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Abstract Solid dispersions can play a significant role in the
enhancement of drug dissolution and stability. Still, the poly-
meric effect can vary according to the possibility of intermo-
lecular forces with the drug. The objective of this study was to
evaluate the effect of several polymers on enhancement in-
vitro dissolution behavior of celecoxib; in addition to compar-
ing prepared dispersions with selected commercial products.
Solid dispersions of celecoxib were prepared with different
ratios between the drug and selected polymer (Soluplus®,
polyvinyl pyrrolidine, Chitosan, polyethylene glycol).
Physicochemical characterizations were performed using
Powder X-ray diffraction, Differential Scanning Calorimetry,
Fourier Transform Infra-Red analysis and Scanning Electron
Microscopy. Dispersions were subjected to in-vitro drug re-
lease studies. Results revealed enhancement in dissolution rate
for all dispersions prepared except for Chitosan-based disper-
sions that showed clear retardation in the drug release.
Prepared dispersions from other polymers succeeded to match
with release profile of two commercially marketed products
(Celebrex® and Flamex®). Further Characterization of
Chitosan dispersions revealed presence celecoxib in its crys-
talline form entrapped inside Chitosan carrier with the pres-
ence of two hydrogen bonding between Chitosan and
celecoxib. Although both Polyvinylpyrrolidone, and polyeth-
ylene glycol dispersions showed a great enhancement in drug
release; both failed to maintain stability. Sticky paste forma-
tion occurred to dispersions, and recrystallization took place in
polyethylene glycol dispersions.
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Introduction

The challenge of enhancement of solubility of class II drugs
remains one of the critical areas in the pharmaceutical indus-
try. Low solubility leads to inadequate absorption and variable
bioavailability [1]. One of the class II drugs that exhibit low
solubility is celecoxib. It was introduced as the first selective
COX-2 inhibitor with fewer side effects compared to conven-
tional nonsteroidal anti-inflammatory drugs (NSAIDs) which
acts as COX-1 inhibitors [2]. It has been used successfully for
the treatment of rheumatoid arthritis, osteoarthritis, primary
dysmenorrhea and acute pain [3]. It is available commercially
as capsules [4]. Celecoxib (CXB) (Fig. 1) is classified as Class
II drug, and it is practically insoluble at physiological pH,
which causes variability in oral bioavailability [5].

Several techniques were reported in the literature to en-
hance solubility and dissolution rate of class II drugs [6].
Solid dispersion is considered a fruitful technique to disperse
drugs in hydrophilic polymers or stabilize the amorphous
form of the drug. Several conventional techniques were used
in the preparation of solid dispersions [7]. These include melt-
ing method [8], solvent evaporation [9], hot-melt extrusion
[10], lyophilization [11], spray drying [12], and supercritical
fluid technique [13].

Polymers can play a crucial role in solubilization of drugs
and stabilization of its amorphous form. Soluplus® is a poly-
vinyl caprolactam—polyvinyl acetate—polyethylene glycol
graft copolymer [14]. It is a new polymer with amphiphilic
properties. It has bifunctional characters which enable it to act
as a matrix polymer in solid solution and as an active
solubilizer for poorly soluble drugs in aqueous media
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Fig. 1 Chemical structure of Celecoxib

attributed to micelle formation [15—17]. Polyvinylpyrrolidone
(PVP) is a synthetic polymer made from a monomer N-
vinylpyrrolidone. It is known as Povidone in the USP [18].
PVP has many properties make it suitable for many pharma-
ceutical applications; in addition to its solubility in many sol-
vents, with thickened ability, amphiphilic properties, ability to
form complexes, and it is physiologically inert [19]. PVP-K30
was also used in solubility enhancement of many drugs [20,
21]. Chitosan is a linear polysaccharide composed of random-
ly distributed (3-(1-4)-linked D-Glucosamine (deacetylated
unit) and N-acetyl-DGlucosamine (acetylated unit) [22].
Chitosan possesses many intrinsic properties in the pharma-
ceutical field. These include hydrophilic character, low toxic-
ity, biocompatibility, biodegradability, low immunogenicity
and mucoadhesion. Previous studies found that Chitosan
enhances the solubility of poorly soluble drugs, such as
Griseofulvin or Prednisolone enhanced their dissolution rate
[23, 24]. Polyethylene glycol (PEG) is a linear or branched,
neutral polyether, available in different molecular weight [25].
It has excellent solubility property and can enhance wettabil-
ity. PEG 4000, 6000 have improved its efficiency in the en-
hancement of dissolution of many poorly soluble drugs [26].
What we aimed for in this work was to evaluate the effect
of several polymers on the improvement of in-vitro dissolu-
tion and stability of celecoxib in prepared dispersions. The
comparison will be performed for selected dispersions with
commercial products (Celebrex® and Flamex®).

Materials and methods
Materials

Celecoxib was kindly donated by JOSWE (Amman, Jordan),
High molecular weight Chitosan polymer (600 kDa) was
supplied by Shanghai Hanshare Industry Co., Ltd., China.
Hydrochloric acid (37% w/w) was provided by Biosolve,
France. Soluplus® (13% PEG 6000 / 57% vinyl caprolactam /
33% vinyl acetate) was kindly supplied by the BASF company
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(Ludwigshafen, Germany). Absolute ethanol was supplied by
Solvochem, Holland. Sodium tripolyphosphate (STPP) was
supplied by Sigma-Aldrich, USA. Polyvinylpyrrolidone K30
(PVP K30) by Aldrich Chemistry, USA. Polyethylene glycol
6000 (PEG 6000) was provided by Fluke Biochemika,
Switzerland. Sodium Lauryl Sulfate was supplied by Lonover,
England. Potassium bromide (IR spectroscopy grade), sodium
hydroxide (granulated, synthesis grade), and Sodium
dihydrogen phosphate (extra pure) were supplied by Scharlau
Chemie, Spain. The nylon filter membrane was provided by
Bonna-Agela Technologies. Acetonitrile and methanol were
provided by Fisher chemical, UK. Distilled water. Chemicals
were used as supplied without further modification except for
Chitosan. 11 KDa Chitosan oligomer was prepared according to
R. Obaidat et al. [27]. Prepared Chitosan oligomer was stored in
glass vials at room temperature. Also, 11 kDa Chitosan carrier
was prepared according to R. Obaidat et al. [13, 28].

