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� Mosapride was loaded inside
crosslinked Xyloglucan Pluronic
micelle (MOS-XPMs).

� (MOS-XPMs) showed improved
stability and mucoadhesiveness.

� MOS-XPMs systems showed a rapid
release of drug located in the shell
within 0.5hr followed by a consistent
release pattern for the remaining 8hr.

� Trans-abdominal ultrasonography
XPMs showed 1.5 fold increased in
duodenal and cecal motility
compared to MOS suspension.
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Mosapride belongs to class IV in Biopharmaceutics Classification System and is used in the treatment of
reflux esophagitis. It exhibits poor bioavailability due to limited permeability, solubility and extensive
first-pass metabolism. In this study, intranasal mosapride-loaded cross-linked xyloglucan Pluronic
micelles (MOS-XPMs) was formulated and optimized to improve the low solubility & bioavailability of
MOS. The solid dispersion technique using 23 full factorial design was applied. (MOS-XPMs) (F4) had
the highest desirability value (0.952) and, therefore, it was selected as an optimal system. Xyloglucan
cross-linked in the shell of Pluronic micelles offered improved stability and mucoadhesiveness to MOS-
XPMs. 1H NMR spectra ensured the cross-linking of xyloglucan with Pluronic micelle shell andmicelle sta-
bilization. A Pharmacodynamic study revealed that MOS-XPMs showed 1.5-fold increase in duodenal and
cecal motility compared to MOS suspension and 1.7-fold increase compared to the oral marketed product.
The new MOS-XPMs were shown to be successful at improving the therapeutic efficacy of mosapride.
� 2020 THE AUTHORS. Published by Elsevier BV on behalf of Cairo University. This is an open access article

under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Table 1
The experimental plan of the factorial design 23 for the preparation of mosapride
Pluronic micelle formulations for intranasal delivery.

Independent Variables Level

�1 1

A* = Pluronic P123: P127 Ratio 70:30 30:70
B* = Drug: Pluronic Ratio 1: 2 1:5
C = Xyloglucan Concentration (w/v %)* 0.5% 1%

Dependent Variables Constraints

Y1 = Particle Size Minimize
Y2 = Percentage of Entrapment Efficiency (%EE) Maximize
Y3 = Percentage of Drug Loading (% DL) Maximize
Y4 = Percentage Release after 0.5hr Maximize
Y5 = Percentage Release after 8hr Maximize

*Drug concentration is kept constant to be 5 mg/ml while Pluronic concentration
used was 10 mg/ml for drug: Pluronic ratio (1:2) and 25 mg/ml for drug Pluronic
ratio (1:5).
*The Pluronic F127 concentration was 30% of the Pluronic P123: P127 ratio(70:30)
and 70% of the Pluronic P123: P127 ratio(30:70).
Introduction

Mosapride citrate (MOS) is a promising gastrointestinal proki-
netic agent that enhances gastric motility without any reported
side effects on the cardiac or nervous systems. It selectively stim-
ulates serotonin 5-HT4 receptors [1]. It treats numerous gastroin-
testinal complaints, especially reflux esophagitis, [2] by
improving the amplitude of esophageal peristalsis and gastric
emptying time. Thus, it decreases the events of acid reflux to the
esophagus and prevents ulcers, hemorrhage, and esophageal ade-
nocarcinoma that can be a medical emergency. The poor solubility
and wettability of MOS in addition to its short half-life and inten-
sive first-pass metabolism led to a decrease in its bioavailability to
be 8–14% [3]. The current versions of commercially available oral
tablet dosage formulations of MOS cannot achieve the required
therapeutic efficacy. The nasal route could be effective to achieve
a direct systemic delivery of MOS escaping the hepatic metabolism
to initiate peristalsis due to abundant vascularization and perme-
ability of the nasal mucosa [4]. MOS is an ideal drug candidate
for intranasal application because of its suitability in patients with
swallowing problems and its low-dose requirement [5]. However,
MOS may suffer from poor permeation through nasal mucosa. Fur-
thermore, the intranasal delivery was bothered by several draw-
backs, such as the mucociliary clearance which lowered the drug
retention time and the enzymatic degradation [6]. Pharmaceutical
nanotechnology has arisen as a perfect strategy to overcome these
drawbacks [4]. Polymeric micelles (PMs) have been verified to
overcome difficulties in intranasal drug delivery [6]. PMs are a
core-shell nanostructure, where the hydrophobic core solubilizes
lipophilic drugs and the hydrophilic shell stabilizes PMs in aqueous
dispersion [6]. The inclusion of hydrophobic drugs into PMs is
reported to improve their bioavailability through an increase in
water solubility and wettability. PMs could guard the trapped
drugs against nasal enzymatic degradation, and boost permeation
across the nasal mucosa [4]. However, the lack of stability and dis-
sociation upon dilution in biological fluids limited the use of PMs
in drug delivery. Kabanov et al. introduced mixing hydrophobic
and hydrophilic Pluronic copolymers [7] to stabilized prepared
micelles. Recently, cross-linking the micellar shell has been a novel
strategy introduced to ensure micellar stabilization and increased
permeability. Lin stabilized and increased the mucoadhesivity of
Pluronic nanomicelles by the use of hydrophilic chitosan polymer
which thickened the micelle shells [8]. One such class of mucoad-
hesive polymers are polysaccharides [9]. These have a great impact
on increasing mechanical strength and stability of drug delivery
systems. Xyloglucan (XG) is a hemicellulose natural polysaccha-
ride, present in the primary cell wall of the seed kernel of Tamar-
indus indica [10]. XG is generally used as a stabilizing, thickening,
gelling and mucoadhesive agent. Furthermore, Xyloglucan struc-
ture is ‘‘mucin-like”, having optimal mucoadhesion properties that
increase the mucoadhesion of Pluronic micelles with mucosal sur-
faces. Xyloglucan has a balanced hydrophobic and hydrophilic
character, facilitating the encapsulation of hydrophobic molecules
[11]. Thus, it can be potentially used in polymeric micelle formula-
tions to improve drug permeation [12]. In this study, nanoformula-
tions of mosapride-loaded cross-linked xyloglucan Pluronic
micelles (MOS-XPMs) were developed for intranasal administra-
tion. The novelty of this study is the cross-linking of xyloglucan
in the shell of Pluronic micelles to augment contact time with
the nasal mucosa and boost MOS permeation. To our knowledge,
xyloglucan has neither been previously used as a nano-carrier in
nasal formulations, nor used as a cross-linking polymer in the for-
mulation of Pluronic micelles. Accordingly, the factors affecting the
MOS-XPMs formulation intended to be applied intranasally will be
studied as well as the effect of xyloglucan on the stabilization and
mucoadhesion of the prepared MOS-XPMs.
Materials and methods

