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Abstract. Domperidone (DOP) is extensively applied orally in the management of nausea
and vomiting. Upon oral administration, its bioavailability is very poor due to its poor
solubility in alkaline media. Therefore, the aim of this work was to investigate DOP-loaded
solid lipid nanoparticles (DOP-SLNs) in order to sustain its release pattern and to enhance
oral bioavailability. DOP-SLNs were prepared using four different lipids. Prepared DOP-
SLNs were characterized for Bpolydispersity index (PDI), particle size, zeta potential, %
entrapment efficiency (% EE), and drug release behavior.^ Differential scanning calorimetry
(DSC) study was carried out to illustrate the physical form of DOP and excipients. The
morphology of DOP-SLNs was confirmed by scanning electron microscopy (SEM).
Pharmacokinetic study on optimized DOP-SLN in comparison to tablet was performed in
rats. The Bparticle size, PDI, zeta potential, and % EE^ of optimized formulation (F5) were
recorded as 201.4 nm, 0.071, − 6.2 mV, and 66.3%, respectively. DSC thermograms suggested
amorphous state of DOP in various SLNs. Surface morphology of SLNs using SEM
suggested spherical shape of the nanoparticles within nanometer size range. In vitro release
studies confirmed that all SLN formulations possessed a sustained release over a period of
12 h (51.3% from optimized formulation) in comparison with immediate release from
conventional tablets (100% after 90 min). Pharmacokinetic study showed significant
enhancement in oral absorption of DOP from optimized SLN in comparison with DOP
tablet. The enhancement in relative bioavailability of DOP from optimized SLN was 2.62-
fold in comparison with DOP tablet.
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INTRODUCTION

The physicochemical limitations of drugs including Bpoor
solubility, low permeability, short half-life, high molecular
weight, side effects, and systemic toxicity^ can be overcome
by developing nanoparticulate-based carriers such as
Bliposomes, dendrimers, polymeric nanoparticles, and solid
lipid nanoparticles (SLNs)^ (1).

SLNs are colloidal lipid-based drug carriers which have
been proposed as a promising alternative to colloidal drug
delivery system, polymeric nanoparticles, and liposomes (1,2).
These systems offer several advantages such as good tolera-
bility, lower cytotoxicity, and higher bioavailability by oral
administration and also increase the drug stability in compar-
ison with conventional drug carriers (2). The use of solid
lipids as a substitute of liquid lipids in SLNs is helpful in
achieving controlled rate drug release behavior of hydropho-
bic drugs. Additionally, they are also helpful in avoiding
biotoxicity of organic solvents (3,4).

Domperidone (DOP), an antidopaminergic drug, is used
generally to suppress nausea and vomiting. It is also useful in
the treatment of other diseases (4–7). The solubility of DOP
in acidic media is good but its solubility in alkaline media has
been reported as very poor (8). Due to poor solubility of
DOP in alkaline media, it shows very low bioavailability (13–
17%) after oral administration (9). Accordingly, DOP re-
quires longer treatment and repetitive dosing which make this
drug an interesting candidate for development of SLN. In
literature, solid dosage forms of DOP including fast dissolving
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tablets (10,11), floating matrix tablets (12), orodispersible
tablets (13), microspheres (14), and hot-melt extruded films
(15) have been investigated extensively. Transdermal patches
of DOP have also been investigated in literature (16). Self-
microemulsifying drug delivery system of DOP has also been
investigated for its bioavailability and solubility enhancement
(17). Nanoparticle film, nanostructured lipid carrier, and SLN
of DOP have also been studied in literature (18,19).
However, SLNs of DOP were not investigated for its in vivo
characterization. Thus, the objectives of this work were to
develop and investigate DOP-loaded SLNs (DOP-SLNs) for
a sustained release, to study the effect of composition of lipid
materials on particle size and in vitro drug behavior, and to
enhance its bioavailability.

