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ABSTRACT
Objective: Meloxicam is classified as class II corresponding to its high permeability and low solubility (12μg/ml). This study aims to compare the
effect of selected polymers on stabilization of amorphous form, and dissolution of meloxicam by preparation of different solid dispersions using
selected polymers (chitosan oligomers, polyvinylpyrrolidone K30, and polyethylene glycols).
Methods: These solid dispersions were prepared using two different methods; solvent evaporation method for the two molecular weights chitosan carriers
(16 and 11KDa) and polyvinylpyrrolidone-K30 and melting method for the two different molecular weights polyethylene glycol (4000 and 6000). The
physicochemical properties of solid dispersions were analyzed using differential scanning calorimetry, Fourier transform infra-red analysis, Powder X-ray
diffraction, and scanning electron microscopy. Selected dispersions were then compared to two selected marketed drugs (Mobic® and Moven®).
Results: Best dissolution rates were obtained for both polyvinylpyrrolidone-K30 and polyethylene glycol 6000, followed by chitosan 16 kDa,
chitosan 11 kDa, and polyethylene glycol 4000. Increasing polymeric ratio increased dissolution rate except for chitosan. Precipitation of the drug as
amorphous form occurred in chitosan and polyvinylpyrrolidone-K30 dispersions, while no change in crystallinity obtained for polyethylene glycol
dispersions. Failure of polyvinylpyrrolidone-K30 in the maintenance of stability during storage time was observed while re-crystallization occurred
in chitosan-based dispersions, which ends with preferences to polyethylene glycol dispersions. After comparing the release of selected dispersions
with the two selected polymers; all dispersions got a higher release than that of the two marketed drugs release.
Conclusion: The dissolution profile of meloxicam has been increased successfully in a reproducible manner.
Keywords: Meloxicam, Polymers, Dispersions, Amorphous
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INTRODUCTION
Meloxicam is a part of the oxicam group (fig. 1) of a non-steroidal
anti-inflammatory drug. It has an antipyretic, analgesic action and
mainly used for the treatment of rheumatoid arthritis. Meloxicam
has a poor aqueous solubility of approximately 12 µg/ml which will
lead to poor dissolution rate and poor absorption [1, 2].

Fig. 1: Chemical structure of meloxicam [3]
Discovering strategies to enhance the solubility and dissolution of
poorly soluble drugs is a primary challenge in the pharmaceutical
field. Various techniques have been used for enhancing drug’s
dissolution rate. One of these methods was solid dispersion (SD)
method [4-8]. It is an effective method used in improving the
dissolution of drugs. It can be made only by dispersing a drug in a
carrier matrix. SD may improve the dissolution of various drugs by
improving drug wettability, reducing drug particle size and
converting the drug into an amorphous state. Many methods were
used in preparing SD such as; Fusion method, Solvent method, Hot
melt extrusion, Lyophilization, Spray drying, Kneading and
supercritical fluid technique [5, 6, 9].
Many polymers can act as hydrophilic carriers in SD preparation.
These include chitosan [10], Polyvinylpyrrolidone K30 (PVP K30) [11]
and polyethylene glycol (PEG) [12]. Chitosan is a biopolymer that is

obtained through alkaline N-deacetylation of chitin. Different grades of
chitosan are available, with variable molecular weights (50-2000 kDa),
viscosities and various degrees of deacetylation. Polyvinylpyrrolidone
(PVP) which is also called povidone; it is a polymeric lactam that is
made of N_vinylpyrrolidone monomers. It is readily soluble in water
and available in different K values, which is an indication of the ranges
of the mean molecular weights. Polyethylene glycol (PEG) is a
synthetic polymer which is available in a range of molecular weights
(1500-20000 g/mol). It showed ability in the enhancement of
solubility and wettability of many drugs.
The primary aims of this study were to compare the effect of selected
polymers on stabilization of drug’s amorphous form, and on the
enhancement of dissolution of meloxicam. Solid dispersions were
prepared using chitosan, PVP K30, and PEG. Also, this study aimed to
evaluate the effect of molecular weight of the polymer. Two molecular
weights were used from chitosan (chitosan 16 kDa and chitosan 11
kDa), and PEG (PEG 4000 and PEG 6000). Dispersions of the different
drug to polymer ratios were prepared. The prepared SDs were then
characterized using different characterization procedures. In vitro
Release studies were then performed for pure meloxicam and the
prepared SDs, then a comparison with two selected marketed drugs
(Mobic® and Moven®) was conducted. Finally, accelerated stability
studies were conducted for the prepared SDs.
MATERIALS AND METHODS
Materials
Meloxicam was kindly donated by the Jordanian pharmaceutical
manufacturing company, Naor, Jordan. Raw chitosan polymer (600
kDa) was obtained from Shanghaihanshare Industry Co. Ltd, China.
Hydrochloric acid (37%; w/w) was supplied by biosolve, France.
Absolute ethanol (96%) was provided by solvochem, holland.
Methanol (HPLC grade) and dichloromethane (DCM; HPLC Grade)
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were provided by Fisher chemical, UK. Sodium tripolyphosphate
(STPP) was supplied by Sigma-Aldrich, USA. Polyvinylpyrrolidone
K30 (PVP K30) was supplied by Aldrich Chemistry, USA. PEG (4000
and 6000) polymers were supplied by fluka biochemika,
Switzerland. Potassium bromide (IR spectroscopy grade), sodium
hydroxide (granulated, synthesis grade) and potassium dihydrogen
phosphate (extra pure) were supplied by scharlau chemie, Spain.
Nylon membrane filters-0.45μm were supplied by bonnaagela
technologies, USA. Distilled water was used in all experiments. All
chemicals were used as supplied without further modifications

