Available online at www.sciencedirect.com

sc|ENCE@DIHEcT® IOURNALOF
CHROMATOGRAPHY B

Journal of Chromatography B, 830 (2006) 293—-300

www.clsevier.com/locate/chromb

Standard line slopes as a measure of a relative matrix effect
in quantitative HPLC—-MS bioanalysis

B.K. Matuszewski

Merck Research Laboratories, West Point, PA 19486, USA

Received 13 July 2005; accepted 5 November 2005
Available online 23 November 2005

Abstract

A simple experimental approach for studying and identifying the relative matrix effect (for example “plasma-to-plasma” and/or “urine-to-urine”
in quantitative analyses by HPLC—-MS/MS is described. Using as a database a large number of examples of methods developed in recent yex
our laboratories, the relationship between the precision of standard line slopes constructed in five different lots of a biofluid (for example plasr
and the reliability of determination of concentration of an analyte in a particular plasma lot (or subject) was examined. In addition, the frecision
standard line slopes was compared when stable isotope-labeled analytes versus analogs were used as internal standards (IS). Also, in some
a direct comparison of standard line slopes was made when different HPLC-MS interfaces (APCI versus ESI) were used for the assay of the s
compound, using the same IS and the same sample preparation and chromatographic separation conditions. In selected cases, the precis
standard line slopes in five different lots of a biofluid was compared with precision values determined five times in a single lot. The results of the
studies indicated that the variability of standard line slopes in different lots of a biofluid [precision of standard line slopes expressedems coeffici
of variation, CV (%)] may serve as a good indicator of a relative matrix effect and, it is suggested, this precision value should not exceed 3—4%
the method to be considered reliable and free from the relative matrix effect liability. Based on the results presented, in order to assess the rel
matrix effect in bioanalytical methods, it is recommended to perform assay precision and accuracy deterimjfsatidiferent lots of a biofluid,
instead of repeat:(=5) analysis in the sameingle biofluid lot, calculate standard line slopes and precision of these slopes, and to use <3-4%
slope precision value as a guide for method applicability to support clinical studies. It was also demonstrated that when stable isotope-labe
analytes were used as internal standards, the precision of standard line slopes in five different lots of a biofdi%aisrespective of the
HPLC-MS interface utilized. This clearly indicated that, in all cases studied, the use of stable isotope-labeled IS eliminated relative atatrix effe
Also, the utilization of the APCI interface instead of ESI led to the elimination of the relative matrix effect in all cases studied. When the precisic
of standard line slope values exceeds the 3—-4% limit, the method may require improvements (a more efficient chromatography, a more sele
extraction, a stable isotope-labeled IS instead of an analog as an IS, and/or a change in the HPLC—-MS interface) to eliminate the relative m:
effect and to improve assay selectivity.
© 2005 Elsevier B.V. All rights reserved.
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1. Introduction guarantees selectivity has been challenged by a number of
reported examples of lack of selectivity due to ion suppres-
High-performance liquid chromatography (HPLC) with tan- sion or enhancement caused by the sample m§trg] and
dem mass spectrometric (MS/MS) detection has been demoimterferences from metabolit§g—9]. In light of these serious
strated to be a powerful technique for the quantitative determethod liabilities, questions about how to develop and validate
mination of drugs and metabolites in biological fluids. How- reliable HPLC-MS/MS methods are being raised. The central
ever, the common perception that utilization of HPLC-MS/MSissue is what experiments, in addition to the validation data usu-
ally provided for bioanalytical methods, need to be conducted
to demonstrate the absence of a relative (“lot-to-lot”) matrix
'+ Home address: 1604 Claudia Way, North Wales, PA 19454, USA. effect and to confirm HPLC—M_S/_MS assays selectivi'Fy. The cur-
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ence Report from the workshop held on the same sufifié¢t  without the presence of analyte(s) of interest should be gener-
clearly indicate the need for the assessment of matrix effected. However, construction of such standard lines is impossible
during development and validation of HPLC-MS/MS methodsin practice. As a workable alternative, by eliminating matrix
“to ensure that precision, selectivity, and sensitivity will not beeffect when at least control biofluids from different sources or
compromised]10,11] However, in both of these documents the subjects are evaluated during assay validation, may increase
experiments necessary to demonstrate the presence or absenoasiderably the probability for the method to be much more
of matrix effectin a given bioanalytical method are not describedeliable. In the experiments presented in this paper, assay vali-
and/or suggested. In several recent papers, experiments confirgations were performed in five different lots of a biofluid instead
ing qualitatively the presence of matrix effect in biological matri- in a single lot. The major consideration here was not to increase
ces in comparison with the MS/MS response in neat solvents dhe number of experiments/injections usually performed in typ-
HPLC mobile phases were describd@-15] but they do not ical assay validation experiments but to get some critical insight
provide guidance of how to evaluate and determine éasting  into method reliability. By eliminating matrix effects in plas-
analytical method or a method under development is selectiveas or urines originating from at least five different sources, the
