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Abstract 4-Aminosalicylic acid (4ASA) a non steroid

anti inflammatory drug (NSAID) has been used for over

40 years in the treatment of inflammatory bowel diseases

(IBDs). It is therefore an importance to assess physico-

chemical properties such as solubility and stability. The

effect of cyclodextrins on the solubility and chemical sta-

bility of 4ASA was investigated. Inclusion complexes of

4ASA were characterized by the solubility method, dif-

ferential scanning calorimetry (DSC) and Fourier trans-

former infrared spectroscopy (FT-IR). In addition, the

influence of presence of CDs on stability was assessed at

room temperature in different pH conditions. Complexa-

tion with CDs increased 4ASA aqueous solubility. The

stoichiometric ratios of the inclusion complexes were 1:1

for a, b, c and HP- CDs, respectively. Complexation with c
and HP-CDs has increased the 4ASA stability 4 fold. These

observations suggest that 4ASA/CD complexes may be an

attractive and practical procedure to modify drug physi-

cochemical properties for use in delivery systems.

Keywords 4ASA � Cyclodextrins � Stability, DSC �
FT-IR

Introduction

4-Aminosalicylic acid (4ASA) a non steroid anti inflam-

matory drug (NSAID) (Fig. 1) has been used for over

40 years in the treatment of inflammatory bowel diseases

(IBDs) [1]. It is therefore an importance to assess physico-

chemical properties such as solubility and stability. Cyclo-

dextrins (CDs) have lipophilic inner cavities and hydrophilic

outer surfaces. They, are capable of interacting with a large

variety of guest molecules to form non covalent inclusion

complexes. For this reason they are reported as complexing

agents who are able to improve the physicochemical prop-

erties of the guest molecule. In the present work solubility

and stability studies of 4ASA/CDs solid inclusion complexes

were conducted. Characterization was investigated by dif-

ferent analytical techniques: Differential Scanning Calo-

rimetry (DSC), Fourier Transformed Infrared spectroscopy

(FT-IR) to show if an inclusion phenomena is obtained.

Materials and methods

Materials

Cyclodextrins and 4ASA were commercial products pro-

vided by Wacker Fine chemicals (Burhausen, Germany)

and Bayer respectively.

Solubility studies

Solubility studies were investigated according to the phase

solubility method described by Higuchi and Connors [2]

over 7 days. The following Eq. 1 was used to determine

the association constant (K) from the slope of the linear

portion of the curve.
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K ¼ slope=So 1� slopeð Þ ð1Þ

where So is the intrinsic solubility of the drug studied under

the conditions.

Preparation of 4ASA/CDs complex

The complexes were prepared by mixing (at 1:1 M ratio)

4ASA and CDs according to the freeze drying procedure

described in [3].

Chemical stability

4ASA with and without a-CD were placed in buffer solu-

tions at pH 1.5, 7.0 or 7.5 and reacted for 7 days at

37 ± 0.5 �C. The reaction mixture was centrifuged at

3,000 rpm for 5 min, and the supernatant was analyzed by

HPLC.

4ASA quantification by HPLC

The amount of 4-aminosalicylic acid (4ASA) in the

sample solution was determined by HPLC. The HPLC

system consisted of a Jasco 880 pump (Japan), a Jasco

875-UV detector (Japan), an autosampler HPLC-360

Kontron (Brehme, Germany) and a Kromasil column: C-

18 lm, 250 mm 9 4.6 mm (Chromato, France HAS),

maintained at room temperature. Detection of the analytes

was carried out at 300 nm. The optimum mobile phase

which was used in validation studies consisted of water–

formic acid–acetonitrile (67:3:30; v/v/v). Solvent delivery

was employed at a flow of 1.0 mL/min. Injection volume

of the analytes was set to a constant volume of 50 lL. All

HPLC parameters were controlled by the Azur software:

version 3.0 coupled to an acquisition box (Azur PAD).

