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Abstract

Twenty-seven highly diversified pharmaceutical compounds were used as a test set to evaluate matrix effects from
microsomal media on LC/MS analyses. The individual effects of Tris buffer, NADPH and microsomes on ESI
response were investigated. Direct flow injection MS/MS analysis, using no sample preparation or HPLC separation,
gave an average of 2.2–5-fold matrix suppression in MS response from Tris buffer and NADPH. More polar analytes
were affected the greatest. To reduce the loss in response, an automated solid phase extraction (SPE) procedure was
developed. A much smaller average matrix effect was observed when samples were prepared using a Waters Oasis
HLB 96-well SPE. As little as 1 ml of methanol (MeOH) was sufficient to elute most compounds with more than 80%
recovery. Comparable results were obtained by directly injecting a protein-precipitated incubation onto a fast gradient
LC separation prior to MS/MS detection. No advantage was seen by using both SPE and a fast LC separation prior
to MS/MS analysis. © 2002 Bristol-Myers Squibb Company. Published by Elsevier Science B.V. All rights reserved.

Keywords: Matrix effects; Microsomes; In vitro; LC/MS; MS/MS

www.elsevier.com/locate/jpba

1. Introduction

As the combinatorial chemistry approach to
drug discovery can synthesize hundreds or thou-
sands of compounds per day, rapid and reliable
screening methods are needed to select drug can-
didates with favorable human pharmacokinetic

and safety credentials. In an effort of reduce costs
and the use of animals, the application of in vitro
drug metabolism data to understand the in vivo
pharmacokinetic data has become an area of in-
terest [1–4]. Several publications have demon-
strated that, along with preclinical drug
metabolism and pharmacokinetic data, human in
vitro data can be used to predict human pharma-
cokinetic behavior [5,6]. Conventional HPLC can-
not meet the challenge of analyzing large numbers
of samples per day. To streamline and increase
the throughput of in vitro metabolism assays us-
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ing liver microsomes, high throughput LC/MS
analysis have been developed and applied [7,8].
With the use of automation and rapid LC/MS
analysis methods, screening large numbers of po-
tential drug candidates can be accomplished in a
relatively short time.

LC/MS analysis can resolve compounds having
different molecular weights while MS/MS affords
a second stage of spectrometric resolution, requir-
ing specific fragments to be generated for analyte
detection. Detection with minimum or no HPLC
separation is possible. However, the biological
matrix that co-elutes with the target analyte im-
pacts MS response, particularly for electrospray
ionization. These co-eluting species may be invisi-
ble to the MS detector. However, they can signifi-
cantly affect the efficiency and reproducibility of
the ionization process. Matrix effects are more
prominent when minimal sample preparation and
separation procedures are used, conditions pre-
ferred for fast analyses.

Published reports have shown the impact of
urinary and plasma matrix effects on ionization
efficiency for co-eluting components [9–11]. This
paper reports an evaluation of matrix effects for
microsomal incubation media. Since microsomal
incubations are chemically complex, it is essential
to understand the reason for ion suppression be-
fore providing an optimum analytical procedure.
In this paper, 27 diversified pharmaceutical com-
pounds were used in the evaluation of the matrix
effects from microsomal media. Two procedures,
an automated solid phase extraction procedure
(SPE) and a fast gradient HPLC separation were
developed and used prior to MS/MS analysis.

2. Experimental

2.1. Materials

Triprolidine, haloperidol, fenfluramine, carba-
mazepine, temazepam, prazepam, apomorphine
and bromazepam were obtained from Sigma
Chemical Co. (St. Louis, MO). The remaining
compounds were obtained from various projects
within the DuPont Pharmaceuticals Company
and represent a wide diversity of structural types.

Human microsomes were obtained from Xeno-
tech (Kansas City, KS), while �-NADPH Tetra-
Tris Salt and 50 mM Tris buffer (pH 7.3 at
37 °C) were purchased from Sigma Aldrich (St.
Louis, MO). HPLC Grade Methanol (MeOH)
and ACN were from Burdick and Jackson
(Muskegon, MI).

2.2. Instrumentation

A Waters Oasis HLB 10 mg 96-well SPE plate
(Waters, Milford, MA) was used for sample
preparation. SPE was performed using a Zymark
Robot, with Zymark custom 96-well centrifuge,
Zymark 96-well evaporator (Zymark, Hopkinton,
MA), and Tecan Genesis liquid handler (Research
Triangle Park, NC). Flow injection analysis (FIA)
using MS and MS/MS detection was performed
with a Hewlett–Packard 1100 quaternary pump
(Hewlett–Packard, Palo Alto, CA), Perkin–
Elmer 200 autoinjector (Perkin–Elmer, Norwalk,
CT) and Finnigan LCQ (Finnigan, San Jose, CA).
High throughput LC/MS analysis was performed
using Shimadzu LC pumps (Columbia, MD),
Perkin–Elmer 200 autoinjector and Sciex API
3000 (Toronto, Canada).