or suffers from the lack of selectivity due to the effect of matrix. likelihood of providing more accurate bioanalytical and phar-
In our previous publicationd,6] we described strategies that macokinetic (PK) data may dramatically increase.
allowed experimental demonstration, during assay development Using as examples a large number of methods developed in
and validation, of the absence or presence of matrix effect in eecentyears in our laboratories, the relationship between the pre-
newly developed bioanalytical method. This information thencision of standard line slopes constructed in five different lots of
served as a guide for making changes and corrections, if ang,biofluid and the reliability of determination of concentration of
to the original method that would allow the establishment of aan analyte in a particular biofluid lot (or subject) was examined.
truly selective method free of matrix effect interferences. Thesén addition, the precision of standard line slopes was compared
strategies were illustrated using as an example the experimentahen stable isotope-labeled analytes versus analogs were used
data obtained during development of bioanalytical methods foas internal standards (IS). Also, in some cases, a direct compari-
one of the drug candidates studied in our laboratories. Thesson of standard line slopes was made when different HPLC-MS
strategies included the determination of peak area ratios of iaterfaces (APCI versus ESI) were used for the assay of the same
drug to an internal standard in different lots of a biofluid for compound, using the same IS and the same sample preparation
samples spiked before and after extraction as opposed to myrocedure, and under the same chromatographic separation con-
tiple determination of these ratios in a single lot, determinatiorditions. In selected cases, the precision of standard line slopes
of the “absolute” and “relative” matrix effect, and a quantitative in five different lots of a biofluid was compared with precision
assessment of matrix enhancement and ion suppregsi®in  values determined five times in a single lot. The results of all
A similar method based on the assessment of the drug/IS ratideese studies indicated that the variability of standard line slopes
at single concentration in different lots of a biofluid was laterin different lots of a biofluid [precision of standard line slopes
applied for the assessment of differential ion suppression foexpressed as coefficient of variation, CV (%)] may serve as a
two test compounds in plasnja6]. In addition, in our earlier good measure of a relative matrix effect and that this precision
paper[6] we have suggested, based on the data obtained forvalue should be very high for the method to be considered reli-
single analyte, that determination of slopes of standard curveable and free from relative matrix effect liabilities.
constructed in different biofluid lots may serve as an indicator of
the relative matrix effect. Thiglarive matrix effectis of primary 2. Experimental
concern in quantitative bioanalysis since in everyday practice,
the standard curve samples are prepared jtngle lot of a  2.1. Materials
biofluid, and this curve is used next to determine concentrations
of analytes in plasma samples originating frerany different Allcompounds studied and their respective internal standards
subjects/patients, at various time points (hours, days, weeksjere synthesized at Merck Research Laboratories (Rahway, NJ,
after dosing, and from different population pools. If the relativeand West Point, PA, USA). All solvents and reagents were of
MS/MS response is affected by the matrix, the pharmacokinetielPLC or analytical grade and were purchased from Fisher Sci-
data obtained using a bioanalytical method for which the absenamtific (Fair Lawn, NJ, USA). The different lots of drug-free
of a relative matrix effect was not demonstrated may be errohuman, heparinized plasma originated from Biological Spe-
neous. Therefore, it is of critical importance to study, identify,cialties Corporation (Lansdale, PA, USA). Human urine sam-
and eliminate the relative matrix effect in the bioanalytical assayles originated from laboratory volunteers. Cerebrospinal fluid
procedures. A simple experimental approach for studying an¢iCSF) originated from subjects participating in clinical stud-
identifying this effect is described. The method is based on thés. Nitrogen (99.999%) was purchased from West Point Supply
determination of slopes of standard lines constructed in five diffWest Point, PA, USA).
ferent lots of a biofluid during method validation.
In order to unequivocally eliminate the relative matrix effect2.2. Instrumentation
uncertainty during post-dose sample analyses, standard lines for
an analyte(s) in exactly the same post-dose biofluid samples con- Perkin-Elmer (PE) Sciex (Thornhill, Ontario, Canada) API
taining the same endogenous compoumas metabolites but 3000 and Applied Biosystem/MDS Sciex (Concord, Ontario,
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Canada) API 4000 tandem mass spectrometers equipped with e analytes versus respective internal standards were utilized
atmospheric pressure chemical ionization (APCI, heated nebier the construction of calibration lines, using weighted{L/
lizer, HN) or an electrospray ionization (ESI, ion spray, ISP,linear least-square regression of the plasma concentrations and
or turbo-ion spray, TISP) interfaces, a Perkin-Elmer Series 20heasured peak area ratios. Samples prepared in the first lot of a
(Norwalk, CT, USA), Shimadzu SIL-HTC (Kyoto, Japan) or biofluid were injected first followed by samples from consecu-
similar autoinjectors, and a PE 200, Shimadzu LC-10ADVP ottive lots.
similar quaternary pumps were used for HPLC-MS/MS anal-
yses. The data were processed using MacQuan or Analyst2.6. Sample preparation
software (PE Sciex).