Materials

Western Pharmaceuticals, Obour city, Egypt, kindly gifted MOS.
Pluronic P123 was procured from Sigma-Aldrich (St. Louis, MO,
USA). Pluronic F127 was obtained from Sigma Aldrich, GmbH, Ger-
many. Saiguru Food Gum Manufacturer Pvt. Ltd. (Mumbai, Maha-
rashtra, India) supplied xyloglucan (average molecular weight
52,350Dalton) from Tamarindus indicia. Analytical grade and HPLC
grade reagents were used.

Methods

Screening of polymer type and concentration for polymeric micelle
preparation:

Pluronic F127, F68, P123 (which consist of polyethylene oxide
(PEO) and propylene oxide (PPO) blocks) and xyloglucan were
used. Screening of the most suitable polymer type and concentra-
tion was performed according to phase solubility technique estab-
lished by Higuchi [13]. Different weight ratios of MOS to
copolymers were added in aqueous solutions (1/2, 1/5, and 1/8)
and shaken at 37 �C for 48hrs. The increase in MOS aqueous solu-
bility was assayed spectrophotometrically at 308 nm [4]. The Gibbs
free energy of transfer (DGtr�) of MOS from water to aqueous solu-
tions of polymers was calculated using Eq. (1) [14].

DGtrÂº ¼ �2:303RTlog
Sc
So

� �
ð1Þ

where R (8.314 J mol�1K�1) is the universal gas constant, T is tem-
perature (310� Kelvin) at which the phase solubility study was con-
ducted, and Sc/So is the ratio of molar solubility of MOS in the
aqueous solution of polymers to that of water. Obtained values of
DGtr� indicate whether the drug solubilization in the aqueous solu-
tion is favorable or not (negative DGtr� values indicate favorable
conditions).

Preparation of mosapride-loaded xyloglucan Pluronic micelles (MOS-
XPMs)

The MOS-XPMs was prepared using a solid dispersion technique
[15,16]. MOS and Pluronic copolymers were dissolved in 4 ml of
ethanol (Table 1). After 30 min of stirring, ethanol was evaporated
under reduced pressure at 60 �C and a thin dry film was formed on
the inner wall of the flask. The film was hydrated with different
concentrations of xyloglucan solution (dissolved in distilled water
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by gentle heating to 50–60 �C with continuous stirring for 3hr [17],
at 60 �C using magnetic stirring (210 rpm) for 1 h under normal
pressure [8]. Finally, the resultant xyloglucan polymeric micelle
dispersion (MOS-XPMs) was filtered through a 0.45 mm filter.
Table 2.

Optimization by factorial statistical design
A 23 full-factorial design was used to define the optimum fac-

tors to develop MOS-XPMs. Dependent and independent variables
and desirability constraints are demonstrated in (Table 1). Various
MOS-XPMs systems were prepared by using all possible combina-
tions of different levels of experimental variables. The statistical
analysis of responses was done by Design-Expert� Software
(Stat-Ease Inc., Minneapolis, MN, USA).

Characterization of the prepared MOS-XPMs

Determination of particle size, entrapment efficiency and drug loading
of MOS-XPMs

The mean particle size and polydispersity index of the prepared
MOS-XPMs were determined by photon correlation spectroscopy
(Malvern Instruments, Zetasizer 3000, UK).

The entrapment efficiency percentage (EE %) and drug loading
percentage (%DL) were calculated according to the method
described by Nour et al. [6]]. 1 ml of the separated MOS-XPMs
was disrupted by sonication with ethanol (selected as an appropri-
ate solvent for the lyses of the prepared MOS-XPMs). The concen-
tration of the entrapped drug was measured
spectrophotometrically at 308 nm. The %EE and %DL were calcu-
lated using equations (2, 3).

