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Abstract. We have recently demonstrated that coprecipitation of cimetidine (C) and piroxicam (P) at a
mole ratio of 1:1 results in the transformation of the crystalline forms of both drugs to an amorphous
state. In this study, coprecipitates and physical mixtures of cimetidine and piroxicam were further
investigated at C/P mole ratios of 1:10, 1:5, 1:4, 1:2, 10:1, 20:1, 30:1, 40:1, and 52.5:1, the latter being the
composition of a clinically used dosage. The physicochemical properties of these samples were examined
using X-ray diffraction and Fourier transform infrared spectroscopy. Additionally, dissolution of
piroxicam in the samples at C/P mole ratios of 10:1, 20:1, 30:1, 40:1, and 52.5:1 was investigated at
pH 1.2 and pH 4. In coprecipitates with C/P mole ratios of 10:1, 20:1, 30:1, and 40:1, crystalline forms of
both drugs were transformed to amorphous states. A mixture of an amorphous state and cimetidine
crystalline form A was observed for the coprecipitate with a C/P mole ratio of 52.5:1. For the
coprecipitates with C/P mole ratios of 1:2, 1:4, 1:5, and 1:10, cimetidine form A was transformed to form
C, whereas piroxicam form II was modified to form I. It is interesting that small molecules, instead of
polymers or solvents, can cause such crystal structure transformations. The dissolution of piroxicam at
pH 4 is lower than that at pH 1.2. Additionally, the coprecipitates and physical mixtures with C/P mole
ratios of 10:1, 20:1, 30:1, 40:1, and 52.5:1 demonstrate substantially higher dissolution of piroxicam
compared to that of drug alone.
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INTRODUCTION

Piroxicam is a nonsteroidal anti-inflammatory drug
(NSAID) generally used to alleviate pain, inflammation,
and stiffness as a result of arthritis. In addition, it exhibits
chemopreventive and antitumor effects (1,2). The use of
NSAIDs can cause gastroenteropathy (3). Cimetidine, a H2-
receptor antagonist, is a widely used antiulcer drug (4). It also
exhibits antitumor activity on gastrointestinal cancers (5,6). In
addition, concomitant use of cimetidine can reduce gastric
ulcers caused by NSAIDs and also enhance the anti-
inflammatory activity of the NSAIDs (7).

According to some studies, the coadministration of
cimetidine and piroxicam does not impair the efficacy of
piroxicam or cause any adverse effects (8) but can increase
the plasma concentrations of piroxicam (9). Recent studies
have demonstrated that coprecipitation of cimetidine and
piroxicam at a 1:1 mole ratio can transform the crystalline

structures of both drugs to an amorphous state (manuscript in
preparation). Therefore, other mole ratios of coprecipitates
or simple physical mixtures of cimetidine and piroxicam were
systematically investigated in this study. X-ray powder
diffraction (XRD) measurements and Fourier transform
infrared spectroscopy (FTIR) were performed to explore
the crystalline structure of the drugs in the coprecipitates and
to investigate the interaction between cimetidine and pirox-
icam. According to the Biopharmaceutics Classification
System, piroxicam is classified as a class II drug exhibiting
low solubility and high permeability (10,11). Cimetidine is
assigned as a class III drug (10,12), a drug with high solubility
and poor permeability. A combination of these two drugs
may lead changes in the dissolution profile of piroxicam.
Therefore, the dissolution of piroxicam in coprecipitates and
physical mixtures of cimetidine and piroxicam was also
carried out to investigate the possible improvement in the
dissolution of piroxicam.

MATERIALS AND METHODS

Materials

Piroxicam was purchased from Vertex Chemicals (Hong
Kong) and was found to correspond to form II (13,14);
piroxicam form I was obtained from Sigma (St. Louis, MO,
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USA). Cimetidine (A polymorph) was purchased from Sigma
(St. Louis, MO, USA). Cimetidine form C was prepared
according to the previously described method by dissolving
the drug in hot water (15). Other reagents were purchased
from Aldrich (St. Louis, MO, USA) and Fisher Scientific
(Fairlawn, NJ, USA).

