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ABSTRACT

Celecoxib, a poorly water-soluble drug, was converted into a glassy state by melt

quenching. The properties of glassy celecoxib were studied using infrared (IR) spectros-

copy, differential scanning calorimetry (DSC), X-ray powder diffraction (XRPD),

intrinsic dissolution rate (IDR), and thin-layer-chromatography (TLC). Glass transition

occurred at 51.8�C. Infrared spectrum of glass has revealed significant changes due to

H-bonding. Celecoxib glass shows around 15 times faster dissolution as compared with

the crystalline state. Heckel plot analysis has shown better compressibility in glassy

state. Unpulverized glass remained stable for 3 months, whereas after pulverization

about 70% crystallinity was gained in 100 hours. Further attempts may be carried out

to stabilize the glass.
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INTRODUCTION

Improvement in the solubility of drugs can be
achieved by many techniques. Various techniques
have been reported for the improvement of drug solu-
bility e.g., micronization, salt formation, and solid
dispersion.[1,2] The amorphous state can be achieved
by solid dispersion or direct conversion into the
glassy state. Glass is an amorphous material formed

when the thermal energy of an ensemble of molecules,
ions, etc., is removed at a rate that precludes the
organization of those particles into a crystal lattice.
The glassy or vitreous state of solids offers advan-
tages such as higher solubility, dissolution rate, and
sometimes better compression characteristics as com-
pared with its crystalline form.[3] But as it is thermo-
dynamically unstable, due to devitrification during
processing and storage, commercial applications of
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the glassy state are limited.[4–8] Thus, the rate of
devitrification is an important parameter in the
study of stability of glasses. The glassy state
is obtained by various techniques such as melt
quenching, spray drying, freeze drying, non-solvent
precipitation, etc.[3,9,10]

Celecoxib, 4-[5-(4-methyl phenyl)-3-tri fluro
methyl-1H-pyrazol-1-yl] benzene sulfonamide, a
poorly water-soluble, anti-inflammatory drug, has
been transformed to the glassy state by melt quench-
ing. The glassy state has been characterized by
infrared (IR) spectroscopy, differential scanning
calorimetry (DSC), and x-ray powder diffraction
(XRPD) techniques.[11,12] Comparative evaluation of
the glass and crystalline forms was carried out for
intrinsic dissolution rate and compression properties
by Heckel plot analysis. Crystallization of the
pulverized glassy state was carried out by x-ray
diffractometry.[11]

MATERIALS

Celecoxib was kindly provided by Lupin
Laboratories, Pune, India. Sodium hydroxide pellets
were purchased from Merck, Mumbai, India.

METHODS

Preparation of Glassy Celecoxib

Celecoxib powder was melted in an aluminum
pan by heating on a paraffin oil bath at 170�C, and
the melt was solidified by cooling on an ice bath. For
dissolution studies, a matrix of glassy celecoxib was
prepared by allowing the melt to cool down to room
temperature in a mold made up of aluminum with an
internal diameter of 1.3 cm. The solidified melt
formed was placed in a dessicator over silica until use.

Characterization of Glass

Thin-Layer Chromatography (TLC)

The chemical stability of solidified melt was stud-
ied using TLC. Celecoxib samples were dissolved in
acetonitrile and spotted on reversed-silica gel plate,
which was developed with a solvent system [aqueous
potassium dihydrogen phosphate (pH 4.8; 0.01M)-
acetonitrile (45:55)] and detected by iodine vapor.

Differential Scanning Calorimetry (DSC)

A Mettler Toledo DSC 821 (Mettler-Toledo,
Switzerland) equipped with intracooler, a refrigerated
cooling system, was used. Indium standard was used
to calibrate the DSC temperature and enthalpy scale.
Nitrogen was used as the purge gas through the DSC
cell at a flow rate of 50mL/min and 100mL/min
through the cooling unit. The sample (5–10mg) was
hermetically sealed in an aluminum pan and the
heating rate was 20�C/min.

X-Ray Powder Diffraction (XRPD)

The x-ray powder diffraction patterns of pow-
dered samples were recorded using a Philips PW
1729 x-ray diffractometer. Samples were irradiated
with monochromatized Cu K�—radiation (1.542 Å)
and analyzed between 2–50� (2�). The voltage and
current used were 30 kV and 30mA respectively.
The range was 5� 103 cycles/s and the chart speed
was kept at 100mm/2�.

Infrared Spectroscopy

Fourier transform infrared (FT-IR) spectra were
obtained on a Jasco V5300 (Jasco, Japan) FT-IR
system using the KBr disk method and were recorded
over the wave number range of 3600 to 600 cm�1.