EE% ¼ Amount MOS entrapped ðmgÞ
total Amount MOS ðmgÞ � 100 ð2Þ

DL% ¼ Amount MOS entrappedðmgÞ
total Amount MOS mgð Þ þ Amount of polymer

� 100

ð3Þ
In-vitro drug release
A dialysis method was used to investigate the in-vitro release of

MOS from different MOS-XPMs [4]. 1 ml of the filtered MOS-XPMs
dispersion (according to the predetermined %EE), was placed in a
dialysis bag (molecular weight cut-off: 12,000–14,000 Serva Elec-
trophoresis, Germany). Bags were sealed and immersed in USP dis-
solution apparatus type II (Agilent, USA) containing 50 ml of 30%
(v/v) ethanolic phosphate buffer saline pH 6.0, stirred at 100 rpm
at 37 ± 0.5 �C. Samples were withdrawn at time intervals (0.25,
0.5, 1, 2, 4, 6, 8hr) and the percentage of MOS released was quan-
tified spectrophotometrically at 308 nm. A statistical analysis was
done for the percent of MOS from MOS-XPMs after 0.5hr (Q0.5hr)
and 8hr (Q8hr). In-vitro drug release data were fitted to various
kinetic models [4] (zero order, first order, Higuchi model,
Korsmeyer-Peppas model, in addition to Weibull model, and
Table 2
Phase solubility study of MOS in distilled water in presence of different polymers concentra
polymers system.

F127 P123

Amount dissolved
(mg/ml)

DGtr� (KJ/mol) Amount dissolved
(mg/ml)

DGtr� (KJ/mol)

1:2 1592.49 ± 71.68 �9245.5 1438.49 ± 67.66 �8983.4
1:5 1738.84 ± 81.32 �9472.2 2134.80 ± 113.99 �10001.02
1:8 1649.38 ± 83.07 �9336.02 1787.56 ± 92.12 �9543.4
� Saturated solubility of MOS in distilled water was found to be 44.1 ± 0.03 mg/ml.
regression analysis was performed to investigate the mechanism
of MOS release from MOS-XPMs).

Selection of the optimized formulation
Design Expert software supported the selection of optimized

MOS-XPMs with constraints of desirability presented in Table (1).
Validation of the design of MOS-XPMs was done by ANOVA provi-
sion available in the software [4].

Transmission electron microscopy (TEM)
The morphology of the optimized MOS-XPMs system was

examined by a TEM (Jeol JEM 2100, Japan). The sample was located
onto a copper grid coated with collodion film. Then a process of
negative staining to the sample was executed by the aid of phos-
photungestic acid. Finally, drying at room temperature was done
before TEM examination [6]].

Differential scanning calorimetry (DSC) and fourier transform infrared
spectroscopy (FT-IR)

Optimized MOS-XPMs, components (xyloglucan and PF127)
and pure MOS were examined by DSC (Q A20, Germany) at a rate
of 10 �C/min in a nitrogen atmosphere in a range of 25�–200 �C
[4]. Additionally, they were examined by FT-IR (Cary 620, USA) at
a wave number ranging from 400 to 4,000 cm�1.

Nuclear magnetic resonance (NMR)
The cross-linking characteristics in the shell of the optimized

MOS-XPMs system were investigated using 1H NMR spectra on
Bruker-ARX 400, Germany. PF127, Xyloglucan and MOS solutions
were prepared by mixing with double distilled water and stirred
for approximately 3hr until complete dissolution [18]. All samples
were dissolved in deuterated water (D2O) for NMR measurements
at room temperature.

Zeta potential determination, in-vitro mucoadhesion and physical
stability assessment

The Zeta potential of the optimized MOS-XPMs was investi-
gated using Malvern Instruments (Zetasizer 3000, UK) [6].

In-vitro mucoadhesion was investigated through a modified
falling liquid film technique to ensure the mucoadhesion property
of the optimum MOS-XPMs formulation [17]. A fresh piece of
sheep nasal mucosa (excised within 1hr of sacrificing the animal),
was washed with isotonic saline solution and held horizontally
over a glass plate. 0.5 ml of the filtered MOS-XPMs dispersion (ac-
cording to the predetermined %EE) was located on the mucosal
surface. After a period of 30 min, it was tilted at an angle of 45�
to allow for the drainage of the non-adhered drug. MOS concentra-
tion was determined spectrophotometrically at 308 nm. The per-
centage mucoadhesion was determined using Eq. (4).