Methods

Preparation of celecoxib-polymeric dispersions (SDs)
of Soluplus®, chitosan and PVP-K30

The SDs were prepared according to the following method in
three polymers to celecoxib weight ratios 9:1, 8:2, and 7:3 by
weighing 0.1, 0.2, and 0.3 g of the drugin 0.9, 0.8, and 0.7 g
of the polymer, respectively. The weighed polymer was dis-
solved in 10 ml ethanol in the sonicator until a clear solution
was obtained. Accurately weighed Celecoxib was dissolved in
a mixture of 4 ml methanol and 6 ml ethanol. The drug solu-
tion was then added to the polymeric solution. The clear so-
lution was transferred into a petri-dish and dried using the
vacuum oven at 110 °C for 15 min for Soluplus® and
Chitosan dispersions, while the rotary evaporator was used
for drying of PVP-K30 at 90 RPM and 95 °C for 1 h.

After preparation, samples were collected, grounded in a
mortar and pestle and sieved through mesh screen 300—
180 um, and stored in glass desiccators for further use.

Preparation of celecoxib-polymeric SDs of PEGs

The melting method was used for the preparation of PEGs
dispersions in three polymers to celecoxib weight ratios 9:1,
8:2, and 7:3. The weighed PEG was melted in a water bath at
70 °C, then accurately weighed Celecoxib was added to the
molten polymer and the mixture was stirred manually using
glass rod repeatedly for 15 min were mixed using magnetic
stirrer until homogeneity was attained. The amount of
celecoxib was chosen based on the selected drug to poly-
mer ratio. The mixture was allowed to be cooled in ice bath.
After solidification, the sample was scraped gently with a
spatula, grounded in a mortar and pestle and sieved through
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mesh screen 300—-180 wm, and stored in glass desiccators for
further use.

Preparation of physical mixtures

Physical mixtures (PMs) of Celecoxib with different polymers
were prepared at various polymer-to-drug weight ratios 9:1,
8:2, and 7:3 by weighing 0.1, 0.2, and 0.3 g of the drug in 0.9,
0.8, and 0.7 g of the polymer, respectively. Accurately
weighed amounts of Celecoxib and the polymer was homo-
geneously mixed in a mortar and pestle without titration, and
sieved through 300180 um sieve and then stored in the des-
iccator until further analysis. The ratio of (7:3) was used in
DSC, PXRD, FTIR characterization and in-vitro drug release
test for Chitosan based PM. While (9:1) ratio was employed in
SEM analysis and in-vitro drug release test for remaining
polymers. All physicochemical characterization was per-
formed to exclude the dilution effect.

Characterization procedures

Drug content percent and yield percent determination The
average of three different SDs for the same drug ratio were
used to determine drug content percent and yield percent. To
determine drug content percent, 100 mg of each SDs was
dissolved in 25 ml methanol then further diluted to get UV
absorbance concentration that ranges from 5 mg/L to 20 mg/L.
The drug concentration was measured at (Amax =253 nm)
using UV double beam spectroscopy (UV-1800 Shimadzu)
according to F. Primo et al. [29], and the drug content percent
was calculated by using the following equation:

Actual Drug Content

Drug Content % = *100%

Theoretical Drug Content

To determine yield percent, the amount of product obtained
from each SDs preparation was weighed, and the yield percent
was calculated by using the following equation:

Weight of prepared SD
(Weight of drug + Weight of carrier)

Yield % = *100%

Differential scanning Calorimetry analysis Differential
Scanning Calorimetry (DSC) analysis were carried out for
raw materials, PMs, and SDs using DSC 204 F1 Phoenix
(Netzsch, Germany) equipped with a liquid nitrogen
subambient accessory, the enthalpic response was calibrated
with indium. Approximately 5 mg of each sample was heated
in a sealed aluminum pan (P/N 201-52,943) and heated in a
temperature range from 30 to 200 °C at a heating rate 10 °C/
min under a nitrogen flow of 20 ml/min. An empty sealed pan
was used as a reference. Sealing of the pans was performed
using a sample crimper.

Fourier transform infrared spectroscopy Fourier
Transform Infrared (FTIR) of raw materials, PMs, and SDs
were recorded using an IRAffinity-1 spectrophotometer,
(Shimadzu, Japan). FTIR spectra were obtained by blending
the samples with a small amount of potassium bromide with
mortar and pestle to get a homogenous sample.

Powder X-ray diffraction analysis Powder X-ray diffrac-
tions (PXRD) of raw materials, PMs and SDs, were recorded
using a powder X-ray diffractometer (Ultima IV X-ray diffrac-
tometer, Rigaku, Japan) using cobalt radiation at a voltage of
4 kV and a current of 30 mA. The samples were analyzed in
the 20 angle range 0—80°, and the step scans mode was used
with a step size of 0.02°.

Scanning electron microscopy (SEM) analysis The surface
morphology of raw materials, PMs, and SDs were obtained at
different magnifications by using a Jeol- JSM-5300 scanning
electron microscope, Tokyo, Japan. Operating at 2.00 kV after
placing the sample on an aluminum stub, then they were coat-
ed with platinum by using Emitech K550X sputter coater
under vacuum to form a conductive film. Different magnifi-
cations were recorded to study the morphology of the solid
dispersions.

In-vitro drug release studies

For the selection of dissolution media, sodium phosphate buff-
er (pH 6.8) with different concentrations of Sodium Lauryl
Sulfate (SLS) (0.05%, 0.075%, 0.1%, 0.5% w/v) were exam-
ined on their effect on the drug release rate and only one
concentration was used to investigate the in-vitro release study
for all prepared SDs. SLS can solubilize Celecoxib by micell-
ization and is used to improve the wettability of Celecoxib by
dissolution media [30].