Preparation of Cimetidine–Piroxicam Coprecipitates
and Physical Mixtures

Coprecipitates and physical mixtures of C/P at mole
ratios 1:10, 1:5, 1:4, 1:2, 10:1, 20:1, 30:1, 40:1, and 52.5:1, the
latter being the composition of a clinically used dosage, were
prepared by coprecipitation and physical mixing. In the
preparation of coprecipitates, generally, a solution of cimet-
idine (2 g) in methanol (20 mL) was added to a stirred
solution of an appropriate amount of piroxicam in acetonitrile
(100 mL) at room temperature. The resulting mixture was
stirred for about 2 h and then evaporated under reduced
pressured at 40°C. Any residual solvent was removed under
vacuum for 2 days. The residual solid samples were pulver-
ized using a mortar and pestle, and the 0.05–0.25-mm particle
size fractions were obtained by sieving.

The physical mixtures were prepared by manual mixing
the appropriate amounts of the 0.05–0.25-mm particle size
fractions of cimetidine and piroxicam.

X-ray Powder Diffraction Measurements

X-ray diffraction patterns were obtained using a Philips
PW 3710 diffractometer with Cu-Kα radiation, collimated by
a 0.08° divergence slit and a 0.2° receiving slit and scanned at
a rate of 2.4°/min over the 2θ range of 5.0–60.0°.

Fourier Transform Infrared Spectroscopy

FTIR spectra were recorded on a PerkinElmer Spectrum
One spectrometer in a transmission mode. Samples were
prepared as KBr discs. All measurements were performed
using 32 scans and 4 cm−1 resolution.

Dissolution Studies

The dissolution media consisted of 900 mL simulated
gastric fluid TS prepared without pepsin as described in
USP27 (16) at pH 1.2 and also at a pH 4.0 maintained at 37.0±
0.5°C. The dissolution medium at pH 1.2 was prepared by
dissolving 2 g NaCl in 7 mLHCl and adding water to 1,000 mL.
The buffered medium at pH 4.0 consisted of 0.1 M KH2PO4,
using either KOH or phosphoric acid to adjust the pH to 4.0.
For dissolution studies, the samples were tested with the
dispersed amounts method (17) by placing 10 mg of piroxicam
or its equivalent in coprecipitates or in physical mixtures on the
surface of the dissolution medium. Aliquots (5 mL) were
withdrawn at 2, 4, 6, 8, 10, 15, 20, 30, 40, and 60 min and
replaced with 5 mL of fresh dissolution medium. The amounts
of piroxicam in dissolution media pH 1.2 and pH 4.0 were
determined using UV spectroscopy at 344 and 356 nm,
respectively. The piroxicam concentration was calculated with
reference to a calibration curve and expressed as percent drug
released. The dissolution tests were performed at least in

triplicate. The cumulative percentages of piroxicam dissolved
were calculated. Univariate ANOVAwith Dunnett’s test (two-
sided) using SPSS 10.0 was applied to investigate the differ-
ences of percent dissolved at each time point among the
various samples.

RESULTS AND DISCUSSION

The molecular structures of cimetidine and piroxicam are
presented in Fig. 1. The polymorphic forms of cimetidine and
piroxicam are designated by comparing their IR, 13C CP/
MAS spectra, and XRD patterns with those reported in the
literature (13). The starting material of cimetidine used here
is form C2 (15). However, due to the inconsistency of
nomenclature, this form is also designated form A according
to its IR spectrum (18), XRD profile (19), and 13C CP/MAS
spectra (20). This crystalline form is specified in this study as
cimetidine A. The polymorphic form of piroxicam used as
starting material here is form II according to its IR spectra,
XRD pattern (13), and 13C CP/MAS spectra (21).