%Mucoadhesion ¼ A� B
A

� 100 ð4Þ

Where A is the actual MOS amount in MOS-XPMs; B MOS
amount in the collected perfusate.
tions ± S.D, and thermodynamic parameters of the solubility process of MOS in water-

F68 Xyloglucan

Amount dissolved
(mg/ml)

DGtr� (KJ/mol) Amount dissolved
(mg/ml)

DGtr� (KJ/mol)

1562.62 ± 72.19 �9196.73 1488.86 ± 70.93 �9072.08
1543.36 ± 73.46 �9164.75 1319.09 ± 63.23 �8759.99
1570.01 ± 73.87 �9208.89 1485.44 ± 79.24 �9066.15
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For the physical stability assessment, the optimized MOS-XPMs
system was stored at room temperature over 24hr. The transmit-
tance (T%) was investigated spectrophotometrically (kmax520nm)
using de-ionized water as a blank [19]. The turbidity of MOS-
loaded micelles was calculated according to equation (5):

Turbidity ¼ ð100�%TÞ
100

ð5Þ
In-vitro permeation study
Mosapride suspension and the optimum MOS-XPMs were

tested for permeation according to the method described by Ham-
mad et al [4]. Both, the suspension and the MOS-XPMs formula
were exposed to the surface of sheep nasal mucosa, rotated at
50 rpm in100mL of phosphate buffer pH 6.0 kept at 37 ± 0.5 �C.
Samples were taken at specific time intervals. The amount of per-
meated drug was assayed spectrophotometrically at 308 nm. All
parameters concerning permeation data were subsequently calcu-
lated [4].

Pharmacodynamic study in rabbits

Animals
The Institutional Ethical Committee (Faculty of Pharmacy, Cairo

University) (S.No.PI1081) revised and approved the animal study
protocol. The design and details of experiments were carried out
following the methods previously described by Hammad et al
[4]. In brief, a cross-over design was applied to fifteen rabbits with
a wash-out period of one week. After intranasal delivery of the
respective doses, the duodenal and cecal motility were investi-
gated by trans-abdominal ultrasonography using 10 MHz micro-
convex transducer (Esoate Digital) with color doppler ultrasound
system (Mylabone Co., Ltd.).

Statistical analysis was executed using a statistical software
program (SPSS Inc., Chicago, USA). The statistical difference
between groups and control was determined by one-way ANOVA
(at 95% confidence limit (a = 0.05)) [4].

Nasal histopathology
In order to exclude the possibility of any toxic effect concerning

the intranasal administration of the prepared nanomicelles, a
histopathological examination was executed following the meth-
ods described by Hammad et al. and Shah et al. [420]. Three sectors
of sheep nasal mucosa were selected and treated with negative
control (phosphate buffered saline pH 6.4), positive control (iso-
propyl alcohol), and MOS-XPMs, respectively, for 1hr. Afterwards,
the mucosa was examined under optical microscope (Olympus
CX31, Japan) to elucidate any variation that might occur to differ-
ent tissues of nasal mucosa.
Results and discussion

Screening of polymer type and concentration for polymeric micelle
preparations

MOS is practically insoluble in water with aqueous solubility
44.1 ± 0.03 lg/mL. The solubility of MOS increased in different
polymer solutions, which could probably be attributed to the
increased wettability of MOS and micellar solubilization [14].
Table (2) presents the thermodynamic parameters obtained with
the aqueous solubility of MOS in the presence of Pluronic (F127,
P123, F68) and xyloglucan. MOS solubility increased in the pres-
ence of all tested polymers.DGtr� values were all negative, indicat-
ing the spontaneous solubilization of the drug which decreased as
polymer concentrations increased, [14] demonstrating that the
reaction became more favorable as the concentration of polymers
increased from 1:2 to 1:5. Higher concentration of these polymers
(1:8) led to a decrement of drug solubility due to the increased vis-
cosity of the diffusion boundary layer adjacent to the dissolving
surface [21]. MOS showed the highest solubility in Pluronic P123
(PP123) (EO20PO69EO20) with (HLB value = 8) and Pluronic F127
(PF127) (EO99PO65EO99) (with HLB value = 22). Therefore, further
studies were limited to these two Pluronic types. The ratio of
MOS to Pluronic was maintained at a maximum of 1:5 w/w.
Preparation of MOS-XPMs

Solid dispersion method involves evaporation of ethanol yield-
ing a melted Pluronic film where Pluronic–drug interactions are
favored. Rehydration with a heated aqueous solution containing
xyloglucan produces drug-loaded micelles. PF127 and PP123 with
similar PPO moieties showed cooperative aggregation that the
inner core related to hydrophobic PPO blocks and the outer shell
to the hydrophilic PEO blocks. Xyloglucan cross-linked and thick-
ened the hydrophilic shell.
Statistical analysis of data and validation of the optimization
model

23 full-factorial design was used to define the optimum factors
to develop MOS-XPMs. The effect of Pluronic ratio PP123: PF127
(A), the drug Pluronic ratio (B), and the concentration of xyloglucan
(C) on the dependent variables of the prepared MOS-XPMs shown
in Table 1 was assessed using Design-Expert� software (version 7;
Stat-Ease, Inc., Minneapolis, MN, USA). Polynomial equations of
different dependent variables are shown below in the terms of
coded factors:

Y1 ¼ þ91:98� 7:65Aþ 7:39Bþ 2:98Cþ 5:34AB� 2:58AC

þ 4:46BCþ 2:89ABC ð6Þ
Y2 ¼ þ64:21þ 9:94A� 4:98Bþ 1:17Cþ 2:77AB� 0:40AC

� 4:42BCþ 1:48ABC ð7Þ
Y3 ¼ þ16:72þ 2:01A� 6:84Bþ 0:41Cþ 0:11ABþ 0:025AC

� 0:95BCþ 0:15ABC ð8Þ
Y4 ¼ þ28:63� 3:89A� 0:61Bþ 5:28C� 0:92ABþ 3:44AC

þ 0:48BC� 0:65ABC ð9Þ
Y5 ¼ þ53:27� 6:78Aþ 1:06Bþ 10:91Cþ 0:17ABþ 5:38AC

þ 3:42BCþ 0:091ABC ð10Þ
The adequate precision for particle size was 34.426 with rea-

sonable difference between the predicted r2 (0.9648) and the
adjusted r2 (0.9835). The adequate precision for EE% was 24.448
with reasonable difference between the predicted r2 (0.9317) and
the adjusted r2 (0.9680). Regarding DL%, the adequate precision
was 36.75 with reasonable difference between the predicted r2 of
(0.9781) and the adjusted r2 (0.9897). The adequate precision for
release after 0.5hr was 35.55 with reasonable difference between
the predicted r2 (0.9755) and the adjusted r2 (0.9885). The ade-
quate precision for release after 8hr was 36.321 with reasonable
difference between the predicted r2 (0.9737) and the adjusted r2

(0.9877).Therefore, the adequate precision of dependent variables
were indicating a good correlation between the independent vari-
ables and the validity of the optimization model.
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Characterization and evaluation of the prepared MOS-XPMs

Particle size determination (Y1)
All systems were found (Table 3) in a nano-size range of 64.6

5 ± 1.77 nm to 108.31 ± 1.37 nm with adequate values of the poly-
dispersity index (PDI) of 0.14 ± 0.01 to 0.28 ± 0.05 (Table 3). Statis-
tical analysis showed that all three variables and their interaction
significantly affected the mean particle size (p < 0.05) (Fig. 1).

MOS-XPMs with PP123:PF127 ratio (A) of 70:30 had signifi-
cantly larger particle sizes than those prepared at the ratio
30:70. According to Hussein and Youssry [22], the increase in the
hydrophobic core size correspondingly increased the aggregation
number of micelles which consequently led to the formation of
lamellar aggregates with larger sizes [23]. The highest positive
coefficient of drug-to-Pluronic ratio (B) shown in equation (6) con-
firmed its effectiveness on the particle size. The increase in the
drug-to-Pluronic ratio to 1:5 could result in the increase in the par-
ticle size due to increased aggregation number. Vorobyova et al.
[24] and Amann et al. [25] discussed the increased aggregation
number with increased polymer concentrations. Increasing
xyloglucan concentration (C) resulted in a significant increase in
the particle size of the prepared MOS-XPMs. This could be attribu-
ted to the hydrogen bonding between the ether oxygen of PEO
chains in the P123/F127 binary mixture and the hydroxyl group
(OH) of xyloglucan, which might have enriched the micelle shell
[26].

Determination of the entrapment efficiency (%EE) (Y2) and drug
loading (%DL) percentages of the prepared MOS-XPMs (Y3)

The results in Table 3 show that %EE ranged from 42.19 ± 1.47%
to 80.07 ± 2.42%. The %DL ranged from 7.03 ± 0.24% and 26.69 ± 0.
81%. The highest positive coefficient of PP123: PF127 ratio (A) (in
Eqs. (7) and (8) confirmed its significant influence on the %EE
and %DL (P < 0.05). It was previously reported that the critical
micelle concentration (CMC) values of PP123 and PF127 were
0.0068% and 0.0021%, respectively, and the CMC of PP123/PF127
binary mixture was determined to be 0.0059% [27]. The lower
CMC for PF127 (PPO length: 65) and PP123/PF127 mixture com-
pared to PP123 (PPO length: 69) were elucidated. The CMC of
PMs systems containing PP123:PF127 ratio of 30:70 could be lower
compared with those containing the 70:30 ratio. Thus the decrease
in CMC in system with PP123:PF127 ratio of 30:70 could lead to
the formation of more micelles and consequently increase the %
EE and %DL [28]. This result agreed with Mingkwan et al. [29]
who concluded that the lower CMC of P123/TPGS mixed micelles
resulted in increasing the %EE and %DL. Furthermore, PF127 has a
higher molecular weight (MW) than P123. According to Raval
et al., the Pluronic with higher MW has higher %EE and %DL [30].
The high negative coefficient of drug-to-Pluronic ratio (B) in equa-
tions (7, 8) confirmed that the MOS-XPMs systems containing
drug-to-Pluronic ratio of 1:2 increased in %EE and %DL compared
with systems with a weight ratio of 1:5 which contained a higher
Table 3
The mean particle size, polydispersity index, the percentage entrapment efficiency (%
formulations ± SD.