Differential scanning calorimetry (DSC)

DSC analysis was carried out using a DT6 differential

calorimeter (Perkin Elmer, USA). Scans were performed in

the range of 30–300 �C with a gradient of 10 �C/min. All

samples were prepared weighing 3–5 mg of powder in

aluminium pan and analysis was performed in duplicate.

Fourier transform infrared spectroscopy (ATR-FT-IR)

Samples were analyzed in dried phase. The Fourier

Transform Infrared Spectra were obtained from a Perkin

Elmer IR spectrometer. Spectra were achieved from 4,000

to 650 cm-1, with H2O and CO2 signals ponderation,

8 cm-1 resolution, 0.2 cm-1 scanning speed, 16 scans.

Results and discussion

Stability test and phase solubility

Stability results showed a protective effect of a-CD/4ASA

from chemical degradation up to 98% at pH 7.5 (Fig. 2a).

Phase solubility profiles of 4ASA/CDs are presented in

Fig. 2b. The phase solubility diagram of 4ASA/a-CD

complex could be classified as Bs-type that denotes com-

plexes of limited solubility. The first part had shown

increased drug solubility with increasing concentration of

a-CD in the range of 0–100 mM. K value of the 1:1

complex was 214.28 ± 4.17 according to Eq. 1. However

the solubility diagram of b-CD had shown a Bi subtype that

Fig. 2 a 4ASA–a-CD complex in different pH medium and b phase

solubility diagrams of 4ASA–a, b, c, and HPb-CD

NH2

O OH

OH

Fig. 1 4ASA chemical

structure
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indicates insoluble complexes. b-CD often gives rise to

B-type curves due to their poor water solubility [4].

Gamma-CD/4ASA phase solubility diagram shown an

An subtypes which indicated a linear increase of 4ASA

solubility. K value of the 1:1 complex was

35.71 ± 2.21 M-1. In the case of HPb-CD the diagram

profile seems to be an An subtype and showed a first

ascendant part between 0 and 150 mM of HPb-CD con-

centrations. The best improvement for 4ASA solubility was

obtained with a-CD.

Differential scanning calorimetry studies

DSC profile of 4ASA showed a characteristic endothermic

peak at 150.2 �C. A similar behavior was observed for

4ASA in the physical mixtures with a, b, c and HPb-CD

(Fig. 3). With a-CD/4ASA complex endothermic peak

disappearance denotes an inclusion complexes. With

b-CD/4ASA complex a broad endothermic peak was

exhibited between 130 and 175 �C corresponding to

release of water molecules. A well-distinct melting peak

was obtained at 150 �C with c-CD/4ASA complex. This

should indicate that 4ASA molecule was not embedded in

the c-CD inner cavity. A different pattern was observed in

the thermogram of HPb-CD/4ASA complex (Fig. 3). The

disappearance of the melting peaks of 4ASA and HPb-CD

at 150.2 and 175 �C respectively was a proof of an inclu-

sion complexes formation. These results indicated the

existence of interactions between 4ASA with a-CD. In

addition a dispersion phenomenon was observed with

HPb-CD by freeze drying method.

FT-IR spectroscopy

The FTIR spectra of wave number from 4,000 to 450 cm-1

are presented in Fig. (4a–d) and Table 1. 4ASA showed

two strong absorption bands between 3,380 and

3,483 cm-1 for amino stretching. All the binary systems of

4ASA/CD did not show any new peaks, indicating no

chemical bonds created in the formed complexes. The main

characteristic double band appeared also at the same

position in the physical mixtures with all CDs and 4ASA in

accordance with the thermal analysis results. However, in

the spectra of 4ASA/c-CD obtained by inclusion com-

plexes with CDs, the doublet peak in 3,380–3,483 cm-1

disappeared. Only OH large band of CD appeared on the

spectra. Other bands, such as 1615, 1445, 765–814 cm-1

representing aromatic ring disappeared in the inclusion

spectrum of 4ASA/a-CD suggested the aromatic ring was

entrapped into the host cavities.

