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Abstract

A direct injection LC/MS/MS method involving a novel incubation technique was developed for the inhibition screening of CYP 2D6
and CYP 3A4 isoenzymes using dextromethorphan and midazolam as probe substrates. Both assays were performed using an electrospra
ionization source in the positive ion mode. Direct injection was possible by using a short C 18, LC columnx(2@mmm) with large
particle diameter packing (30m). Analytical characteristics of the direct injection technique were studied by examining matrix effects,
which showed suppression of the ESI signal between 0.20 and 0.65 min. The retention times for analytes were adjusted to approximately
0.8 min K > 3), resulting in no matrix effect. Column lifetime was evaluated and determined to be approximately 160 direct injections of the
matrix. The precision and accuracy of the control samples for the quantitation of dextromethorphan was-bétd@end-12.80, and 3.73
and 6.69% respectively. Unlike conventional incubation techniques, incubations were carried out in an autosampler equipped with a heating
accessory. This novel incubation method, which involved no stirring of the incubation mixture, estimateg thgd3br dextromethorphan
and midazolam in human liver microsomes to be 16522 ml/(h mg) and 0.861 ml/(min mg) respectively. The autosampler tray maintained
uniform temperature and was sensitive to changes in temperature between 33 @ndHigfh-throughput screening was performed using
known inhibitors of the CYP 2D6 isozyme, and the system was evaluated for its ability to differentiate between these inhibitors. The strong
inhibitor quinidine resulted in a 25.6% increasetjin, the medium potency inhibitor chlorpromazine resulted in an increase of 6.14% and
the weak inhibitor primaquine had no significant effect on half-life. This technique involves no sample preparation, demonstrated run times
of 2 min per injection and can be fully automated. The method should therefore prove to be a valuable tool in the drug discovery process.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction is the cytochrome (CYP) 3A family of enzymes and the poly-
morphically expressed CYP forms (e.g. CYP 2D6). Differ-
Screening for drug metabolism is a very significant step ent techniques including fluorometric and radiometric have
in the process of developing a novel drug. It has several pri- been used for in vitro metabolism screen[Bg5] but these
mary uses, to find metabolically stable compounds, define methods have potential limitations. A fluorometric assay, al-
clearance pathways, predict in vivo human pharmacokinet- though superior to traditional assays, suffers from a lack of
ics and drug—drug interactiofit,2]. Of particular relevance  sensitivity for certain CYP formf5]. Occasionally, interfer-
ence by test compounds that are fluorescent or fluorescence
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cerns and inherent limitations that exist on miniaturization grade and purchased from Baxter (Muskegon, MI). Pooled

[7]. human (HLM) and rat liver (RLM) microsomes used in the
The availability of tandem mass spectrometers has pro-incubation studies were purchased from Gentest Corporation

vided drug metabolism scientists with a powerful tool for (Woburn, MA). Deionized water used in the experiments was

rapid analysis of biological samples for drugs and metabo- prepared in the laboratory using a Millipore Milli-Q reverse

lites[8]. Rapid drug metabolite profiling can be achieved us- osmosis system (Bedford, MA).

ing fast chromatographic separation and mass spectrometric

scanning without compromising separation efficiency. There 2.2. Apparatus

have been a few investigations, which have used this approach ) ) ) .

to increase the throughput of various drug evaluation pro- . 1he microsomal incubation mixtures were analyzed us-

grams[6,9-12] Most of these involve traditional in vitro N9 2 LC/MS/MS system that consisted of a Hewlett Packard

incubation techniques and sample preparation steps that caf¥10del 1100 series pump (Palo Alto, CA) coupled to a Finni-
significantly reduce the speed of analysis. Direct injection 92N LCQ mass spectrometer (San Jose, CA) fitted with either
has been previously carried out for rapid bioanalytical de- &N atmospheric pressure chemical ionization source (APCI)
termination of dextromethorphan in canine plasgit@] us-  ©OF & electrospray ionization source (ESI). XcaliBny 1.1

ing LC/MS/MS but this approach involves no application for softwgre was used for data_acqwsnpn and manipulation. In-
metabolism screening. Our goal was to develop a direct injec- cubations were performed in a Perkin ElImer Model 200 au-
tion LC/MS/MS technique that involves no sample prepara- tosampler equipped with a Peltier heating _and cooling acces-
tion and a novel incubation technique for the screening of the SOTY- The column used for the LC analysis was a DASH C
CYP 2D6 and the CYP 3A4 isozymes. LC separations were 18 €olumn (2.0 mm i.cx 20mm length, 1qum) purchased
carried out on a short analytical column, 20 mmin length. The oM Keystone Scientific (Bellefonte, PA).