Samples for construction of standard lines were prepared in
five different lots of a biofluid and were used to evaluate the
assay accuracy, precision, and the absence or presence of a “rel-

Stock solutions of standards were prepared in mobile phase@?'ve ) matrix effect_. This approach was different than a common
These stock solutions were then diluted further with the mobild"actice of evaluating assay precision and accuracy thatinvolves
phase to give a series of working standards that were used for tlrlgpea'; analé/se: E5at seleclted concen;cjrgtlswr; 0',1 t?elstarf]dard
preparation of standard curve samples. A similar procedure Wa{g‘s)?l ‘?‘éag ardcurve sarr|1p es pr;apared Irfj i 'S’gg ¢loto H
used for the preparation of stock solutions of internal standards, iofluid. By comparing slopes of standard lines between these

These stock solutions were serially diluted with the mobile phas ve different sets, the absence or presence of a “relative” matrix

toyield working standards that were used for spiking all standar§Tect on t_he quantification (_)f analytes was assessed. _Slopes of
curve samples. standard lines were determined from the linear regression anal-

ysis of the peak area (height) ratios of drug/IS versus analyte
concentrations. Since standard curve samples were prepared by
2.4. Chromatographic conditions spiking a biofluidbefore extraction, the peak areas of drug and
_ ) ) the IS reflected overall “process efficiency” (PE) of the proce-
Chromatographic separation was performed on a variety ofre 6], a combination of efficiency of analyte recovery and
analytical columns with mobile phases consisting of acetoniy,e effect of matrix on ionization. Although the absolute peak
trile (ACN) and water containing formic acid and/or ammonium g5 (heights) of analytes at the same concentration may be dif-
acetate pumped, depending on the column diameter, at a flogrent in different biofluid lots (due to differences in extraction
rate of 0.2-1mL/min. The chromatographic conditions wer€siciency and/or matrix effect on ionization or both), the ratios
adjusted in such a way that the capacity factdfy ¢f ana- ot gryg/IS in different biofluid lots (and slopes of the standard
lytes and internal standards in all cases studied WeP&.  jines derived from these ratios) should not be affected. There-
When the direct comparison between APCI and ESI interfqre slopes of standard lines in different biofluid lots may serve
face was made, the total eluent from the column (for examyg 5 good measure of the “relative” matrix effect (defined here
ple, 1 mL/min) was directed to the APCI interface, whereas,g the combination of the effect of matrix on both recovery of

in the case of the ESI interface, the effluent was split (forgnalytes from different lotsd ion suppression or enhancement
example, 95:5) and the flow directed to the ESI interface wagatween different lots).

