Pharmaceutical Compounds Studied Using NEXAFS
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Abstract. Total Electron Yield (TEY) oxygen K-edge NEXAFS detects the presence of strongly adsorbed water
molecules on poloxamer-coated pharmaceutical actives, which provides a useful spectroscopic indicator for
bioavailability. The results are supported by complementary XPS measurements. Carbon K-edge spectra obtained in a
high-pressure NEXAFS cell were used in situ to establish how a polymer coating spread on a drug surface by using
humidity induced dispersion of the coating. Finally, we demonstrate how combined Carbon and Oxygen K-edge
measurements can be used to characterize amorphous surface layers on micronised crystals of a drug compound.
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INTRODUCTION

The pharmaceutical industry spends upwards of £3
billion in the U.K. alone on developing new drug
actives each year [1]. Favorable physiological and
biochemical properties of new compounds are often
accompanied by undesirable physical properties
(solubility, polymorphism, surface structures) that
make them unsuitable for formulation into a format in
which they can be reliably delivered to the human
body. Control, modification, characterization and
functionalisation of surface properties at the molecular
level is then often essential to enable the preparation of
stable suspensions or soluble with surfactants.
Commonly used analytical techniques in the
pharmaceutical industry include X-ray powder
diffraction, FTIR/Raman spectroscopy and solid state
NMR, but these techniques lack the surface sensitivity
required to study interactions at the molecular level. In
contrast, commonly used surface-sensitive techniques
such as Dynamic Vapour Sorption (DVS) and Atomic
Force Microscopy (AFM) provide only limited
information on chemical composition. We have now
employed a combination of NEXAFS and XPS to
study pharmaceutical actives with a view to addressing
a number of specific problems.

POLYMER COATINGS

Poor water solubility is a major problem for many
new drug products with up to 80% of new drug

molecules being insoluble in water [2], thus leading to
poor bioavailability. The use of polymer surfactants to
improve uptake in poorly soluble compounds is well
established [3] and XAS can provide important new
insights into their application. Two polymer coated
drug compounds were studied, A and B.

Drug A

Six samples of the drug were prepared with
increasing levels of a polypropylene-polyethylene co-
polymer (poloxamer) to improve bioavailability. It was
found through solubility studies that increasing coating
levels did not monotonously scale with increases in
bioavailability. NEXAFS was used to investigate this
behaviour.

C, N and O K-edge spectra were measured on the
5U.1 undulator beamline of the SRS using a combined
Total Electron Yield (TEY) / Fluorescence Yield (FY)
cell. The FY spectra shown in Figure 1 are
characterized by a strong 7 -resonance, A, and two c*
resonances, B and C. These stem from, respectively,
double- and single-bonded O-containing functional
groups in the drug compound. There are no significant
differences between these FY spectra, indicating that
no bulk changes were introduced by the coating
process.

Figure 2 shows the corresponding O K TEY
spectra. They are again characterized by the strong 7
resonance, A, and the o* resonance, B, while
resonance C appears almost entirely masked by



additional spectral contributions from the adsorbate
layer. In some spectra weak additional peaks are
visible between A and B. These additional peaks are
the signature of adsorbed water [4], and they are
particularly prominent in the third spectrum from the
top. Interestingly, the corresponding sample also
showed the highest uptake rates in drug trials. It
appears that the ability of this sample to bind more
water and/or to bind it more strongly may be
associated with higher solubilisation rates, and thus
improved delivery to the human body. It should also
be noted that the pure drug (top spectrum) exhibited
similar evidence for strongly adsorbed water,
suggesting that a cooperative effect involving both the
ability to bind water and the presence of a poloxamer
layer is necessary to improve bioavailability.
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FIGURE 1. O K-Edge FY NEXAFS spectra of coated drug
A samples, which were prepared by adsorption of poloxamer
from 6 different solutions with increasing concentrations
(sample 1 represents the pure drug, sample 6 the highest
poloxamer concentration in solution).
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FIGURE 2. O K-Edge TEY NEXAFS Spectra of drug A.
The order of the spectra from top to bottom is as described in
the caption of fig. 1.

Drug B

Samples of a different drug, B, were coated with a
series of commonly used polymers such as poloxamer,
polyethylene glycol (PEG) and polyvinylpyrrolidone
(PVP) to achieve enhanced solubilisation. C K-edge
TEY spectra were measured on the 6.1 multipole
wiggler beamline of the SRS and O K edge spectra
were measured on the 5.1 undulator beamline. Relative
humidity (%RH) control was achieved by dosing water
vapour onto a nitrogen gas cooled sample plate.