incubations were conducted in an autosampler tray equippedzlsl Methods

with a heating accessory. The microsomal incubation mix-

tures were directly injected onto the analytical column with- 2 3 1 | c/MS/MS method for the analysis of DM

out any manipulation or addition of reagentsto stop theincu- A stock solution of dextromethorphan was prepared
bation. Injections were made at aninterval of every 2minand gt 5 concentration of 10mM in acetonitrile. Different
the disappearance of the probe drug was monitored. Half-life gjjytions were prepared from the stock in deionized water
(t12) and intrinsic clearance (flinvitro) values were deter- iy concentrations ranging from 1 tasM, which were used
mined by measuring the first-order rate constant of elimina- f5; method development. Dextromethorphan was analyzed
tion (Ke) at low concentrations of the probe drug(Km) in the positive ion mode using both the electrospray and
[14,15] The probe drugs chosen for our screening studies the atmospheric pressure chemical ionization sources. In

were dextromethorphan and midazolam, which are metabo-the ES| mode, LC separations were achieved on a DASH

phan and 1-hydroxy midazolam, respectivll§—-18} CYP .19 formic acid in acetonitrile and water (30/70%) at a
2D6 exhibits genetic polymorphism, which is a major source fiow rate of 30qQul/min. The injection volume was optimized
of inter-individual differences in drug metabolig@®]. CYP at 20ul, and the run time was 2 min. MS/MS analysis was
3A4 is responsible for the biotransformation of numerous performed by isolating the protonated dextromethorphan
therapeutic agents and can therefore cause drug interactiongs pyz 272, fragmenting it using a relative CE of 35% and
[20]. Both these isozymes are therefore important for screen-scanning product ions fromvz 70 to 276. In the APCI
ing during the drug discovery process. The direct injection mode LC separations were performed on a similar DASH
approach was tested for its screening potential by incubatingcojumn. The mobile phase consisted of 0.1% formic acid of
dextromethorphan with known inhibitors of the CYP 2D6 cetonitrile and water (22/78%) at a flow rate of §0nin.
isozyme including quiniding21,22] chlorpromazing23] The injection volume, analytical run time and MS/MS
and primaquing24] in decreasing order of potency. conditions were similar to those used in the ESI mode.

2.3.2. Feasibility of direct injection of the microsomal

2. Experimental incubation mixtures
2.3.2.1. Qualitative matrix effects his experimentwas per-
2.1. Materials and reagents formed using a post-column infusion setup. Mobile phase was

pumped through the column used for HPLC analysis and a
Dextromethorphan (DM), midazolam maleate, quinidine syringe pump infused the analyte of interest (dextromethor-
hydrochloride, chlorpromazine hydrochloride, primaquine phan 1QuM, rate 25ul/min) into the post-column mobile
diphosphate were purchased from Sigma Chemicals (St.phase stream via a mixing tee. This combined solution then
Louis, MO). Potassium phosphate (monobase and dibase)ntered the interface ofthe mass spectrometer. The mass spec-
were both ACS grade chemicals and purchased from Sigmatrometer was operated in the product ion mode, wherein all
Chemicals (St. Louis, MO). Acetonitrile was of analytical fragments of the protonated drug were acquired. Subsequent
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processing of thewz 215 reconstructed ion chromatogram duplicate and the controls were injected six times each to
was used for data analysis. determine the precision and accuracy of the method.

A blank matrix consisting of 1mg/ml HLM, 1 mM
NADPH and 50 mM phosphate buffer (pH 7.4) was injected 2.3.4.2. Comparison of incubation mixtures to contrdls-
into the HPLC column. A neat standard injection of the ana- cubation mixtures were prepared using 1, 5 op.M dex-
lyte (dextromethorphan LM) was then made onto the col- tromethorphan in 1 mg/ml human liver or rat liver micro-
umn without post-column infusion to establish the retention somes, 1 mM NADPH and 50 mM phosphate buffer. The con-
time. The post-column infusion experiment was performed trols consisted of all the ingredients used in the incubation
with and without using the LCQ switching valve, which can mixture except for the cofactor NADPH. The controls and
direct the post-column LC eluent to waste or the interface the incubation mixtures were incubated in the autosampler
of the mass spectrometer. When using the switching valve,at 37°C and injections were made onto the LC column at
the timing was varied between 0.25 and 0.50 min to establish5 min intervals to monitor the change of dextromethorphan
the optimal time for the eluent to be switched back to the over time. The control corrects for losses such as adsorption
mass interface. The use of the switching valve reduces saltor detector response; helping to ensure that metabolism is the
deposits on the ion source and increases the number of injeconly process that leads to a decrease in the peak area of the
tions that can be made before contaminating the MS capillary analyte.
interface.