MATERIALS AND METHODS

Materials

Softisan® 154, Imwitor® 900 K, and Dynasan® 118 were
obtained from BSasol Germany GmbH (Witten, Germany).^
DOP and sodium deoxycholate were obtained from BSigma
Aldrich (St. Louis, MO, USA).^ Stearic acid, glucose, and
Tween 80 were obtained from BBDH Chemicals (Poole,
England, UK).^ Dialysis membrane (pore size = 2.4 nm and
MWCO = 12,000–14,000 Da) was obtained from BSigma
Aldrich (St. Louis, MO, USA).^ All other chemicals used
were of analytical/pharmaceutical grades.

Preparation of DOP-SLNs

DOP-SLNs were prepared using hot homogenization
followed by ultrasonication method (19,20). The specified
amounts (listed in Table I) of different solid lipids (e.g.,
Imwitor® 900 K, stearic acid, Softisan® 154, and Dynasan®)
were heated at the temperature which was 10°C above of the
melting points of particular solid lipid. Approximately 50 mg
of DOP was dispersed in the lipid phase SLNs (melted lipid).
The aqueous solution of surfactant (containing 1% of Tween
80 and 0.5% of sodium deoxycholate) was also heated at the
same temperature and referred as aqueous phase. The
aqueous phase and lipid phase were then mixed properly
using Homogenizer at 20000 rpm for about 5.0 min. The
obtained dispersion was sonicated with the help of a BProbe
Sonicator^ for about 3 min at 40% voltage efficiency. The
obtained lipid emulsion was then dispersed in chilled 5%
glucose solution with vigorous stirring for about 3 min with
the help of a magnetic stirrer. Glucose solution was used a
cryoprotector. The obtained SLNs dispersions were stabilized
by lyophilization for 72 h with the help of a BFreeze-Drying
Apparatus (Alpha 1-4 LD-2, Martin Christ, Osterode,
Germany)^ at standard conditions (20).

Particle Size, Zeta Potential, and Polydispersity Index
of SLNs

The mean values of particle size, zeta potential, and
polydispersity index (PDI) of the prepared SLNs were
measured using BPhoton Correlation Spectroscopy
(Brookhaven Instruments Corporation, Holtsville, NY,
USA).^ The SLNs were diluted with distilled water (1:100)

and the measurements were done at 25°C. For the measure-
ment of particle size and PDI, samples were taken in
disposable plastic cuvettes. However, for zeta potential
measurement, the samples were taken in glass cuvettes. The
scattering angle for measurement was 90°. All experiments
were performed in triplicate.

Entrapment Efficiency (%)

The samples were centrifuged at 4°C and 50,000 RPM
for about 30 min with the help of an BUltracentrifuge
(Optima MAX-E ultracentrifuge, Beckman Coulter, Inc.,
Nyon, Switzerland).^ The free quantity of DOP in the
supernatant was analyzed with the help of high-performance
liquid chromatography (HPLC). The percent drug entrap-
ment efficiency (% EE) of the prepared SLNs was calculated
using Eq. (1):

EE ¼ DOPt−DOPf
DOPt

ð1Þ

Where DOPt and DOPf are the amounts of total and free
DOP, respectively.

Differential Scanning Calorimetry

BDSC Shimadzu DSC-60 equipped with an intercooler
(Shimadzu Corporation, Koyoto, Japan)^ was used for
obtaining the thermograms of pure drug, lipids, blank SLN,
and drug-loaded SLNs. The calibration of apparatus was
carried out using indium/zinc standard. The specified amounts
of each sample were taken into aluminum pan which were
hermetically sealed. The samples were heated at the range of
25–200°C at the heating rate of 10°C/min. The gas used was
nitrogen gas which was purged at a flow rate of 50 ml/min.