System Code Mean particle Size (nm) Polydispersity I

F1 93.58 ± 1.66 0.14 ± 0.01
F2 101.58 ± 1.44 0.28 ± 0.05
F3 78.56 ± 2.33 0.22 ± 0.07
F4 64.65 ± 1.77 0.17 ± 0.07
F5 94.55 ± 1.85 0.22 ± 0.01
F6 108.31 ± 1.37 0.23 ± 0.02
F7 89.31 ± 1.76 0.20 ± 0.01
F8 104.81 ± 1.44 0.28 ± 0.01
PEO/PPO ratio. As higher PEO/PPO ratio might reduce the
hydrophobicity of the core [31], the quantity of the drug entrapped
in micelle decreased with the higher Pluronic contribution of 1:5
(Fig. 1). Statistical analysis also revealed that xyloglucan concen-
tration (C) had a significant effect on %DL (p < 0.1) of the prepared
MOS-XPMs. This could be explained on the basis that xyloglucan
contains a balanced hydrophobic and hydrophilic character, facili-
tating the encapsulation of the drug [11].

In-vitro release study of MOS from prepared (MOS-XPMs) systems
The in-vitro release profile of MOS from all MOS-XPMs systems

showed a rapid release of the drug located in the shell or at the
core-shell interface within 0.5hr (as shown in Fig. 2), followed by
a slow-release pattern for the remaining 8hr. The slow-release pat-
tern resulted from the low CMC of the prepared Pluronic micelles,
which imparted thermodynamic stability to the prepared micelles,
overcoming the sinking condition and drug retention in the
micelles under considerable dilution [22]. The statistical analysis
of %MOS released after 0.5hr and 8hr was investigated, concluding
that all the three variables and their interaction significantly
affected the mean percentage of MOS released (p < 0.05) (Fig. 1).

MOS-XPMs with PP123:PF127 ratio (A) of 30:70 showed a
slower release profile of MOS than the 70:30 ratio (Fig. 2). This
could be interpreted by the higher concentration of PF127, which
could lower the CMC of the micelles. Furthermore, PF127 has
higher molecular weight and higher PEO content (about 200) than
PP123, which means more abundance of O and OH points that
enhanced attachment via hydrogen bonds between the amine
and amido groups of MOS and the ether oxygen and OH groups
of PEO chains [26]. A stable bond led to a deep localization of
MOS at the core-shell interface into the micellar interior and
slower release of MOS. This also explained the lower release profile
at high polymer concentration containing the drug-to-Pluronic
ratio (B) of 1:5 (Fig. 2).

The highest positive coefficient of xyloglucan concentration (C)
(in equations (9),10) confirmed its great effect on the % MOS
released after 0.5 h and 8hr, respectively, from the prepared
MOS-XPMs. The incorporation of the hydrophilic xyloglucan
copolymer led to the formation of more hydrophilic channels,
which enhanced the distribution of more water molecules into
the core of micelles and, consequently, higher % MOS released
[27]. The positive interaction coefficient (AC) in equations (9, 10)
confirmed that cross-linking at the micellar shell, resulting from
hydrogen bonding at ether oxygen of PEO chains of PF127 and
the OH groups of xyloglucan, which, in turn, decreased hydrogen
bonds between MOS and PF127, led to increased %MOS released
after 0.5hr and 8hr, respectively.

Release kinetics of MOS from the prepared (MOS-XPMs)
The release of MOS from all systems followed the Weibull

model (R2 ranged from 0.911 to 0.98) which offers a simple phys-
ical connection between the drug release and system geometry
EE) and the percentage drug loading (%DL) of MOS in the prepared MOS-XPMs

ndex Entrapment Efficiency (%) Drug Loading (%)

54.55 ± 2.07 20.17 ± 1.01
69.49 ± 2.39 23.16 ± 0.80
72.64 ± 3.77 24.21 ± 1.26
80.07 ± 2.42 26.69 ± 0.81
50.86 ± 1.92 8.48 ± 0.32
42.19 ± 1.47 7.03 ± 0.24
74.13 ± 3.43 12.36 ± 0.57
69.76 ± 2.72 11.63 ± 0.45



Fig. 1. 3D response surface plot of factor showing effect of xyloglucan concentration(C) versus Pluronic (PF127:PP123) (A) on the dependent variables (particle size, EE%, DL%,
Q0.5hr and physical stability) of the prepared MOS-XPMs systems for drug: Pluronic ratio(1:2) (B).
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[32]. The release behavior from the MOS-XPMs systems can be rec-
ognized from the value of the exponent (b) in the Weibell equation
[33]. The values of b for all MOS-XPMs systems were in the range
(0.39 < b < 0.69–0.75), which, according to Kosmidis et al. [33],
reflected that the drug release from MOS-XPMs systems followed
Fickian diffusion. For the Fickian diffusion, the micelles with the
uptake of water would swell, especially in the presence of 1% of
hydrophilic xyloglucan polymer, and allow the drug within to dif-
fuse through the pores.

Optimization of the prepared (MOS-XPMs)
Based on the desirability criterion (Table 1), the system MOS-

XPMs (F4) containing the Pluronic (PP123:PF127) ratio of 30:70,
drug-to-Pluronic ratio of 1:2, and xyloglucan concentration (1%
wt.) was found to fulfill the maximum requisite of an optimum for-
mulation with maximum desirability (0.903).
Transmission electron microscopy (TEM)
The TEM micrographs of the optimized MOS-XPMs (F4) showed

small-sized uniform spherical shaped micelles arranged in clusters
(Fig. 3a). The outer dark shell attributed to the cross-linking of
xyloglucan and Pluronics due to hydrogen bonding and inner
bright core should relate to hydrophobic PPO. The mean particle
size demonstrated by TEM (39.87 nm ± 6) was smaller than that
measured by the Zetasizer (64.65 ± 1.77), and size differences were
due to the effect of drying [10]].