except for chitosan. Chitosan was prepared as Obeidat et al. (2010)
to prepare two different molecular weights (chitosan 16 and
chitosan 11 kDa). Further crosslinking was performed according to
obaidat et al.[13].
Methods
Preparation of solid dispersions
Table 1 summarizes the prepared SDs showing the different drug:
polymer ratios and the methods used for preparation.

Table 1: The prepared SDs and the method used
SD
SD1
SD2
SD3
SD4
SD5
SD6
SD7
SD8
SD9
SD10
SD11
SD12
SD13
SD14
SD15

Polymer
Chitosan 16 KDa
Chitosan 16 KDa
Chitosan 16 KDa
Chitosan 11 KDa
Chitosan 11 KDa
Chitosan 11 KDa
PVP
PVP
PVP
PEG 4000
PEG 4000
PEG 4000
PEG 6000
PEG 6000
PEG 6000

Drug: polymer ratio (W: W)
1:9
2:8
3:7
1:9
2:8
3:7
1:9
2:8
3:7
1:9
2:8
3:7
1:9
2:8
3:7

Method
Solvent Evaporation
Solvent Evaporation
Solvent Evaporation
Solvent Evaporation
Solvent Evaporation
Solvent Evaporation
Solvent Evaporation
Solvent Evaporation
Solvent Evaporation
Melting
Melting
Melting
Melting
Melting
Melting

The ratios prepared were (w/w; 1:9, 2:8, and 3:7; meloxicam: chitosan) according to the following

Meloxicam in chitosan SDs using rotary evaporator
Meloxicam was dissolved in a suitable amount of dichloromethane
loaded in the final step of chitosan carrier preparation (in 100%
ethanol); stirring for 15 min was applied to allow homogeneous
distribution of the drug. After that chitosan carrier loaded with
meloxicam was dried using rotary evaporator at 90 rpm and 95 °C
for 20 min.

of drug present in the sample was completely dissolved. After that
specific dilution was made to have certain concentrations and then
filtered via a 45μm filter, and analyzed by UV method [14]. Drug content
% and “Yield value” were calculated using the following equations [15]:
Drug content % =
Yield value % =

∗ 100%

(

)

∗ 100%

Meloxicam in PVP SDs using vacuum oven
Differential scanning calorimetry (DSC)
Meloxicam was dissolved in 10 ml of dichloromethane and PVP was
dissolved in approximately 10 ml of ethanol then meloxicam
solution was poured over PVP solution then the mixed solution was
placed on a magnetic stirrer until a clear solution was obtained. The
solution was then transferred into a Petri-dish and dried by using
vacuum oven at 110 °C for 15 min.
Meloxicam in PEG SDs by melting method
Suitable amounts of meloxicam were added to PEG (PEG 4000 or
PEG 6000), after being melted at approximately 63 °C or 65 °C
respectively using a water bath; the homogeneous dispersion was
assured by an efficient stirring.
Preparation of physical mixtures
Physical mixtures (PMs) of meloxicam with different polymers were
prepared. Physical mixture of meloxicam with each polymer
(chitosan 16 kDa, chitosan 11 kDa, PVP, PEG 4000, PEG 6000) were
made at different drug to polymer weight ratios (1:9, 2:8, and 3:7)
by weighing (0.1g: 0.9g, 0.2g: 0.8g and 0.3g: 0.7g, respectively).