The result showed that upon increasing concentration of
surfactant added (SLS) in the dissolution media, the dissolu-
tion rate increased. Among different SLS concentrations,
0.075% (w/v) in 900 ml of phosphate buffer (pH 6.8) were
selected as a dissolution medium to investigate the possible
differences in the in-vitro release study for the prepared SDs.

An amount of SD equivalent to 50 mg Celecoxib was ac-
curately weighed and filled manually into hard gelatin capsule
size (0). The dissolution tests are performed using USP appa-
ratus II Paddle (Erweka, Germany), with 100 RPM and 37 °C
using 900 ml of dissolution media. 10 ml samples were with-
drawn at (10, 20, 30, 45, 60, 90, 120 and 150 min), filtered
through 0.45 um membrane filter (Sartorius, Gottingen,
Germany), analyzed by UV at 255.2 nm (Amax was selected
based on scanning of samples in phosphate buffer with SLS
which matches with K. Chowdary et. Al. [31] and M. Nasr et.
Al [32]. Replacement of the sample was performed directly
with new dissolution media to maintain sink condition.
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Selected formulations which provide best release profile
from Soluplus®, PVP-K30, PEG 4000 and PEG 6000 were
compared separately with each of commercially marketed
Celecoxib Capsules (Celebrex® and Flamex®).

Celebrex® which is considered the internationally
marketed Celecoxib by Pfizer, USA and Flamex® which rep-
resents the locally marketed Celecoxib by JOSWE, Jordan.

All resulted data were expressed as mean value & S.D. The
statistical analysis was performed using the one-tailed t-test to
investigate if each selected formulation provided significantly
higher release profile than each marketed Celecoxib
(Celebrex® and Flamex®), p < 0.05 was considered to be
statistically significant. A tailed t-test was used because each
selected formulation was compared separately with each se-
lected marketed Celecoxib. The kinetics of drug release data
were determined with respect to Higuchi model and
Korsmeyer and Peppas models according to Obaidat et al.
[28, 33, 34].

Stability studies The prepared SDs were subjected to accel-
erated stability studies for three months at 30 °C and 40 °C
under 75% RH. Samples were collected after three months
and analyzed by PXRD to check out any crystal type changes
and tested for drug content to evaluate the physical stability.
While chemical stability was evaluated by using RP-HPLC
system (ELSD-LII Shmadzu Chromatografe, Japan) as
published by K. Jadhavo et. Al. on a C18 column
(4.6 mm x 250 mm). The mobile phase used was Methanol:
Acetonitrile (7:3 v/v) [35]. The flow rate was 1 ml/min, the
injection volume was 20 pl, and the detection wavelength was
253 nm. The HPLC analysis method was validated for inter
and intra-day variability.

Results
Drug content percent and yield percent determination

All prepared SDs showed good drug content (Table 1) with
values higher than 97%, except in PEG 4000 based prepara-
tions which showed yield values that ranged from (86.02 to
86.98%). On the other hand, drug content was excellent in
Chitosan reaching values that are higher than 100% in
Chitosan SDs. This can be related to polymeric loss during
preparation. The SDs prepared with PEG showed the highest
yield among all other polymers with drug content values rang-
ing from 81.61% to 99.22%. Variability between PEGs was
seen in the results as PEG 6000 containing preparations
showed better drug content than PEG 4000.

Characterization procedures
DSC

A single, sharp endothermic peak (Fig. 2) at 165 + 0.56 °C
was observed for Celecoxib. While broad endothermic peaks
were observed for Soluplus®, PVP-K30, and chitosan at
71.7 °C, 59.4-120.8 °C, 90.6-146.7 °C; respectively. The
thermal behavior of PEG 4000 and PEG 6000 showed
endothermic peaks at 64.4 °C and 65.1 °C; respectively.
All PM showed the presence of endothermic peaks related
to the drug and the polymer, except for PEGs which
showed only one endothermic peak related to PEG, while
all SDs showed single endothermic peak associated with
the used polymer, except for Chitosan where polymer
peak appeared along with drug peak.

Table 1  Solid dispersion preparations, ratios, drug content percent and yield percent

Solid Dispersions Polymers Polymer:Celecoxib ratio Equipment used Drug Content % + STDV Yield% + ST DV
SD1 Soluplus® 9:1 Vacuum Oven 98.52% + 0.7 76.52% + 1.6
SD2 Soluplus® 8:2 Vacuum Oven 98.03% + 1.8 66.86% + 4.8
SD3 Soluplus® 7:3 Vacuum Oven 98.18% + 0.9 75.83% + 0.7
SD4 PVP-K30 9:1 Rotary Evaporator 99.46% + 0.2 62.69% + 2.1
SD5 PVP-K30 8:2 Rotary Evaporator 98.76% + 3.3 56.29% + 1
SD6 PVP-K30 7:3 Rotary Evaporator 99.87% + 0.9 63.14% + 2
SD7 Chitosan 9:1 Vacuum Oven 98.7% + 2.2 78.16% + 4.4
SDS8 Chitosan 8:2 Vacuum Oven 101.26% + 7.6 77.53% £ 2.9
SD9 Chitosan 7:3 Vacuum Oven 104.72% + 2.8 79.82% + 2.1
SD10 PEG 4000 9:1 Water Bath 85.88% + 1.1 96.48% =+ 1
SDI11 PEG 4000 8:2 Water Bath 84.36% + 1.1 93.92% +2.5
SD12 PEG 4000 7:3 Water Bath 83.31% + 1.7 92.22% +2.8
SD13 PEG 6000 9:1 Water Bath 97.89% + 0.6 88.69% £ 1.9
SD14 PEG 6000 8:2 Water Bath 98.72% + 0.5 86.02% + 2
SD15 PEG 6000 7:3 Water Bath 97.44% + 1.6 88.47% £ 1.5