Differential scanning calorimetry (DSC) and fourier transforms
infrared spectroscopy (FT-IR)

DSC study of MOS and PF127 showed a sharp melting endother-
mic peak (Fig. 3b) at about 116 �C and 53.65 �C, respectively (cor-
responding to their melting points). Xyloglucan showed a sharp
endothermic peak at about 57.65 �C and an exothermic peak at



Fig. 2. Release pattern of MOS from MOS- XPMs systems ± SD.
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78.86 �C. The thermogram of the optimized MOS-XPMs (F4)
showed the presence of one sharp endothermic peak at 52.75 �C
and an exothermic peak at 86 �C. A complete disappearance of
the melting endotherm of MOS indicated homogenous dispersion
of MOS in the developed MOS-XPMs. The enthalpy of the endother-
mic peak corresponding to xyloglucan, Pluronic F127, and MOS-
XPMs (F4) formulation were measured at 25 J/g, 19.8 J/g, and
28.21 J/g, respectively. An exothermic crystallization enthalpy
value corresponding to xyloglucan and MOS-XPMs (F4) formula-
tion were investigated at 34.14 J/g and 46 J/g, respectively, during
cooling scans. The significant increase in endothermic and exother-
mic enthalpy might be due to the micellization and crystallization
of MOS-XPMs blocks induced by higher concentration of
hydrophobic MOS encapsulated within the micelle cores [34,35].

By studying the FT IR spectrum of MOS-XPMs (F4) and compar-
ing it with Pluronic and xyloglucan spectrum (Fig. 3c), MOS-XPMs
(F4) showed complete disappearance of characteristic absorption
bands of MOS and Pluronic, and showed one characteristic absorp-
tion band at 1658 cm�1 corresponding to the bending vibrations of
–OH of xyloglucan, but with decreased intensity. This might be due
to the hydrogen bonding effects between the ether oxygen of PEO
chains in PP123/PF127 and the hydroxyl group of xyloglucan
which enriched micelle shells.
Nuclear magnetic resonance (NMR)
Nuclear magnetic resonance (NMR) is a precise method to

investigate the chemical structures [18]. It was used to ensure
the cross-linking between the block copolymer PF127 and
xyloglucan. Fig. 3d shows 1H NMR spectra obtained from the pre-
pared MOS-XPMs, PF127, xyloglucan and MOS solutions. The 1H
NMR spectra for MOS-XPMs revealed the disappearance of MOS
characteristic peaks, while the peaks related to PF127 and
xyloglucan were still identified. These findings ensured successful
solubilization and stabilization of MOS within the hydrophobic
core. Xyloglucan showed a weak singlet peak at 2.13 correspond-
ing to the signal of a hemiacetal group (HO-C-O-C). The multiple
peaks between 2.6 and 2.8 ppm in MOS-XPMS (F4) spectrum
indicated the excessive hydrogen bonding between OH groups
of xyloglucan and ether oxygen of PF127. This hydrogen bond
has been detected to result in splitting and increase in the chem-
ical shift of the coupled protons in the neighboring hydrogen
bond [36].
Zeta-potential determination, in-vitro mucoadhesion and physical
stability assessment

The zeta-potential of the optimized MOS-XPMs (F4) was mea-
sured to be �17.1 mV ± 0.071. The structure of P123 and F127
was non-ionic [26]. The negative charge resulted from the presence
of anionic xyloglucan in the shell of mixed micelles which could
stabilize the prepared MOS-XPMs and minimize micelle
aggregation.

MOS-XPMs (F4) showed a percentage mucoadhesion to be
68.69% ±2.00 after 0.5hr due to the presence of mucoadhesive
xyloglucan which could prolong the contact time, counteract the
mucociliary clearance, and improve drug permeation through
nasal mucosa [37]. Xyloglucan has a good mucoadhesive property
as due to its cellulose-like backbone chain with mucin-like config-
uration. The secondary hydroxyl (OH) groups that exist in xyloglu-
can are the principal source of mucoadhesion and confer anionic
charge.