Dissolution Studies

The intrinsic dissolution rate (IDR) was deter-
mined using U.S. Pharmacopeia (USP) 24 type II
dissolution apparatus (Electrolab TDT-06P,
Mumbai, India). Celecoxib powder was compressed
using a KBr hydraulic press at 3 ton in a stainless
steel die with an internal diameter of 1.3 cm.
Celecoxib glass for IDR study was obtained by cool-
ing the melt directly in the die. The die containing
glassy matrix and compacted powder was placed at
the bottom of the dissolution vessel containing
900mL 0.1N NaOH maintained at 37� 0.5�C and
stirred with a paddle at 100 rpm. Samples were col-
lected, filtered through Whatman filter paper-41, and
the concentration of celecoxib was determined spec-
trophotometrically at 251.2 nm using Jasco V500
spectrophotometer.
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Heckel Plot Studies

The crystalline and glassy powders (400� 5mg)
were compacted at 0.5, 1.0, 2.0, 3.0, 4.0, and 5 tons
using a 1.3 cm flat-faced punch-and-die set for 60 sec.
The compacts were stored in a desiccator over silica
gel for 24 hours to enable elastic recovery to occur.
Compacts of zero porosity were obtained by com-
pressing the powder at 7 tons.[13] The results were
treated using the Heckel equation to obtain mean
yield pressure (MYP).

lnf1=ð1�DÞg ¼ kPþ A ð1Þ

where k and A are constants and D is the density of
the powder compact at pressure P. The mean yield
pressure is the reciprocal of K.

Crystallization of Glass

A mass of glassy celecoxib was pulverized in a
mortar, and the 60–100 mesh fraction was collected
using standard sieves and stored at room temperature
in a desiccator over silica gel for various storage
times. The degree of crystallization of celecoxib was
evaluated from the change of scattering pattern by
Herman’s method,[14,15] assuming the existence of
proportionality between the observed integral diffrac-
tion intensity and the crystalline fraction, and
between the amorphous intensity and amorphous
fraction. The integral intensities were obtained by
cutting and then weighing the diffraction pattern
measured in the range of 2–50� (2�). Since the plot
of the integral diffraction intensities from crystalline
region against whole scattering intensity (the total
intensity from both crystalline and amorphous
regions) was constant, the corrections for the
Lorentz factor and polarization factor were not
required. The linear relation also indicates that scat-
tering intensity from crystalline fraction and amor-
phous fraction can be corrected by the regression
line without internal standard material.

RESULTS AND DISCUSSION

The solidified melt of celecoxib was a transparent
and brittle glassy mass. The TLC of crystalline and
glass obtained by melt quenching has shown a single
spot with Rf ¼ 0.6, indicating that decomposition did
not occur during the process of glass formation.

Thermal behavior of celecoxib was characterized
using DSC studies (Fig. 1). The DSC curve of

crystalline celecoxib (Fig. 1A) as shown in a single
endotherm at 163�C (�H¼�91.25� 5.9 J/g) is
ascribed to drug melting. Glassy celecoxib (Fig. 1B)
exhibits a small jump in heat capacity at 51.8�C, iden-
tified as a glass transition (Tg), an exothermic peak
with crystallization at 105�C (�H¼ 61.89� 4.5 J/g)
and an endothermic peak with melting of crystallized
celecoxib at 163.9�C (�H¼�86.97� 3.5 J/g). To
confirm Tg and crystallization temperature, additional
DSC curves were obtained with different thermal
cycles. The DSC curve of a glassy sample shows crys-
tallization exotherm at 105�C when heated up to
130�C (Fig. 1C). The same sample when cooled to
25�C and reheated to 130�C did not show Tg and
exotherm (Fig. 1D). This confirmed that crystalliza-
tion of glassy celecoxib occurred at 105�C. It was also
confirmed by heating the glassy sample up to 80�C
(Fig. 1E), cooling to 25�C and reheating up to 80�C,
showing Tg at 51.8

�C (Fig. 1F). It suggests that the
glassy state was maintained when heated up to 80�C,
which is below the crystallization temperature (105�C).

A halo pattern was seen in XRPD of glassy
celecoxib (Fig. 2B). It showed broad and diffuse

Figure 1. Thermal behavior of crystalline and amorphous

celecoxib. (A) DSC curve of crystalline celecoxib; (B) DSC

curve of glassy celecoxib; (C) amorphous to crystalline

transformation of glassy celecoxib at 105�C; (D) DSC

curve of glassy celecoxib obtained after cooling the sample

heated to 130�C; (E) and (F) DSC curves of glassy celecoxib

between 25�C to 80�C.
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maxima due to the relatively random arrangement of
the constituent molecules, which produced poorly
coherent scatters. These patterns were quite distinct
from those produced by the crystalline celecoxib,
which gave sharp and defined diffraction peaks.