@ Springer



J Polym Res (2017) 24: 58

Page 5of 14 58

DSC /(mWimg) [B
m

Texo cxe

[

— Soluplus®
, T~ \ Soluplus®:CXB 7:3 PM

\\/\i Soluplus®:CXB 9:1 SD1

Soluplus®:CXB 8:2 SD2

Soluplus®:CXB 7:3 SD3

40 60 80 100 120 140 160 180 200
Temperature /°C

DSC /(mW/mg)

Texo

DSC I([m]W/mg)

Texo cxB

PVP-K30:CXB 7:3 PM

PVP-K30:CXB 9:1 SD4

PVP-K30:CXB 8:2 SD5

PVP-K30:CXB 7:3 SD6

40 60 80 100 120 140 160 180 200
Temperature /°C

CXB

Chitosan
1
Chitosan:CXB 7:3 PM
Chitosan:CXB 9:1 SD7

Chitosan:CXB 8:2 SD8

Chitosan:CXB 7:3 SD9

40 60 80 100

120 140 160 180 200

Temperature /°C

DSC /(mW/mg) »
1 2 exo (D) cx8

PEG 4000

PEG 4000:CXB 7:3 PM

PEG 4000:CXB 9:1 SD10
PEG 4000:CXB 8:2 SD11
R
V

PEG 4000:CXB 7:3 SD12

40 60 80 100 120 140 160 180 200
Temperature /°C

Fig. 2 a DSC thermogram of Celecoxib, Soluplus®, Soluplus®:Celecoxib
7:3 PM, Soluplus®:Celecoxib 9:1 SD1, Soluplus®:Celecoxib 8:2 SD2 and
Soluplus®:Celecoxib 7:3 SD3. From top to the bottom respectively. b
DSC thermogram of Celecoxib PVP-K30, PVP-K30:Celecoxib 7:3 PM,
PVP-K30:Celecoxib 9:1 SD4, PVP-K30:Celecoxib 8:2 SD5 and PVP-
K30:Celecoxib 7:3 SD6. From top to the bottom respectively. ¢ DSC
thermogram of Celecoxib, 11 KDa chitosan, Chitosan:Celecoxib
7:3 PM, Chitosan:Celecoxib 9:1 SD7, Chitosan:Celecoxib 8:2 SD8 and

PXRD

PXRD pattern (Fig. 3) of Celecoxib showed intense
peaks between 10° and 25° at 20 (5.36°, 10.71°,
14.81°, 16.11°, 19.67°, 21.53°, 22.19°). The PXRD pat-
tern of Soluplus® showed no diffraction peaks; while
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Chitosan:Celecoxib 7:3 SD9. From top to the bottom respectively. d DSC
thermogram of Celecoxib, PEG 4000, PEG 4000:Celecoxib 7:3 PM, PEG
4000:Celecoxib 9:1 SD10, PEG 4000:Celecoxib 8:2 SDI11 and PEG
4000:Celecoxib 7:3 SD12. From top to the bottom respectively. e DSC
thermogram of Celecoxib, PEG 6000, PEG 6000:Celecoxib 7:3 PM, PEG
6000:Celecoxib 9:1 SD13, PEG 6000:Celecoxib 8:2 SD14 and PEG
6000:Celecoxib 7:3 SDI15. From top to the bottom respectively

PXRD of PVP-K30 showed a couple of broad bands
of 20 equal to 11° and 22°. The PXRD pattern of
Chitosan carrier exhibited characteristic peaks at 26
equals to 15° and 25°. Although PXRD of PEGs
showed similarities in patterns, a slight difference in
the value 20 of was observed. PXRD spectrum for
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PEG 4000 showed a distinct pattern with two peaks
having the highest intensity at 20 equal 19.35° along
with other peaks at 20 equal 23.5°, while PEG 6000
exhibited diffraction peaks at 20 equal to 19.12° and
23.28°.

The PXRD pattern of PMs showed the existence of all
diffraction peaks related to the individual materials. In con-
trast, the PXRD patterns of SDs prepared by Soluplus® and
PVP-K30 at different ratios showed a complete absence of
Celecoxib diffraction peaks. However, the PXRD pattern of
Chitosan SDs showed some diffraction peak for Celecoxib in
SD9, while SDs containing higher carrier to drag ratios (SD7
and SD8) showed a diffraction pattern similar to Chitosan
alone.

In the case of PEGs SDs, decrease in the intensity of the
diffractogram appeared in SD11, SD12, SD14 and SD15. On
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contrast, the characteristic peaks of Celecoxib disappeared
completely in SD10 and SD13.

FTIR

Celecoxib spectra (Fig. 4) showed a characteristic S = O
symmetric stretching at 1165 cm-1. Medium intensity
bands were observed at 3336.85 cm-1, 3234.62 cm-1
which were attributed to the N-H stretching vibration of
-SO2-NH2 group. Another two characteristic peak was
observed at 1274.95 and 1228.66 cm-1 related -CF3
stretching.

