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Abstract

Drug formulation as solid dispersion (SD) represents a good method for the
enhancement in solubility of poorly water soluble drugs, as well as for the reduction of
ulcergenicity of non-sterodial anti-inflammatory drugs (NSAID). The poorly water soluble
Meloxicam (MLX) was used as model drug to prepare solid dispersion. Solid dispersion of
MLX was prepared by melting method, using Poloxamer 188 as hydrophilic carrier. A 3
factorial design was used to study the influence of individual and combined effects of 2
factors (drug:polymer ratio and cooling temperature) on the responses. Using the
polynomial equation describing the effect estimates on the dependent variables and the
surface response methodology, an optimal formulation was developed. A drug:polymer
ratio of 1:4.69 and a cooling temperature of 5°C were found to be the optimum values for
the independent variables. The optimized solid dispersion was further characterized by
differential scanning calorimetry (DSC), Fourier transform infrared spectroscopy (FT-IR)
and X-ray powder diffraction (XRD) analysis, whereas the dissolution behavior was studied
in 900 ml of 0.25% w/v sodium lauryl sulphate solution by means of USP Apparatus 2 (50
rpm). The results confirmed obtaining of a solid dispersion of low crystallinity with a
complete in vitro release of the active substance within 60 minutes.

Rezumat

Formularea medicamentelor ca dispersie solida (DS) reprezintd modalitate
eficientd de imbunatatire a solubilitdtii substantelor greu solubile in apa, permitand totodata
reducerea caracterului ulcerogenic al medicamentelor antiinflamatoare nesteroidiene
(AINS). Ca model de substantd activd cu solubilitate redusd in apd a fost folosit
meloxicamul (MLX). Dispersia solidd cu meloxicam a fost preparatd prin metoda topirii,
folosind Poloxamer 188 drept vehicul hidrofil.

Pentru studiul efectelor individuale si combinate a celor mai importante variabile
de formulare asupra proprietatilor dispersiei solide a fost utilizat un plan factorial de tip 3%,
cu doud variabile (raportul substantd activa:polimer si respectiv temperatura de racire) la
trei nivele. Utilizand ecuatia polinomialad care descrie efectele acestora asupra variabilelor
dependente, precum si metodologia suprafetelor de raspuns au fost determinate valorile
optime ale variabilelor independente (respectiv raportul MLX:polimer 1:4.69 si temperatura
de racire de 5°C), fiind dezvoltata si preparatd formularea optimizatd. Aceasta formulare a
fost caracterizata utilizand microscopia electronica de baleiaj (SEM), calorimetria dinamica
diferentiala (DSC), spectroscopia in IR cu transformata Fourier (FTIR) si difractia de raze
X (XRD). Cinetica de cedare in vitro a substantei active a fost studiatd in 900 ml solutie
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lauril sulfat de sodiu 0.25% (w/v), utilizand aparatul 2 USP, la 50 rpm. Rezultatele au
confirmat obtinerea unei dispersii solide cu un grad scazut de cristalinitate, si cu o cedare
completa a substantei active in 60 de minute.

Keywords: Meloxicam, Solid dispersion, Melting method.

Introduction

Oral drug delivery is the simplest and most desirable way of
administering therapeutic agents. Because of the greater stability, smaller
bulk, accurate dosage and ease of manufacturing, solid oral dosage form is
preferred over other types of oral dosage forms, therefore, most of the new
chemical entities under development these days are intended to be used as a
solid dosage form [31, 18, 40]. For any orally administered drug product the
fundamental parameters controlling the drug absorption rate and extent are
its aqueous solubility and gastrointestinal permeability [5, 21, 22]. Various
physical or chemical approaches are available in order to improve the
solubility of poorly soluble drugs, one of the most popular being drug
dispersion in carriers (eutectic mixtures, solid solutions, solid dispersions)
[2, 26]. Drug formulation as solid dispersion is one of the most promising
strategies to improve the oral bioavailability of poorly water-soluble drugs.
The term “solid dispersion” (SD) refers to the dispersion of one or more
active ingredients in an inert carrier or matrix in the solid state [4, 9].
Recently, it has been shown that the release rate and extent of the active
ingredient can be substantially improved if the carrier has surface activity or
self-emulsifying properties (third generation carriers) [1, 4].