The physical stability of the optimized MOS-XPMs system was
determined by measuring the transmittance percentage (%T).
Low transmittance percentage and the presence of turbidity in
the system are usually attributed to the transient separation of
large micelles and/or drug molecules [38]. MOS-XPMs (F4) showed
a low percent of turbidity (% T = 82.11%) [19] due to its higher sol-
ubilizing capacity for poorly water-soluble MOS and provides
higher stability [38] which led to an increase in the amount of drug
entrapped in polymeric micelle. The PP123 and PF127 have similar
number of PPO units, which would allow the development of very
stable micelles [19]. The presence of PP123:PF127 ratio with a dif-
ferent hydrophilic-lipophilic balance (HLB) could result in thermo-
dynamic and kinetic stability for the prepared MOS-XPMs. Low
HLB of PP123 would increase the thermodynamic stability of
MOS-XPMs micelles due to the tight hydrophobic interactions.
On the other hand, the cross-linking of PF127 together with
xyloglucan in Pluronics shell would increase the kinetic stability
of MOS-XPMs due to the anionic charge that minimizes micelle
aggregation [39] and maximizes micelle stability; thus, lowers
turbidity.
In-vitro permeation study
The results of in-vitro permeation are shown in Table 4. Results

revealed that a threefold increase in permeation of MOS
occurred from MOS-XPMs (F4) (92.5% ±2.17) with respect to MOS



Fig. 3. (a) TEM image of the optimized MOS-XPMs(F4). (b) DSC curve of pure drug, components (xyloglucan and Pluronic F127) and MOS- XPMs (F4). (c) FTIR curves of MOS-
XPMs(F4), xyloglucan, Pluronic F127 and drug. (d) NMR spectra of MOS-XPMs(F4), xyloglucan, Pluronic F127 and drug.
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suspension (31.77% ±0.1). The low permeability and ionization of
MOS at the pH of the nasal epithelium bothered its intranasal
delivery. The optimized MOS-XPMs (F4) improved nasal perme-
ation through the mucoadhesion properties of xyloglucan, which
enhanced the contact with the nasal mucosa and decreased
mucociliary clearance [37]. Furthermore, XPMs with small size
and improved water solubility of MOS could result in rapid hydra-
tion and permit permeation through paracellular route [40].

Pharmacodynamic study in rabbits:
The use of anaesthetizing agents was avoided to maintain the

functional mucociliary clearance, so that the in vivo absorption of
MOS was not affected [4].

The duodenal and cecal contractions were quantitatively stud-
ied (Fig. 4 a, b) and assessed from 15 min to 180 min after MOS
administration. The average contractions before MOS administra-
tion (control) were assessed to be 8.84 ± 0.61 contractions/min.
After the administration of MOS, the rate of contraction at Tmax

changed to 15.18 ± 1.6 contractions/min for MOS-XPMs,
10.02 ± 0.62 contractions/min for MOS suspension, and
8.9 ± 0.72 contractions/min for commercial MOS oral tablets. Dop-
pler ultrasonography showed that MOS-XPMs not only increased
the average contractions per minute but also increased their inten-
sity (as shown in Fig. 4b). One-way ANOVA showed that commer-
cial MOS oral tablets had no significant increase in the duodenal
and cecal contractions (P > 0.05) after oral MOS administration
owing to their low oral bioavailability. However, intranasal MOS-
XPMs had a significant increase in the duodenal and cecal contrac-
tions than MOS suspension, which was attributed to a higher per-
meation rate of the prepared MOS-XPMs. These results were
consistent with the results of in-vitro permeation; therefore, the
inclusion of MOS into intranasal MOS-XPMs achieved the goal of
the study and improved the clinical efficacy of MOS.

Nasal histopathology
Negative control-treated mucosa appeared intact with a pre-

served structure. After treating mucosa with MOS-XPMs, neither
cell necrosis nor structural damage was detected (Fig. 5). Positive



Table 4
Permeation data parameters.

r2 Flux (JSS)
(mg/cm2/min)

Papp (cm2/min) ER D (cm2/min) Lag time (TL) min % Permeated

MOS-XPM (F4) 0.9941 148.12 0.03 3.36 3.98 � 10�7 26.43 92.5
Drug Suspension 0.8173 44.07 0.009 – 2.21 � 10�4 7.54 31.77

Fig. 3 (continued)
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Fig. 4. (a) Comparative pharmacodynamics studies of commerial MOS oral tablets, MOS suspension and optimized MOS-XPMs ± SD. (b) Ultrasonographic image of the
duodenal and cecal contractions after intranasal administration of the prepared mosapride xyloglucan Pluronic micelles (MOS-XPMs), and MOS suspension and oral
administration of mosapride� tablet in rabbit.

Fig. 5. Photomicrograph of sheep nasal mucosa of (a) negative control treated with PBS PH6.4) (b) MOS-XPMs showing: pseudo stratified epithelium cell (arrow) and
peripheral nerve (N) (H&E) (X: 400) (c) positive control treated with Isopropyl alcohol) showing: degenerative change of pseudo stratified epithelium cell.
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control-treated mucosa showed a degenerative change of pseudo-
stratified epithelium cells, which ensured the safety of MOS-XPMs
in nasal administration.

Conclusion

The MOS-XPMs was successfully prepared with PP123:PF127
ratio of 30:70, drug-to-Pluronic ratio of 1:2, and xyloglucan con-
centration (1% wt.). Xyloglucan cross-linked in the polymeric
micelle shell and conferred higher stability to the prepared MOS-
XPMs and higher contact time with nasal mucosa. The MOS-
XPMs improved significantly the nasal permeation and the duode-
nal and cecal contractions through direct systemic absorption,
which ensured higher bioavailability than MOS suspension and
oral marketed tablets. Thus, the intranasal MOS-XPMs could be a
novel delivery system and a promising alternative to the oral deliv-
ery of mosapride.
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