X-ray Diffraction Measurements

The XRD patterns of cimetidine forms A and C,
piroxicam forms I and II, and physical mixtures at mole
ratios of C/P 1:2 and 52.5:1 are shown in Fig. 2. Typically, the
XRD patterns of the physical mixtures should show the same
features that are present in cimetidine form A and piroxicam
form II if there is no interaction between these two drugs.
However, for mixtures containing high proportions of cimet-
idine, the characteristic cimetidine peaks should be promi-
nent; and as expected, for C/P at 52.5:1 mole ratio, only the
cimetidine peaks are prominent. With physical mixtures
containing high proportions of piroxicam, the major peak
shown in the XRD pattern is the piroxicam peak as illustrated
at C/P mole ratio of 1:2.

The XRD patterns of coprecipitates of C/P at mole ratios
of 1:10, 1:5, 1:4, 1:2, 10:1, 20:1, 30:1, 40:1, and 52.5:1 are
presented in Fig. 3. The coprecipitates of C/P at mole ratios of
10:1, 20:1, 30:1, and 40:1 do not show any peak in their XRD
profiles. This indicates that both cimetidine and piroxicam in
these coprecipitates are in an amorphous state. The XRD
profile of C/P at mole ratio of 52.5:1 showed a halo pattern,
which is a significant pattern of amorphous forms of

Fig. 1. Structures of piroxicam and cimetidine
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compounds (19) (Fig. 3). The fact that the characteristic peak
of cimetidine A was observed in this XRD profile (Figs. 2, 3)
probably suggests that piroxicam in this coprecipitate is in an
amorphous form, whereas cimetidine is in its crystalline A
form or possibly in a mixture with its amorphous state.

As shown in Fig. 3, when high proportion of piroxicam
are present in the coprecipitates (C/P at mole ratios of 1:2,
1:4, 1:5, and 1:10), cimetidine peaks are barely evident in the
XRD analyses. Interestingly, the characteristic peak of
piroxicam form I is prominent in these XRD profiles (Figs. 2,
3). As a result of coprecipitation of cimetidine and piroxicam
at these mole compositions, the piroxicam starting material
form II is apparently transformed to form I.

Fourier Transform Infrared Spectroscopy

The FTIR spectra of cimetidine forms A and C,
piroxicam forms I and II, and physical mixtures of C/P at
mole ratios of 1:10 and 52.5:1 are shown in Fig. 4. The FTIR
spectra show prominent N–H stretching peaks for piroxicam
froms I and II at 3,339 and 3,393 cm1, respectively (13,22). In
addition, the FTIR spectra of cimetidine forms A and C
display major peaks for C≡N stretching at 2,178 and
2,166 cm−1, respectively (18). The N–H stretching band of
piroxicam at 3,393 cm−1 and the C≡N band of cimetidine at
2,178 cm−1 should both be detected in the FTIR spectra of the
physical mixtures provided there is no interaction between
these two drugs. According to the FTIR investigation, these
two prominent peaks are observed for most physical mixtures
as illustrated in Fig. 4 for C/P at mole ratio of 1:10. However,
depending on the proportion of each drug in the mixtures, as
for C/P at 52.5:1 mole ratio, N–H peak at 3,393 cm−1 cannot
be observed, and only the C≡N band of cimetidine can be
detected at 2,178 cm−1.

The FTIR spectra of the coprecipitates of C/P at mole
ratios of 1:10, 1:5, 1:4, 1:2, 10:1, 20:1, 30:1, 40:1, and 52.5:1 are
shown in Fig. 5. The N–H stretching bands of piroxicam at
3,393 cm−1 were not evident in the spectra of coprecipitates at
mole ratios of 10:1, 20:1, 30:1, and 40:1. According to XRD
analysis (Fig. 3), these coprecipitates are in an amorphous
state. In accordance with the wavenumber of the C≡N band,
cimetidine in these amorphous forms shows characteristics of
cimetidine form C. For the coprecipitate of C/P at 52.5:1, the
C≡N stretching band of cimetidine remains at 2,178 cm−1,
suggesting that the crystalline structure of cimetidine stays in
the original polymorphic form A. This conclusion is
reinforced by the XRD studies which indicate that this
coprecipitate is a mixture of an amorphous material and
cimetidine form A. These studies suggest that the C/P 52.5:1
coprecipitate may contain piroxicam in an amorphous form,
but cimetidine is in its crystalline A structure. However, since
the proportion of piroxicam in this coprecipitate is very low,
piroxicam features are hardly observable either from XRD or
FTIR measurements. Therefore, it cannot be conclusively
established that the entire portion of piroxicam is in an
amorphous state or whether the drug exists in a mixture of
crystalline and amorphous forms.