2.3.4.3. Determination ofk for dextromethorphan in hu-

2.3.2.2. Quantitative matrix effectdlatrix effects were de-  man and rat liver microsomedextromethorphan was used
termined by comparing the peak areas after injectipdvl in a concentration range of 0.1 for the determination
dextromethorphan in water to the same concentration in mi- of half-life in human liver microsomes. Incubation mixtures
crosomal incubation mixtures. Six injections of each sam- were prepared using 1 mg/ml HLM and 1 mM NADPH in
ple were made onto the LC column. The sample injections phosphate buffer. These were incubated in the autosampler
were interwoven to account for any variability. A student’s set at 37C. Direct injections were made from the sample
t-test was used to determine if there were any significant ma-vials at intervals of 2 min and the runs were monitored for
trix effects at an alpha value of 0.05. The use of the col- a period of 35min. The half-life was determined by plot-
umn to desalt the incubation mixture was also establishedting the peak areas of dextromethorphan on a logarithmic
by comparing peak areas from an injection qiMl dex- scale against time, which yielded the first-order rate constant
tromethorphan in matrix onto the column versus responsefor the disappearance of the probe drug. This was later con-
in the flow injection mode (no column). Three injections of verted to clearance values for dextromethorphan in human
each sample were made and the difference in peak areas wakver microsomes and compared values reported in the liter-

computed. ature. A similar procedure was carried out to determine the

half-life for dextromethorphan disappearance in rat liver mi-
2.3.3. Performance of the column in the direct injection crosomes using concentrations of the analyte in the range of
mode 0.2-2.0uM.

Column performance in the direct injection mode was
evaluated by using a new DASH column (1M, C18) and 2.3.4.4. Four corner experimenthe objective of this ex-
repeated injection of a sample ofuM dextromethorphan  periment was to validate the use of the autosampler for
in matrix (1 mg/ml HLM and PB 50mM, pH: 7.4). The conducting incubation studies. Vials containing the incu-
first 100 injections used the switching valve at 0.25min bation mixture (1 mg/ml rat liver microsomesuM dex-
(optimized in Sectior2.3.2.]. The next 100 injections did  tromethorphan, 1 mM NADPH in 50 mM phosphate buffer)
not use the switching valve. The change in the column were placed at the four corners of the autosamplerx(10
backpressure, retention time and the peak areas of dexsample tray). The autosampler was used at temperature set-
tromethorphan were monitored over the entire period of 200 tings of 33, 37 and 41C. At each temperature setting, direct

injections. injections of the incubation mixture were made from the four
corners at intervals of 2 min each. It was determined whether
2.3.4. Direct injection analysis of dextromethorphan the four corners of the autosampler retained the same tem-

2.3.4.1. Validation of precision and accuracy for the direct perature by comparing the half-lives obtained from the four
injection method.A standard curve was prepared by spik- vials. This experiment also determined sensitivity to small
ing different concentrations of dextromethorphan to a matrix changes in temperature by comparing the half-lives obtained
containing 1 mg/ml HLM in 50 mM phosphate buffer. The at different temperatures.