DSC thermograms were recorded for the raw materials, PMs (1:9,
2:8 and 3:7 meloxicam: polymer ratios), and the SDs (1:9, 2:8 and
3:7 meloxicam: polymer ratios)(using differential scanning
calorimeter (DSC)-(Nietzsche, Germany). Approximately 5 mg of
each sample was heated in a sealed aluminum pan from 30 to 300 °C
at a heating rate of 10 °C/min under a stream of nitrogen. An empty
sealed pan was used as a reference.
Fourier transform infrared spectroscopy (FTIR)
Fourier transform infrared (FTIR) spectra of raw materials, PMs
(1:9, 2:8 and 3:7 meloxicam: polymer ratios) and SDs (1:9, 2:8 and
3:7 meloxicam: polymer ratios) were obtained by blending the
sample with small amount of potassium bromide ground with
mortar and pestle to get homogenous sample; using fourier
transform infra-red spectroscopy (FT-IR) model IR-affinity-1
(Shimadzu, Japan). The scanning range was 4750-500 cm-1.
Powder X-ray diffraction analysis (PXRD)

PMs were prepared by mixing the mentioned amounts of meloxicam
and the selected polymer homogeneously using mortar and pestle
without any trituration for few seconds. The mixtures were then
sieved using (180 and 300 μm)-sieves and then PMs were stored in a
desiccator for further use.

PXRD of raw materials, PMs (1:9, 2:8 and 3:7 meloxicam: polymer
ratios) and SDs (1:9, 2:8 and 3:7 meloxicam: polymer ratios) were
recorded using Ultima IV powder X-ray diffractometer (Riguka,
Japan). The samples were analyzed in the 2θ angle range of 0 to 8.
Results were confirmed by excluding dilution effect by comparison
with related ratios of PMs.

Characterization procedures

Scanning electron microscopy (SEM)

Drug content and yield value determination

SEM images were obtained for raw materials, PM (1:9; meloxicam:
polymer ratio), and the SDs (1:9; meloxicam: polymer ratio) at
different specified magnifications operating at 2.00 KV using
environmental scanning electron microscopy (Quanta 450 FEG–

Samples of 10 mg of each SD were dissolved in 25 ml of methanol and
then stirred by a magnetic stirrer for 15 min to ensure the total amount
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USA/EEU). After placing the samples on stubs, it was coated with
platinum using Emitech K550X Sputtercoater under vacuum to
obtain a conductive film.
In vitro drug release studies
Meloxicam dissolution from samples and commercial products
(Moven® and Mobic®) were studied. The SDs equivalent to 15 mg
meloxicam was filled manually into a hard gelatin capsule (size (0)). The
dissolution tests were performed using USP apparatus II (rotating
paddle) at 75 rpm and 37 °C using 900 ml of 0.2 M of potassium
phosphate buffer with adjusted pH of 7.5. At predetermined time
intervals, 10 ml aliquot was taken, filtered through 0.45 μm and analyzed
by UV spectrophotometer at λmax of 361.4 nm. An equal volume of
dissolution media was replaced to maintain the volume of dissolution
medium[16]. Comparison between the pure meloxicam with prepared
dispersions is shown in fig. 6. On the same figure, the comparison
between each of the two marketed drugs (Mobic® and Moven®) and
the highest release profiles of each SDs is shown while table 3 presenting
the p-values, by the assumption of the p-value of 0.05. One one-tailed test
was used to investigate if each selected formulation provided
significantly higher release (one direction effect) profile than each
marketed drugs (Mobic® and Moven®). Also, model fitting was
performed to dissolution results according to Obaidat et al. [15, 17] to
zero-order, Higuchi model, and korsmeyer-peppas model [18].

Stability studies
The SD preparations of 1:9 (w/w, meloxicam: polymer) ratio were
subjected to accelerated stability studies for the period of 3 mo in
stability chambers (memmert, Germany) at two different conditions,
the first one at 30±2 °C with 75±5% RH and the second one at 40±2
°C with 75±5% RH.
The samples were withdrawn after the three months to be tested
visually, physically (PXRD analysis) and chemically (drug content
and HPLC analysis). Validated HPLC analysis was performed using
HPLC
apparatus,
model
LT0711006,
Shimadzu.
The
chromatographic column used was ACE C18 (250*4.6 mm, 5 µm),
the mobile phase composed of methanol: Phosphate buffer (pH=6)
(55:45), the flow rate was 1 ml/min, the injection volume was 20μl,
and the detection wavelength was 361.4 nm [19].
RESULTS
Drug content and yield determination
In general, good drug content was achieved for all preparations
having values higher than 83.9% (table 2). The highest percentage
was achieved for PEGs with PEG 6000 having approximately the
highest values. Also, the lowest drug content value was obtained
with PVP polymer.