2.3. Standard solutions

SOpL/min. Different sample preparation procedures were utilized for
various compounds and included solid phase (SPE) and
2.5. HPLC-MS/MS conditions liquid—liquid extraction (LLE) in a 96-well format. These pro-

cedures were partially automated using Tomtec Quadra 96

A PE Sciex triple quadrupole mass spectrometer (Sciex AP(Hamden, CT, USA) and Packard Multiprobe Robotic Systems
3000 or API 4000) was interfaced via Sciex HN, ISP or TISP(Downers Grove, IL, USA). When comparison between differ-
probes with the HPLC system. The HN probe was maintaine@nt interfaces was made, samples were analyzed first using the
at 500°C and gas phase chemical ionization was effected by &Sl interface and as soon all samples were analyzed, the same
coronadischarge needle using positive and/or negative ion atmeamples were injected again into the same HPLC-MS/MS sys-
spheric pressure chemical ionization (APCI). The nebulizing gatem equipped with the HN interface.
(N2) pressure was set for the HN and ISP interfaces at 80 and
40 psi, respectively. The curtain gas flowo)Nvas 0.9L/min,  2.7. Precision, accuracy and recovery
and the sampling orifice potential and other mass spectrometric
compound-specific parameters were optimized for each com- The precision of the method was determined by the replicate
pound. The dwell time was 250-400 ms and mass analyzers Qhalyses{=5, in five different lots) of a biofluid containing
and Q3 were operated at unit mass resolution. The mass spean analyte at all concentrations utilized for the construction of
trometer was programmed to admit the protonated [M* H] calibration curves. The linearity of each standard curve was con-
or deprotonated [M- H]~ molecules of analytes via the first firmed by plotting the peak area ratio of an analyte/IS versus
quadrupole filter (Q1). Collision induced fragmentation at Q2drug concentration. The accuracy of the method was expressed
yielded the product ions at Q3 that were monitored. Peak ardlay [(mean observed concentration)/(spiked concentration)]
or height ratios obtained from selective reaction monitoring ofx 100.
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2.8. Selectivity and “cross-talk” effect issues biofluid was high and did not exceed the value of 3.4%. Simi-
lar data for methods described in the literature is not available
Selectivity of all methods was confirmed by analyzing controlsince in all cases reported, validation experiments (precision and
biofluid blanks from six different sources without the presenceaccuracy determination) are based on the repeat analysis in the
of internal standards. No response in MS/MS channels used f@ame, single biofluid lot. The reason for high precision values of
monitoring both drugs and internal standards was observed. lstandard line slopes in methods developed in our laboratories is
addition, the absence of “cross-talk” between channels used féargely due, in my opinion, to our early awarengss6] of the
monitoring a drug and an IS was confirmed by injecting sepheed to develop methods free from relative matrix effect liabili-
arately samples containing an IS at the concentration used ties. As recommended earligt,6], we routinely try to develop
the assay and monitoring the response in the MS/MS channetethods that require an effective extraction of analytes from
used for detecting the drug, and by injecting samples contairbiological fluids using SPE or LLE extraction and avoid highly
ing a drug at the highest concentration on the standard line arideffective, “generic” sample extraction procedures, dilute-and-
monitoring the response in the IS channel. No “cross-talk” washoot approaches, acetonitrile precipitation and injection of the

observed in all cases studied. supernatant techniques, etc. In addition, all methods listed in
entries 1-45Table ) required an effective HPLC separation
3. Results and retention of all analytes on the HPLC columns with the

