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Abstract

This Application Note demonstrates the use of rapid resolution liquid chromatography
in conjunction with tandem mass spectrometry to study the plasma stability of phar-
maceutical compounds belonging to four different drug classes. The Agilent 1200
Series Rapid Resolution LC system (RRLC) provided fast separation of compounds and
internal standard in all samples. The Agilent MassHunter Optimizer software identi-
fied compound-specific MS parameters such as the most abundant product ions, opti-
mal fragmentor voltages and collision energies. Taken together, robust methods for a
larger set of compounds could be developed within a short period of time.
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Introduction

Compounds with poor stability charac-
teristics tend to have low bioavailabili-
ty. Certain functional groups such as
amides, esters or lactones make com-
pounds favorable targets for plasma
enzymes such as hydrolases and

esterases. Knowledge of plasma stabili-

ty profiles of New Chemical Entities
(NCEs) helps in modifying the molecu-
lar structure to improve physicochemi-
cal properties and in selecting more
suitable molecules for subsequent
development.

In this study rapid resolution LC/MS-
MS was used to study the plasma sta-

bility of ten pharmaceutical compounds.

Four beta blockers (atenolol, labetalol,
metoprolol and propranolol), one calci-
um channel blocker (verapamil), one
serotonin receptor agonist (buspirone)
and four antidepressants (nefazodone,
nortriptyline, imipramine and trim-
ipramine) were analyzed using reser-
pine as the internal standard.
Eucatropine, an ophthalmic drug, was
used as the control and analyzed using
metoprolol as the internal standard.

Experimental
Chemicals

Atenolol, labetalol, metoprolol, propra-
nolol, buspirone, nefazodone, nortripty-
line, imipramine, trimiparmine, vera-
pamil, eucatropine and reserpine were
purchased from Sigma-Aldrich,

Bangalore, India. HPLC-grade acetoni-
trile and methanol were purchased from
Lab-Scan. Formic acid was purchased
from Fluka.

Stock solutions and suitable dilutions of
target analytes were prepared in
methanol for method development.

Sample preparation

Plasma was adjusted to pH 7.4 with
either 0.1 M hydrochloric acid or 0.1M
sodium hydroxide. Test compounds
were dissolved in DMSO to a final con-
centration of 10 mM and then diluted to
40 pM in DMSO. Incubations were car-
ried at a test compound concentration
of 1 uM with a final DMSO concentra-
tion of 2.5%. 195 pl of plasma was
added to the wells of a 96- well plate
before spiking them with the 5 pl of test
compound.

The spiked plasma samples were incu-
bated at 37 °C for 2 hrs. Reactions were
terminated at 0, 15, 30, 60 and 120 min
by adding 400 pl of methanol containing
reserpine as an internal standard.
Simultaneously, plasma samples con-
taining eucatropine (control compound)
were terminated by adding 400 pL of
methanol containing metoprolol as an
internal standard. In addition, matrix
blanks were prepared by adding
methanol solutions containing internal
standards to plasma samples without
any of the analytes or control com-

pounds. The sample plate was cen-
trifuged at 2500 rpm for 45 min at 4 °C
and the supernatant was transferred to
a fresh 96-well plate for analysis by
LC/MS-MS.

Instrumentation

We used an Agilent 1200 Series Rapid
Resolution LC system which included a
micro vacuum degasser, binary pump,
high-performance autosampler with
thermostat and a thermostatted column
compartment coupled to an Agilent
6460 Triple Quadrupole Mass
Spectrometer. The mass spectrometer
operated in ESI mode with Agilent's Jet
Stream Technology. The Agilent
MassHunter Workstation (version
B.02.00) was used for data acquisition
and MassHunter Quantitative analysis
software (version B.01.04) was used for
data analysis. We employed the Agilent
MassHunter Optimizer software
(B.02.00) for optimization of two
important MS parameters: the fragmen-
tor voltage and collision energies.
Optimizer also provided the most abun-
dant MRM transitions used in this
study.



Method details

LC conditions used for all analytes and
control are presented in Table 1.

Parameter Detail
Mobile phase A: Water (0.1% Formic acid)
B: Acetonitrile (0.1% Formic acid)
Flow rate 0.5 mL/min
Gradient conditions 0 min 20%B
0.2 min 50 % B
0.3 - 0.5 min 70%B
0.6 - 1.2 min 95 % B
1.25- 1.5 min 20% B
Run time 1.5 min
Post time 1 min
Injection volume 1pl
Needle wash 10 sec wash port with 1:1 methanol:water mix
Column Agilent Zorbax Eclipse XDB - C18, 2.1 x 50 mm,
1.8 pm particle size (p/n 927700-902)
Column temperature 50 °C
Table 1

LC Conditions.

Reserpine was used as the internal
standard for the analytes under study
and metoprolol was used as the inter-
nal standard for eucatropine which was
the control for the study. A generic set
of MS conditions as shown in Table 2
were applied for ionization of all com-
pounds including the control and the
two internal standards.

Parameter Detail
lonization mode ESl-positive with Agilent Jet Stream Technology
Drying gas temperature 350 °C
Drying gas flow rate 10 L/min
Nebulization gas pressure 20 Psi
Capillary voltage 2000V
Sheath gas temperature 400 °C
Sheath gas flow rate 11 L/min
Nozzle voltage ov

Q1 resolution Unit

Q2 resolution Unit
Table 2

MS conditions.