concentrations of dextromethorphan used were 0.02, 0.05,

0.1,0.5,1.0, 2.0 and 4 0M. Four controls of the probe drug  2.3.4.5. Feasibility of high-throughput screening of the CYP
were also prepared in concentrations of 0.03, 0.08, 0.75 and2D6 isozyme A method should have the capability to screen
1.5uM. The LC/MS/MS procedure remained the same as for high, medium and low potency inhibitors of the enzyme
described in Sectio.3.1 The standards were injected in system to be a successful screening approach. Quinidine,
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chlorpromazine and primaquine were the three inhibitors of nated parent at/z 326 was selected, fragmented at 35%
the CYP 2D6 isozyme used in decreasing order of their po- relative collision energy and product ions scanned frofn
tency. Stock solutions (40M) of the three inhibitors were 82 to 330. The reconstructed ion chromatogram ofrtife
prepared using distilled deionized water andM of each 291 fragment was used for data analysis.
was incubated separately withu®1 of dextromethorphan, A negative control set of incubations was analyzed using
1 mg/ml human liver microsomes, 1 mM NADPH in 50mM 2 M midazolam and 1 mg/ml HLM in 50 mM phosphate
phosphate buffer. Two control incubations were also run with buffer. These negative controls lacked the cofactor NADPH.
the inhibition studies. Control | consisted of an incubation of Injections were made from the control at intervals of 3 min to
dextromethorphan (M) in matrix without NADPH and in- monitor any change in the peak area of the analyte. Incuba-
hibitors and control Il was an incubation of dextromethorphan tions to determine the half-life were carried out usingh\2
(2 M) without inhibitor. The five samples were placedinthe midazolam, 1 mg/ml HLM and 1 mM NADPH in 50 mM
autosampler, which was preset to°&7. The first two injec- phosphate buffer. Injections were made every 2 min and the
tions were made from the control incubations and successivedecrease of the parent drug was monitored for a period of 10
injections were made from the other samples at intervals of injections. Incubations were carried out in the autosampler at
2 min each. The total run time for the experiment was 96 min 37°C. Plots of the peak areas on a logarithmic scale versus
and seven injections were made from each sample vial. Thetime (min) were constructed to determine half lives and these
half-lives were calculated and compared to observe for in- were compared to literature values.
hibition. A strong inhibitor should significantly increase the
half-life, whereas the half-life for the low potency inhibitor
should be similar to that obtained in the incubation without 3. Results and discussion
inhibitors.

3.1. LC/MS/MS method for the determination of

2.3.5. Direct injection analysis of midazolam dextromethorphan

A 10 mM stock solution of midazolam was prepared in
50% acetonitrile and water. This solution was further diluted ~ The method for dextromethorphan was developed testing
to 1M in deionized water to be used for method develop- both ESIand APCI. The ESI method demonstrated an elution
ment. The LC method was deve|oped in the isocratic mode time of 0.8 min while the APCIl had an elution time of 0.6 min.
using a (2.0mm i.dx 20 mm length, 1gum, C18) DASH The ESI method was more sensitive than APEg(1). The
column. A mobile phase consisting of 0.1% formic acid in ESI source was therefore used for all our subsequent exper-
acetonitrile and water (30/70%) gave Optimum Separa’[ion_ iments and for determination of the precision and accuracy
Detection was performed in the MS/MS mode. The proto- for dextromethorphan.

APCI mode ESl imode
= n "
] n]
i- i
. -
. ] IR
] _fvr ;u: S — oma . "}—":—:\,_‘,*—_’_: o ax a . on o b3 e
1pM DM in incubation matrix 1pM DM in incubation matrix
Pl: 6.25e4, RT: 0.61 min Pl: 1.08e6, RT: 0.8 min

Fig. 1. Comparison of MS response from.l dextromethorphan using ESI and APCI.
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setting higher than 0.35min depletes the analyte peak (re-
tention time: 0.8 min), as it does not give the detector and
its associated dead volume enough time to equilibrate before

3.2.1. Qualitative matrix effects elution of the analyte.

The baseline signal from the analyte infusion was altered
when the blank matrix was injected onto the HPLC column. 3.2.2. Quantitative matrix effects
The effect was observed as a drop in the baseline based on The effects on ESI response when injecting dextromethor-
the pre-injection response of the infused analyte. The extentphan (3.M) in microsomal incubations versus deionized
of suppression and the length of time required to recover thewater provide a quantitative measure of the matrix effect.
pre-injection response of the analyte is showFig. 2 The Without a switching valve, peak areas are similar (mean val-
matrix alters the signal from the analyte between 0.20 and ues: 2.04x 10’ dextromethorphan in deionized water and
0.65 min; the full signal for dextromethorphan is restored at 1.84x 10’, dextromethorphan in incubation matrix). This
around 0.7 min. This experiment was also performed using was confirmed using the stude+iest, which found the differ-
the switching valve, which directs the post-column eluent ences to be insignificant abavalue of 0.05. When using the
to the waste. Different time settings of the switching valve switching valve at a time setting of 0.25, differences in peak
were used ranging from 0.25 to 0.5min. It was discovered area were even less (mean values: %24, dextromethor-
that a switching valve setting between 0.25 and 0.35 min re- phan in deionized water and 2.%6L0°, dextromethorphan
stored the full signal of the analyte around 0.7 min. A time in incubation matrix) and found to be insignificant at@n