Due to the high proportion of piroxicam in the copreci-
pitates at mole ratios of 1:10, 1:5, 1:4, and 1:2, the
characteristic peaks of piroxicam are the major features
observed in these spectra (Fig. 5). The N–H stretching band
of piroxicam at 3,393 cm−1 is shifted to 3,339 cm−1 in these
coprecipitates. This indicates that the polymorphic form II of
the original piroxicam is converted to form I. These FTIR
analyses correlate well with the XRD results. Due to the

Fig. 3. XRD patterns of coprecipitates of cimetidine/piroxicam (C/P)
at 1:10, 1:5, 1:4, 1:2, 10:1, 20:1, 30:1, 40:1, and 52.5:1 mole ratios

Fig. 2. XRD patterns of cimetidine (C) forms A and C, piroxicam (P)
forms I and II, and physical mixtures (PM) of C/P at 1:2 and 52.5:1
mole ratios
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strong stretching band of C≡N, this cimetidine peak is still
observed in the spectra of these coprecipitates. However, at
these high proportions of piroxicam, e.g., C/P at 1:10 mole
ratio, this peak is low in intensity compared to those at the
lower amounts of piroxicam, e.g., C/P at 1:2 mole ratio.
Additionally, in coprecipitates of these all compositions
(except 52.5:1), the C≡N stretching band of starting material
cimetidine form A at 2,178 cm−1 is shifted to 2,166 cm−1

(Fig. 5). As shown in Fig. 3, at high proportions of piroxicam,
cimetidine features cannot be observed in the XRD patterns
of these coprecipitates. However, FTIR analysis can clarify
that the starting material of cimetidine form A has probably
changed to form C during the coprecipitation process.

The mechanisms of polymorphic transformation in
molecular crystals are not entirely understood. Polymorphic
conversions in this study took place in heterogeneous system
comprising two organic compounds, cimetidine and piroxi-
cam. According to the previous investigations, piroxicam
form I is more stable than form II (13) and cimetidine form A
is more stable than form C (23). This study, in most
coprecipitates, piroxicam form II is converted to form I and
cimetidine form A is transformed to form C; thus, the
polymorphic conversion of both drugs is not entirely the
thermodynamic polymorphs.

Concerning the polymorphic conformation of cimetidine,
molecular conformation of cimetidine form C was initially
proposed to lie between the extended and bent structures
using 13C CP-MAS solid-state NMR (24). Afterward, with the
use of high-resolution synchrotron powder diffraction, the
small crystal structure of cimetidine form C can be
measurable. Thus, the conformation of cimetidine form C
was reinvestigated and suggested as an extended structure
(25). According to the crystal structure of cimetidine form A,
its conformation is in a “horseshoe” structure in which the