Soluplus® showed main characteristic absorption bands
at 3653.18 cm-1, 2962.66 cm-1, 1693.50 cm-1, and
1469.76 cm-1 attributed to O-H stretching, C-H stretching,
C = O stretching, and C-O-C stretching, respectively.
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Fig.3 a PXRD of Celecoxib, Soluplus®, Soluplus®:Celecoxib 7:3 PM,
Soluplus®:Celecoxib 9:1 SD1, Soluplus®:Celecoxib 8:2 SD2, and
Soluplus®:Celecoxib 7:3 SD3. From bottom to the top respectively. b
PXRD of Celecoxib, PVP-K30, PVP-K30:Celecoxib 7:3 PM, PVP-
K30:Celecoxib 9:1 SD4, PVP-K30:Celecoxib 8:2 SD5, and PVP-
K30:Celecoxib 7:3 SD6. From bottom to the top respectively. ¢ PXRD
of Celecoxib, 11-KDa Chitosan, Chitosan:Celecoxib 7:3 PM,
Chitosan:Celecoxib 9:1 SD7, Chitosan:Celecoxib 8:2 SD8, and
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Chitosan:Celecoxib 7:3 SD9. From bottom to the top respectively. d
PXRD of Celecoxib, PEG 4000, PEG 4000:Celecoxib 7:3 PM, PEG
4000:Celecoxib 9:1 SD10, PEG 4000:Celecoxib 8:2 SD11, and PEG
4000:Celecoxib 7:3 SD12. From bottom to the top respectively. e
PXRD of Celecoxib, PEG 6000, PEG 6000:Celecoxib 7:3 PM, PEG
6000:Celecoxib 9:1 SD13, PEG 6000:Celecoxib 8:2 SD14, and PEG
6000:Celecoxib 7:3 SD15. From bottom to the top respectively
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Significant vibrations were detected in the spectra of PVP-
K30 were the (C = O) at 1658.78 cm-1, C-H stretch at
2949.16 cm-1 and O-H stretching at 3446.79 cm-1. The
FTIR spectra of Chitosan showed a broad absorption band
range from 3701.40 to 2366.66 cm-1 due to stretching vi-
brations of OH groups. A peak at 2923 cm-1 was related to
symmetric -CH2 stretching, vibration attributed to pyra-
nose ring. The absorption bands at 1155.36 cm-1 were
assigned to C-O-C bridge anti-symmetric stretching. The
broad peak at 1041.56 and 1068.56 cm-1 indicated the C-O
stretching, vibration in Chitosan and area between 1627.92
and 1541.12 cm-1 were due NH2 scissoring vibrations.
Same characteristic peaks appeared for both PEGs. The
spectra revealed major peaks for O-H stretch at
3425.58 cm-1, C-O-C stretch at 1107.14 cm-1 and C-H
stretch at 2887.44 cm-1.

It is clear that the characteristic bands of both drug and the
polymers were maintained in all PMs. Whilst in the FTIR
spectra of all SDs, the two Celecoxib bands at 3336 cm-1
and 3234 cm-1 for N-H stretching were lost except in PEG
6000 where those two peaks were broadened and shifted to
lower wavelength indicating that Celecoxib was engaged
in hydrogen bond with the polymers in all SDs prepared.
On the other hand, Chitosan SDs also exhibited absence of
Celecoxib S = O stretching peak at 1165 cm-1. Whereas, a
negligible shift in the position of C = O stretching, vibration
band related to Soluplus® and PVP-K30 could be observed in
SD samples.

SEM

SEM images of Celecoxib (Fig. 5) showed the appearance
of long needle shaped particles of different irregular sizes
with smooth surfaces. Soluplus® showed an irregular
spherical shape. While PVP-K30 appeared as irregular
smooth rounded spheroids with concave depression.
Chitosan carrier appeared cross-linked with relatively
strong wall. PEGs displayed as bulky smooth surface par-
ticles with irregular shape and few smaller particles.

All PMs revealed the presence of drug crystals and
unchanged polymers. On the contrary, SDs prepared with
Soluplus®, PVP-K30, PEGs showed that the drug crystals
were totally absent demonstrating that the drug was
entrapped inside Chitosan, while Chitosan SDs appeared
that the drug was entrapped in the pores of cross-linked
Chitosan in the crystalline form and evidence of strong
network interaction was established between Celecoxib
and Chitosan.

In-vitro release study

Celecoxib release profile (Fig. 6) exhibited low dissolution
rate with 11.8% release in 30 min and only 52.72% release

after 150 min. It is evident that PMs prepared with PVP-K30,
PEGs improved the dissolution rate, Whereas PM prepared
with Soluplus® and Chitosan showed a decrease in the disso-
lution rate of Celecoxib.

SDs showed different effects of dissolution behavior
depending on the polymer used, its molecular weight,
the polymer to drug ratio and method of preparation. In
SDs prepared with Soluplus® and PVP-K30 showed a
higher dissolution rate compared to Celecoxib and PM.
Surprisingly, the Chitosan SDs with different ratios did
not enhance the dissolution rate, conversely, the retarda-
tion effect was observed. On contrast with other polymers
used, the dissolution enhancing the power of PEGs SDs
depends on the molecular weight of the used PEGs and
polymer to drag ratio. Release behavior from SDs of PVP-
K30 and Chitosan matched with PMs, while changes in
release behavior were observed for Soluplus® and PEGs.

SD1 has lower dissolution rate in the first 60 min compared
to the SD2; then the release rate increased rapidly up to
(102.75%) after 150 min. So, the highest release of all
Soluplus® SDs ratios was obtained from highest Soluplus®
concentration compared to only 92.54% for SD2 followed by
SD3 showing 87.9% drug release.

SD4 showed a higher dissolution rate with 108.93% release
after 150 min, while at lower PVP-K30 to Celecoxib weight
ratio (SD5) release rate was about 100% in 150 min. On the
other hand, SD6 enhanced the release to 92.85%, which is the
lowest upon PVP-K30 SDs ratios. It is clear that the increasing
PVP-K30 concentration in the prepared SDs resulted in an
increasing dissolution rate.

The effect of the carrier to drug ratio on Chitosan release
profile showed that the increasing Chitosan ratio resulted in a
slower release, with SD7 showing lowest dissolution rate with
only 17.81% after 150 min, compared to SD9 that achieved a
higher release rate 25.69%.

Regarding PEGs, results demonstrated higher drug dis-
solution of the binary system containing PEG 4000 than
that of containing PEG 6000 at low drug concentration.
Effect of polymeric ratio was also observed for PEGs. The
remarkable enhancement was seen in 9:1 ratio (SD10 and
SD13); in which Celecoxib release from PEG 4000 to
PEG 6000 was 85.18% to 75.3% in the first 10 min,
and 104.84% to 96.84% at the end of 150 min;whereas
SDs with the other two ratios showed a lower dissolution
rate. The highest cumulative release was achieved by
PVP-K30 SDs, followed by PEG 4000, then Soluplus®
and finally PEG 6000 of 9:1 ratio, while Chitosan SDs
showed retardation release effect.