3.2. Feasibility of direct injection analysis of the
microsomal incubation mixtures
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Fig. 2. Qualitative matrix effects obtained from the post-column infusion experiment. (a) Infusiopbf eil&xtromethorphan at 35/min. (b) Direct injection
of matrix (1 mg/ml HLM, 1 mM NADPH and 50 mM phosphate buffer). (c) Chromatogramdfidextromethorphan.
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Change in pressure with repeated injections
(w and wo switching valve)
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Fig. 3. Evaluation of column performance by monitoring changes in column backpressure.

value of 0.05. These results can be explained based on ouof the matrix. Therefore we have two end points to evaluate
qualitative matrix effects, which show that the analyte sig- column performance, (1) the backpressure of the column and
nal is restored around 0.70 min. A retention time of 0.80 min (2) the analyte retention time. Column backpressure should
therefore, does not interfere with the direct injection analy- not exceed 180 bar and the analyte retention time should not
sis of dextromethorphan. The LC column can be effectively migrate below 0.70 min to avoid matrix effects.
used for desalting the incubation mixture. The peak areas
from injecting 1M dextromethorphan in microsomal incu-
bation with and without using the LC column show an or-
der of magnitude difference (mean values: 25407, dex-
tromethorphan with column and 1.8410°, dextromethor- injection method
phan without column). Significant differences in the peak ar-  * pifferent concentrations of dextromethorphan were pre-
eas are observed, therefore necessitating the use ofacolumBared in the matrix and directly injected onto the column
when performing direct injection analysis. as described in Sectidh3.4.1to form the standard curve.

A linear model with a weighting factor of (29) provided
3.3. Performance of the column in the direct injection the best fit for calibration with a correlation coefficient of
mode 0.999, and all residuals were less than 15%. The range of the

S assay was from 0.02 to 4uM. The percent relative stan-
The performance was evaluated by repeatedly injecting a

sample of JuM dextromethorphan in matrix. The first 100 in-
jections used the switch valve at a setting of 0.25 min and the
next 100 injections were performed without use of this switch 1.E+08 -
valve. A new column had a backpressure of 16 bar when the
mobile phase (30/70%, acetonitrile/water) was pumped at
a flow rate of 30Qul/min. The pressure rose successively
after each direct injection made. Following 160 injections
it reached 180 bar, which led to a breakdown in the chro-
matographic performance of the column. The peak area for
dextromethorphan was also monitored, and this showed a
slight decline after each direct injection. The changes in the
backpressure of the column are showrrig. 3. During the
course of the run, the retention time migrated from 0.80 to 1-E+050 : = - & "
0.69 min. This could be a possible reason for the decrease in ) .

peak area as the analyte peak steadily approaches the ion sup Time;(min} :z:'; e i AR
pression zone. Another reason for decrease in peak area coula

be increased salt deposits on the ionization source and partiakig. 4. peak area in logarithmic scale vs. time plots phsdextromethor-
clogging of the MS interface on successive direct injections phan in RLM with and without (negative control) NADPH.

3.4. Direct injection analysis of dextromethorphan

3.4.1. Validation of precision and accuracy for the direct

Incubation of Dext romethorphan (5 uM) in RLM

y = 1E+07e 277
R?=0.9912

1.E+07 8~ = = e

1.E+06

Peak area in logarithmic scale
*
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dard deviations (RSD) of the four controls, 0.03, 0.08, 0.75 using the formula:

and 1.50.M were 6.69, 3.53, 6.10 and 3.73% and the per-

cent differences from normal (DFNs) werel2.80, 2.95,  Clintinvitro = 0.693 (Wwhen[$] < Km)

—0.53 and—1.36%, respectively. The limit of quantitation 1172

was set at 0.0@M, which represented the lowest point of 11,4 yerivation of the formula is shown below.