Table 2: Drug: polymer ratio, drug content %, and yield values % of the different meloxicam solid dispersions (SDs). Results are
represented as a mean value of three readings±SD
SD1
SD2
SD3
SD4
SD5
SD6
SD7
SD8
SD9
SD10
SD11
SD12
SD13
SD14
SD15

Drug: polymer ratio (w/w)
1:9
2:8
3:7
1:9
2:8
3:7
1:9
2:8
3:7
1:9
2:8
3:7
1:9
2:8
3:7

Drug content%±SD
85.45%±1.5
93.46%±0.34
93.28%±0.57
85.70%±1.2
85.10%±2.5
88.90%±1.8
96.04%±1.3
94.80%±1.2
93.07%±1.6
97.90%±2.2
103.20±0.6
104.00±2.4
99.40±0.55
97.63±2.0
94.30±1.4

Yield % ±SD
76.10±8.60
75.70±5.20
80.03±1.70
71.50±12.00
65.57±9.10
79.85±6.20
68.36±4.74
65.66±6.03
64.66±3.4
93.06%±.01
94.88±0.01
94.54±0.01
96.53±0.02
93.06±0.02
92.81±0.02

Fig. 2: DSC thermograms of A: (1) Pure meloxicam, (2) Chitosan 16 KDa, (3) PM of (3:7; meloxicam: chitosan 16 KDa), (4) SD1, (5) SD2, and
6) SD3; B: (1) Pure meloxicam, (2) Chitosan 11KDa, (3)) PM of (3:7; meloxicam: chitosan 11 KDa), (4) SD4, (5) SD5, and 6) SD6; C: (1) Pure
meloxicam, (2)PVP, (3) Physical mixture of (3:7; meloxicam: PVP) (4) SD 7, (5) SD8, and (6) SD9; D: 1) Pure meloxicam, 2) PEG 4000, 3)
physical mixture of (3:7; meloxicam: PEG 4000), 4) SD10, 5) SD11, and 6) SD12; and E: (1) pure meloxicam, (2) PEG6000, (3) PM of (3:7;
meloxicam: PEG 6000) (4) SD 13, (5) SD14, and (6) SD15. Samples named according to table 1
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Differential scanning calorimetry (DSC)
The thermogram of pure meloxicam was characterized (fig. 2) by a
single, sharp endothermic peak at 259.3 °C and a second exothermic
peak at 265 °C. While thermograms of chitosan oligomers showed
the presence of two peaks. The first ranged from (52-137 °C)
followed by a second exothermic peak at the range of (251-261 °C).
Thermogram of PVP K30 showed a broad endothermic peak (50-150
°C). Sharp endothermic peaks appeared at 64.4 °C, 65 °C for PEGs. It
can be seen that meloxicam peak disappeared in PMs and SDs of PVP
and PEGs. Meloxicam peak appeared in PMs of chitosan and some
SDs. However, it disappeared in chitosan SDs of 16 kDa in two ratios
((1:9), (2:8)), as well as for chitosan 11 kDa carrier in the ratio (2:8).
Fourier transform infrared spectroscopy (FTIR)
It can be indicated from the FTIR spectra (fig. 3) of pure meloxicam,
that it had a characteristic peak of N-H stretching vibration at 3290.3
cm-1, of C=N stretching vibrations at 1620.21 cm-1 and S=O
stretching vibrations at 1153.43 cm-1, 1550.77 cm-1 and 1531 cm-1
[15].
Chitosan carriers had the same spectra with characteristic peaks at
3701.4 cm-1 to 2366.66 cm-1. These were related to O-H and N-H
stretching respectively, at 2923 cm-1 for the symmetric CH2
stretching attributed to the pyranose ring, peaks at 1041 and 1068
cm-1 were for C-O stretching. The area between 1627.92 cm-1 and

1541.2 cm-1 peaks was related to NH2 scissoring vibrations, and a
peak at 1155.36 cm-1 was for the anti-symmetric stretch of C-O-C
bridge bond. Spectra of PVP showed major bands at 1658.78 cm-1
(C=O), at 2949.16 cm-1 (C–H stretch), at 3446.79 cm-1(O-H
stretching), at 1292.31 (C-N stretching) and at 3290.3 (N-H
stretching). Spectra of the two molecular weights PEGs showed that
they have the same spectra. The Spectra showed major peaks at
2887 cm-1 was for C-H stretching; 1107 cm-1 was for C-O stretching,
and 3425 cm-1 was for O-H stretching.
Spectra of chitosan PMs (3:7) indicated that there was no or weak
interactions. Spectra of chitosan SDs showed a disappearance of N-H
peak of meloxicam (at 3290.3 cm-1) at (1:9) ratio, indicating the
formation of a strong hydrogen bonding between meloxicam and
chitosan. Also, it worth mentioning that increasing the ratio of
meloxicam caused the reappearance of that peak. The three
characteristic peaks disappeared for meloxicam in the PVP SDs of
the lower ratio (1:9) which are 3290.3 (for N-H stretching), 1620.1
(for C=N vibrations), and 1153.4 (for S=O vibrations). The peak at
3290.3 cm-1 appeared at 3:7 meloxicam: PVP, so at 3:7 of meloxicam:
PVP ratio SD; the N-H stretch peak appeared but in lower intensity
than that of the pure drug, so the interaction will be weakened. The
characteristic peaks of meloxicam appeared in the spectra of PEG
SDs. A significant decrease in the intensity of N-H and S=O stretching
and vibration peaks and also there was a shift to higher wave
number and a decrease in the intensity of C=N peak.

