindicates that the measurgds are
mimic the conditions on the TECAN during the course of an comparable to the Ilterature_values (i.e., W|t.h|n. tv_vo-fold dif-
actual hepatocyte run (see Sectitfor details). Based on the ference egcept for Tolbutamide whose half-life is in the range
final results displayed ifig. 2, there is a small trend toward ~ ©f 2000 min) for both manual and automated procedures. In
increasing peak area with increasing time of evaporation (for 2ddition, plot for manually measgr&h Versus automation
example, 0 min time points with potential evaporation time of PredictedEy is highly correlatedr(" = 0.97,Fig. 3). Further-

240 min had relative higher peak areas than those of 240 minMore, the inter-and intra-day variability for both assays (man-
time points with no evaporation time), but the difference be- U@l and automated) were acceptable for decision-making in
tween time points was all less tharl0%. Based on the data, €&y discovery in support of lead optimization.

itis concluded that the impact of evaporation on the TECAN

is minimum and if present, will be within the acceptable lim- 3.4, Validation with in-house compounds

its (15%) for the purpose of this high throughput assay.

3.2. Evaporation test

Ten in-house compounds (Pfizer compounds) were chosen
3.3. Validation with commercial compounds to further validate the HT human hepatocyte as3aple J.
The correlation between predicted (using measured hepato-
Nine commercial compounds with a range of literattge cyte results) human medty and known in vivo humaiky
values were chosen to validate the high throughput human(as shown irTable § indicated that 8 of the 10 compounds

Table 4

Extraction ratios obtained via manual pipeting method for human hepatocyte screen

Compound En (experiment 1) En (experiment 2) Meaity (£S.D.) CV (%)
Tolbutamide 0.06:£0.02f 0.07 &0.005% 0.065 (0.01) 0.02
Triazolam 0.27 £0.10) N/D 0.27 N/A
Zolpidem 0.38 £0.15) N/D 0.38 N/A
Nortriptyline 0.43 (-0.05) 0.37 £0.05) 0.40 ¢0.04) 10
Chlorpromozine 0.5740.067) 0.5040.03) 0.535£0.05) 9
Metoprolol 0.53 ££0.16) 0.52 £0.27) 0.525£0.007) 1
Propranolol 0.80+0.08) 0.69 £0.056) 0.74540.08) 11
Lidocaine 0.7440.11) N/D 0.74 15
Propafenone 1.0GH0.21) 1.00 £0.11) 1.00 £0.00) 0

N/D, not determined; N/A, not applicable.
2 Mean+S.D.,n=3.
b Meanz+ S.D.,n=6 (three measurements from experiment 1 and three measurements from experiment 2).
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Table 5

Extraction ratios obtained via the automated human hepatocyte screen

Compound En (experiment 1) En (experiment 2) Meaky (£S.D.) CV (%)
Tolbutamide 0.0740.02f 0.06 @0.007 0.065 (0.01p 15
Triazolam 0.16£0.04) 0.29 £0.09) 0.23 £0.09) 39
Zolpidem 0.26 £0.006) 0.4340.04) 0.35£0.12) 34
Nortriptyline 0.25 ¢0.09) 0.31 £0.09) 0.28 £0.04) 14
Chlorpromozine 0.44%0.03) 0.47 £0.07) 0.46 £0.02) 4
Metoprolol 0.59 £0.10) 0.50 £0.05) 0.54 £0.06) 11
Propranolol 0.82+40.04) 0.76 £0.01) 0.79 £0.04) 5
Lidocaine 0.7140.08) 0.88 £0.01) 0.80£0.12) 15
Propafenone 1.0GH0.00) 1.00 £0.00) 1.00 £0.00) 0

a8 Mean+ S.D.,n=3.
b Mean+ S.D.,n=6 (three measurements from experiment 1 and three measurements from experiment 2).

