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THERMAL STABILITY OF PARACETAMOL AND ITS
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Stability of drugs and products has a great practical interest, which is facing to strict regulation. Thermal studies, besides the deter-
mination of the thermal properties of the investigated product allow the verification of possible interactions between the drug sub-
stances and excipients. The objective of this work was to obtain solid pre-formulates of paracetamol (PC) by spray drying (SPDR),
as well as to investigate their thermal behavior. Dynamic and isotherm TG, conventional DSC and DSC-photovisual coupled meth-
ods were used to characterize the conventional and pre-formulated mixtures obtained by SPDR. The results of both DSC investiga-
tions showed slight alterations in melting temperatures, which suggests incompatibilities. The TG decomposition data of the mix-
tures evidenced that the dry process via SPDR leads to stability enhancement of the pre-formulated mixtures.
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Introduction Experimental

Modern thermoanalytical, as well as emerging ater ials

technologies, providing information on the calori- Pharmaceutical grade of PC (Dinalab, batch:
metric, microscopic and spectrophotometric properties 0310005, Brazil), starch (Dinalab, Brazil), colloidal
are powerful analytical tools for the pharmaceutical  ijicon dioxide — Aerosil® (Genix, Germany), croscar-
development [1-4]. . . mellose sodium (Sweden, batch: 8642100, Forlab),

. Thermogravimetry is used to determine the sta- 1,¢(o5¢ 80 mesh (Dinalab, batch: 0145, China), poly-
bility and decomposition kinetic of a solid medicine, vinylpyrrolidone ~ (PVP)  (Palmares, batch:

helps in the life-time prediction of the pharmaceutical 030000233-78, Brazil), deionized water were used in
forms from the degradation rate. Such techniques are .. experiments.

fast enough to make quick studies during the techno-
logical development and one can obtain information
on the quality of the formulations [3, 5].

SPDR is more commonly used to produce finely  Preparation of conventional and SPDR mixtures

divided powders, granules, agglomerates, products obeyed the following procedures:
for encapsulation, to cover, to reduce the particles and

provide a more homogeneous particle size distribu-

Sample preparation and spray-drying conditions

Conventional mixtures

tion [6].

The objective of the present work was to develop ¢ Sample A: 1.592 g of PC drug substance, 0.159 g of
solid pre-formulated mixtures of paracetamol (PC) by starch, 0.09 g of PVP and 0.159 g of Aerosil®, pow-
SPDR as well as to evaluate their stability and thermal ders were homogenized and put in a dry and clean
properties. container.

» Sample B: 0.926 g of PC drug substance, 0.926 g of
croscarmellose sodium, 0.055 g of PVP and
0.093 g of Aerosil®, powders were homogenized
and put in a dry and clean container.
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» Sample C: 0.926 g of PC drug substance, 0.926 g of
lactose, 0.055 of PVP and 0.093 g of Aecrosil®,
powders were homogenized and put in a dry and
clean container.

SPDR mixtures

* Solution A: 10.0 g of PC drug substance, 10.0 g of
starch, 0.6 g of PVP and 1.0 g of Aerosil”, powders
were homogenized and added 200 mL of deionized
water.

* Solution B: 10.0 g of PC drug substance, 10.0 g of
croscarmellose sodium, 0.6 g of PVP and 1.0 g of
Aerosil®, powders were homogenized and added
200 mL of deionized water.

* Solution C: 10.0 g of PC drug substance, 10.0 g of
lactose, 0.6 g of PVP and 1.0 g of Aerosil®, pow-
ders were homogenized and added 200 mL of
deionized water.

Samples were dried in a SpDr apparatus from
LabPlant (UK) model SD-05. The experimental dry
conditions were:

* Solution A: internal temperature (7;,) 100°C, due
to gelatinization point in the case of starch,
exhaustion temperature (7.x,) 65°C, feed rate of
liquid was approximately 250 mL h™".

* Solution B: internal temperature (7i,) 145°C, ex-
haustion temperature (7e,) 85°C, feed rate of lig-
uid was approximately 250 mL h™".

» Solution C: internal temperature (7i,) 145°C, ex-
haustion temperature (7e,) 75°C, feed rate of lig-
uid was approximately 250 mL h™".