guanidinium proton (N15–H) internally hydrogen bonds to
the imidazole nitrogen (N1) (24). This intramolecular
hydrogen bond is probably disrupted when cimetidine
interacts with piroxicam molecule. Thus, the folded
structure of cimetidine form A is changed to the extended
structure of cimetidine form C. This phenomenon can occur
as the result of the stronger interactions between cimetidine
and piroxicam than that within the cimetidine molecule. In
addition, cimetidine and piroxicam contain various groups of
proton donors and acceptors that can interact to each other.
Recently, we performed 13C CP-MAS solid-state NMR
experiment and molecular dynamic simulations to study the
interaction between cimetidine and piroxicam in an
amorphous coprecipitate at 1:1 mole ratio. According to the
radial distribution functions (RDFs) analyses following MD
simulations for detailed investigating the interaction of
specific groups, the imidazole nitrogen (N1) forms hydrogen
bond with H–O at C7 of piroxicam (data not shown,
manuscript in preparation). This reinforces the break of
internal hydrogen bond within cimetidine form A molecule
and supports the extended conformation of cimetidine form
C. The specific groups of cimetidine and piroxicam that
interact to each other at different mole ratios are beyond the
scope of this work. However, according to the results of this
present experiment as well as the recent RDFs analyses, we
believe that the imidazole residue of cimetidine forms
intermolecular hydrogen bonds with piroxicam. This
interaction will disrupt the internal hydrogen bond in the
cimetidine molecule, the folded structure of form A is
converted to extended conformation of cimetidine form C.
This may give reasons for the transformation of cimetidine in
coprecipitates of C/P at mole ratios of 1:2, 1:4, 1:5, and 1:10 to

Fig. 4. FTIR spectra of cimetidine (C) forms A and C, piroxicam (P)
forms I and II, and physical mixtures (PM) of C/P at 1:10 and 52.5:1
mole ratios

Fig. 5. FTIR spectra of coprecipitates of cimetidine/piroxicam (C/P)
at 1:10, 1:5, 1:4, 1:2, 10:1, 20:1, 30:1, 40:1, and 52.5:1 mole ratios
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the polymorphic form C. Piroxicam and cimetidine in the
coprecipitate of C/P at mole ratios of 10:1, 20:1, 30:1, and 40:1
also interact to each other and cause the transformation of
cimetidine form A to an amorphous form. In reference to the
FTIR analyses, this amorphous cimetidine shows some
characteristic of cimetidine form C (C≡N stretching at
2,166 cm−1). In the preparation of amorphous material,
some polymorphic memory of the original crystal structure
may be retained in the amorphous form (14). Thus, for these
coprecipitates, the amorphous cimetidine is probably
produced from cimetidine form C obtained from the
transformation of form A. At C/P mole ratio of 52.5:1, most
of cimetidine molecules probably did not interact with
piroxicam, and most cimetidine structure remains in the
folded conformation of polymorphic form A.

Regarding the polymorphic structure of piroxicam,
various intermolecular and intramolecular hydrogen bonds
have been reported to exist in piroxicam forms I and II. The
hydrogen bond network in forms I and II causes the
arrangement of piroxicam molecule as dimers and infinite
sheets, respectively (14,26). For coprecipitate at C/P mole
ratio of 1:2, 1:4, 1:5, and 1:10, the interaction between
piroxicam and cimetidine possibly disrupts the infinite chain
of piroxicam molecules and generates a dimer arrangement of
form I. At the lower proportion of piroxicam (C/P at mole
ratio of 10:1, 20:1, 30:1, and 40:1), the intermolecular
interaction between cimetidine and piroxicam also changes
the hydrogen bond pattern of piroxicam form II. For these
coprecipitates, piroxicam dimers of form I were not produced
but the interaction between both drugs at these specific ratios
yields alternatively an amorphous form.

Dissolution Studies

Since cimetidine exhibits high aqueous solubility, only
the dissolution of piroxicam was examined. Furthermore, this
study was performed to investigate the possible improvement
in the dissolution of piroxicam when cimetidine is incorpo-
rated in the preparations. Due to the higher proportion of
cimetidine compared to that of piroxicam in clinically used
dosage, only the coprecipitates and physical mixtures at
higher mole ratios of cimetidine to piroxicam (C/P at mole
ratios of 10:1, 20:1, 30:1, 40:1, and 52.5:1) were examined.
Due to the fact that the administration of cimetidine can
elevate the gastric pH to 3.5–5.0 (27,28), the dissolution
experiments were also performed at pH 4.0.