Conclusion

As discussed above, the nature of carriers played an

important role in the formation of inclusion complexes

Fig. 3 DSC diagram of 4ASA/CD complexes: (1) 4ASA; (2) CD; (3) physical mixture; (4) inclusion complex. a: a-CD, b: b-CD, c: c-CD,

d: HPb-CD
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Fig. 4 a FTIR spectra of 4ASA 4ASA (1), a-CD (2), freeze-dried of

4ASA/a-CD (1:1 mol/mol), (3) and physical mixture of 4ASA/a-CD

(1:1 mol/mol) (4). b FTIR spectra of 4ASA (1), b-CD (2), freeze-dried

of 4ASA/b-CD (1:1 mol/mol) (3) and physical mixture of 4ASA/b-CD

(1:1 mol/mol) (4). c FTIR spectra of 4ASA (1), c-CD (2), freeze-dried of

4ASA/c-CD (1:1 mol/mol) (3) and physical mixture of 4ASA/c-CD

(1:1 mol/mol) (4). d FTIR spectra of 4ASA (1), HPb-CD (2), freeze-

dried of 4ASA/HPb-CD (3) (1:1 mol/mol) and physical mixture of

4ASA/HPb-CD (1:1 mol/mol) (4)
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4ASA could form an inclusion with a and HPb-CD, but no

inclusion with b-CD and c-CD. Nevertheless further anal-

ysis such as NMR analysis and modeling data would be

taken to confirm or not if 4ASA aromatic ring is embedded

inside the cavity of a and HPb-CD.
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Table 1 Infrared spectral data and bands assignments

CH (cm-1) C–C (cm-1) C–O–C (cm-1) HCH (cm-1) C=O (cm-1) H bond (cm-1) OH (cm-1) NH2 (cm-1)

4ASA 765–814 1615 – 1445 1650 – – 3380–3483

a-CD 1406 642, 1080 1070–1152 – – 2912 3200–3500 –

Complex 4ASA/CD 765–814 642, 1080 1070–1152 – – 2912 3200–3500 –

Physical mixture 765–814 642, 1080 1070–1152 1445 1650 2912 3200–3500 3380–3483

1615

4ASA 765–814 700–800 – 1445 1650 – – 3380–3483

b-CD 1406 642, 1080 1070–1152 – – 2912 3200–3500 –

Complex 4ASA/CD 765–814 642, 1080 1070–1152 – – 2912 3200–3500 –

Physical mixture 765–814 642, 1080 1070–1152 1445 1650 2912 3200–3500 3380–3483

1615

4ASA 765–814 700–800 – 1445 1650 – – 3380–3483

c-CD 1406 642, 1080 1070–1152 – – 2912 3200–3500 –

Complex 4ASA/CD 765–814 642, 1080 1070–1152 – – 2912 3200–3500 –

Physical mixture 765–814 642, 1080 1070–1152 1445 1650 2912 3200–3500 3380–3483

1615

4ASA 765–814 700–800 – 1445 1650 – – 3380–3483

HPb-CD 1406 642, 1080 1070–1152 – – 2912 3200–3500 –

Complex 4ASA/CD 765–814 642, 1080 1070–1152 – – 2912 3200–3500 –

Physical mixture 765–814 642, 1080 1070–1152 1445 1650 2912 3200–3500 3380–3483

1615

J Incl Phenom Macrocycl Chem (2011) 69:327–331 331

123

http://www.aapspharmscitech.org

	Improvement in the water solubility and stability of 4ASA by the use of cyclodextrins
	Abstract
	Introduction
	Materials and methods
	Materials
	Solubility studies
	Preparation of 4ASA/CDs complex
	Chemical stability
	4ASA quantification by HPLC
	Differential scanning calorimetry (DSC)
	Fourier transform infrared spectroscopy (ATR-FT-IR)

	Results and discussion
	Stability test and phase solubility
	Differential scanning calorimetry studies
	FT-IR spectroscopy

	Conclusion
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /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 false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 149
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /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 149
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /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 599
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /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.)
    /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 [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


