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Pharmaceutical availability is described by the
amount of the therapeutic substance released from a
given drug formulation measured in vitro and the
rate of its release. The process of release of the ther-
apeutic substance leads to its appearance in the form
of molecular dispersion, i.e. in the dissolved form, in
which the drug can be absorbed from the site of
administration to the surrounding tissues and the
blood circulation system, therefore the character of
the process is essential for the therapeutic effect. For
the technological and biopharmaceutical reasons the
increase in the solubility of therapeutic drugs hardly
soluble in water is of great importance (1, 2). 

Regarding the diversity of their pharmacologi-
cal activities, the derivatives of 1,4-benzodiazepin-
2-one have been in the group of drugs most often
recommended for medical treatment. Unfortunately,
these derivatives are hardly or practically no water
soluble, so their formulations are almost limited to
solid phase. Recently, much effort has been made to
improve the solubility of these derivatives (3-10).
One of the possible approaches to the problem is to
prepare solid phase dispersions of the hardly water
soluble drug and a hydrophilic support. Depending
on the method of preparation, physico-chemical
properties of the therapeutic substances and the sup-
port, the dispersions can take the form of eutectic
mixtures, solid solutions, amorphous precipitations

of the therapeutic substance on the crystalline sup-
port, glassy solutions, or compounds or complexes
between the therapeutic substance and the support.
The type and character of the support also are of
great importance. The aim of the study reported was
to obtain the solid phase dispersions of the selected
derivatives of 1,4-benzodizepin-2-one: diazepam,
nitrazepam and oxazepam with polyvinylpyrroli-
done (PVP) by the method of evaporation and to
assess the effect of the support on the water solubil-
ity of the derivatives studied.

Material

Polyvinylpyrrolidone K 30 (PVP) Fluka;
diazepam, series G11001, nitrazepam series:
G11001 oxazepam: G11001 Glaxo Smith Kline;
methanol analytical grade, Merck; ethanol 95% vol.,
Polmos S.A.; hydrochloric acid analytical grade,
POCH.

Measuring equipment 

X-ray diffractometer TUR 62, differentiation
scanning calorimeter DSC ñ50, Shimadzu, Specord
IR 75, Zeiss, Jena, spectrophotometer UV-VIS Cary
118OC, Varian, microanalytical balance, Sartorius,
rotating evaporator Rotavapor, shaker type 327,
Premed Warszawa.
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Methods

Obtaining of solid dispersions
PVP and the substance studied (diazepam,

nitrazepam and oxazepam) were dissolved in a small
amount of ethanol 95%, the solutions were com-
bined and the solvent was evaporated at 70OC. The
product was stored in a desiccator for about 24 h,
then the mass was homogenized and refined by siev-
ing through the mesh size 0.45 mm and 0.2 mm. 

Obtaining of physical mixtures 
Appropriate amounts of a given derivative of

1,4-benzodiazepin-2-one and polyvinylpyrrolidone
were mixed and homogenized by sieving the mix-
ture through the mesh size 0.45 mm and 0.2 mm.
The physical mixtures and solid dispersions were
prepared to contain 10%, 20%, 30%, and 40% of the
drug.

Methods for identification of solid dispersions 

DSC Analysis
DSC analysis was performed for the therapeu-

tic substances: diazepam, nitrazepam, oxazepam, for
solid dispersions of these substances in polyvinyl-
pyrrolidone, for the physical mixtures of the drugs
with PVP and for pure PVP. The sample to be stud-
ied together with the standard (Al2O3) was placed in
the heating chamber. The analysis was made in the
temperature range 20 ñ 480OC, increased at the rate
of 10OC/min in a nitrogen atmosphere. 

XRD analysis 
XRD powder method was applied to study the

solid dispersions, physical mixtures and pure sub-
stances studied (drugs and polyvinylpyrrolidone).
The CuKα (λ = 1.5418 �) radiation monochroma-
tized by a nickel filter, lamp voltage of 30 kV, cur-
rent intensity 30 mA were used. XRD patterns were
recorded over the range 2O <2Θ < 40O and are pre-
sented in Figure 1.

Solubility tests 

The weighted portions of each drug, its physi-
cal mixture and solid dispersion were placed in sep-
arate flasks of 50 cm3 capacity, supplemented with
15 cm3 of water and shaken at room temperature for
24 h. The precipitate was centrifuged, dissolved in
0.1 M HCl (diazepam, nitrazepam) or in methanol
solution of 0.05 M HCl (oxazepam) and the contents
of the compounds analyzed were determined by the
spectrophotometric method at the wavelength char-
acteristic of a given compound. The results are pre-
sented in Table 1.