retention factorX’) of at leastt’ > 2. Under such conditions, the

The precision values of standard line slopes constructed ilikelihood of observing both an absolute and a relative matrix
five different lots of biofluids for the 52 methods recently devel-effect is minimized6]. In addition, in 17 out of 45 “good” cases
oped in our laboratories for various drug candidates enteringentries 1-45), the stable isotope-labeled (SIL) internal standard
clinical development are listed ifable 1(column A). Theseval- was used. The utilization of SIL internal standards effectively
ues are listed in the descending order from the highest precisiagiminates any relative matrix effect liability with the assump-
methods (small slope precision values) to the lowest precisiotion that isotopic purity and stability issues of SIL standards
methods (large slope precision values). In addition, the percerire addressed. Also, in the majority of cases, an APCI interface
difference between the lowest and highest slope values obtain€89 compounds) rather than the ESI interface (6 compounds)
in these five different biofluid lots for each compound are alsovas used. The APCI interface is known to be less prone for
included (column B). In column C, the range of precision val-exhibiting a matrix effect in comparison with ESI-type inter-
ues, calculated from the peak area (height) ratios of drug/IS ifaceg[4,6,13,17,18]
five different biofluid lots at all concentrations on the standard All assays listed in entries 1-45 are considered to be fully
line are also tabulated. Entries in “bold” highlight cases wheradequate for supporting long-term human pharmacokinetic stud-
stable isotope-labeled internal standard was used in the assayi#s and may be considered as free from relative matrix effect
all other cases, analogs of compounds under study were usediasues. In addition to high precision values of standard line slopes
internal standards. When direct comparison was made betweéx3.4%) constructed in five different lots of a biofluid (column
different interfaces used for analysis of samples from otherwis@, Table J), the precision values at all concentrations used for the
the same method, the entriesliamble 1for these cases are under- preparation of standard curves and determined in five different
lined. The type of interface utilized (column D) is indicated only lots of a biofluid, did not exceed 8.7% (columnTaple 3. Our
in cases when an ESI (ISP, TISP) interface was used. In all othénternal validation procedures are significantly more demanding
cases, the APCI (HN) interface was applied. Only selected addthan recommended in referen¢&8,11]and require the CV val-
tional details that are relevant to the discussion of the relativeies at all concentrations on the standard lingise different lots
matrix effect, for example when measurements were made iof a biofluid to be <10% (<15% at the lower limit of quantifica-
the same, single lot of a biofluid instead of in five differenttion, LLOQ) as opposed to <15% (<20% at LLOQ) invagle lot
lots (entries in “italics”), are included ifable 1 For simplic- [10,11] The comparison of data in columns A andTalfle J
ity, all other experimental details of methods are omitted. Thandicates that the CV values listed in column C may not reflect
vast majority of compounds studied were early developmentdully the extent of a relative matrix effect. No correlation between
candidates of proprietary nature and their chemical structurethe increase invaluesin column Aand arange of CV values listed
cannot be disclosed at this time. However, for the purpose ah column Cis apparent. It was suggested eadigd, 16]that the
the discussion of the relative matrix effect, the knowledge oflarge CV values in different lots of a biofluid may be indicative of
chemical structures of compounds under study is not of criticainatrix effect, but these values may also reflect the overall repro-

importance. ducibility of various sample preparation steps utilized in the
assay, the performance and ruggedness of the HPLC system, and

4. Discussion other assay method variables. For example, the assay CV range
(column C) at different concentrations was the same in entry 7

4.1. General observations (1.1-7.9%) asinentry 43 (2.1-7.5%) whereas the CV of the stan-

dard line slope (column A) was significantly higher (3.2) in entry
For the vast majority of methods developed in our labora-43than in entry 7 (0.7). This may indicate that the determination
tories and listed inTable 1(entries 1-45) the precision (CV, of CV values in different lots of a biofluid, especially at a single
%) of standard line slopes constructed in five different lots of aconcentration on the standard lifi6] may not be a good and
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Table 1
Summary of bioanalytical method validation data for selected compounds under development
Compound (entry) # A B C D
Slopes CV (%8 Slope difference (%) Assay CV range (%) Other detail$
1 0.19 0.5 0.5-4.7 U, LLE
2 0.40 09 0.8-2.7 P,LLE
3 0.40 1.1 1.0-3.2 P
4 0.45 0.9 0.7-2.7 U, TISP, LLE
5 053 13 0.7-54 V)
6 0.7 1.7 1.1-5.7 U, TISP, LLE
7 0.7 1.7 1.1-7.9 P,LLE
8 0.8 21 0.9-3.5 U, TISP, SPE
9 0.80 1.9 0.9-3.0 P
10 0.90 2.2 0.5-3.8 U, LLE
11 0.93 2.3 0.6-3.1 P, SPE
12 0.94 2.3 2.5-4.7 P
13 1.0 19 1.7-6.1 P,LLE
14 1.0 2.3 1.4-3.5 P, classical LLE
15 1.0 25 0.8-3.2 P, LLE
16 1.0 3.0 1.3-8.5 P, LLE
17 1.2 3.0 1.5-2.9 P
18 1.2 27 0.9-7.8 P,LLE
19 12 33 1.3-3.8 P,LLE
20 13 3.0 0.9-6.0 S
21 13 36 0.5-2.1 U, DI
22 14 2.9 0.8-4.1 U
23 15 4.4 0.9-8.0 P, LLE
24 1.6 4.6 1.6-6.9 P,LLE
25 1.6 4.3 1.8-6.8 P, LLE, TISP
26 1.6 4.8 1.7-6.9 U, LLE, TISP
27 1.7 42 0.7-3.6 P
28 1.8 4.0 1.1-33 P
29 18 4.7 1.64.2 U, TISP, LLE
30 1.8 4.5 1.0-5.5 U, LLE
31 19 37 1.8-8.1 U, LLE, DI
32 1.9 5.1 2.1-3.7 U
33 2.0 55 1.24.2 P, TISP, LLE
34 2.0 6.0 3.0-4.9 P
35 2.2 5.3 1.2-3.0 P
36 23 48 1.5-8.1 U,LLE
37 2.3 5.6 3.1-74 U
38 0.31 0.8 1.7-6.9 CSF, SL
39 2.4 5.0 2.4-6.4 P, TISP
40 25 6.6 2.0-3.7 P, LLE
41 2.6 5.8 2.0-5.1 P, LLE
42 2.9 8.0 2.2-46 U
43 3.2 7.3 2.1-75 U
44 33 8.0 5.1-8.7 U
45 34 9.8 2.6-5.4 U, SPE
46 46 115 4.1-7.3 U, TISP
47 5.0 15.0 5.8-8.2 P
48 6.5 18.3 15-7.7 U, DI
49 8.7 20.5 4.0-9.3 P, TISP
50 13.2 34.3 11.1-27.8 P, ISP
51 24 6.5 4.2-8.5 P, ISP, SLf
52 16.1 46.3 7.5-14.9 P, TISP