Solutions A, B and C were agitated and pre-
heated up to approximately 50°C and only then they
were pumped through a peristaltic pump of the SPDR
system to a nebulization chamber and atomized in
a 0.5 mm jet nozzle followed by the dry process in a
co-current system with a 1.5 bar pressure. Dry parti-
cles were collected in a container coupled to cyclone
of the SPDR system and then they were put in a dry
and clean own container to be analyzed later.

Thermal analysis

The calorimetric curves of conventional and SPDR
mixtures were recorded using Shimadzu (USA)
model DSC-50 calorimeter, calibrated with standard
indium under the same conditions as the samples were
measured. The DSC curves were recorded at a heating
rate of 5°C min"' from ambient up to 500°C in nitro-
gen (50 mL min'). The initial sample mass was
about 2.0 mg. The photovisual data were recorded ap-
plying a Shimadzu (USA) model DSC-50 calorimeter
coupled to a model VCC-520 photovisual system
connected to an Olympus microscope (USA) and to a
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Sony (USA) camera in nitrogen (50 mL min ') from
ambient up to 500°C. The photovisual system was
connected to a computer using Assimetrix software,
through which the images of the samples were visual-
ized at real time. Pictures were recorded according to
their DSC curves observing the phase transition of the
samples. Thermogravimetric curves were recorded in
a Shimadzu (USA) model TGA-50H apparatus cali-
brated with calcium oxalate monohydrate (the experi-
mental conditions: dynamic and isotherm curves in
nitrogen (50 mL min') and in synthetic air
(20 mL min')). Isothermal curves were recorded
at 160, 170, 180 and 190°C for 120 min. The dynamic
TG curves were recorded at a heating rate
of 10°C min' from ambient up to 900°C. The initial
sample mass was 5.0+£0.5 mg. Thermoanalytical data
were analyzed using Tasys software from Shimadzu.
Vapor pressures of the pure PC, its conventional mix-
tures and spray-dried preformulates were calculated
from the constant of methylparaben [7] using the
Langmuir equation.

Results and discussion

According to literature, the pure PC melts be-
tween 168—172°C [8]. The obtained temperature data
for the pure PC and its conventional mixtures showed
a good correlation to the literature data. However, the
spray-dried mixtures showed a slight reduction to the
literature ones. In case of the preformulated mixtures
with starch or croscarmellose, there was an increase
in the activation energy (£,), which was not observed
in the preformulated mixture with lactose. SPDR
technology produces particles with reduced size,
which leads to an enhancement of superficial area of
these particles. This could be responsible for the
changes in melting enthalpy of the preformulated
mixtures of PC (Table 1).

In the preformulated mixtures, besides the parti-
cle size reduction (data are not available) and the uni-
form distribution of pure PC, the reduction of the
melting temperature was also observed.

The alterations in the melting temperatures of
the preformulated mixtures showed by conventional
DSC were visually followed, too. The photovisual
DSC showed slight changes in the color of the mix-
tures in the respective melting temperatures (Fig. 1),
evidencing the fusion of pure PC, while the excipients
remained in solid phase denying the interaction be-
tween the drug substance and excipient.

Table 2 shows the dynamic TG data with the de-
composition stage temperatures and residues of pure
PC (raw material) and the conventional and SPDR
preformulated mixtures.
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Table 1 Melting points values (m.p.) on DSC and activation energies (£,) for PC drug substance and its conventional and

pre-formulated mixtures

Sample PC PC/Starch/Aerosil®  PC/Croscarmellose/Acrosil®  PC/Lactose/Aerosil®
m.p. conventional mixture/°C 170 169 169 168

E, conventional mixture/J g -152.0 ~78.8 -70.4 -48.6

m.p. pre-formulated mixture/°C - 168+0.2 167.940.5 166.53£0.43

E, pre-formulated mixture/J g - —112.61+4.5 -99.7£19.0 —48.7£14

Results as average tsd; n=3

Ozawa model was used in the kinetic studies with
determining the kinetic parameters (activation energy, E,;
frequency factor, 4; reaction order, ). Data showed in
Table 3 are evidencing a zero order kinetic behavior of
the pure PC (E,: 74.07-74.25 kI mol™"; rsd 1.76 kJ mol ',
frequency factor 1.047-10°-1.085-10° min™" in the o,
0l and oi39 decomposed fractions, Table 3).