The objectives of present study are to optimize a preparation
technique of solid dispersions of NSAID intended for once daily chronic use
in arthritis and osteoarthritis by using melting method. Meloxicam (MLX)
was selected as model drug. Meloxicam (MLX) is BCS class II compound,
an oxicam derivative non-steroidal anti-inflammatory drug (NSAID) with
anti-inflammatory, antipyretic and analgesic activities [24]. MLX chemical
structure is 4-hydroxy-2-methyl-N-(5-methyl-2-thiazoly)-2H-1,2-
benzothiazine-3-carboxamide-1,1-dioxide with the following structural
formula (Figure 1) and its physicochemical characteristics shown in Table I
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Figure 1
The chemical structure of meloxicam
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Table I
Physicochemical properties of meloxicam
Chemical formula C]4H13N304Sz
H,0 solubility 12 ug/ml
Melting point 257°C

Among the important methods that have been used to characterize
SDs are thermo-analytical analysis, X-ray diffraction, infrared spectroscopy
and measurement of release rate of drug [20, 33]. Thermo-analytical
methods include all the examination of a characteristic of the system as a
function of temperature. Of these assays, the differential scanning
calorimetry (DSC) is the most highly regarded method. On the other hand,
the principle behind X-ray diffraction is that when X-ray beam is applied to
the sample, interference bands can be detected. Crystallinity in the sample
can be identified from number and intensity of the peaks in the diffraction
pattern. Structural changes and lack of the crystal structure can lead to
changes in bonding between functional groups which can be detected by
infrared spectroscopy [39].

Materials and Methods

Materials

Meloxicam as gift sample was supplied by Changzhou Longcheng
pharmaceutical Co., Ltd., China. Poloxamer 188 was supplied by BDH,
England. Anhydrous methanol was supplied by Merck, Germany. All other
chemicals were of analytical grade. The following instruments were used:
DSC 6 Differential scaning calorimeter (DSC) (Perkin Elmer., USA), DT6
Dissolution system (Erweka GMBH, Germany), 1720 FTIR spectrometer
(Perkin Elmer., USA), D8 Advance X-ray Diffractometer (Burker AXS,
Germany), UV-1601 Spectrophotometer (Shimadzu, Japan), Universal 320R
centrifuge (Hettich, Germany), Vibramax 100 shaker (Heindolph,
Germany).

Methods

A 37 factorial design was used in development of the dosage form. In
this design, 2 factors were evaluated, each at 3 levels, in order to study the
influence their individual and combined effects on the responses (dependent
variables) [6, 12]. Response surface and contour plots were generated to
understand the interaction between different variables.

A mathematical quadratic regression model was developed for
predicting system responses within selected experimental conditions.
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Experimental data were fitted according to the following second-order
polynomial equation calculated by multiple regression analysis:

Y=b+YbX +XbX +XbXX +¢ (1)
i=0 i=0 i<j

where Y represents the measured response, b are coefficients calculated by
multiple regression analysis, X; represent the main effects of the independent
variables, X:X; the interaction terms between variables, X/’ quadratic
expressions of the independent variables (included into the model in order to
asses nonlinearity) and ¢ is the random error.

The optimum experimental conditions were determined by using
desirability functions.
The experimental design, data analysis and quadratic model building were
computed by means of StatisticaTM Statsoft 8.0 software (StatSoft, Tulsa,
OK, USA).

Preparation of Meloxicam solid dispersion

Physical mixtures (PM) were prepared by mixing MLX with
Poloxamer 188 (PXM) in (drug:polymer) ratios of 1:2, 1:5 and 1:8 (factor 1,
Xi) for 5 min using glass mortar and pestle. The PM was heated while
stirring at 65°C, in thermostatic water bath, to achieve a homogenous
dispersion. It was subsequently cooled to one of the three cooling
temperatures (5, 15 and 25°C), according to the design of the experiment.
The cooling temperature represents factor 2 (X5) of the experimental plan.
The freezed mass was pulverized, passed through a 30-mesh sieve, stored in
a vacuum desiccator for 48 hours and finally passed through a 60-mesh
sieve before packaging in a amber colored, airtight container. The yield was
determined using the following formula [9]:

Yield % = Practical weight of the solid dispersion 1100 2)

Theoretical weight (drug+carrier)

Meloxicam phase solubility study

The phase-solubility technique allows evaluation of the affinity
between MLX and the carrier (PMX) in water. The experiments were
carried out according to the method described by Higuchi and Connors [15].
Excess amounts of MLX were placed into stoppered conical flasks
containing 20 ml aqueous solutions of PMX at different concentrations in
the range 0.1- 1%.