Table 6

In-house compounds (10 total): predicted hurkan(obtained via the automated human hepatocyte screen) vs. in vivo Heyman

In-house compound En (experiment 1) En (experiment 2) Predicted huméiy CV (%) In vivo mean Eg)
PF1 0.88 £0.03} 0.90 (0.047 0.89 (0.01)p 1 052
PF2 0.77 £0.08) 0.61¢0.02) 0.69 £0.12) 17 100
PF3 0.97 £0.00) 0.88 0.04) 0.93 £0.06) 6 073
PF4 0.54 £0.02) 0.36 £ 0.04) 0.45 £0.13) 29 080
PF5 0.32 40.02) 0.19 4 0.03) 0.26 £0.09) 35 006
PF6 0.05 £0.02) 0.09 £0.01) 0.07 £0.03) 43 035
PF7 0.04 0.00) 0.03 0.00) 0.04 40.01) 25 002
PF8 0.24 £0.04) N/A 0.24 016
PF9 0.24 £0.03) N/A 0.24 022
PF10 0.67 £0.02) 0.56 £0.07) 0.62 £0.08) 13 049

N/A, not available.
2 Mean+S.D.,n=3.
b Mean+ S.D.,n=6 (three measurements from experiment 1 and three measurements from experiment 2).

met our predetermined success criteria (which is that the mea-specifications. In 2002, there were approximately 10 produc-
suredey should be within two-fold of the known in viviay). tion human hepatocyte runs performed. Within each of the
In addition, the inter- and intra-day reproducibility of this as- production runEy data were generated for the three control
say was acceptable (shownTable § for decision-making compounds (displayed ifable 7. In the case of Verapamil,

in early discovery. Currently, itis not clear why PF5 and PF6 information was only available for last seven runs, due to the
failed in this assay and investigation is underway to explore fact that Triazolam was used as one of the controls for the
potential causes of this failure. One of the hypotheses is thatfirst three runs. Overall, good reproducibility was observed
extra-hepatic tissues may play a role in the overall clearancefor the three controls with CV less than 20%. Additionally,
of PF5 and PF6. Current effort is to search for Pfizer internal

research reports on PF5 and PF6 to further understand theif@0'e 7 _
clearance mechanisms En values generated for three controls (Propranolol, Verapamil, and Nalox-

one) from 2002 in-house production runs

Number of En of En of En of
3.5. Assay application in early drug discovery production runs Propranolol Verapamil Naloxone

1 0.56 N/A 100

A high throughput human hepatocyte assay has been suc2 0.71 N/A 0.98

cessfully implemented as a part of pharmacokinetic charac-3 0.87 N/A 097
terization of NCEs in drug discovery programs. To date, hep- 4 0.67 092 099
atic intrinsic clearance data has been generated for approxi—g 8’32 832 ggi
mately 1200 discovery compounds. Within each production - 092 095 098
run, three positive controls are used along with NCEs to al- 8 0.86 085 096
low for aretrospective analysis of the robustness of this assay.9 0.82 090 095
Thethree controls are Propranolol (2D6 substrate), Triazolam1° 060 095 094
(recently changed to Verapamil due to the fact that Triazo- Average ofEy 0.77 093 097
lam is a controlled substance) (3A4 substrate), and Nalox- Standard deviation 03 004 002
one (UGT substrate). If the measurgds (for the positive CV (%) 16 4 2
controls) are in agreement with their literature values (%dif- In vivo humanEy 0.70 095 086

ference< 30), the screening run is considered to be within N/A, not available.
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Fig. 4. Extraction ratios for model and Pfizer compourijgfor 17 out of
19 selected compounds was within two-fold of known in vigg [15-23]
All data are meag: S.D. withn=3 or 6. The two lines represent the two-fold
range of the known in vivo humafy values.

the averagdy values for the three controls correlates very
well with the corresponding in vivo humdty values (%dif-
ference between measuiegds and in vivo human values was
<13).

4. Conclusions

ATECAN Genesis 200 WorkstatioM equipped with: (1)
a liquid handling arm with eight standard fixed tips; (2) a tem-
perature controlled orbital shaker, in which incubation condi-
tions can be precisely controlled; and (3) TECAN’s Geffiini

liquid handling software, was used to perform human hepato-
cyte assay to enable determination of human metabolic intrin-

325

Itis well known that the liver is the major site in the body for
xenobiotic metabolisfl2]. However, tissues, such as intesti-
nal and kidney, can also actively metabolize many xenobiotics
[13]. In addition, clearance can be affected by transporter-
mediated influx and effluf12,14] Therefore, if the clear-
ance of acompound in human is not metabolism related (such
as transporter-mediated influx and efflux) or is metabolized
via non-hepatic routes, then the in vitro assay is expected
to underestimate (or overestimate in the case of transporter-
mediated influx) in vivo clearance.
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