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Summary

The analytical challenge treated by the present work consists in detecting sub-ppb
concentrations of low-molecular-weight amines in the presence of strongly
retained cationic drugs by using ion chromatography (IC) with upstream inline
coupled-column matrix elimination (CCME). In contrast to direct-injection IC,
where the late elution of strongly retained drugs requires eluents with added
acetonitrile, the CCME technique uses two preconcentration columns in series. In
an «inverse matrix elimination» step, cationic drug and target amines are trapped
on a high-capacity and a very-high-capacity preconcentration column, respectively.
During amine determination, a rinsing solution flushes the drug to waste. This
significantly shortens the analysis time and improves sensitivity as well as
selectivity. Besides the determination of monomethylamine in Nebivolol
hydrochloride discussed here, the CCME technique is a promising tool for
detecting further low-molecular-weight amines in a wide range of drugs.

Introduction

Low-molecular-weight amines find widespread use in raw materials or inter-
mediate products, in the manufacturing of numerous chemicals, pharmaceuticals,
polymers, pesticides, rubber, dyes, adhesives, solvents and corrosion inhibitors.
Their monitoring is crucial as most of them are toxic and irritate the skin, mucous
membranes and respiratory tract. Moreover, secondary amines can react with
nitrite forming carcinogenic nitrosamines. After-exposure determination of trace-
levels of aliphatic amines in body fluids is therefore of utmost interest for the
evaluation of metabolic patterns and for biological monitoring.

However, the determination of low-molecular-weight amines in interfering
matrices is a challenging task because the protonated amines are often poorly
retained on the column, which results in very short retention times, poor
separation and strongly asymmetric peaks. Aliphatic amine monitoring in
pharmaceuticals requires ultra-trace amine determination that is additionally
hampered by the presence of interfering cationic pharmaceutical ingredients.

This problem can be overcome by applying the coupled-column approach: After
trapping the aliphatic amines and the interfering pharmaceutical on a high-
capacity preconcentration column, only the amines are selectively eluted and
transferred to a very-high-capacity preconcentration column. Prior to flushing the
interfering drug to waste, the amine fraction is transferred to the separation
column proper.

This poster deals with the determination of monomethylamine in cationic drugs
using straightforward CCME. After optimization of system parameters, trace level
of monomethylamine (MMA) are determined in the cationic beta blocker Nebivolol
hydrochloride.
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Coupled-column matrix elimination (CCME)

The sample is transferred to the C PCC 1 HC high-
capacity preconcentration column where the
amines and the cationic drug are trapped. Sample
transfer occurs by a peristaltic pump using ultra-
pure water that was previously freed of trace
cations by passing through a high-capacity trap
column.

|

While the cationic drug is retained on the
C PCC 1 HC, amines are selectively eluted with
eluent E2 and subsequently trapped on the
C PCC 1 VHC very-high-capacity preconcentration
column. Eluent composition E2 and corresponding
transfer time were optimized in preliminary
experiments.
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Optimization of eluent composition E2
and transfer time

By means of the early-eluting monomethylamine (MMA) and dimethylamine

(DMA), eluent composition E2 and the corresponding transfer time were

optimized in terms of amine recovery. The latter was calculated by comparing the

peak area obtained after matrix elimination with the peak area after direct

injection onto the preconcentration column C PCC 1 VHC.
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Apart from MMA and DMA, the CCME technique was optimized for ethylamine,
diethylamine, n-propylamine, n-butylamine and benzylamine.

MMA in Nebivolol hydrochloride

By means of MMA determination in Nebivolol hydrochloride — an exemplary
cationic drug and cardioselective beta blocker with pronounced antihypertensive
effect — the performance of the common direct-injection procedure and of the
previously described CCME are illustrated.

a) Direct injection
Sample spiked with 100 pg/L MMA
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Acetonitrile additions to the eluent reduce the strong lipophilic interactions of the
cationic pharmaceutical with the column’s carrier material and thus shorten the
drug's retention time. However, such organic solvent additions impair detection
sensitivity and selectivity. While direct injection is still feasible for MMA
determination in Nebivolol hydrochloride, monitoring of higher amine homologues
in strongly retained cationic drugs becomes increasingly difficult.

b) CCME

00 sample spiked with 50 pg/L MMA

40 MMA calibration

T R’ = 0.99996
H g
oo 20
z £
£ a
F o050 = 20
3
;
v o

0.025: % 10
3
a
0 T T T T
o 1 E 3 31 5 & 7 85 5 w0 non» M N B M s 0

Time [min] Concentration [pug/mL]

Column: Metrosep C 3 - 250 Eluent E2: 1 mmol/L nitric acid
Column temp.: 25 °C Transfer time: 0.35 min
Eluent E1: 2 mmol/L nitric acid, Flow: 1 mU/min

no organic modifier Running time: 10 minutes

0.05 pg/mL spike 0.1 pg/mL spike 1.0 pg/mL spike
Determined Recovery Determined Recovery Determined Recovery

[ug/mL] [%] [pg/mL] [%] [pg/mL] [%]
1 0.049 98.0 0.109 109.0 1.017 101.7
2 0.054 108.0 0.107 107.0 1.015 101.5
3 0.052 104.0 0.103 103.0 1.014 101.4
Mean 103.33 106.33 101.53
sD 5.033 3.055 0.153

RSD 4.87% 2.87% 0.15%

After optimization of the chromatographic conditions, the presented CCME
method allows the accurate simultaneous determination of various low-molecular-
weight amines in strongly retained cationic drugs.

"Metrohm India, Chennai 600 020/India, hari@metrohm.in, phone +91 44 42953500
2Central Leather Research Institute, Chennai 600 020/India, clrieco@vsnl.com

3Metrohm International Headquarters, CH-9101 Herisau/Switzerland, aw@metrohm.com

lon Chromatography




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /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 /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /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 true
  /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 2400
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 10.00000
  /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 2400
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 10.00000
  /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 2400
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 10.00000
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. 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 best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /DEU <>
  >>
  /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 /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [4000 4000]
  /PageSize [612.000 792.000]
>> setpagedevice