the standard curve and this concentration had an RSD less Overall elimination or change in drug concentration over

than 15%. time is defined by

3.4.2. Comparison of incubation mixtures to negative _% = K¢[S] and Ke = 0.693 (first order elimination)
controls dt 1y
Negative controls, which were prepared without the co- 1)

factor NADPH, demonstrated almost no change in the peak
area of the analyte when monitored over a period of 20 min in
RLM and 40 min in HLM. Incubation mixtures that contained
NADPH showed a decline in the peak area of dextromethor- (. Vinax S]

phan due to its metabolisrkig. 4 shows the comparison of ~ — 5, = Km + 5] ()
control and incubation mixture for M dextromethorphan

in RLM. This experiment demonstrates that metabolism is When [S] <« Km, the formula simplifies t§25]

the only pathway for changes observed in the peak areas of

the probe drug during incubation. It also facilitates data anal- _ e = (Vmax) [S] and Clatinvito = Vimax (3)
ysis, by simplifying the determination of &lin vitro for DM dt Km Km

In this case as the negative controls show no loss of drug and
metabolism is the only path for eliminati¢a8]

Incubation Kinetics for Dextromethorphan 1.0 uM in HLM
1.00E+08

y= 2E+07e -0.0263x
R? = 0.957

1.00E+07 —‘\\’\'\;\‘\’

Peak area in logarithmic scale

1.00E+06 T T T
0 10 20 30 40
(a) Time (min)
Incubation Kinetics for Dextromethorphan 0.5 uM in RLM
o 1.00E+06 1o
©
2 y = 721528e 04275
o R? = 0.9868
.g 1.00E+05
=
T
©
=
o
£ 1.00E+04
©
2 <>
©
k4
©  1.00E+03
o
1.00E+02 T T T T T T
0 2 4 6 8 10 12 14
(b) Time (min)

Fig. 5. (a) Kinetics of .M dextromethorphan in HLM to determine itg;. (b) Kinetics of 0.5.M dextromethorphan in RLM to determine itg,.
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Table 1
Summary of half-lives and calculated intrinsic clearances of dextromethor-
phan in HLMR

Concentration DM gM)2 Half-life (min) Clintinvitro (ml/(h mg))
0.1 20.5 2.03
0.2 25.1 1.66
0.8 27.3 1.52
1.0 26.4 1.58

DM: dextromethorphan; HLM: human liver microsomes.

a DM was used at concentrations of 0.1-LM. Concentrations greater
than 1.0.M were not used to determirtg, as they were not significantly
higher than th&,, values for DM in HLM, K, 5.8—-6.8.M [26].

Comparing Eqs(1) and (3)we see that

0.693
112

(4)

Ke = CIintin vitro =

S. Bhoopathy et al. / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 739-749

Table 2
Summary of half-lives and calculated intrinsic clearances of DM in RLM

Concentration DM jgM)2 Half-life (min) Clintinvitro (ml/(h mg))
0.2 1.73 24.0
0.5 1.62 25.7

DM: dextromethorphan; RLM: rat liver microsomes.

2 DM was used in concentrations of 0.2+®1. Concentrations greater
than 0.5.M were not used to determirig,, as they were not significantly
higher than values for DM in RLMKn: 1.3 and 1.7627,28]

3.4.3. Determination ofif, for dextromethorphan in
human and rat liver microsomes

Fig. 5 (top and bottom) illustrates representative plots
(peak areas on a logarithmic scale versus incubation time)
for the determination of the half-life for dextromethor-
phan in human and rat liver microsomes, respectively.
Tables 1 and Zummarize the results for the determina-
tion of thety2 and Cltinvitro in human and rat liver mi-
crosomes. The averadge, and Cltinviro (meantS.D.)

The Ke values are the slopes of the peak areas on a loga-for the human liver microsomes was 254&.98 min and

rithmic scale versus incubation time plots. This is used to
determine they/2 (Eqg. (1)), which is used in the estimation
of the Clntinvitro Values (Eq(4)) [25].

1.65+ 0.22 ml/(h mg) respectively. These values were com-
parable to those obtained in the literature for dextromethor-
phan in HLM using conventional incubation techniques

4 corner study at 33 degrees centigrade
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Fig. 6. (a) Incubation kinetics for the four corner study at@3(b) Changes in th/; values of dextromethorphan with increase in temperature.
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(Clintinvitro: 1.73-2.77 ml/(hmg)[26]). The averagets;» liver microsomes and by this experiment, which shows the
and Cl (meantS.D.) for the rat liver microsomes was ability of the autosampler to maintain uniform temperature
1.67+0.05min and 24.95%0.69 ml/(hmg), respectively. throughout the sample tray.