The resulting suspensions were shaken at ambient temperature until
equilibrium was reached, i.e. for 48 h, on a Heidolph Vibramax 100 shaker.
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The samples were filtered through a 0.22 pm membrane filter. The filtrate
was suitably diluted and spectrophotometrically analyzed for MLX at A=362
nm. Each sample was analyzed in triplicate.

Aliquots of 5 ml were withdrawn and filtered immediately using
0.22um cellulose nitrate disc filter. The filtered samples were diluted
suitably and assayed for MLX by measuring absorbance at A= 358nm
against blanks by means of a UV-1601 spectrophotometer (Shimadzu,
Japan).

Each sample was analyzed in triplicate.

Characterization of the prepared solid dispersion containing
Meloxicam

Determination of drug content in the prepared solid dispersions

A SD mass equivalent to 10 mg of MLX was weighed and placed in
beaker containing a suitable quantity of methanol. The sample was mixed
for 1 hour by using a Heidolph Vibramax 100 shaker, and centrifuged for 10
minutes at 4000 rpm.

The resulting solution was suitably diluted with methanol and
spectrophotometrically assayed for drug content at 362nm. The drug
content was determined by using a standard plot of absorbance versus
concentration.

Determination of MLX solubility

Saturation solubility measurements were conducted for both pure
MLX and MLX solid dispersions, in order to assess the increase in
solubility of MLX when formulated as SD.
For solubility study, excess amounts of MLX powder and SD (equivalent to
approximately 15 mg active substance) were dispersed in 20 ml water in an
appropriate screw capped vial and vigorously
mixed for 2 seconds at 5000 rpm. The suspensions formed were equilibrated
under continuous agitation for 24 hours at room temperature, centrifuged for
5 minutes at 10000 rpm and then filtered through a 0.22 nm cellulose nitrate
membrane filter to obtain a clear solution.

The filtrate was appropriately diluted with distilled water and
analyzed for MLX content by means of a spectrophotometric method, with
detection at 362 nm.

In vitro dissolution studies
In vitro dissolution studies of MLX, PM and SD were carried out
using the United State Pharmacopeia (USP) Apparatus II (paddle), by
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dispersed powder technique [8]. Briefly, samples of the MLX solid
dispersions equivalent to 15 mg of pure drug were added to 900 ml distilled
water containing 0.25% w/v sodium lauryl sulphate, maintained at at 37+0.5
°C. An agitation speed of 50 rpm was used for all dissolution studies.
Experiments were run in triplicate for each of the experimental and
optimized SD formulations. Aliquots of 5 ml were withdrawn at predefined
time intervals up to 120 minutes by using a syringe filter. The withdrawn
volume was immediately replaced with an equivalent volume of pre-
warmed (37°C) dissolution medium, in order to maintain the total volume
constant. The filtered samples were suitable assayed for MLX by measuring
absorbance at A= 358nm against blank dissolution medium.

Experimental concentrations were corrected for losses of drug and
dissolution volume during sampling by means of the following equation
[34]:

Ve
V-, )
where C; is the corrected absorbance of the observation, 4; is the observed
specific absorbance, V; is the sample volume and V; is the total volume of
the dissolution medium.
Dissolution profiles were compared by using Moore and Flanner

model independent mathematical approach to calculate similarity factor (/)
and difference factor (f;). [29]

C=4+ ZZ: 4,

f,=50-log nlOO 4)
Z(Rt _];)2
1+
n
n Rt_]—;
f==——'100 (5)

2R
where R, and T, are the cummulative percentage of drug dissolved at each of
the selected n time points of the reference and test product.
Generally, a f, value greater than 50 in accordance with f; value up
to 15 signify somewhat “a less than 10 % difference” between profiles and
is accepted as similarity between dissolution profiles [29].

Angle of repose determination
Static angle of repose of the SD and PM were determined by the
funnel method. The angle of repose was measured by passing the accurately
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weighed solid dispersions through a sintered glass funnel of 27 mm internal
diameter, on a horizontal surface. The angle of repose () was calculated as

follows:
h
tang =— (6)
r

where h and r are the height and radius of the powder cone.