Scanning Electron Microscopy

The shape and morphology of the surface of the
prepared SLNs was evaluated with the help of a BSEM
Microscope (Zeiss EVO LS10; Cambridge, UK).^ The
samples were fixed on stubs with the help of BDouble-Sided
Adhesive Carbon Tape (SPI Supplies, West Chester, USA)^

Table I. Composition of the Prepared Solid Lipid Nanoparticle
Formulations

Ingredients Formulation codes

F1 F2 F3 F4 F5

DOP (mg) 50 50 50 50 50
Imwitor® 900 K (mg) – 450 – – –

Stearic acid (mg) – – 450 – –
Softisan® 154 (mg) – – – 450 –
Dynasan® 118 (mg) – – – – 450
Tween 80 (%) – 1.5 1.5 1.5 1.5
Sodium deoxycholate (%) – 0.5 0.5 0.5 0.5
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and coated using gold in a BQ150R Sputter Coater Unit
(Quorum Technologies Ltd., East Sussex, UK)^ under
vacuum in an argon atmosphere at 20 mA for 120 s.

In Vitro Release Study

Drug release studies were accomplished with the help of
dialysis membrane (pore size = 2.4 nm and MWCO= 12,000–
14,000 Da). The membrane was treated according to instruc-
tions given by the manufacturer before mounting in a Franz
diffusion cell. Each of the crushed marketed conventional
DOP tablet and pure DOP (10 mg) were suspended in the
buffer used (pH 6.8). A volume of 2 ml (containing equivalent
amounts of DOP) of the suspended DOP and the prepared
SLNs was taken into donor chamber of the cells. The receiver
chamber was filled using a phosphate buffer (pH 6.8). The
receiver compartment was controlled at the temperature of
37 ± 0.5°C and stirred at 100 rpm. At different intervals of
time, 1 ml of the sample was carefully withdrawn from
receiver chamber and replaced with drug-free fresh phos-
phate buffer (pH 6.8). The samples were analyzed by HPLC
method.

HPLC Analysis of DOP in In Vitro Samples

The BHPLC system (Waters™ 600 controller, USA)^
equipped with BWavelength Detector (Waters™ 2487 a dual
absorbance detector, USA),^ BPump (Waters™ 1252 a binary
pump, USA),^ and an BAutomating Sampling System (Wa-
ters™ 717 Plus Autosampler, USA)^ was utilized for the
analysis of DOP in in vitro samples. The HPLC system was
monitored by BEmpower (Water)^ software. DOP was
investigated using mobile phase composed of acetonitrile/
water (31:69) adjusted to pH 2.5 using orthophosphoric acid.
The mobile phase delivered over a reversed-phase BC18

column (μBondapak™, 4.6 × 150 mm, 10 μm particle size,
Waters, USA)^ at a flow rate of 1 ml/min. The volume of
injection for each DOP sample was set at 20 μl. The samples
were detected by UV detector at 284 nm. The whole analysis
was performed at room temperature (21).

In Vivo Pharmacokinetic Study

In vivo pharmacokinetic study on optimized formulation
F5 was accomplished in comparison with DOP conventional
tablet in Wistar male rats. The protocol for this work was
accepted by the BInstitutional Animal Ethics Committee of
Pharmacy College, King Saud University, Riyadh, Saudi
Arabia.^

Animals

Adult male Wistar Albino rats (weighing about 200–
300 g, aging approximately 3 months) were taken from the
BAnimal Care Center, College of Pharmacy, King Saud
University, Riyadh, Saudi Arabia.^ The obtained rats were
kept in metabolic cages under controlled conditions of
temperature and relative humidity (RH) (25°C, 65% RH)
with 12 h light/dark cycles. All the rats were provided free
access to Bstandard rat pellet diet and tap water.^ This study
was followed the instruction of the BResearch Ethics

Committee of College of Pharmacy, King Saud University,
Riyadh, Saudi Arabia.^

Study Protocol

The animals (six animals in each group) were made
unconscious temporarily by exposing to ether vapors. A
single dose of 1.64 mg of DOP from optimized SLN F5 and
suspension of DOP conventional tablets was administered
orally in adult male Wistar Albino rats (22). Required
modifications were carried out and animal dose was calcu-
lated with the help of human dose using the conversion factor
(23). The selected formula was administered after about 8 to
10 h of fasting. At appropriate predetermined intervals of
time (0.5, 1, 2, 4, 6, 8, 10, 14, 15, and 24 h), blood samples
were taken from the retro-orbital plexus of the rat eye by
puncturing the retro-orbital venous plexus with the help of
fine capillary tubes. The blood samples were collected in
heparinized tubes. The blood samples were centrifuged at
5000×g for 10 min and plasma was collected. Plasma samples
were stored at − 20°C until further analysis.