Noteworthy, PEGs SDs reached plateau faster than other
polymers; where more than 75% of the drug were released in
the first 10 min. On the other hand, PVP-K30 and Soluplus®
SD required more than 30 min and 45 min, respectively, to
reach same percent release.
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Fig. 4 a FTIR spectra of Soluplus®, Celecoxib, Soluplus®:Celecoxib
7:3 PM, Soluplus®:Celecoxib 9:1 SDI1, Soluplus®:Celecoxib 8:2 SD2,
and Soluplus®:Celecoxib 7:3 SD3, respectively from bottom to the top. b
FTIR spectra of PVP-K30, Celecoxib, PVP-K30:Celecoxib 7:3 PM,
PVP-K30:Celecoxib 9:1 SD4, PVPK30:Celecoxib 8:2 SD5, and PVP-
K30:Celecoxib 7:3 SD6, respectively from bottom to the top. ¢ FTIR
spectra of 11 KDa chitosan, Celecoxib, Chitosan:Celecoxib 7:3 PM,
Chitosan:Celecoxib 9:1 SD7, Chitosan:Celecoxib 8:2 SD8, and

The best release obtained from each polymer was in for-
mulations SD1, SD4, SD10, and SD13. Those were selected
to be compared with commercial products (Celebrex® and
Flamex®). Figure 6G demonstrates that Celebrex® and
Flamex® showed the almost similar dissolution rate and both
exhibit higher release rates than Celecoxib. Results proved
(Table 2) significant (P-value lower than 0.5) dissolution en-
hancement effect for Soluplus® and PEGs SDs compared to
Celebrex® or Flamex®. On the other hand, only PVP-K30
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FTIR spectra of PEG 4000, Celecoxib, PEG 4000:Celecoxib 7:3 PM,
PEG 4000:Celecoxib 9:1 SD10, PEG 4000:Celecoxib 8:2 SD12, and
PEG 4000:Celecoxib 7:3 SD13, respectively from bottom to the top. e
FTIR spectra of PEG 6000, Celecoxib, PEG 6000:Celecoxib 7:3 PM,
PEG 6000:Celecoxib 9:1 SD13, PEG 6000:Celecoxib 8:2 SD14, and
PEG 6000:Celecoxib 7:3 SD15, respectively from bottom to the top

SDs did not show significant differences from commercial
products [36].

Stability studies

PVP-K30 SDs were excluded from stability study cause it
formed a sticky paste after three months compared to other
SDs prepared with other polymers which remained dry and
powdery [37].
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PVP-K30 -CXB PM (500X)

SD4 (500X)

Fig. 5 SEM for raw materials, physical mixtures, prepared dispersions (SD1, SD4, SD7, SD10 and SD13). All SEM were performed using

magnification X500 except for chitosan preparations at x5000

Drug content analysis showed that there is no significant
difference in the drug content. PXRD patterns of SDs were
similar before and after the stability study period for
Soluplus® SDs. Whereas PXRD of Chitosan SDs showed
diffraction peaks of Celecoxib crystals upon storage, which
were not observed with the freshly prepared SDs, while
PXRD of PEGs SDs revealed that Celecoxib diffraction peaks
started to reappear upon storage. The chemical stability study
showed that SDs containing Soluplus®, Chitosan, PEGs were
chemically stable.

Discussion

Physicochemical characterization of raw materials, PMs,
and SDs

Celecoxib was proved to be pure and crystalline, regard-
ing the presence of single, sharp endothermic melting
peak in DSC analysis [38], and high-intensity peaks in
PXRD. SEM analysis proved needle shape with FTIR
analysis showed that Celecoxib could engage in hydrogen
bond by N-H stretching [39—45]. The broad endothermic
peak in DSC analysis for Soluplus®, PVP-K30 and
Chitosan relates to water evaporation. Other researchers
related the Soluplus® peak to its glass transition temper-
ature, while the sharp endothermic peak in PEGs was
related to its melting point. Also, complete disappearance

of Celecoxib peak form PEGs dispersions indicated com-
plete miscibility of Celecoxib in the melted carrier which
melted at 65 °C. On the other hand, the absence of dif-
fraction peaks in Soluplus® and PVP-K30 PXRD proved
its amorphous nature, with purity confirmed by FTIR.

Physicochemical characterization of PMs indicates that
Celecoxib is still in its crystalline form because of the presence
of drug peak. While Celecoxib precipitated as an amorphous
form in SDs prepared by.

Soluplus® and PVP-K30. This is indicated by the absence
of the drug peaks in DSC and PXRD analysis.

On the other hand, the two Celecoxib bands at
3336 cm-1 and 3234 cm-1 in the FTIR spectra were lost,
suggesting that the N-H group in Celecoxib engaged in
hydrogen bonding with C = O bond in Soluplus® and
PVP-K30. However, the negligible shift of C = O bond
in Soluplus® and PVP-K30 could be due to the high con-
tent of the polymer in SDs. SEM analysis also showed the
absence of drug crystals, suggesting that the drug was
dispersed in the polymer at the molecular level in an
amorphous form [46, 47].