2 Precision value (coefficient of variation, CV) of slopes of standard lines constructed in five different lots of a biofluid.

b Maximum difference between the highest and the lowest slope values divided by the lowest slope value and multiplied by 100.

¢ Range of coefficient of variation values (method precision) determined at all concentrations used for constructing standard lines.

d The following abbreviations were used: P: plasma; U: urine; S: serum; ESI: ISP or TISP interface; SPE and/or LLE: solid phase and/or liquidalitjoid ext
in 96-well format; SL: single lot of a biofluid; DI: direct injection, no sample extraction; CSF: cerebrospinal fluid.

€ Exploratory assay, four different plasma lots, validation data limited.

f Reported earliej6].
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sensitive indicator of the presence and/or absence of a relativaore reliable and free from relative matrix effect liability. The
matrix effect. In order to eliminate method variability reflected currently proposed cut-off value of <3—-4% (CV of standard line
in the CV values obtained at sngle, representative concen-  slopes in different lots of a biofluid, column A) for acceptance
tration in five different lot§16], these CV values should rather of an analytical method as practically free from a significant
be compared with the analogous CV values obtained by repeatelative matrix effect liability is based on comparison of entries
ing the analysisi{=5) in a single lot. Any difference between 1-45 versus 46-52 in columns A and Bable 1. For example,
these two CV values may be indicative of the contribution ofat 5% CV (entry 47, column A), the difference in the deter-
the relative matrix effect to the CV values obtained in differ- mined concentration solely due to the matrix effect may be as
ent lots. Also, the CV values determined in different biofluid high as 15%, and even higher (18.3-46.3%) at higher slopes
lots but at asingle concentration may be highly concentration CV values (8.7-16.1%) (entries 48-50, 52, columns A and B).
dependent. In addition, the reproducibility of determination ofBased on the data obtained foriagle analyte[6], we have

CV values at aingle concentration may be variable on a day-to- proposed earlier a cut-off value of <4-5% for the method to be
day basis. Instead, the determination of CV values of standaracceptable. However, now, based on a large number of assay
line slopes encompassing all concentrations within the standaxhta {(Table ) accumulated and presented in this paper for 52
curve range is quite reliable and reproducible. These standadifferent methods, the <3-4% cut-off value may be considered
line slope CV values determined in different biofluid lots mayas more appropriate.

constitute the best indicator of the presence/absence of the rel-

ative matrix effect in a bioanalytical method. 4.3. Comparison of precision (CV) of standard line slopes
constructed in different lots versus repeated analysis in a