Analysis of DOP Concentration in Rat Plasma by HPLC-UV

The same apparatus and chromatographic conditions as
described for analysis of DOP in in vitro samples were also
utilized for the quantification of DOP in rat plasma except
propranolol was used as internal standard (IS) in this analysis.

Samples were prepared by protein precipitation method
using dichloromethane (DCM). Plasma samples (100 μl) were
transferred to 1.5 ml centrifuge tubes and 100 μl of DOP
solution (5.0 μg/ml in mobile phase) and 100 μl of IS (150 ng/
ml in methanol) were added. The samples were vortexed for
about 5.0 min and 3.0 ml of DCM was added. The samples
were again vortex mixed for 10 min followed by centrifuga-
tion at 3000×g for 10 min. After centrifugation, the superna-
tant was evaporated under dryness in order to obtain residue.
The obtain residue was then reconstituted using 100 μl of
mobile phase and 20 μl of sample was injected into HPLC
system for analysis (24).

Pharmacokinetic Data Analysis

Various pharmacokinetic parameters including Barea
under the drug-concentration time-curve (AUC), half-life
(t1/2) and relative bioavailability^ were calculated with the
help of non-compartmental analysis. However, the values of
Bmaximum plasma concentration (Cmax) and time to reach
Cmax (Tmax)^ were obtained directly from the plasma
concentration-time curve (25).

Statistical Analysis

In vitro parameters were estimated using one-way
ANOVA followed by Dunnett’s test. Unpaired T test was
applied for statistical comparison of pharmacokinetic param-
eters. BGraphpad Instat Software (San Diego, CA, USA)^
was used for statistical analysis and P < 0.05 was considered as
significant.
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RESULTS AND DISCUSSION

Mean Particle Size, PDI, and Zeta Potential

Figure 1 depicts the mean particle size of the prepared
SLN formulations. According to this figure, the mean particle
size was found as 171.3 ± 8.01, 191.4 ± 5.11, 149.4 ± 0.99, and
201.4 ± 6.12 nm for SLNs prepared using Imwitor 700 K (F2),
stearic acid (F3), Softisan 154 (F4), and Dynasan 118 (F5),
respectively. It was observed that the SLNs containing
Dynasan lipid showed the biggest particle size. However,
formulation containing Softisan 154 showed the smallest one.
This small particle size of the developed SLNs was possible
due to the presence of Tween 80 which is capable of reducing
the interfacial tension between lipid matrix and external
medium. Tween 80 also stabilizes the SLN formulations as
reported in literature (26). The difference in particle size
among different SLNs may be not only due to difference in
the fatty chain length of the lipids but also to differences in
melting points. The melting points have been reported as 75,
70, 61, and 57°C for Dynasan, stearic acid, Imwitor 700 K,
and Softisan 154, respectively (27). It has been proposed that
the higher melting points of lipids related with higher particle
size (28).

The PDI values of different SLNs are presented in Fig. 2.
From this figure, it was found that PDI of the prepared SLNs
is less than 0.1. This indicates that the preparations have an
ideal and a narrow size distribution and are monodispersions
(29).

Figure 3 exhibits the mean zeta potential of the prepared
SLNs. From this figure, it was observed that the zeta potential
values of prepared SLNs were negative and varied between −
4.6 and − 30.4 mV. The negative values of the zeta potential
indicated the stability of the prepared SLNs by maintaining
electrostatic repulsion between the particles (30). Lipid type
had an impact on the zeta potential value of the SLNs. SLNs
of Imwitor showed the maximum negative zeta potential
value which might be due to the fact that highly negative
charges are distributed at the surface of these SLNs.
However, the negative value of SLNs of Softisan 154 showed
the lowest negative zeta potential value (31).