2.3. Matrix effect e�aluation procedures

A 100 �l solution containing 2 mM NADPH,
50 mM Tris buffer and 1 mg/ml human micro-
somes (same as the microsomal incubation) was
placed in a 96-deep-well plate. An aliquot of 200
�l of ACN was added to one set of samples, as
ACN was used to quench the incubation. Then,
each of the 27 compounds was spiked into indi-
vidual wells to make a final concentration of 1.7
�M. The precipitated proteins were removed from
samples treated with ACN, by centrifuging the
mixture at 156×g for 5 min. The supernatant of
the mixture was directly injected into the LCQ for
MS/MS analysis. Another set of the incubation
cocktail was loaded onto preconditioned HLB
SPE 96-well plates, washed with 1 ml of water,
and eluted twice with 0.5 ml of MeOH. The
combined MeOH eluate was evaporated under a
N2 stream at 37 °C. The residue was reconstituted
in 300 �l of ACN:H2O (2:1), the same solvent
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combination as that of the first set of
samples. The test set was spiked into the reconsti-
tution solution to achieve the same concen-
tration as above. The same amount of compound
was spiked into 300 �l of ACN:H2O (2:1) to
serve as an unextracted solution for matrix com-
parison.

2.4. Automated SPE extraction

The 96-well SPE plate was placed on top of a
Beckman square well plate on the deck of the
Tecan liquid handler. The product from the mi-
crosomal extraction was placed into the desig-
nated position on the deck of the Tecan. In other
cases, the microsomal incubation was carried out

as the first part of the incubation and extraction
process. The Tecan added 900 �l of MeOH to
each well of the sample plate. Then, the plate was
centrifuged at 100×g for 3 min prior to 900 �l of
water being added to each well. The plate was
centrifuged at 156×g for 3 min, completing the
conditioning phase. The Tecan delivered the sam-
ple mixture to each well of the sample plate and
the plate was centrifuged at 156×g for 3 min.
The Tecan added 900 �l of water to each well and
spun the plate at 156×g for 3 min. When needed,
the washing procedure was repeated. The Tecan
added 800 �l of MeOH to each well and the plate
was spun at 156×g for 3 min. The Tecan added
200 �l of water to each well of the final collection
plate to make the ratio of MeOH, water as 4:1 for

Table 1
Matrix effect of Tris buffer, and NADPH in the MS/MS analysis of 27 compounds

Protein precipitation SPEMolecular weightCompound

335 0.04A 0.59
0.25352B 0.76

0.89C 612 0.22
0.68D 411 0.19
0.980.46E 481
0.41F 384 0.07

476G 0.31 1.01
0.980.25H 460

259I 0.17 0.58
1.31Indinavir 613 0.38

567Nalfinavir 0.29 0.90
667J 0.22 0.84
505Vertex 0.03 0.29

0.920.33K 373
516L 0.21 0.82
536M 0.48 0.89
465N 0.25 0.89
580 0.12 0.70O
558P 0.15 0.73

Triprolidine 278 0.30 0.73
375Haloperidol 0.30 0.86
300Temazepam 0.00 0.24

Carbamazepine 236 0.03 0.15
0.510.09231Fenfluramine
1.080.25267Apomorphine

315 0.05Bromazepam 0.56
324 0.07Prazepam 0.75

Mean 0.740.20
S.D. 0.13 0.27
R.S.D. (%) 64 36

n=2 injections, * ND, not determined.
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Fig. 1. Fast gradient chromatograms of test set TIC and representative extracted ions.

injection onto the LC/MS. During the extraction
procedure, the Zymark arm delivered the plate
combination to the centrifuge and back to the
Tecan station.

2.5. FIA/MS/MS and LC/MS/MS analysis

Flow injection (no HPLC column) MS/MS
analysis, The mobile phase was ACN, 0.1% FA/
H2O (50:50) at a flow rate of 0.3 ml/min. No
HPLC column was used for the matrix evalua-
tion. For all compounds, sample peaks eluted
around 0.2 min (dead time). The injection interval
was 1.2 min (limited by autosampler). The sam-
ples were introduced into the electrospray source

of the mass spectrometer. The temperature of the
heated capillary of LCQ was set at 230 °C and
nebulizer gas was set at 80.