Fig. 3: FTIR spectra of A: 1) Pure meloxicam, 2) Chitosan 16 KDa, 3) (3:7; meloxicam: chitosan 16 KDa, 4) SD1, 5)SD2, and 6) SD3; B: 1)
Pure meloxicam, 2) Chitosan 11 KDa, 3) PM of (3:7; meloxicam: chitosan 11 KDa), 4) SD4, 5) SD5, and 6) SD6; C: 1) Pure meloxicam, 2)
PVP, 3) PM of (3:7; meloxicam: PVP), 4) SD7, 5) SD8, and 6) SD9; D: of 1) Pure meloxicam, 2) PEG 4000, 3) physical mixture of (3:7; PEG
4000), 4) SD10, 5) SD11, and 6) SD12; and E: 1) Pure meloxicam, 2) PEG6000, 3) PM of (meloxicam: PEG 6000), 4) SD13, 5) SD14, and 6)
SD15. Samples named according to table 1

Powder X-ray diffraction analysis (PXRD)

Scanning electron microscopy (SEM)

PXRD of pure meloxicam (fig. 4) indicated intensive and sharp X-ray
peaks. The main peaks located at 2Φ equal to 6.579º, 11.367º,
14.997º, 18.659º, and 25.895º.

It can be seen that meloxicam (fig. 5) had a crystalline rectangular
shape of its particles that are agglomerated in bundles and also had
a smooth surface.

PXRD of chitosan showed two main peaks at 2Φ equals to 15º and
25º. PXRD of PVP appeared that PVP was completely amorphous
without any characteristic peaks. PXRDs of PEGs indicated that
PEG4000 has two characteristic peaks at 2θ of 19.35º and 23.5º
showing a relative crystallinity, and PEG 6000 also showed two
peaks at 19.11º and 23.297º.

It can be seen that chitosan had a rough, wrinkled surface, but there
were some differences in the wall shape because of crosslinking
with uniformity in size. Also, it can be observed that higher
molecular weight chitosan (16 kDa) exhibits spherical shape. The
morphology of raw PVP indicated irregular rounded spherical shape.
While for PEGs, it appeared to be in crystalline agglomerates form
with irregularity in shape and size.

In the PXRD of PMs, the characteristic peak of the drug appeared.
While that characteristic peak disappeared only in the PXRD of (1:9;
meloxicam: PVP) and (1:9; meloxicam: chitosan 16 KDa) SDs.

Both meloxicam and the polymer appeared in PMs. Considering SDs,
it can be seen that the drug was completely incorporated inside
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chitosan 16 kDa carrier and PVP. On the other hand, drug deposition
was observed on the surface of chitosan 11 kDa. However, the
partial inclusion of the drug inside PEGs polymers was observed.

Although the drug was present in crystalline form; it appeared that it
was incorporated on the surface in particular manner; which was
expected to decrease drug aggregation.

Fig. 4: PXRD of A: 1) Pure meloxicam, 2) Chitosan 16 KDa, 3) PM of (3:7; meloxicam: chitosan 16 KDa), 4) SD1, 5)SD2, and 6) SD3; B: 1)
Pure meloxicam, 2) Chitosan 11 KDa, 3) PM of (3:7; meloxicam: chitosan 11 KDa), 4) SD4, 5) SD5, and 6) SD6; C: 1) Pure meloxicam, 2)
PVP, 3) PM of (3:7; meloxicam: PVP), 4) SD7, 5) SD8, and 6) SD9; D: 1) Pure meloxicam, 2) PEG 4000, 3)PM of (3:7; meloxicam: PEG 4000),
4) SD10, 5) SD11, and 6) SD12; and E: 1) Pure meloxicam, 2) PEG 6000, 3)PM of (3:7; meloxicam: PEG 6000), 4) SD13, 5) SD14, and 6)
SD15. Samples named according to table 1

Fig. 5: SEM images of raw material, physical mixtures (1:9, meloxicam: polymer) and the prepared solid dispersions (SD1(1:9, meloxicam:
chitosan 16 KDa), SD4(1:9, meloxicam: chitosan 11 KDa), SD7(1:9, meloxicam: polyvinylpyrrolidone), SD10(1;9, meloxicam: PEG 4000),
and SD13(1:9, meloxicam: polyethylene glycol 6000). Samples named according to table 1

