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Introduction

Manufacturing of drug substance, excipients, and/or drug products uses or
produces volatile organic solvents. Since volatile organic solvents do not
provide therapeutic benefit, they should be removed to the levels to satisfy
product specifications. ICH (International Conference on Harmonization)
published a guideline (Q3C) specifying the acceptable levels of volatile organic
solvents in drug substances and drug products. The residual solvents are
classified into three classes. Class 1 residual solvents are human carcinogens
and environmental hazards. Class 2 residual solvents are inherently toxic so
that their use should be limited. Class 3 residual solvents are less toxic than
class 1 and class 2 solvents, and their use is recommended where practical.
The levels of class 3 solvents may be determined by loss on drying <731>,
while chromatographic analysis is required for the determination of class 1 and
class 2 solvents.
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Introduction (contd.)

SPME (solid phase microextraction) is a solventless technique suitable for
qualitative and quantitative determination of volatile and semivolatile analytes.
The ability to extract analytes from the headspace eliminates non-volatile
material from being transferred to the analytical column. Several SPME fiber
choices are available, each with an affinity for specific analyte classes. Proper
fiber selection leads to increased sensitivity. SPME can be performed manually
(SPME sampling stand + hotplate/stirrer) or automated. This research
investigated the use of headspace SPME for the determination of residual
solvents in vitamin powder and products. And it was demonstrated that SPME
coupled with GC/FID could be effectively used to quantify residual solvents in
vitamin powder.
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Experimental

Chemicals and Materials

SPME fibers, GC inlet liners, vials, OVI-G43 GC column, and residual
solvents standards (class 1, class 2 — mixture A, class 2 — mixture B, class
2 — mixture C) were obtained from Supelco.

Preparation of Standard and Sample Solutions

Class 1 Standard Stock Solution — Transfer 1.0 mL of USP Class 1 Residual
Solvents Mixture RS to a 100 mL volumetric flask, add 9 mL of dimethyl
sulfoxide, dilute with water to volume, and mix. Transfer 1.0 mL of this
solution to a 100 mL volumetric flask, dilute with water to volume, and mix.
Transfer 1.0 mL of this solution to a 10 mL volumetric flask, dilute with water
to volume, and mix.
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Experimental (contd.)

Class 1 Standard Solution — Transfer 1.0 mL of Class 1 Standard Stock
Solution to an appropriate headspace vial, add 5.0 mL of water, apply the
stopper, cap, and mix.

Class 2 Standard Stock Solutions — Transfer 1.0 mL of USP Residual Solvents
Class 2 — Mixture A RS to a 100 mL volumetric flask, dilute with water to
volume, and mix. This is Class 2 Standard Stock Solution A. Transfer 1.0 mL
of USP Residual Solvents Class 2 — Mixture B RS to a 100 mL volumetric
flask, dilute with water to volume, and mix. This is Class 2 Standard Stock
Solution B.

Class 2 Mixture A Standard Solution — Transfer 1.0 mL of Class 2 Standard
Stock Solution A to an appropriate headspace vial, add 5.0 mL of water, apply
the stopper, cap, and mix.
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Experimental (contd.)

Class 2 Mixture B Standard Solution — Transfer 5.0 mL of Class 2 Standard
Stock Solution B to an appropriate headspace vial, add 1.0 mL of water,
apply the stopper, cap, and mix.

Test Stock Solution — Transfer about 250 mg of the article under test,
accurately weighed, to a 25 mL volumetric flask, dissolve in and dilute with
water to volume, and mix.

Test Solution — Transfer 5.0 mL of Test Stock Solution to an appropriate
headspace vial, add 1.0 mL of water, apply the stopper, cap, and mix.

Class 1 System Suitability Solution — Transfer 1.0 mL of Class 1 Standard
Stock Solution to an appropriate headspace vial, add 5.0 mL of Test Stock
Solution, apply the stopper, cap, and mix.
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Experimental (contd.)

Headspace SPME Procedure

fiber:
incubation:
extraction:
desorption:
injection:

GC Conditions

column:

oven program:
injector temp.:
det.:

carrier gas:
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PDMS/DVB/Carboxen®

45 min @ 40 °C

30 min @ 40 °C

1 min @ 270 °C

Splitless/split open @ 0.1 min with 0.75 mm liner

OVI-G43, 30 m x 0.53 mm, 3 uym

40 °C (20 min) to 240 °C @ 10 °C/min, hold 20 min
270 °C

FID @ 250 °C

He, 4 psi constant pressure, 35 cm/sec at 40 °C

SIGMA-ALDRICH-



Results and Discussion

System Suitability

The signal-to-noise ratio of 1,1,1-trichloroethane in the class 1 standard
solution is 162, which is larger than the criteria. Pass.

The signal-to-noise ratio of benzene, carbon tetrachloride, 1,2-dichloroethane,
1,1-dichlorethene, and 1,1,1-trichloroethane in the class 1 system suitability
solution is 533, 11, 231, 205, and 134, respectively, which is larger than the
criteria (3). Pass.

The resolution, R, between acetonitrile and methylene chloride in the class 2
mixture A standard solution is 3.8, which is larger than the criteria (1). Pass.
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Results and Discussion (contd.)

Chromatograms obtained with Headspace SPME

4
1. 1.1,1-Dichloroethene
5 2. 1,1,1-Trichloroethane
1 3. Carbon Tetrachloride
4. Benzene
5. 1,2-Dichloroethane
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Results and Discussion (contd.)

Min
Standard solution of class 2 — mixture A
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Methanol

Acetonitrile
Dichloromethane
trans-1,2-Dichloroethene
cis-1,2-Dichloroethene
Tetrahydrofuran
Cyclohexane
Methylcyclohexane
1,4-Dioxane

Toluene

. Chlorobenzene

. Ethylbenzene

. m-Xylene/ p-Xylene
. 0-Xylene

10

SIGMA-ALDRICH-




Results and Discussion (contd.)
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Standard solution of class 2 — mixture B
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Results and Discussion (contd.)

0 20 40 60
Min
Vitamin B12 sample

No peak response of any peak in the sample solution is greater than or equal
to a corresponding peak in either the class 1 standard solution or either of the
two Class 2 mixture standard solutions, so the sample meets the requirement

of this test.
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Conclusion

Headspace SPME could be used to determine of residual solvents (class 1,
class 2 mixture A, and class 2 mixture B) in drug substances and drug

products.

Carboxen is a registered trademark of Sigma-Aldrich Co. LLC.

13

© 2014 Sigma-Aldrich Co. All rights reserved. SIGMA _ALDH’EH ®




References

1. ICH Q3C. Impurities Guideline for Residual Solvents.
2. USP 30 <467> Residual Solvents.

3. Costin C. Camarasu. Headspace SPME method development for the
analysis of volatile polar residual solvents by GC-MS. Journal of
Pharmaceutical and Biomedical Analysis. 23 (2000) 197-210.

4. Costin C. Camarasu, Maria Mezel-Szuts, Gabor Bertok Varga. Residual
solvents determination in pharmaceutical products by GC-HS and GC-MS-
SPME. Journal of Pharmaceutical and Biomedical Analysis. 18 (1998)
623-638.

14

© 2014 Sigma-Aldrich Co. All rights reserved. SIGMA -ALDHICH .




<<
  /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 /Tags
  /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 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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /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.)
  >>
  /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 [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