High throughput LC/MS/MS analysis, fast gra-
dient chromatography was performed on a Polaris
C-18 (Metachem, 30×2 mm, 3 �). The mobile
phase consisted of 0.1% FA in H2O and ACN,
starting at 10% ACN and increasing to 95% ACN
over 0.8 min. The flow rate was 0.6 ml/min with a
1:1 split into the Sciex API 3000. The injection
interval was 1.5 min (limited by re-equilibration).
The temperature of Turbo Ionspray™ source was
set at 400 °C. Auxiliary gas was set at 7 l/min,
nebulizer gas at 9, curtain gas at 10 and CAD gas
at 4.
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3. Results and discussion

Microsomal incubations were generally
quenched with ACN, and the supernatant was
evaporated and reconstituted before injection into
the MS. Any effect of microsomal proteins was
mostly eliminated as proteins were precipitated
with the addition of ACN. Buffer was suspected
as the main cause for ionization suppression due
to its high concentration and high ionic strength.
We started by examining the matrix effect of Tris
buffer and NADPH. Samples were individually
injected into the mass spectrometer without a
HPLC column to assess the worst possible matrix
effect. The column labeled protein precipitation in
Table 1 illustrates the results. The matrix effect
was measured by dividing the peak area of the
compounds in the matrix (post extraction) by that
of the unextracted compounds. Ion suppression is
indicated by results �1.0, while enhancement is

indicated by values �1.0 MS/MS analysis of the
test set in Tris buffer and NADPH using no
sample preparation (protein precipitation) gave an
average of 5-fold matrix suppression.

To reduce matrix effects, 3 approaches were
considered, (1) use an alternative ionization
method such as atmospheric pressure chemical
ionization (APCI); (2) use a gradient HPLC sepa-
ration; or (3) de-salt the analyte using SPE. While
atmospheric pressure chemical ionization avoids
competitive solution processes that impact ioniza-
tion, it is generally less sensitive than ESI, can
degrade thermally labile analytes or their metabo-
lites and requires the molecule to have some de-
gree of thermal stability and volatility. We wanted
a procedure that was more generally applicable.
To ensure the elution of a diverse set of analytes,
gradient chromatographic procedures are re-
quired. We routinely use this approach and obtain
best results with longer (5–6 min, first 1–2 min

Table 2
A comparison of matrix effect of the test set compounds in the presence of Tris buffer, microsomal proteins and NADPH

Protein precipitationCompound SPE

LC with columnFIA number of LC column FIA number of LC column LC with column

0.810.83 0.840.30A
0.43 0.80B 0.64 0.75
0.52 0.81 1.09D 1.22

0.96NDG 1.07 1.27
0.54 0.92 1.10H 1.04

Indinavir 1.191.161.05ND
0.920.83 0.980.60Nalfinavir

0.42 0.82 1.01J 1.16
0.14 0.75Vertex 0.91 1.10

K 0.58 0.8 0.94 0.82
1.221.010.78L 0.51

0.81 0.92M 1.09 1.2
N 0.66 0.76 1.08 0.97

1.20.38O 0.74 0.96
0.26 0.75P 1.04 1.07

Triprolidine 0.51 0.72 0.73 0.75
Haloperidol 0.70 0.88 0.95 0.82

0.40 0.86Temazepam 0.81 0.88
0.84Carbamazepine 1.080.940.18

Bromazepam 0.920.44 0.99 1.13

0.46Mean 0.83 0.93 0.98
0.16S.D. 0.150.18 0.10

R.S.D. (%) 16 161239

n=2 injections, * ND, not determined.
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Table 3
SPE extraction recovery of the test set from a matrix consist-
ing of 2 mM NADPH, 50 mM Tris buffer and 1 mg/ml human
microsomes

Percent recoveryCompound

A 100
81B

D 83
96G
91H
92Indinavir
88Nalfinavir
81J
95Vertex

K 96
97L
85M
86N
86O
84P
89Carbamazepine

Triprolidine 93
84Temazepam

Bromazepam 94
91Haloperidol

Mean 90
S.D. 5.7

analysis, ESI response was significantly improved.
A return of a factor of four in ESI response

afforded better detection sensitivity, allowing in-
cubations to be undertaken at lower concentra-
tions. In vitro determinations should be
performed at concentrations below the Km of the
substrate. We have observed suppression of ESI
response as great as 10-fold, requiring either the
use of more sensitive and expensive MS/MS in-
strumentation or better sample preparation and
separation. Relative to pharmacokinetic studies,
in vitro preparations are generally from the same
source, so biological variability is minimized.
However, as with analytical methods having low
recovery, the impact of a strong matrix effect can
also be to limit the precision and accuracy of the
assay.