In IR spectra, absorption peaks characteristic of
celecoxib are -NH stretching and sulphonamide at
3342 and 3105 cm�1. The sulphonyl SO2 group
shows strong absorption bands at 1330 cm�1 for
asymmetric stretching, at 1160 cm�1 for the sym-
metric, and at 1275 and 1230 cm�1 assigned to
�CF3. Infrared spectra of glassy celecoxib (Fig. 3)
show significant differences in intensities and slight
changes in the position of these peaks. Peaks at
3105 cm�1 and 1330 cm�1 exhibited decreased
intensity due to formation of glass. Decrease in the
intensity of peak of sulphonamide SO2 may be due to
hydrogen bonding, which is considered responsible
for glass formation by preventing crystallization.[16]

Dissolution studies were carried out in 0.1N
NaOH so as to maintain sink conditions.[17] Dissolu-
tion profiles of matrices of crystalline and glassy

celecoxib in 0.1N NaOH are shown in Fig. 4. A
marked increase in the intrinsic dissolution rate of
glassy celecoxib (7.26mg/cm2min) over crystalline
celecoxib (0.478mg/cm2min) indicates conversion to
the glassy state. Thus, the glassy state shows about 15
times IDR compared with the crystalline state.
It was also observed that 10minutes from the onset
of dissolution, the surface of glassy celecoxib started
to become opaque and gradually turned white.
Fukuoka et al.,[11] reported devitrification of glass
during dissolution, where the rate of devitrification
was dependent on composition of dissolution
medium. But in the present study devitrification of
glassy celecoxib matrix during dissolution did not
significantly affect the rate of dissolution.

Figure 2. X-ray powder diffraction pattern of crystalline

and glassy celecoxib. (A) 3 month storage at room tempera-

ture without pulverizing; (B) glass; and (C) crystalline.

Figure 3. FT-IR spectra of crystalline and glassy

celecoxib. (A) crystalline; (B) glassy.
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Figure 4. Dissolution curves of crystalline and glassy

celecoxib. (A) crystalline; (B) glassy.
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The Heckel plots of crystalline and glassy
celecoxib are shown in Fig. 5. The mean yield pres-
sure (MYP) for crystalline and glassy celecoxib were
2.13 and 1.26 tons respectively, which indicates better
compressibility of glassy form. High MYP of cele-
coxib shows its poor compressibility. Tensile strength
of the compacts (4.8 kg/cm2) did not show any sig-
nificant differences, and neither was affected by pres-
sure. Lerk[18] reported significant differences in the
compression behavior of crystalline and amorphous
lactose, and differences in the tensile strength of their
compacts was attributed to differences in the moist-
ure content. The compression mechanism of cele-
coxib cannot be completely elucidated in the
presence study.

Figure 6 shows the variation of x-ray diffraction
patterns of pulverized glassy celecoxib during storage.
The plot of integral intensities due to scattering from
crystalline ð

R
Icð2�Þ d�Þ and amorphous regions

ð
R
Iað2�Þ d�Þ is shown in Fig. 7. As a linear relation-

ship was observed, the corrections for the Lorentz
factor and polarization factor were not required.
The slope was calculated to be �0.8329 by the least
square method, and the degree of crystallinity (Xcr)
was calculated using the following equation:

Xcr ¼

R
Icð2�Þ d�

R
Icð2�Þ d� þ ð1=kÞ

R
Iað2�Þ d�

ð2Þ

Changes in the degree of crystallinity of glassy
celecoxib during storage is shown in Fig. 8. The
unpulverized celecoxib glass was found to be stable
and was amorphous for at least 3 months without
pulverizing (Fig. 2A). Pulverized glass, however,

was unstable, and crystallization started within
24 hours. It took about 100 hours to reach maximum
crystallization, and the degree of crystallinity was
found to be about 70%.

Figure 6. The variation of x-ray powder diffraction pat-

tern of pulverized glassy celecoxib. (A) 24 h; (B) 48 h; (C)

72 h; (D) 96 h; (E) 10 d; and (F) 32 d.
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Figure 5. Heckel plot of crystalline and glassy celecoxib.
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CONCLUSIONS

In the present study glassy celecoxib was
obtained by melt quenching. The glass has Tg
51.8�C, which becomes crystallized at 105�C. The
glassy state exhibited higher IDR and compressibility
as compared with crystalline form. Unpulverized
celecoxib glass was found to be stable for 3 months.
Further attempts are required to stabilize the glass.
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