The average Gkinvitro Values also compared favorably those

previously reported in the literature (glnvito: 20.04 and 3 4.5, Feasibility of high-throughput screening for the

25.38 mI/(h m9127,28]). CYP 2D6 isozyme
Fig. 7(a) is a plot of the peak areas on a logarithmic scale
3.4.4. The four corner experiment versus incubation time for all the samples used in the screen-

This experiment was performed in order to evaluate the ca- ing studies with a total run time of 96 mifiable 3a) sum-
pability of the Peltier heating accessory to maintain similar marizes the results obtained. The strong inhibitor of the CYP
temperatures across the autosampler tray and also be sensitiveD6 isozyme (quinidine) increased thg of dextromethor-
to changes in temperature. Incubation studies were carriedphan from 16.0 min (control Il) to 20.2 min, an increase of
out from the four corners of the autosampler at three differ- 25.6%. The medium inhibitor chlorpromazine increased the
ent temperatures (Secti@3.4.4 to evaluate thisFig. 6 (a) t1/2 by 6.14% and the weak inhibitor, primaquine hatl,a
shows the representative plot at'®3for the half-livesof dex- ~ that was not significantly different from the control incuba-
tromethorphan obtained from the four corners of the autosam-tion. Fig. 7(b) is a similar plot for the screening studies but
pler.Fig. 6(b) shows the changes in half-lives by increasing this takes into consideration only the first four time points
the temperatures from 33 to 4C. The autosampler is a suit- and hence a total run time of 48 mifable 3b) which sum-
able alternative to conventional incubation techniques, which marizes these results show that the percentage increage in
usually involve incubating in a water bath maintained &@7  for the inhibitors is similar to those obtained with a run time
upon continuous stirring. This is shown by the half-life exper- of 96 min. Therefore, a run time of 48 min is sufficient to
iment in which we obtainetl; values comparable to those determine the potential for inhibition of the three inhibitors,
found in the literature for dextromethorphan in human and rat which translates to a screening potential of 30 compounds

Inhibiton study by Direct injection technique
(run time 96 min)
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Table 3
Summary of inhibition results
Parameters DMc DM and QH DM and CH DM and PP
(a) Run time 96 min
Half-lives 160 202 17.0 156
Clintinvitro (Ml/(min mg)) 00432 00344 00407 00443
Increase irty/, (%) 0.0 256 6.14 —2.48
(b) Run time 48 min
Half-lives 173 207 176 170
Clintinvitro (Ml/(min mg)) Q0401 00335 00393 00407
Increase irty/, (%) 0.0 197 2.05 —1.46

DM: dextromethorphan; QH: quinidine hydrochloride; CH: chlorpromazine hydrochloride; PP: primaquine diphosphate.

per working day. The number of compounds screened can bethe peak areas for midazolam over a time period of 25 min.
increased if we do not include the controls (i.e. compare the This indicates that metabolism is the only pathway for the
half lives obtained from the inhibitors to control half lives es- disappearance of the probe drug and the simplified formula
tablished previously) and reduce the inhibition experiments (Section3.4.2 can be used to determine intrinsic clearance.

to three time points The plot of the peak areas on a logarithmic scale ver-
sus incubation time was best described by a biexponential
3.5. Direct injection analysis of midazolam equation with an apparent first-order fast and slow (termi-

nal) disposition rate constants. ThejGhviro Was calcu-

The probe substrate for CYP 3A4 activity, midazolam lated from the initial rate constaf29] and the value ob-
was separated using 30/70% acetonitrile/deionized watertained was 0.861 ml/(min mg). This value was comparable
with 0.1% formic acid at a flow rate of 3Qd/min. Under ~ to previously reported values in the literature i{Gd vitro:
these conditions the, the retention time was approximately 0.157-0.600 ml/(min mg30]). The concavity of the semi-
0.87 min, which was removed from the matrix effedts<(3). log plot may be explained by assuming cross reactivity be-
Fig. 8shows the comparison of negative control and incuba- tween the parent drug and its metabolites and thus later time
tion for midazolam (2.0Q.M) in matrix (1 mg/ml HLM and points resultin higher than expected concentrations for mida-
50 mM phosphate buffer) to determine its half-life. The neg- zolam. Another reason for the increased concentration over
ative control incubation (no NADPH) showed no decrease in latertime points could be adsorption onto the column. Asmall

Incubation of Midazolam (2 u M) in HLM
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Fig. 8. Peak area in logarithmic scale vs. time plots pMmidazolam in HLM with and without (negative control) NADPH.
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