To understand the effectiveness of washing pro-
cedures, a set of samples was prepared and in-
jected into the LCQ. ESI mass spectra from m/z
100 to 900 were obtained to determine whether
residual NADPH or Tris affected analyte re-
sponse. Spectra following loading elution, as well
as the first, second and third water wash steps
were acquired. Responses from Tris and NADPH
were selected from the spectra. The protonated
molecules of Tris buffer at m/z 122, reduced and
oxidized forms of NADPH at m/z 746 and 744,
respectively, were observed. Following the second
water wash, these three peaks were significantly
reduced. It was determined that an additional
water wash before elution afforded a cleaner sam-
ple. This final step optimized a simple, yet gener-
ally effective, preparation for microsomal
incubations.

The matrix effect for 22 compounds was deter-
mined using either FIA (no column), or a fast
gradient HPLC separation. A fast gradient elution
with a short column was designed to give a k ��2,
allowing a similar on-line de-salting to the generic
off-line SPE. Using a Sciex SPI 3000 and Tur-
boIon™ source, a separation was established to
elute all 22 compounds within 1.5 min (Fig. 1).
Table 2 shows the results. Again, the matrix effect
was largely reduced following the SPE procedure
(0.93). By using a gradient LC column separation,
the matrix effect was also reduced substantially
(0.83). LC separation gave results that were simi-

switched to waste) analytical run times. With the
desire to achieve a higher throughput screen, the
run time for each sample is ideally less that 2 min.
With broad, generic gradients, run times are lim-
ited by re-equilibration of the HPLC system. Off-
line extraction allowed us to minimize time spent
on an expensive mass spectrometer.

We used both matrix effect and recovery deter-
minations to guide the development of a generic
SPE extraction method. After some initial screen-
ing of SPE sorbents, Oasis HLB was chosen. Both
Tris buffer and NADPH are soluble in water and
are washed from the SPE sorbent by strongly
aqueous solutions. The improvement is illustrated
by comparing the columns in Table 1 that are
labeled protein precipitation and SPE (no micro-
somes). A much smaller average matrix effect
(0.74) was observed when samples were de-salted
using SPE. Using this procedure, only 4 of the 27
samples showed a matrix effect greater than 2-
fold (�0.5). These four were generally more po-
lar compounds. By using 96-well SPE prior to
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lar to SPE; however, time for MS analysis is
limited by the separation and chromatographic
re-equilibration. No attempt was made to reduce
injection cycle time for MS/MS applications. FIA
or SPE MS/MS applications are limited by au-
tosampler duty cycle. For some autosamplers, we
have achieved injection cycles of 15 s. The lifetime
of the LC column was not tested in this study.
However, based upon our experience, it was sus-
pected that the column backpressure would ex-
ceed a useful limit following a few hundred
injections. The last column in Table 2 shows that
the combination of SPE cleanup and LC separa-
tion showed little benefit over SPE alone (0.98 vs.
0.93). Given the lack of orthogonality of the two
separation processes, this result was expected.

The recovery from the SPE extraction of the 22
compound test set was also obtained with LC/
MS/MS analysis. The recoveries of the 22 com-
pounds from the SPE range from 81 to 100%
(Table 3). Since the test set covers compounds
from many therapeutic areas at DuPont Pharma-
ceuticals, as well as commercially available com-
pounds, the extraction protocol was considered
generally applicable to future compounds with no
or minimum modification.

4. Conclusions

This study provides useful information about
the effects of microsomal matrix on ESI response
for a test set of compounds. A general SPE proce-
dure was developed that, along with the incuba-
tion, was fully automated. The Tecan combined
with a Zymark robot can conduct sample incuba-
tion and SPE extraction on line, completing a
96-well plate within a few hours. While the extrac-
tion was carried out using an 8-probe liquid han-
dler, 96-probe liquid handlers can accomplish the
off-line extraction in a significantly shorter period

of time. The time spent on the MS system is
limited by the duty cycle of the autosampler, as
the MS/MS analysis was accomplished without a
HPLC column. Alternatively, injection of a
protein precipitated sample with fast gradient
HPLC gives comparable results, but is limited by
the time needed to achieve the separation and
gradient re-equilibration. No advantage is gained
by using both SPE and HPLC separation prior to
MS/MS detection.
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