The MassHunter Optimizer identified
compound-specific MS parameters
such as optimal fragmentor voltages,
most abundant product ions for the
selected precursor ion, and associated

collision energies. The MRM transitions
used in the study are presented in Table

3. A 50-ms dwell time used for all tran-
sitions provided more than 50 data
points across all peaks.

Compound Empirical Precursor lon Product lon(s) Fragmentor Collision energy (eV)
Formula Quantifier, Qualifier  voltage (V) Quantifier, Qualifier

Atenolol C;4H,N,04 267.2 145,190 115 25,13

Labetolol CygHy4N,04 329.2 311.1,294.1 105 5,13

Metoprolol C;5H5NO5 268.2 116.1,74.1 115 1317

Propranolol C,6HyNO, 260.2 116.1,183 110 1313

Buspirone C,;H3N;0, 386.3 122,150 164 29,29

Verapamil Cy7H36N,0, 455.3 165, 303.1 158 25,21

Nefazodone C,5H3,CINGO, 470.2 2741, 2461 150 25,33

Nortriptyline CygHyN 264.2 233.1,90.9 80 10,20

Imipramine CygHy4N, 281.2 86.1, 58.1 101 13,39

Trimipramine CygHyeN, 295.2 100.1, 68.1 105 9.41

Eucatropine C,7H,5NO; 292.2 58.1 120 21

Reserpine C33H,N,0qg 609.38 195.1 150 4

Table 3

MS/MS parameters.

Data analyses

Five replicate injections were per-
formed for each sample. The mean val-
ues of relative responses (analyte con-
centration/internal standard concentra-
tion) at different time points were cal-
culated. The mean relative response at
each time point was normalized with
respect to mean relative response at

0 min (Ty). The normalized values (as
percentages) were plotted against
exposure time to obtain a plasma
stability profile.

Results and discussion

This screening assay identifies any
change in plasma concentration relative
to the initial concentration at 0 min.
Therefore, it is not necessary to deter-
mine the exact concentration in the
samples. The percentage of parent
remaining at each time point relative to
the 0-min sample is calculated. A com-
pound is considered stable in plasma if
the percentages at each time point are
within £ 15% of the 0-min sample.




Figure 1A shows two overlaid peaks
corresponding to the quantifier and
qualifier transitions of one of the target
compounds, nortriptyline, along with a
peak representing the transition for the
internal standard, reserpine. Figure 2A
shows MRM transition peaks of eucat-
ropine and its internal standard, meto-
prolol. A short run time of 1.5 min
enables fast analyses of multiple
samples.

The selectivity of the technique can be
seen in Figures 1B and 2B which are
the MRM chromatograms of sample
and control blanks respectively. The
most abundant peak(s) in the two fig-
ures are of the two internal standards,
reserpine and metoprolol (quantifier
and qualifier) respectively. No signifi-
cant peaks are seen for control or tar-
get compounds.
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Figure 1A

MRBRM chromatogram of a study sample showing nortriptyline and IS (reserpine) peaks

Figure 1B

Plasma blank of samples containing only (IS) reserpine.
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Figure 2A

MRM chromatogram of control showing eucatropine and (IS) metoprolol peak.

Figure 2B

Plasma blank of control containing only (IS) metoprolol.




Figure 3 depicts the plasma stability of
the control compound eucatropine
along with plasma stabilities of two of
the target compounds. The developed
method was able to successfully track
the known stability characteristic of
eucatropine [1]. Nortriptyline under-
goes degradation in plasma, while
metoprolol was found to be stable for
up to two hours in plasma. Fluctuations
in plasma concentrations after different
contact times, despite excellent injec-
tion precision (CV <15%), was similar
to what has been reported [2].
Deviation in concentration within

+ 20% is acceptable for a screening
assay. The plasma stabilities for all the
target analytes and control compounds
are shown in Table 4.

Compound Plasma Stability
Atenolol Stable
Labetolol Stable
Metoprolol Stable
Propranolol Unstable
Buspirone Stable
Verapamil Stable
Nefazodone Stable
Nortriptyline Unstable
Imipramine Stable
Trimipramine Stable
Eucatropine Unstable

Table 4

Plasma stability characteristics.
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Figure 3
Stability curves for three analytes.




Conclusion

We developed an LC method along with
a set of mass spectrometric conditions
to assess plasma stability of ten
pharmaceutical compounds. The
MassHunter Optimizer software identi-
fied the most intense product ions for
the selected precursor ion. The soft-
ware also provided the most suitable
fragmentor voltages and collision ener-
gies. Therefore, the mass spectrometric
method could be developed quickly for
a standard compound. We could show
the suitability of the proposed method
for estimating plasma stability of com-
pounds belonging to different classes.

References

1.

Di, L., Kerns, E. H., Hong, Y. and Chen,
H., "Development and application of
high throughput plasma stability assay
for drug development”, International
Journal of Pharamaceutics, 297 (2005)
110 -119.

2.
http://www.cyprotex.com/assay_repor
ts/Cloe_Screen_Plasma_Stability.pdf,
Cyprotex, Cloe Screen Plasma Stability
flyer



www.agilent.com/chem/qqq

© Agilent Technologies, Inc., 2009
October 1, 2009
Publication Number 5990-4603EN

Agilent Technologies




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