In contrast, PEGs SDs showed behavior related to the
polymer to drag ratio. Semicrystalline state appeared in
certain ratios, and complete amorphous precipitation oc-
curred in the proportion 9:1. In DSC analysis, this was
evident by the absence of endothermic drug peak, which
can be related to solubilization effects of the melted poly-
mer, while the PXRD diffractogram showed decreases in
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Fig. 6 a In-vitro release profile of Celecoxib, Soluplus®:Celecoxib
9:1 PM, Soluplus®:Celecoxib 9:1 SD1, Soluplus®:Celecoxib 8:2 SD2,
and Soluplus®:Celecoxib 7:3 SD3. b In-vitro release profile of
Celecoxib, PVPK30:Celecoxib 9:1 PM, PVP-K30:Celecoxib 9:1 SD4,
PVP-K30:Celecoxib 8:2 SD5, and PVP-K30:Celecoxib 7:3 SD6. ¢ In-
vitro release profile of Celecoxib, Chitosan:Celecoxib 7:3 PM,
Chitosan:Celecoxib 9:1 SD7, Chitosan:Celecoxib 8:2 SD8, and
Chitosan:Celecoxib 7:3 SD9. d In-vitro release profile of Celecoxib,

the intensity of Celecoxib peaks in semicrystalline ratios
as reported previously by Guleria R. et al. (2012) [48]. On
contrast, the Celecoxib peaks disappeared completely in
9:1 ratio, confirming that Celecoxib converted to an amor-
phous state.

Sambhakar S. et al. (2013) and Hu L. et al. (2014)
confirmed similar results for PEG 4000 and PEG 6000,

@ Springer

PEG 4000:Celecoxib 9:1 PM, PEG 4000:Celecoxib 9:1 SD10, PEG
4000:Celecoxib 8:2 SD11, and PEG 4000:Celecoxib 7:3 SDI12. e In-
vitro release profile of Celecoxib, PEG 6000:Celecoxib 9:1 PM, PEG
6000:Celecoxib 9:1 SD13, PEG 6000:Celecoxib 8:2 SD14, and PEG
6000:Celecoxib 7:3 SD15. f In-vitro release profile of Celecoxib,
Celebrex®, Flamex®, Soluplus®:Celecoxib 9:1 SDI1, PVP-
K30:Celecoxib 9:1 SD4, PEG 4000:Celecoxib 9:1 SD 10, and PEG
6000:Celecoxib 9:1 SD13

respectively [49, 50]. On the other hand, the FTIR spectra
of PEG 4000 SD exhibited absence of the two Celecoxib
characteristic bands, while the spectra of PEG 6000 SDs
showed that those bands were broadened and shifted to
lower wavelength, suggesting the possibility of hydrogen
bond formation between N-H of Celecoxib and either O-H
of PEGs or electron pair of carrier oxygen atoms, that
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Table 2 Statistical comparison

(P values) between each selected Soluplus®:Celecoxib ~ PVP-K30:Celecoxib ~ PEG 4000:Celecoxib ~ PEG 6000:Celecoxib
formulation and Celebrex® / 9:1 SDI 9:1 SD4 9:1 SD10 9:1SD13
Flamex®

Celebrex®

Pvalue  0.037 0.064 <0.00001 < 0.00001

Effect Significant Not Significant Significant Significant

Flamex®

Pvalue  0.038 0.065 < 0.00001 < 0.00001

Effect Significant Not Significant Significant Significant

could not be demonstrated. Reported results showed the
similar type of interaction between N-H of Gliclazide and
PEG 4000 [51], and between Celecoxib and PEG 6000 in
SD prepared by spray drying method [52].

Celecoxib precipitated in Chitosan SDs as crystalline
form. Physicochemical characterization showed that the
drug maintained its crystallinity as shown by the presence
of Celecoxib sharp melting peaks in DSC analysis for all
samples. Dilution effect on the PXRD pattern of SDs con-
taining higher carrier to drug ratios (SD7 and 8SDS) was
observed upon comparison with PM patterns. The drug
was entrapped inside the Chitosan in the crystalline form
as confirmed by SEM analysis. FTIR spectra of Chitosan
SDs showed absence of Celecoxib characteristic peaks in
addition to the absence of Celecoxib S = O stretching
peak at 1165 cm-1, indicating that those two functional
groups interacted with functional group of Chitosan carri-
er and two hydrogen bonds formed, which could give
evidence of stronger interaction between Celecoxib and
Chitosan compared to other SD that was prepared by the
other polymers. While SEM showed an interesting results
where Chitosan and Celecoxib formed a unique structure
that explained many results. Celecoxib was entrapped in
the pores of cross-linked Chitosan in the crystalline form
and evidence of strong network interaction was formed
between Celecoxib and Chitosan, caused by the high
number of hydrogen bonds generated compared to the
other polymers as indicated by FTIR analysis.

In-vitro release study

Reduction in dissolution rate was clearly observed in PMs
of Soluplus® and Chitosan. For Soluplus®, this can be re-
lated to gel formation and sticky properties of Soluplus®
when it came in contact with water that hindered the release
of Celecoxib [46]. Naclapaa K. et al. also showed that phys-
ical mixing of Soluplus® and Guaifenesin decreased the
dissolution rate of Guaifenesin [53]. However, for
Chitosan this can be justified by formation of high viscous
solution of Chitosan that resulted in an increase in resistance
diffusion pathway, thus, retarded drug release.

In contrast, the increase in dissolution rate was ob-
served in PVP-K30 and PEGs PMs. For PVPK30, it can
be explained by the surface tension lowering effect of the
PVP-K30 to the dissolution media, which provided better
wettability for the hydrophobic surface of the crystalline
Celecoxib [54]. While for PEGs, this can be explained by
the formation of a high concentration region of the dis-
solved polymer at the surface of crystalline drug in which
the drug can be solubilized and subsequently diffused to
the bulk dissolution media [55].

Different release behavior was obtained for SDs. The
enhancement of dissolution rate of all Soluplus® SDs
could be related to the conversion of the drug from crys-
talline to amorphous state [56]. Also, it can be seen that
better release of Celecoxib achieved as the Soluplus® ra-
tio increase. This agrees with what was reported previous-
ly by Shamma R. et al. (2013) when they found the same
effect of Soluplus® concentration with carvedilol [40].
This could be attributed to the amphiphilic nature of
Soluplus® which above certain concentration will form
micelles. Soluplus® has a low critical micelle concentra-
tion (CMC) which was determined to be 0.0007% (w/v) at
37 °C.