In vitro drug release studies
The dissolution of meloxicam (fig. 6) was relatively small, and
apparently, the particles showed floating on the surface of the media
(approximately 33% after 210 min). It can also be seen that all PMs
that were prepared by different polymers showed a small
enhancement in the release of the drug. Significant enhancement of
dissolution can be observed for prepared SDs. It can also be seen
that by decreasing chitosan to drug ratio; the release increased. This
was attributed to the fact that by decreasing the chitosan ratio; the
media’s viscosity would decrease and this will increase the release
rate [20]. So, it can be seen that the 3:7 ratio showing the maximum

dissolution rate in both chitosan-based SDs with chitosan 16 kDa
exhibits the highest rate.
For PVP and PEG SDs, a higher release was obtained for higher
ratios. The dissolution rate of PEG 4000 SDs of (1:9) was apparently
lower than that of the PEG 6000 SDs of the same ratio. The
maximum percentage of release was achieved with PVP and PEG
6000 with values reached
79% followed by 77% for 16KDa chitosan 72% for 11kDa chitosan
and 69% for PEG 4000. Results proved that best release rate was
obtained for PVP K30 and PEG 6000. Also the two different
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molecular weights PEG showed a clear difference in the dissolution
behavior.
It can be seen that the release profiles of the two marketed drugs were
higher than that of pure meloxicam. According to P values (table 3); all
selected SDs showed no significant difference in the release profile of the
marketed products except for PEG 6000 SD (SD13) that showed a
significant difference than that of Mobic and Moven® and PEG 4000 SD
(SD10) that showed significant difference than that of Moven®.

Stability studies
PVP SDs showed after the three months of stability a sticky paste
which represented a phase separation and instability state.
Crystallinity was maintained for chitosan 11 kDa, PEG SDs;
recrystallization was observed for chitosan 16 kDa SD (fig. 7).
Chemical stability (drug content and HPLC analysis) for chitosan and
PEG SDs, showed that stability was maintained (fig. 8).

Fig. 6: In vitro dissolution profile of A: meloxicam (MLX), PM of (3:7; meloxicam: chitosan 16 kDa), SD1, SD2, and SD3, B: In vitro
dissolution profile of meloxicam (MLX), PM of (3:7; meloxicam: chitosan 11 kDa), SD4, SD5, and SD6,C: In vitro dissolution profile of
meloxicam (MLX), PM of (3:7; meloxicam: PVP), SD7, SD8, and SD9, D: In vitro dissolution profile of meloxicam (MLX), PM of (3:7;
meloxicam: PEG 4000), SD10, SD11, SD12, and E: In vitro dissolution profile of meloxicam (MLX), PM of (3:7; meloxicam: PEG 6000), SD13,
SD14, SD15, and F: In vitro dissolution profiles of meloxicam (MLX), Mobic®, Moven®, SD3, SD5, SD7, SD10, and SD13. Results of
dissolution rate are represented as mean of three readings±SD. Samples named according to table 1

Fig. 7: PXRD analysis for stability studies for A: SD1 at 0day, 3 mo at 30 °C and 3 mo at 40 °C, PXRD analysis for stability studies for B: SD 4
at 0 d, 3 mo at 30 °C and 3 mo at 40 °C, PXRD analysis for stability studies for C: SD10 at 0day, 3 mo at 30 °C and 3 mo at 40 °C, and PXRD
analysis for stability studies for D: SD13 at 0 d, 3 mo at 30 °C and 3 mo at 40 °C. Samples named according to table 1
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Table 3: P-Value, t-Value and the significant difference of the prepared SDs in comparison to the two selected drugs (Mobic® and
Moven®), significant level assumed to be equal to 0.05
Marketed drug
Mobic®

Moven®

SD
SD3
SD5
SD7
SD10
SD13
SD3
SD5
SD7
SD10
SD13

P-Value
0.445
0.298
0.204
0.067
0.018
0.399
0.483
0.111
0.029
0.009

t-Value
0.141
0.539
0.846
1.57
2.25
0.257
0.042
1.26
2.01
2.59

Significance
Not Significant
Not Significant
Not Significant
Not Significant
Significant
Not Significant
Not Significant
Not Significant
Significant
Significant

Fig. 8: HPLC analysis results for stability studies of A: SD1 at 0day, 3 mo at 30 °C and 3 mo at 40 °C, HPLC analysis results for stability studies of
B: SD4 at 0day, 3 mo at 30 °C and 3 mo at 40 °C, HPLC analysis results for stability studies of C: SD10 at 0day, 3 mo at 30 °C and 3 mo at 40 °C,
and HPLC analysis results for stability studies of D: SD13 at 0 d, 3 mo at 30 °C and 3 mo at 40 °C. Samples named according to table 1