% EE of SLNs

Figure 4 depicts the results of % EE of the SLN
formulations. It was noticed that the % EE of SLNs prepared
using stearic acid had higher value (79.4 ± 0.2), while that of
SLNs containing Softisan 154 had the lowest value (41.1 ±
0.6). This might be due to the fact that stearic acid is long-
chain fatty acid which could create a less ordered solid lipid
matrix and leaves enough space to accommodate drug
molecules (32). This could also might be due to the solubility
of the drug in the melted stearic acid (33).

DSC Study

Differential scanning calorimetry (DSC) thermograms of
DOP, lipids, and SLNs are shown in Fig. 5. The thermogram
of DOP was characterized by melting endotherm at 253.79°C

Fig. 1. Mean particle size of the prepared SLNs

Fig. 2. Mean polydispersity index of the prepared SLNs

Fig. 3. Mean zeta potential of the prepared SLNs

Fig. 4. % entrapment efficiency of the prepared SLNs
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with a fusion enthalpy (ΔH) value of − 40.19 kj/mol. The
melting temperature of DOP obtained in this study was same
as reported in literature (10). Therefore, DSC results of DOP
were in accordance with literature. This sharp endothermic
peak of the DOP suggested the pure crystalline state of this
drug. DSC study is shown that the endothermic peak of the
DOP was completely disappeared in the thermograms of
DOP-loaded SLNs for all lipids used. This observation
suggested the complete solubilization of DOP inside the lipid
matrix (34). The disappearance of the endothermic peak of
the DOP in SLNs could be attributed to the presence of the
DOP in the amorphous state in the melted lipids (35).

SEM Study

The scanning electron microscopy (SEM) photograph of
the selected formulations (F3 and F5) is shown in Fig. 6. It
was noticed that the SLNs were spherical in shape with a
smooth surface. The SEM image showed that some of the

nanoparticles were adhered together and this might be due to
the nature of lipid used. This adhesion could also be due to
preparation of the formulations prior to SEM analysis (36).

In Vitro Release Study

The in vitro drug release patterns of conventional DOP
tablets, DOP (F1), and DOP-loaded SLNs (F2–F5) are shown
in Fig. 7. From this figure, it was found that the percent
cumulative amount of DOP released from F1 was smaller
than other formulations and this might be attributed to the
basic nature of the drug which has limited solubility at higher
pH values (37). On the other hand, the percent cumulative
amount of DOP released from the conventional DOP tablets
was higher than other formulations and 100% was obtained
after about 90 min.

Regarding formulations F2–F5, it was observed that the
release of DOP was burst release from all formulations at first
step which was possible due to the presence of the DOP

Fig. 5. DSC thermograms of drug (DOP) and the prepared SLNs

Fig. 6. SEM of the prepared DOP-SLNs containing stearic acid (a) and DOP-SLNs containing Dynasan 118 (b)
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molecules at the outer surface layer of the particles. The
cumulative percent release values were 51.3 ± 2.84%, 11.31 ±
1.96%, 11.52 ± 3.15%, 10.56 ± 3.23%, and 7.42 3.2% for F1,
F2, and F3, F4, and F5, respectively. This pattern might be
attributed to the length of the triglyceride chains of the lipid.
Dynasan 118 in F5 contains long glyceride chain as compared
to other lipids in other formulae (Imwitor 900 K in F1, stearic
acid in F2, and Softisan 154 in F3). That is to say a delayed
drug release for F4 than that for formulations having shorter
chains (F1, F2, and F3) (38). Generally, the release of DOP
was slow and sustained from all SLN formulations. This might
be due to the fact that the drug is strongly bound with the
lipids. Many researchers reported this biphasic type of release
from SLNs (39–41). This biphasic release pattern might be
attributed to lack of uniformity in drug distribution in SLNs
leads to adsorption of the drug on the outer surface of the
formed SLNs (41).

In Vivo Pharmacokinetic Studies of DOP

The most significant cause in terms of product perfor-
mance is the evaluation of their in vivo bioavailability. SLN
formulations were investigated successfully in order to
enhance the bioavailability of various poorly soluble drugs
in humans and animals (39–41).