On the other hand, the dissolution rate enhancement of
PVP-K30 SDs was attributed to conversion of crystal form
of Celecoxib to amorphous form, improve wettability and
the role of PVP in suppression the recrytallization of
Celecoxib [57, 58]. PVP is known as an inhibitor of drug
crystallization [59].

Also, decreasing the dissolution rate of Chitosan SDs
was related to the presence of Celecoxib in the crystalline
state as confirmed by DSC, PXRD and SEM data, and
also the entrapment of Celecoxib in Chitosan which hin-
dered the release of Celecoxib due to the higher number
of hydrogen bond formed between Chitosan and the drug
compared to other polymers which predict stronger inter-
action that might hold the Celecoxib in the entangled,
cross-linked Chitosan. FTIR and SEM analysis were con-
sistent with this result.

In contrast, results showed that PEGs SDs have a dif-
ferent dissolution behavior with respect to molecular
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weight of PEG used and polymer to drug weight ratio.
The higher dissolution rate of SDs prepared by low mo-
lecular weight PEG compared to higher molecular weight
was explained by the shorter chain length of PEG 4000
compared to PEG 6000 [60]. Furthermore, the polymer to
drug ratio demonstrated the critical role in controlling the
mechanism of drug release form SD. The remarkable en-
hancement of dissolution of PEGs SDs at only 9:1 ratio
was related to carrier controlled release mechanism where
the dissolution of drug particles into the polymer concen-
trated layer occurs at a sufficiently rapid rate where the
drug becomes molecularly dispersed within that layer be-
cause there is insufficient time for the particles to be re-
leased intact into the medium [61]. Surprisingly, the retar-
dation in the release rate that was observed in the other
two ratios of PEGs SDs compared to Celecoxib may be
due to drug-controlled dissolution mechanism. This mech-
anism demonstrates that drug particles dissolve in the
polymer concentrated layer at comparatively slow rate
and the drug is released as solid particles. Consequently
the dissolution will not be influenced with the polymer
but will instead be dominated by the properties (physical
form, size, etc.) of the drug itself [50]. Another proposed
mechanism to explain the effect of polymeric ratio is the
ability of the polymer to inhibit crystallization at high
ratio [62].

PVP-K30 SDs presented better drug-release profiles
over corresponding PEGs SD. This phenomenon may be
due to the inherent differences between the two polymers
in terms of intrinsic dissolution rate and hydration, and
the possibility of complexation of the drug with PVP-30
which leads to decrease the crystallinity of the
coprecipitated drug and inhibit the crystallization of
Celecoxib amorphous state [63].

Korsmeyer-Peppas models (Table 3) showed fitting for the
various ratios of Soluplus® SDs, having n values <0.43 as
well as for commercial products (Flamex® and Celebrex®),
suggesting that the drug release mechanism from these SDs
was based on Fickian diffusion [64]. On the contrary, SDs
containing PVP-K30 with various ratios exhibited Higuchi
model, indicating that the release mechanism was mainly
based on diffusion mechanism [65]. Model fitting for PEG
4000 SDs showed the best fit for Korsmeyer-Peppas equation,
where the release was controlled by Fickian diffusion [66].
According to PEG 6000 SDs, only SD15 was proved to best
fit Higuchi model, a similar result was observed for Stiripentol
SDs containing PEG 6000 [67]. While SD13 and SD14
showed the best fit for Korsmeyer-Peppas equation, where n
values were <0.43, suggesting that release mechanism was
Fickian diffusion [68]. Chitosan SDs followed Korsmeyer-
Peppas, where n values were <0,43, suggesting Fickian diffu-
sion [69], except for SD9 which followed the Higuchi model
[70].
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Stability studies

All SDs appeared chemically stable; except for PVP-K30 SDs
which formed a sticky paste during storage. On the other hand,
only Soluplus® was capable of maintaining physical stability
(amorphous form).

Compared to other polymers; in contrast to PEGs SD at
which re-crystallization occurred upon storage. Also, the
reappearance of diffraction peaks in PXRD of Chitosan
SDs indicated that Celecoxib, which was presented with
Chitosan as crystals, was released out from Chitosan car-
rier upon storage which was confirmed by SEM analysis.

Conclusions

In conclusion, Soluplus®, PVP-k30 and PEGs proved to
enhance the dissolution rate of the drug matching two
commercially marketed products (Celebrex® and
Flamex®). Unlike Chitosan which is caused retardation
of the drug release due to the presence of hydrogen bond-
ing with Celecoxib. Maximum enhancement was achieved
for PVP-K30, followed by PEG 4000, Soluplus®, and
PEG 6000 exhibiting the minimum effect. Although both
PVP and PEG dispersions showed a great enhancement in
drug release; both failed to maintain stability. Sticky paste
formation occurred to PVP dispersions, and re-
crystallization happened in PEG dispersions.

Table3  Values of calculated R? from the release data of Celecoxib, the
prepared solid dispersions, Celebrex® and Flamex® by using Zero order
model, Higuchi model, and Korsmeyer-Peppas model

Samples Higuchi R? Korsmeyer-Peppas R* (n) value
SD1 0.916 0.954 0.413
SD2 0.854 0.926 0.273
SD3 0.937 0.974 0.340
SD4 0.765 0.755 0.803
SD5 0.871 0.868 0.515
SD6 0.994 0.987 0.772
SD7 0.968 0.989 0.275
SD8 0.864 0.899 0.351
SD9 0.983 0.979 0.444
SD10 0.925 0.971 0.069
SD11 0.983 0.992 0.217
SD12 0.948 0.960 0.362
SD13 0.909 0.942 0.078
SD14 0.955 0.974 0.302
SD15 0.993 0.989 0.6151
Celecoxib 0.601 0.617 0.602
Celebrex® 0.988 0.923 0.084
Flamex® 0.989 0.962 0.056
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