4.2. Range of standard line slope values in different lots of single lot

a biofluid

The comparison between CV values of standard line slopes
The difference in slope values for standard curves prepared iobtained in five different biological fluid lots with the CV of sim-

differentlots of a biofluid (column Blable J) represents a differ- ilar five slopes obtained in a single lot may serve as an excellent
ence between concentration obtainedin an assay when an analintdicator of the relative matrix effe¢6]. This is illustrated by
present in one lot of a biofluid (for example, originating from a comparing data presented in entries 50 andlable J. In both
subject participating in a clinical study) is analyzed and its concases, the same method in plasma (extraction, chromatography,
centration calculated using a standard line prepared in a differetite same MS/MS interface) was used for the same compound.
biofluid lot (control, blank). This “slope difference” (column B) The only difference was that in entry 50 the standard line slopes
corresponds to theaximum difference in the calculated concen- were generated in five different lots of plasma whereas in entry
tration of an analyte in five lots studied that originates from the51 they were generated in single lat<5). The considerable
relative matrix effect. In an “ideal” situation, and in the absenceincrease in the CV of standard line slopes (column A) from
of arelative matrix effect, the slopes of standard lines constructe®.4% (in a single lot) to 13.2% (in five different lots) together
in different biofluid lots should be the same. The larger the valuewvith a significantincrease in values listed in columns Band C are
in column B are, the more pronounced the relative matrix effecindicative of the presence of a significant relative matrix effect.
becomes. For example, the difference in slope value 9.8% (enti@learly, a method characterized by such parameters needs to be
45, column B) indicates that due to a relative matrix effect, themodified until values in columns A—C obtained in five different
concentration of an analyte in one lot (for example lot “a”) islots are similar to those obtained in a single lot. As a simpler
9.8% higher/lower than in a different lot (lot “b") in which the alternative, instead of comparing values in columns A-C in sin-
standard line was constructeaen if the concentrations of an  gle versus multiple sources of a biofluid, the CV values of slopes
analyte in both lots was the same. Such a difference (9.8%) may in different sources of a biofluid (column A) may be determined
already be of some significance in the overall PK evaluatiorand a method needs to be modified until the slope CV values are
of the drug (drug interaction studies, comparison of differentin the recommended range of <3—4%.
subject groups, formulation comparison, etc.). Larger slope dif- Another indirect comparison of CV slopes values in a single
ference values (11.5-46.3%), aslisted inentries 46F&¢€ ),  versus multiple sources of a biofluid is presented in entries 37 and
are clearly indicative of the presence of a significant relative38 (Table ). The same method was used for the determination
matrix effect, and as such, methods exhibiting such relativelyf a compound but in one case (entry 38) the slope CV values
high slope differences should not be recommended for use iwere obtained in a single lot of CSF, whereas in the other case
support of human PK studies. For example, if method in entryentry 37) slope CV values were obtained in five different lots
50 was used in support of an interaction study, the 34.3% difef urine. The high precision (small CV values, 0.31%) of slopes
ference (column B) in AUC values between two different drugobtained in a single lot of CSF (entry 38) is clearly indicative of
treatments may have nothing to do with drug interaction but mayhe excellent method reproducibility, whereas a slightly higher
originate from the relative matrix effect due to the difference invalue obtained in five different lots of urine (2.3%, entry 37)
the chemical make up of the biofluid between two treatmentsmay be reflective of the presence of some, albeit insignificant,
Inspection and comparison of columns A andiBlfle J clearly  relative matrix effect. Analogous data in a single lot of urine
indicate that the smaller the CV value of standard line slopes isyas not generated since the relative matrix effect (entry 37)
the smaller is the difference in slope values and the method isased on the analysis in five different lots was considered minor
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(maximum difference in standard line slopes was 5.6%, colummiofluid lots originating from multiple population (when avail-
B). In the case of CSF (entry 38) analyses were performed in able) should be considered in assay validation experiments. As
single lot due to the difficulties in obtaining CSF samples froman alternative, these determination may be performed using con-

multiple sources (subjects). trol biofluid lots from normal volunteers and later compared with
standard line slopes constructed in biofluid lots from other sub-
4.4. Use of stable isotope-labeled internal standard ject groups (healthy versus sick, young versus old, subjects on

different diets, etc.). If these slopes are practically the same, the

In 17 (44%) of methodsT@able 1) characterized by the high ‘“relative” matrix effect may be considered as absent or negligi-
precision £2.4%) of the slope values in different biofluid lots ble. Again, by eliminating matrix effects in plasmas or urines
(entries 1-39), SIL analytes were used as internal standardgriginating from at least five different sources, the likelihood of
When SIL internal standards were utilized, the precision ofproviding more accurate bioanalytical and PK data may dramat-
standard line slopes (column A) in different lots varied fromically increase.
0.4% (entry 2) to 2.4% (entry 39). These data clearly indicated
that the utilization of stable isotope-labeled internal standards, Conclusion
effectively eliminated relative matrix effect liability. However,
in all cases, the issues of isotopic purity of compounds, “cross- The data accumulated clearly indicate that the determination
contamination” or “cross-talk” between MS/MS channels usecbfstandard line slopes in different sources (lots) of a biofluid may
for monitoring the drug and IS, and isotopic stability of an IS serve as a googlanrirative indicator of the presence/absence of