DISCUSSION
Methods employed achieved excellent loading efficiency, and drug
content can be related to the method of preparation because the
melting method was used for PEGs while solvent evaporation was
used for PVP polymer. Exceeding 100% as for SD11 and SD12 can be
related to some loss of polymer amount during preparation
procedure.
Meloxicam characterization showed consistency with reported data
of the crystalline nature of the pure drug [3, 21, 22].
For the polymers used, all used polymers matched with published
data [15, 17, 21, 23-30]. While it can be observed for that higher
molecular weight chitosan (16 kDa) exhibited more spherical shape.
It can be seen that by increasing the molecular weight of chitosan
carrier, the flexibility and elasticity would be increased so that these
characteristics gave chitosan 16KDa the ability to surround and
make a full inclusion of the drug inside it more than that of the lower
molecular weight carrier [25].
For PVP K30, the broad endothermic peak that was obtained in the
DSC thermogram is correlated to either the loss of water due to the
extreme hygroscopic nature of PVP K30 or glass transition
temperature as reported [24]. PVP made hydrogen bonding with
meloxicam mainly through N-H and C=O groups [26]. Also, SEM
analysis proved irregular rounded spherical shape [27]. The
amorphous form was proved in PXRD [28].
Low molecular weight PEG 4000 had a lower endothermic melting
peak than that of the PEG 6000[30], without any difference between

FTIR spectra of the two molecular weights [12, 31]. The morphology
of the two molecular weights PEGs appeared as previously reported
as irregular crystalline agglomerates [12, 30].
Physicochemical characterization showed a lack of physicochemical
interaction between meloxicam and various polymers. The intensity
of the peaks decreased due to the dilution effect.
For chitosan SDs, precipitation of meloxicam as an amorphous form
was proved using DSC and PXRD results in the ratio (1:9), and in
(2:8) for chitosan 16 kDa. Chitosan was precipitated as a crystalline
form in other ratios. This emphasizes that ability of the polymer to
stabilize amorphous structure will depend on polymer type,
molecular weight, and ratio. These results are mainly because of
polymeric matrix efficiency and drug recrystallization effect. Paula
Mura et al. reported the same results with naproxen-chitosan SD in
which by increasing the ratio of naproxen the crystallinity was
increased [32]. FTIR spectra also proved this with the definite
disappearance of the only N-H peak of meloxicam (at 3290.3 cm-1)
for (1:9) ratio, indicating the formation of strong hydrogen bonding
while this peak appeared for other ratios. This also was confirmed
by SEM analysis, at which the drug was completely incorporated
inside chitosan 16 kDa carrier at (1:9) ratio; while free drug
appeared around SDs in other ratios [25, 27, 33].
DSC analysis could not be satisfactory for both PVP and PEG. Lack of
drug peaks in both PMs and SDs does not necessarily mean
precipitation of the drug as amorphous form inside the polymer. It
can be seen that the characteristic peak of meloxicam disappeared,
this can be related to an overlap with the glass transition
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temperature of PVP [28]. However, for PEG PMs, this can be related
to dissolving of meloxicam in the melted carrier during heating. S.
Biswal et al. [12]. While for PEG SDs, it can be related to
precipitation of the drug as an amorphous system or because that
meloxicam dissolved in the melted carrier before it reached the
fusion point. For FTIR spectra of PVP SDs, there was a disappearance
of the three characteristic peaks of meloxicam in the SD of lower
meloxicam: PVP ratio. This indicates that PVP and meloxicam have
strong hydrogen bonds between them [26, 27, 31] and precipitation
of meloxicam as an amorphous form in PVP prepared SDs. On the
other hand, the characteristic peaks of meloxicam appeared in FTIR
analysis of PEG SDs confirming its presence as a crystalline form.
While a significant decrease in the intensity of N-H and S=O
stretching and vibration peaks and also there was a shift to higher
wave number and a decrease in the intensity of C=N peak indicating
hydrogen bonding between meloxicam and PEG [30].
PEG effect on crystallization could be related to drug type, polymericratio, and the method of preparation as reported by Rajender Guleria
et al. [30]. So the reduction in the intensity of the PXRD peaks of
meloxicam was due to dilution effect and not to conversion to an
amorphous form because these carriers did not show any evidence of
meloxicam conversion from crystalline to amorphous form. Also, SEM
images showed partial inclusion of the crystalline drug inside the
polymers in a particular manner (without aggregation) [34, 35].
The dissolution of meloxicam (fig. 6) was relatively low; this might
be attributed to the poor wettability and particles agglomeration [1,
36]. Minor enhancement in drug’s release was obtained for prepared
PMs. This might be attributed to the hydrophilic nature of the
polymers used [37].
Significant enhancement of dissolution was observed for chitosan
SDs. This can be related to solubility enhancement, wettability
improvement, and reduction in crystallinity. Even though increasing
chitosan: drug ratio played a crucial role in precipitation of the drug
as an amorphous form; it was not the rate determining step in drug
release. The ratio of the polymer in SDs showed to play the main
determining factor affecting release rate. Release results showed