RESULTS AND DISCUSSION

The aim of the study was to check the possibil-
ity of improving the solubility of selected deriva-
tives of 1,4-benzodiazepin-2-one: diazepam, nitra-
zepam and oxazepam in water by formation of solid
dispersions of the derivatives with polyvinylpyrroli-
done (PVP). The selected support was PVP as it has
hydrophilic properties and is commonly used as an
ancillary substance in pharmacy. The solid disper-
sions obtained by evaporation contained 10%, 20%,
30% and 40% of the therapeutic substance. The
products were identified by the differential scanning
calorimetry (DSC) and X-ray diffraction methods.
Results of the DSC analysis of solid dispersions
were interpreted in reference to the DSC curves
obtained for pure substrates and for their physical
mixtures of the corresponding concentrations. The
DSC curve of PVP shows two endothermic peaks: at
about 66OC related to the melting of the substance
and at about 435OC assigned to its decomposition.
The DSC curves of diazepam and oxazepam show
single endothermic peaks at 134OC and 203OC,
respectively, corresponding to the melting points of
both compounds. The DSC curve of nitrazepam
shows two peaks: the endothermic one at about
230OC related to the melting point of the drug and
the exothermic one at about 289OC corresponding to
the decomposition of the drug. The DSC curves of
the physical mixtures of PVP with diazepam in the
concentrations 10%, 20%, 30% and 40% show two
endothermic peaks (at ~ 66OC and 435OC) related to
PVP and an endothermic peak at ~134OC character-
istic of diazepam. In the DSC curves of the solid dis-
persions of diazepam and PVP, there are peaks relat-
ed to the presence of PVP and the peak at 134OC
assigned to diazepam occurs only in the DSC curves
of the mixtures containing 30% and 40% of diaze-
pam and it is much less intense than in the DSC
curves of the corresponding physical mixtures. The
peak assigned to diazepam does not appear in the
curves recorded for the solid dispersions containing
10% or 20% of the drug. 

The DSC curves of the physical mixtures and
solid dispersions of PVP with nitrazepam in the con-
centrations of 10%, 20%, 30% and 40% show the
endothermic peaks corresponding to the melting and
decomposition of the support, while the exothermic
peak at about 289OC characteristic of nitrazepam
appears only on the curves recorded for the physical
mixtures or solid dispersions containing 40% of
nitrazepam. The DSC curves of the physical mix-
tures and solid dispersions of PVP with oxazepam in
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Figure 1. X-ray diffraction patterns: a ñ PVP, b ñ diazepam, c ñ physical mixture 10%, d ñ solid dispersion 10%, e ñ physical mixture 20%,
f ñ solid dispersion 20%, g ñ physical mixture 30%, h ñ solid dispersion 30%, i ñ physical mixture 40%, j ñ solid dispersion 40%
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the concentrations 20%, 30% and 40% show three
endothermic peaks; two of them at about 66OC and
435OC are assigned to the support and the one at
about 203OC is characteristic of oxazepam. The DCS
curve recorded for the physical mixture and solid
dispersion of PVP with 10% of oxazepam display
only the endothermic peaks related to the presence
of PVP. With increasing concentration of oxazepam
in the physical mixture and in the solid dispersion
the endothermic peak at about 203OC corresponding
the melting point of the drug becomes increasingly
more pronounced and is greater on the curves of the
physical mixtures. The above observations suggest
that in the process of solid dispersion production the
therapeutic substance studied is to some extent dis-
solved in PVP giving a solid solution. 

The XRD analysis was performed by the pow-
der method. The results obtained for solid disper-
sions were interpreted with reference to those
obtained for physical mixtures and pure substrates.
Only the XRD patterns of the physical mixtures and
solid dispersions of PVP with diazepam in the con-
centration of 40% show the diffraction peaks indi-
cating the presence of diazepam crystals in the range
5-11 �. Their intensity in the XRD patterns of the
solid dispersion is lower than in that of physical
mixture. The XRD patterns of the physical mixtures
containing 20%, 30% and 40% of nitrazepam and
solid dispersions containing 30% and 40% of
nitrazepam show the peak characteristic of
nitrazepam at 4 �. This peak is not noted in the
XRD patterns of the physical mixture with 10% of
nitrazepam and solid dispersions with 10% and 20%

of this drug. The intensity of the peaks characteristic
of nitrazepam in the patterns of the physical mix-
tures and solid dispersions is different. The peak
assigned to oxazepam at about 7 � appears in XRD
patterns of the physical mixtures with 20%, 30%
and 40% of the drug and in those of solid disper-
sions with 30% and 40% of the drug. XRD results
have not confirmed the presence of oxazepam in the
physical mixture of PVP and 10% of oxazepam and
in solid dispersions of PVP and 10% and 20% of the
drug, and the intensity of this peak is greater in the
patterns of the physical mixtures. The XRD pattern
of PVP does not show any peaks as it is amorphous
substance (Figure 1). As follows from the above
observations, the process of production of solid dis-
persions by evaporation leads to formation of solid
solution of the therapeutic drug in PVP, the drug is
partly dissolved in the support or loses its crystalline
character. 