Differential Scanning Calorimetry (DSC)

The DSC study was performed in order to detect possible polymorphic
transition during the crystallization process. The analyses were carried out
by means of a DSC 6 Differential scaning calorimeter (Perkin Elmer.,
USA). Briefly, accurately weighted samples (2-4 mg) of each drug, carrier
and drug solid dispersions were heated in hermetically sealed aluminium
pans over a temperature range of 30°C to 300°C at a constant rate of
10°C/min under nitrogen purge (20ml/min) [37].

Fourier transform infrared spectroscopy (FTIR)

The FTIR spectral measurements were performed at ambient
temperature using a 1720 FTIR spectrometer (Perkin-Elmer, USA). FTIR
spectra of the drug, carrier and solid dispersions were obtained in the range
500- 4000cm™ at a resolution of 2 cm, by using the KBr disc method [36,
38]. KBr pellets were prepared by gently mixing the sample with KBr
(1:100 ratio).

Powder X-ray diffraction analysis (XRD)

Powder X ray diffraction study was carried out for all MLX, PXM and
SD in order to assess their degree of crystallinity. X ray diffraction patterns
for all samples were determined by means of a previously described
protocol [13], using a D8 Advance X-ray Diffractometer (Burker AXS,
Germany), employing a CuKa source. The diffractometer was operated at
40 kV, 40 mA in a 20 range from 5° to 50° with a step size of 0.01°, and a
count time of 1 s/step. The positions and intensities of diffraction peaks
were used in the identification and comparison of crystallinity degree of the
samples.

Results and Discussion

Phase solubility study of Meloxicam-Poloxamer mixture

The phase solubility results indicated a linear increase of MLX
solubility as a function of polymer (PXM) concentration (r=0.996,
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slope=0.0145) with 3, indicative of a Ap type solubility diagram [15]. In
general, if the slope of the phase solubility diagram is less than 1, the
complex stoichiometry will be assumed to be 1:1 and such profiles
according to Higuchi and Connors [15] are of Ay type. In the case of a 1:1
complex, the apparent stability constant (K;.,= 1181.7 ml/g), calculated
using equation (6), represents the intrinsic solubility of the drug (S°).
Similar results have been reported for many drugs using hydrophilic
polymers, due to formation of soluble complex and/or co-solvent effect of
carrier [10, 30 and 16].

Slope

= o (7)
S”(1—Slope)

Characterization of prepared solid dispersion of Meloxicam

Full factorial design analysis of solid dispersions

The use of a factorial design experiment is an efficient method of
indicating the relative significance of a number of variables in the
formulation. Also it offers the advantage to provide a way of analyzing the
results to decide on the most significant variables. Analysis of variance
(ANOVA) is generally used, but with factorial design a maximum outcome
can be drawn out of this model, with the use of a small number of
experiments. In addition, they allow a mean of assessing interaction which
exists between variables over the response [3].

For all SD factorial design batches (A1-A9) study of % yield of the in
vitro release kinetics was performed. The mean in vitro dissolution curves
for the experimental batches are plotted in Figure 2:

% Released
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o

0 5‘0 1lI)0
Time (min)
Figure 2

Release profiles of MLX from the experimental formulations
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Results of SD factorial design batches (A1-A9) are listed in Table II
below, which includes Y1 (% MLX released at 30 min), Y2 (% MLX
released at 60 min), Y3 (% MLX released at 120 min), Y4 (% yield of the
SD preparation method). The % yield and % released (Figure 2) for all 9
batches showed wide variation (Table II) and the data clearly indicated that
the % released (Y1-Y3) is significantly dependent on X; (polymer to drug
ratio) and X, (cooling temperature), while the % yield depends only on X;
(Table II). The fitted equation relating the response % yield and % released
to X; and X, was generated by replacing the estimated values of coefficient
(Table III) in equation (1).

The values for the correlation coefficient shown in Table III indicate a
good fitting for the suggested model to represent the relation between
factors and responses.