The dissolution profiles for piroxicam form II and
coprecipitates at C/P mole ratios of 10:1, 20:1, 30:1, 40:1,
and 52.5:1 at pH 1.2 and pH 4.0 are presented in Figs. 6 and 7,
respectively. Dissolution profiles for piroxicam form II and
physical mixtures of the same compositions at pH 1.2 and
pH 4.0 are shown in Figs. 8 and 9, respectively. The
dissolution data show that the dissolution of piroxicam pure
drug is higher at pH 1.2 compared to that at pH 4.0.
Piroxicam (Fig. 1) is an amphoteric compound, with a weakly
acidic 7-OH proton (pKa=5.07) and a weakly basic pyridyl
nitrogen (pKa=2.33) (29). Accordingly, the pyridyl nitrogen is
protonated (about 92%) at pH 1.2, whereas the pyridyl
nitrogen is barely protonated at pH 4.0. The uncharged
proportion calculated for the 7-OH proton of piroxicam at
pH 4.0 is about 91%. Consequently, piroxicam exhibits higher

dissolution at pH 1.2 than at pH 4.0, which correlates well
with its ionic forms at these two pH values.

A one-way ANOVA test with Dunnett’s post test was
used for pairwise comparisons of different samples against a
reference. Generally an amorphous drug will exhibit higher
solubility than its crystalline forms. The coprecipitates at C/P
mole ratios of 10:1, 20:1, 30:1, 40:1, and 52.5:1 demonstrate
significant higher piroxicam dissolution than the pure pirox-
icam form II (p<0.01) at all the same time points in both
pH 1.2 and 4.0. When using the coprecipitate C/P at mole
ratio of 52.5:1 as a reference, at pH 1.2, the percents
piroxicam dissolved from the coprecipitates at C/P mole
ratios of 30:1, 40:1, and the reference are not significantly
different after 4 min (p>0.01), and significant differences are
not observed for any of the coprecipitates from the reference
at the time points after 8 min (p>0.01). At pH 4.0, the
percents piroxicam dissolved from the coprecipitates at C/P
mole ratios of 30:1, 40:1, and the reference are not signifi-
cantly different after 6 min (p>0.01), and the dissolution
profiles of all, except that of mole ratio of 10:1, are parallel at
time point after 15 min (p>0.01). At this pH, significant
differences between the coprecipitate at mole ratio of 10:1
and the reference are observed at all the same time points
(p<0.001). On the whole, the use of higher proportions of
cimetidine results in an increase in the dissolution of
piroxicam to some extent. As mentioned above, the copreci-
pitate at mole ratio of 52.5:1 contains a mixture of amorphous
and crystalline forms of the drugs. However, this coprecipi-
tate displays comparable dissolution of piroxicam to the other
amorphous coprecipitates with high mole ratios of cimetidine.
In addition, the percents piroxicam dissolved from this
coprecipitate are significantly higher than those of all physical
mixtures at all the same time points (p<0.001). This may
suggest that piroxicam in this coprecipitate is in an amor-
phous form.

When choosing the physical mixture at mole ratio of
52.5:1 as a reference, the percents pure drug dissolved are
lower at all the same time points at both pH 1.2 and 4.0
(p<0.001). The percents piroxicam dissolved from all physical
mixtures are significantly lower than the reference at all the

Fig. 6. Dissolution profiles of piroxicam form II and coprecipitates of
cimetidine/piroxicam (C/P) at 1:1, 10:1, 20:1, 30:1, 40:1, and 52.5:1
mole ratios at pH 1.2 (mean ± SD, n=3)
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same times point before 40 min (p<0.01). This suggests that
cimetidine can increase the dissolution of piroxicam, even
though there is no interaction between these two drugs. This
dissolution enhancement of piroxicam in the physical mix-
tures is probably due to the change of microenvironment pH
surrounding piroxicam molecules. As the above-mentioned,
the pKa of the weakly acidic 7-OH proton of amphoteric
piroxicam is 5.07 (29). Meanwhile, cimetidine is a basic
compound with a pKa reported as 6.80 (30) and 6.93 (31),
and this drug is soluble in water (32). The solubility of
cimetidine may be able to cause change of pH especially in
the microenvironment. In order to prove this effect, various
solutions of cimetidine were prepared and their pHs were
measured. The pH values obtained from the cimetidine
solutions at the concentrations of 0.50, 0.10, and 0.01 mM
are 8.37, 7.52, and 7.12, respectively. The increase in the
microenvironment pH caused by dissolved cimetidine may
trigger the deprotonation of the 7-OH of piroxicam. This
ionic form of piroxicam is more soluble than the nonionic
form, thus, resulting in higher dissolution of the drug. In