Using the calculated values the Antoine constants:
A=5.23662; B=1159.34 and (C=-220.03 in the
446-517 K temperature interval according to the
pressure curves obtained to the standard methylparaben
[9] following the Antoine equation (logP=A-B/(T+C))
to determine the value of ‘k’, and consequently the
Langmuir equation that may be modified to obtain the
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vapor pressure values of many simple components
(P=[a”'2nR) " |[(T/M)"*(dm/df)]=kv) [10]. Applying
the constant for methylparaben at 10°C min' heating
rate (125413%1.774 [7]), the vapor pressure curves for
PC and its conventional and pre-formulated mixtures
were constructed. The constant determined for methyl-
paraben was used to calculate the average vapor
pressure for pure PC and for PC in each mixture. The
obtained values were: 94043.51 and 128019.77 Pa for
conventional and pre-formulated mixtures of
PC/Starch/Aerosil®, 122259.80 and 131316.69 Pa for
conventional and pre-formulated mixtures of PC/Cros-
carmellose/Aerosil® and 87502.90 and 137722.16 Pa
for conventional and pre-formulated mixtures of
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Fig. 1 DSC-photovisual images of O — pure PC, o — conventional and v — pre-formulated mixtures of PC and the corresponding

1 -DSC and 2 — TG curves
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PC/Lactose/Aerosil®; respectively. So, it could be con-
firmed that the first mass loss stage obeys a zero order
kinetic suggesting that the mass loss is caused by the
volatilization of PC.

From the isotherm TG data of PC and its corre-
spondent conventional and pre-formulated mixtures
the rate constants for the decomposition in the studied
temperature range were calculated according to the
Arrhenius model (Table 4). The obtained results
showed that the rate constants for the pre-formulated
mixtures are lower than the corresponding rate con-
stants for the conventional mixtures indicating that
the spray-drying made the mixtures more stable.

Conclusions

According to the results of kinetic analysis the pre-
formulates of PC obtained by spray-drying were found
more stable than its respective conventional mixtures.
Association of methodologies like thermal anal-
ysis and spray-drying made possible to evaluate sta-
bility and uniformity of the analyzed solid products.

382

References

1 B. D. Glass, Cs. Novak and M. E. Brown,
J. Therm. Anal. Cal., 77 (2004) 1013.

2 N. A. B. de Souza, A. C. D. de Medeiros, R. O. Macédo
and A. F. O. Santos, J. Therm. Anal. Cal., 72 (2003) 535.

3 D. Giron, Pharm. Sci. Technol. Today, 1 (1998) 191.

4 P. Basu, K. S. Alexander and A. T. Riga, J. Therm.
Anal. Cal., 83 (2006) 19.

5 A.K. Galwey, J. Therm. Anal. Cal., 86 (2006) 267.

6 M. Fuchs, C. Turchiuli, M., Bohin, M. E. Cuvelier,

C. Ordonnaud, M. N. Peyrat-Maillard and E. Dumoulin,
J. Food Eng., 75 (2006) 27.

7 A.P.B. Gomes, Desenvolvimento de método
termogravimétrico para determinagéo do teor de
cetoconazol, mebendazol e metronidazol em comprimidos,
Ph.D. Theses submited to UFPB, Jodo Pessoa 2006, p. 182.

8 Brazilian Pharmacopoeia. Part II, 4" Ed., Atheneu,

Sao Paulo 2001, p. 167.

9 R. M. Stephenson and S. Malamowski, Handbook of
Thermodynamic Organic Compounds, Elsevier,

New York, p. 263.
10 A. Hazra, K. Alexander, D. Dollimore and A. Riga,
J. Therm. Anal. Cal., 75 (2004) 317.

DOI: 10.1007/s10973-006-8006-3

J. Therm. Anal. Cal., 88, 2007




<<
  /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

  /SyntheticBoldness 1.000000
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002000d>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002000d>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /GRE <>
    /HRV <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e000d>
    /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 <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /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.)
    /HUN <>
  >>
  /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 [595.276 841.890]
>> setpagedevice