(absence of isotope exchange) needed to be addrfisted a relative matrix effect in bioanalytical methods. Based on the
data presented, it is proposed that the precision (CV) value of
4.5. Choice of an interface and a relative matrix effect standard line slopes constructed in five different lots of a biofluid

should not exceed 3-4% for the method to be considered prac-
As reported earlief4,6], the utilization of an APCl instead tically free from the relative matrix effect liability. Comparison

of a ESl interface may lead to the elimination of, or a decreasef the CV values of standard line slopes in five different lots
of the matrix effect. Even when analogs were used as intefof a biofluid with the analogous values obtained by repeated
nal standards, in practically all cases presentediable 1, a  analysis £=5) in a single lot may also serve as an excellent
relative matrix effect was not observed (entries 1-24, 27-45neasure of a relative matrix effect. Such experiments clearly
when the APCl interface was utilized. On the other hand, methfyfill the requirements of the FDA Guidan¢0,11] requiring
ods that used ESI (ISP or TISP) interfaces (entries 46, 49-52he assessment of “relative” matrix effect in bioanalytical meth-
exhibited awell-pronounced relative matrix effect. Clearly, theseyds. In addition, comparison of standard line slopes determined
latter methods require Significant changes (more efficient anﬁh different Subjects/popu|ati0n under Study may serve as an
selective sample preparation procedures, more efficient chrexcellent measure of the relative matrix effect between different
matography, utilization of a SIL internal standard) before theysubjects/patients.
are applied to support clinical PK studies. Inspection of data in  Use of stable isotope-labeled analogs as internal standards
Table lalso indicates that SIL internal standards were used iRffectively eliminates relative matrix effect liability and, when
practically all “good” (entries 1-45) methods (except two) thatayailable, is highly recommended. In all other cases, a careful
employed an ESI (TISP) interface. Due to the greater propensityhoice of the MS interface (APCI versus ESI), sample prepa-
for exhibiting matrix effect by ESI versus APCI interfaces, theration conditions, and effective HPLC separation is needed to
need for SIL internal standards appears to be much higher whegyoid relative matrix effect complications.
ESI rather than APCI interfaces are utilized. The reason for the
observed differences in ion suppression/enhancement bet"veﬁ'}knowledgments
APCIl and ESl interfaces is unclear butitis probably due to a dif-

ferent mechanism of ionization (ion evaporation from the liquid  The author would like to acknowledge the contributions of
droplet in ESI versus gas phase ionization in APL[13,20] 1y co.workers and colleagues, too numerous to be listed here
It has to be emphasized that both ESI and APCl interfaces may, name, members of the Merck Clinical Bioanalytical Group
produce reliable methods. The major point is that irrespectiviy the prug Metabolism Department who directly and indirectly
of the interface ut.lllzed, the absence of a “relative” mgtnx eﬁeCtparticipated in the development of the majority of bioanalytical
needs to be confirmed and the approach proposed in the paRfkihods described in the paper. Thanks are also due to Y.-Q.

may be highly useful in making that determination. Xia, and S. Patel of the Preclinical Drug Metabolism Group
o (Rahway) for sharing some preliminary assay validation data
4.6. Additional comments for two compounds that were evaluated in their laboratory.

In the course of utilization of a method for long-term bioana- eferences
lytical support, hundreds or even thousands of different subjectlé
may participate in these studies and the molecular content ofl] P. Kebarle, L. Tang, Anal. Chem. 65 (1993) 972A.

their plasmas and/or urines (for example) may be widely differ- [} s p. clarke, H.M. Hill, T.A.G. Noctor, D. Thomas, Pharm. Sci. 2 (1996)
ent. The determination of standard line slopes in widely different  203.
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