addition, the higher amount of cimetidine can produce higher
pH and cause more effect to the microenvironmental pH
changes. The dissolution of piroxicam from the physical
mixture at mole ratio of 52.5:1 is, therefore, higher than
those from the other mixtures.

Taken as a whole, the highest dissolution of piroxicam in
the physical mixtures is obtained at the C/P mole ratio of 52.5:1
which is the composition used in clinical dosage. Thus, it is
beneficial to combine these two drugs in the same dosage forms.
Due to the fact that amorphous states present in coprecipitates
are less stable than crystalline states of physical mixtures (33),
the use of a physical mixture in the drug formulation may be
more appropriate. This is despite the fact that percentages
increase in piroxicam dissolution from the physical mixture of
cimetidine and piroxicam is slightly lower compared to percen-
tages increase when using the coprecipitate (p<0.001).

CONCLUSIONS

Generally, polymers or various solvents are used to induce
the change of crystal structures. In this study, it is noteworthy
that the coprecipitation of cimetidine and piroxicam results in
the transformation of both original polymorphic forms. For the
coprecipitates at C/P mole ratios of 10:1, 20:1, 30:1, and 40:1,
both cimetidine and piroxicam were transformed to amorphous
forms. At the C/P mole ratio of 52:1, piroxicam is possibly
modified to an amorphous form while the original polymorphic
form A of cimetidine can still be detected by XRD and FTIR
analyses. For coprecipitates at C/P mole ratios of 1:10, 1:5, 1:4,
and 1:2, the startingmaterial form II of piroxicam is converted to
form I, whereas the original cimetidine formA is transformed to
form C. The dissolution of piroxicam in most coprecipitates is
much higher than that of the pure drug. The high piroxicam
dissolution is obtained both for the coprecipitate and the
physical mixture at the C/P mole ratio of 52.5:1 which is the
mole ratio used in clinical dosage. Therefore, it may be
advantageous to combine these two drugs in the same formu-
lation for clinical use. In addition, as demonstrated in this study,
the dissolution of piroxicam decreases when the pH increases
from 1.2 to 4.0. This may be a disadvantage when piroxicam is

Fig. 7. Dissolution profiles of piroxicam form II and coprecipitates of
cimetidine/piroxicam (C/P) at 1:1, 10:1, 20:1, 30:1, 40:1, and 52.5:1
mole ratios at pH 4.0 (mean ± SD, n=3)

Fig. 8. Dissolution profiles of piroxicam form II and physical
mixtures (PM) of cimetidine/piroxicam (C/P) at 1:1, 10:1, 20:1, 30:1,
40:1, and 52.5:1 mole ratios at pH 1.2 (mean ± SD, n=3)

Fig. 9. Dissolution profiles of piroxicam form II and physical
mixtures (PM) of cimetidine/piroxicam (C/P) at 1:1, 10:1, 20:1, 30:1,
40:1, and 52.5:1 mole ratios at pH 4.0 (mean ± SD, n=3)
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administered with some specific drugs such as antacid, H2-
antagonists or proton-pump inhibitors that are used to reduce
gastrointestinal side effects of piroxicam. These drugs can raise
the gastric pH (34) and possibly lower piroxicam dissolution.
This study clearly demonstrates that cimetidine can increase the
solubility of piroxicam, and that the coadministration of both
drugs in the same formulation will not cause a piroxicam
dissolution setback but in fact can result in an improvement of
piroxicam solubility.
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