Table II
Results of factorial design batches of SDs prepared using melting method
Variables Levels
Response
Batch Code X X, Y1 Y2 Y3 Y4
Al -1 -1 71.92 85.92 85.94 86.86
A2 -1 0 49.17 58.54 60.09 87.00
A3 -1 +1 39.02 42.07 49.08 89.00
A4 0 -1 73.71 83.78 97.83 96.36
AS 0 0 60.77 63.94 69.16 90.10
A6 0 +1 49.08 51.30 54.07 84.60
A7 +1 -1 75.90 90.93 97.69 82.00
A8 +1 0 59.81 68.66 71.49 69.00
A9 +1 +1 59.78 67.27 70.17 71.00
Actual values X: polymer to drug ratio;
Coded terms X, X, Xj,: cooling temperature;
1 2 5 Y1: % MLX released at 30 min;
Y2: % MLX released at 60 min;
0 5 15 Y3: % MLX released at 120 min;
+1 8 25 Y4: % yield
Table ITI
Results of regression analysis of SDs prepared using melting method
Coefficients estimates R?
Response b() b] b] 1 b2 b22 b12
Y1 59.91 5.90 0.96 -12.27 -2.49 4.19 0.9841
P value 0.000 0.011 0.371 0.001 0.072 0.048
Y2 68.05 6.72 -1.28 -16.67 -3.25 5.05 0.992
P value 0.000 0.006 0.229 0.000 0.031 0.024
Y3 72.84 7.37 0.64 -18.02 -4.44 2.34 0.9772
P value 0.000 0.026 0.707 0.002 0.064 0.364
Y4 83.99 -6.81 4.77 -3.44 -1.47 -3.29 0.9384
P value 0.000 0.019 0.033 0.101 0.332 0.165
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Table IV
The ANOVA results of SDs prepared using melting method
Response df(1,3) SS MS F
Y1 Regression | 5 1239.87 218.37 32.75
Error 3 20.00 6.67
Y2 Regression | 5 1310.21 144.36 21.65
Error 3 17.22 5.74
Y3 Regression | 5 2570.09 123.13 27.20
Error 3 57.47 19.16
Y4 Regression | 5 3897.52 91.07 24.43
Error 3 38.83 12.94

The data demonstrate that both X; and X, affect the drug solubility
(Y1-Y3 responses), while only X; affects the % yield (Y4). In terms of drug
release, the most significant terms (p<0.05) for the suggested model are bl,
b, and by,. It may be concluded that the high level of X, and low level of X,
favor higher drug solubility/release. It was observed that while the
temperature decreases, the amount of drug dissolved increases. A similar
finding has been observed by Kapsi and Ayers [19] for enhancement in
dissolution of itraconazole from its SD with polyethylene glycol and by
Chutimaworapanet al [9] for enhancement in dissolution of nifedipine from
its SD with different water soluble carriers like PEG, hydroxyl propyl B-
cyclodextrin (HP-B-CD) and PXM.

-20

DN

Figure 3

Influence of the formulation factors on the release (Y1-Y3) and yield (Y4) of

the meloxicam solid dispersion prepared by melting method
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For the response % yield, the significant terms (p<0.05) in the model
suggested by the statistical software are b; and b;;, meaning that the % yield
is significantly affected by polymer to drug ratio (X;), with no significant
effect of cooling temperature (X;). This finding is in agreement with
rofecoxib SD study which may be due to difficulty of sieving when higher
polymer ration is used [28] (Figure 3).

The relationship between the dependent and independent variables is
further illustrated using the response surfaces, which enable the visual
checking of the effects in the three dimensional space (Figure 4).
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Figure 4
Response surface plot for effect of variables X1 and X2 ona) Y1;b) Y2;¢) Y3;d)
Y4 for the meloxicam solid dispersion prepared by melting method



FARMACIA, 2013, Vol. 61, 6 1227

Selection and characterization of the optimum formulation

Using the polynomial equation describing the effect estimates on the
dependent variables and the surface response methodology, an optimal
formulation was developed, A drug:polymer ratio of 1:4.69 and a cooling
temperature of 5°C were found to be the optimum values for the

independent variables (Figure 5).

FpnoRasat

Figure 5
Desirability contour plot for selecting the optimum formulation parameters.
Maximum desirability (0.9344) corresponds to X1=4.69 and X2=5

The mean dissolution profile of the optimized formula prepared using
the melting method was compared to both pure MLX and with MLX:
poloxamer physical mixture. The results indicate that a significant increase
in the release rate of MLX could be obtained by its formulation as SD

(Figure 6).