Figure 3 shows that the pure drug has a distinct
pre-edge feature in the C K-edge spectrum. It remains
present in the PEG-coated spectra, suggesting that
either the polymer is present as a very thin
(mono)layer, which does not attenuate the substrate
signal very much, or it is present in multilayer patches
which do not completely cover the drug surface.
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FIGURE 3. C K-Edge NEXAFS of Drug B.

That the latter is the case is strongly supported by
the fact that exposure to 100% RH suppresses the
signal from the drug substrate entirely and irreversibly
(removal of water vapour does not lead to the
reappearance of the drug substrate spectrum). It
appears that the PEG multilayer patches are enabled to
wet the drug surface when given enough mobility
through the high relative humidity. Further support for
this interpretation of the spectral changes comes from
the fact that the suppression of the drug substrate
signal was observed both in NEXAFS and XPS. We
note that because of their different surface sensitivities
[5,6] the combination of both techniques can at least
semi-quantitatively determine the coverage of the
particular polymer and hence how effective it is at
coating the drug.

AMORPHOUS SURFACES

An amorphous drug formulation will generally
have higher dissolution rates than a crystalline one [7].



However, the amorphous state is also more susceptible
to environmental changes such as temperature and
humidity, making it important to have the amorphous
and crystalline content of a drug substance well
characterized [8]. Surface effects easily escape
analysis with commonly used laboratory techniques
(vide supra) but will have a disproportionately greater
effect on uptake in the body.

Drug C

Crystalline and X-ray diffraction-amorphous
samples of drug C were investigated. In addition,
batches of the crystalline sample were milled to pm-
sized particles (micronised) for product formulation
purposes. Figure 4 shows that NEXAFS at the C K-
edge distinguishes between the amorphous and
crystalline reference compounds, most clearly visible
through the presence of an increased m* resonance in
the amorphous form. The C K edge of the micronised
compound almost entirely resembles the spectrum of
the amorphous form, suggesting that the milling
process resulted in a surface layer that was essentially
amorphous.
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FIGURE 4. Carbon K-Edge NEXAFS Spectra of Drug C

At the O K-edge the crystalline sample has a
sharper m* resonance than the amorphous sample
which has a shoulder on the high energy side (data not
shown). The Micronised sample shows an intermediate
spectra, which was fitted to obtain a composition of
approximately 75% crystalline 25% amorphous. This
can be explained by the surface amorphous layer being
only a few nm thick, with the differences in
amorphous content being explained by differences in
the sampling depth between the C and O K-edges.

CONCLUSIONS

We have demonstrated that C and O K-edge
NEXAFS provides useful information on the surface
properties of complex organic molecular materials
such as pharmaceutical drugs. The presence of
strongly adsorbed water on a poloxamer-coated
pharmaceutical appears to be a good indicator for
improvements in bioavailability. Information on the
morphology of polymer coatings and of dynamic
changes due to humidity changes was obtained. The
use of the amorphous state in pharmaceuticals is of
increasing importance and we found that NEXAFS is
suited to study the influences of environmental
conditions on the difficult to characterize thin
amorphous surface layers. The ability to rapidly
examine the surface properties of drug compounds and
their formulations by NEXAFS in an environmental
chamber with quick sample turnover could be used for
rapid screening, resulting potentially in significant cost
savings in drug development.

ACKNOWLEDGMENTS

The authors wish to thank CCLRC for SRS
beamtime awards. We gratefully acknowledge help
from SRS staff, especially John Purton, Sunil Patel,
Ian Kirkman and Nigel Poolton. We also thank Agnes
Dauvergne, Tom Lonsborough and Hamid Esfahanian
for help with data collection. AMB was supported by
EPSRC through a studentship funded through a CASE
for New Academics (CNA) award to SLMS.

REFERENCES

1. The Association of the British Pharmaceutical Industry,

www.abpi.org.uk, (2006).

C.A. Lipinski, Am. Pharm. Rev. 5. 82 (2002).

3. G Gebelein, E Carraher, Polymeric Materials in
Medication. New York: Plenum Press 1984.

4. K.R. Wilson, M. Cavalleri, B.S. Rude, R.D. Schaller,
A. Nilsson, L.G.M. Pettersson N. Goldman, T. Catalano,
J.D. Bozek, R.J. Saykally, J. Phys.Condens.Matter.14.
221-226 (2002)

5. S. Tanu,a. C.J. Powell, D.R.Penn, Surf. and Interface
Anal. 21. 165 (1994)

6. S.L.M Schroeder, Solid State Comm. 98, 405-409 (1996).

B.C. Hancock, G. Zografi. J.Pharm.Sci. 86, 1-12 (1997).

8. D. Singhal, W. Curatolo. Adv Drug Delivery Rev. 56.
335-347 (2004).

N

~




<<
  /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 /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /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 300
  /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 (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /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.)
  >>
  /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 [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