The next stage of the study was to work out a
spectrophotometric method in the UV range that
could be used for determination of the content of the
1,4-benzodiazepin-2-one derivatives studied in
physical mixtures and solid dispersions with PVP.
The UV spectrum of PVP in a 0.1 M HCl solution
and in a methanol solution with 0.1 M HCl in the
range 200-400 nm does not show absorbance at the
analytical wavelengths typical of the therapeutic
drugs studied, so the presence of the support has no
influence on the results of determinations and the
method is specific. The method is also sensitive as
the molar absorption coefficient values are in the
range 1.104 ñ 1.105. In the concentration range stud-

Table 1. Solubility of selected derivatives of 1,4-benzodiazepin-2-one in water at room temperature.

Solubility [mg/100 cm3]

Diazepam

In Physical mixture Solid dispersion

substantia 10% 20% 30% 40% 10% 20% 30% 40%

3.97 13.74 14.65 14.91 15.36 27.07 28.36 28.92 29.19

Nitrazepam

In Physical mixture Solid dispersion

substantia 10% 20% 30% 40% 10% 20% 30% 40%

2.54 5.12 6.21 6.74 6.91 10.22 11.28 11.51 12.17

Oxazepam

In Physical mixture Solid dispersion

substantia 10% 20% 30% 40% 10% 20% 30% 40%

3.65 14.24 14.68 15.30 15.76 28.13 28.71 29.21 29.28
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ied the method is linear as the regression coefficient
is close to 1, r = 0.9998. The precision and accuracy
of the UV spectrophotometric method proposed
were also determined. The water solubility of select-
ed derivatives of 1,4-benzodiazepin-2-one in sub-
stantia and in the physical mixtures and solid dis-
persions with PVP was studied at room temperature.
After shaking of the samples with water for 24 h, the
solution was removed, the content of the substances
in the residue was determined and the amount of the
dissolved derivative was calculated by subtraction.
The solubility of diazepam (3.97 mg/dm3) in water
in physical mixtures with PVP increases by about
3.5 times (on average 14.66 mg/dm3) and in solid
dispersions by 7 and more times (on average 28.38
mg/dm3), depending on the amount of the active
substance in the system (Table 1). The influence of
the support on the solubility of nitrazepam is also
considerable. The solubility of nitrazepam (2.54
mg/dm3) in the physical mixture with PVP increases
twice for the sample containing 10% of the drug
(5.12 mg/dm3) and four times in the solid dispersion
containing 10% of the drug (10.22 mg/dm3). The
solubility is greater for the samples with greater con-
tents of the drug (Table 1). The presence of PVP
also has important influence on the solubility of
oxazepam; in physical mixtures with PVP the
oxazepam solubility (3.65 mg/dm3) increases four
times (on average 15.10 mg/dm3) and in solid dis-
persions it increases eight times (on average 28.83
mg/dm3) (Table 1).

The above presented and discussed results per-
mit drawing the following conclusions. 

➣ The solid dispersions of diazepam,
nitrazepam and oxazepam can be obtained by the
method of evaporation. 

➣ In solid dispersions the therapeutic sub-
stance is partly dissolved in the support.

➣ Identification of solid dispersion formation
can be performed with the DSC and X-ray diffrac-
tion methods. 

➣ The UV spectrophotometric method pro-
posed for determination of the content of the thera-
peutic substances studied is selective, linear, accu-
rate and precise. 

➣ The water solubility of diazepam,
nitrazepam and oxazepam in the physical mixtures
with PVP is greater than that in substantia.

➣ Formation of solid dispersions of the thera-
peutic substances studied with PVP by the method
of evaporation results in a further increase in their
water solubility. 

REFERENCES

1. Janicki S., Sznitowska M., W. ZieliÒski:
Pharmaceutical availability and bioavailability
of drugs (in Polish). p. 15. Polfa center for sci-
entific information, Warszawa, 2001. 

2. Brandys J.,. Danek A, Krasowska H.,
KrÛwczyÒski L., KrupiÒska J., Mach Z.,
Melzacka M.: Outline of biopharmacy (in
Polish), p. 16, PZWL, Warszawa 1984. 

3. Sethia S., Squillante E.: Int. J. Pharm. 272, 1
(2004).

4. ∆wiertnia B.: Acta Pol. Pharm. Drug Res. 63,
135 (2006).

5. Van den Mooter G., Augustijns P., Blaton N.,
Kinget R.: Int. J. Pharm. 164, 67 (1998).

6. Jachowicz R., N¸rnberg E.: Int. J. Pharm. 159,
149 (1997).

7. Verheyen S., Blaton N., Kinget R., Van den
Mooter G.: Int. J. Pharm. 249, 45 (2002).

8. Zerrouk N., Siro T., Gines ñ Dorado J.M.,
Chemtob C., CeÛlin R., DuguË J.: Eur. J.
Pharm. Sci. 12, 395 (2001).

9. Seo A., Holm P., Gjelstrup Kristense H.,
SchÊfer T.: Int. J. Pharm. 259, 161 (2003).

10. Jachowicz R., Maciejewska A.: Farm. Pol., 54,
70 (1998).

Received: 6. 02. 2008



<<
  /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
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts 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
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -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
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /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
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /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 ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