that by decreasing polymeric ratio, the release was increased and
that can be related to the reduction in viscosity of the media which
will increase the dissolution rate of the drug [20]. Higher molecular
weight chitosan (16 kDa) exhibited higher dissolution rate. This can
be related to the higher flexibility of the polymeric chain which
allows drug incorporation inside [20, 38].
Enhancement of dissolution for PVP SDs can be related to the
reduction in the crystallinity as well as for the wettability and
deaggregation of the drug by decreasing the ratio of meloxicam to
PVP [21, 39]. Both PVP and PEG SDs showed an increase in
dissolution with increasing polymeric ratio as reported by other
researchers [30, 34, 39]. Higher molecular weight (PEG 6000)
resulted in higher dissolution rate. This can be related to the higher
viscosity which inhibits recrystallization [40].
Based on the R2 values (table 4); chitosan SDs followed Higuchi
model, it means that the release for these preparations was mainly
in the diffusion process [41]. While the release mechanism of PVPbased SD preparations of different used ratios (SD7-SD9), (according
to the R2 value) was apparently based on korsmeyer-peppas
models, and as it was mentioned before, the “n” value determined
exactly what the mechanism was, and as it was indicated here that at
all ratios the mechanism was “super case II “based release which
means that at the beginning of the release, PVP wasn’t completely
hydrated and so the free release would be hindered and the initial
release was slow, then the drug would be released freely after the
complete hydration/relaxation of PVP. Naveen Ahuja et al. has got the
same results with rofecoxib–PVP based SDs, but the mechanism of
release was fickian-based [18, 42]. On the other hand, PEG 4000 SDs
followed korsmeyer-peppas models, and “n” value showed that the
mechanism of release was fickian (diffusion based) except for SD12
that showed non-fickian drug release (diffusion and erosion release)
[42]. Also, most PEG 6000 SDs followed korsmeyer-peppas models
with the fickian release, except for SD14 and SD15, since it was nonfickian [12, 42]. Both marketed drugs (Mobic® and Moven®) followed
the korsmeyer-peppas model with a release mechanism of Mobic® on
fickian diffusion and non-fickian for Moven®.

Table 4: Statistical parameters of the prepared SDs and the two selected marketed drugs obtained after fitting with the mathematical
dissolution models. Values of the dissolution rate were taken as the mean of three results
Formula
SD1
SD2
SD3
SD4
SD5
SD6
SD7
SD8
SD9
SD10
SD11
SD12
SD13
SD14
SD15
Mobic®
Moven®

Zero order R2
0.528
0.467
0.587
0.771
0.767
0.601
0.321
0.394
0.687
0.193
0.203
0.259
0.208
0.262
0.323
0.177
0.472

Higushi R2
0.680
0.625
0.757
0.881
0.886
0.746
0.467
0.541
0.817
0.293
0.310
0.382
0.32
0.39
0.463
0.285
0.628

PVP failed to maintain the stability in the prepared SDs. Phase separation
was evident in the formation of the sticky paste. Such results confirmed
the presence of physiochemical incompatibility between meloxicam and
PVP K-30 as shown by FTIR results[43]. This excludes PVP formulations.
On the other hand, physicochemical stability was proved in both
chitosan and PEG SDs while chitosan 16 kDa failed to maintain physical
stability by recrystallization of the drug inside.
CONCLUSION
Results showed enhancement of dissolution rate using chitosan,
PVP, and PEGs. Best dissolution rates were obtained for both PVP

Korsmeyer-peppas R2
0.597
0.610
0.711
0.786
0.809
0.733
0.507
0.577
0.821
0.443
0.455
0.468
0.462
0.466
0.502
0.428
0.644

n value
2.768
4.681
6.354
3.678
5.463
6.259
0.958
0.988
1.0308
0.115
0.200
0.686
0.246
0.877
0.886
0.243
0.519

K30 and PEG 6000 dispersions, followed by chitosan 16 kDa,
chitosan 11 kDa, and PEG 4000. The amount, molecular weight and
the type of the polymer used had a significant effect on the release of
the drug from the SD. Increasing polymeric ratio increased
dissolution rate except for chitosan which showed opposite results.
This can be related to precipitation of the drug as an amorphous
form in certain chitosan and PVP SDs while no evidence appeared
for PEG SDs. Failure of PVP K30 in the maintenance of stability
during storage time was observed while recrystallization of the drug
in chitosan SDs which ends with preferences PEG SDs which show
the best stability among all.
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