100

% Released

"’H/ - —&- SD optimized
J/ -+ Physical mixture
9 — Pure MLX
0 5‘0 160 150
Time (h)
Figure 6

Comparison of dissolution profiles in 0.25% sodium lauryl sulphate for the
optimized SD formula of MLX prepared by melting method, MLX and poloxamer
physical mixture, and pure MLX (mean for three replicates)
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On the other hand, the solubility of MLX at 28°C from optimized SD
formula increased from 12.45 pg/ml for pure MLX to 273.9 pg/ml for solid
dispersion, respectively (Figure 8)., whereas when preparing the SD by
kneading method, MLX solubility was found to be 214.4 ug/ml [13]. In
addition, the data from contact angle measurement indicate that the
wettability was improved for the SD compared with pure drug, as the
contact angle was 39° for SD, 35° for pure PXM compared to 78° for pure
MLX. Thus, the wettability is better in SD than in pure drug. The general
conclusion from the characterization work of SDs is that the difference in
improvement of dissolution for SDs prepared by different drug: polymer
ratio may be reflected on the difference in degree of particle size reduction
of dispersed drug and in degree of drug crystallinity reduction [25].

Angle of repose

To get an idea about the flowability properties of the SD, the angle of
repose for the prepared optimized formula was determined. In general, if the
angle of repose exceeds 50°, the material will not flow satisfactory, whereas
materials having value below 50° near the minimum, the material will flow
easily. The rougher and more irregular the surface of the particles, the
higher is the angle of repose [32]. The angle of repose for the prepared
optimized formula of SD was found to be of mean of 29.7°+0.96 which
indicates acceptable free flowability.

Differential scanning calorimetry

Representative thermograms for pure MLX, PXM and optimized
formula of SD are presented in Figure 7. The DSC curve for the pure MLX
exhibited a sharp endothermic peak at about 260°C corresponding to its
melting point, indicating crystalline nature of the substance. The thermal
behaviour of PXM showed melting endotherms at 56°C, while the DCS of
solid dispersion exhibited melting point for the PXM around 53°C, with no
endothermic peak corresponding to MLX. The absence of a MLX peak
indicates that the drug is amorphous or is present as a solid solution inside
the PXM matrix.
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Figure 7 Figure 8
DSC thermograms of pure MLX, PXM FTIR images of pure MLX, PXM and
and optimized formula of solid optimized formula of solid dispersion
dispersion prepared by melting method. prepared by melting method.

Fourier transform infrared spectroscopy

The FTIR spectra of pure MLX, PXM and optimized formula of SD
are presented in Figure 8.
FTIR Spectra of meloxicam was characterized by principal absorption
peaks at 3286 cm’ , (secondary amine strech),3091cm™ (C-H
stretch,aromatic), 2911 cm™ (C-H stretch, aliphatic CH; sym) 1620 c¢m™
(NH, scissoring vibrations), 1536 cm™ (C = N stretch) and 1150 cm™ (S=O
strech).

The IR spectrum of PXM is characterized by principal absorption
peaks at 2888 cm™ (C-H stretch aliphatic), 1355 cm™ (in-plane O-H bend)
and 1113 cm™ (C-O strech), which were consistent in all binary systems
with the drug. A very broad band was also visible at 3491 cm™, which can
be attributed to the presence of water.

Analysis of the spectra for the solid dispersion revealde that the
peaks corresponding to the NH vibrations (3286 and 1620 cm™") decreased
significantely, suggesting hydrogen bonding. However, no additional peak
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was observed in any binary system indicating absence of any chemical
interaction between MLX and carrier.

X-ray powder diffraction analysis

Powder X-ray analysis put in evidence the crystalline structure of
meloxicam. Some of the peaks of MLX appeared also in SD but with
smaller intensities, suggesting the presence of a little amount of MLX in
crystalline form SD.

As the amorphous forms are generally more soluble than the
crystalline ones, decrease in crystallinity of both drug and carrier leads to a
enhancement in drug solubility and release rate, with improved
bioavailability of the drug [14].

Conclusions

MLX-SDs were prepared using the melting method using a optimized
formula determined by means of experimental design. The SD showed an
increase in the release rate of the active drug in comparison to pure
substance. Solubility of MLX from optimized SD was also significantly
increased. The release kinetics of the prepared solid dispersion was
significantly dependent on both polymer to drug ratio and on cooling
temperature. Data of contact angle measurement indicated that wettability
was significantly improved for SD compared with the pure drug. The
investigation of the selected SD formula using FTIR, SEM, DSC and XRD
revealed that the crystallinity of the product is lower than that of pure drug.
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