It is well known that DOP absorbed completely from the
gut (42). Thus, when the marketed DOP conventional tablet
is administered orally in Wistar rat, it was absorbed rapidly.
The Cmax value was obtained as 25.31 μg/ml within 2 h. The
drug plasma concentration declined quickly after the first 2 h.
However, there was no drug being detected after 10 h of oral
administration (42).

Figure 8 exhibits the mean plasma concentration-time
curves of DOP upon oral administration of DOP tablet and
optimized SLN F5 into rats at a dose of 10 mg/kg body
weight. Different pharmacokinetic parameters for DOP from
conventional tablets and optimized SLN F5 are presented in
Table II.

As revealed in Table II, AUC0–24 values of F5 and
conventional DOP tablet were obtained as 205.43 ± 30.61 μg/
ml/h and 78.40 ± 70.19 μg/ml/h. This reflected that formula-
tion F5 showed AUC0–24 significantly higher than that of
conventional DOP tablet (P < 0.01). Regarding Cmax, the
value from F5 (22.97 ± 7.22 μg/ml) was significantly low than
that from conventional DOP tablet (25.31 ± 10.67 μg/ml)
(P < 0.01). Based on a comparison of the Tmax values, the
Cmax reached time in F5 group (10 ± 0.19 h) was significantly
longer in comparison with conventional DOP tablet group (2
± 0.3 h) (P < 0.01). Hence, sustained drug plasma levels were
obtained with formulation F5 suggesting rate-controlled drug
release behavior of DOP from F5 in comparison with
conventional DOP tablet. AUC0–24 of DOP suspension after
oral administration has been reported as 1.74 μg/ml/h after
oral administration in rats (17). In this work, AUC0–24 of
DOP conventional tablets and optimized formulation F5 were
obtained as 78.40 and 205.43 μg/ml/h, respectively, which
were significant in comparison with reported value (P < 0.01).
The Tmax and Cmax of DOP suspension after oral administra-
tion in rats have been reported as 0.50 h and 0.24 μg/ml,
respectively (17). In this work, the Tmax and Cmax of DOP
from DOP tablet after oral administration in rats were
obtained as 2.00 h and 25.31 μg/ml, respectively, which were

Fig. 7. In vitro release of marketed conventional DOP tablet, DOP
(F1), and SLN formulations (F2–F5); mean ± SD, n = 5

Fig. 8. Plasma concentration-time curve after single oral administra-
tion of DOP-SLNs (F5) in comparison to conventional DOF tablets
(equivalent to 10 mg DOP); mean ± SD, n = 6

Table II. Pharmacokinetic Parameters of DOP After a Single
Administration of Conventional Tablets of DOP and F5 into Rats

at a Dose of 10 mg/Body (n = 6)

Parameters F5 Conventional
DOP tablet

Tmax (h) 10 ± 0.19* 2 ± 0.3
Cmax (μg/ml) 22.97 ± 7.22* 25.31 ± 10.67
AUC0–24 (μg/ml/h) 205.43 ± 30.61* 78.40 ± 70.19
T1/2 (h) 2.28 ± 5.4* 0.82 ± 7.32
Relative bioavailability (%) 262.00* 100.00

Mean ± SD, n = 6; *P 0.05 significant compared to DOP conven-
tional tablets
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also significant in comparison with reported values (P < 0.01).
The relative bioavailability of optimized formulation F5 with
respect to DOP conventional tablets was recorded as
262.00%. The in vivo absorption of DOP from optimized
SLN F5 resulted in 2.62-fold enhancement in oral bioavail-
ability as compared with its conventional tablets. The possible
reason for enhancement in oral absorption/bioavailability of
DOP from SLN F5 was possible due to the particle size in
nanometer range, sustained DOP release profile, and the
presence of solubilizers and bioenhancers such as Tween-80
and Dynasan 118 in SLN F5 in comparison with conventional
tablets.

CONCLUSIONS

In order to obtain sustained release profile and to
enhance oral bioavailability of DOP, various SLN formula-
tions were developed and evaluated using different excipients
in this work. Prepared formulation was characterized physi-
cochemically and evaluated for in vitro drug release studies.
Formulation F5 was optimized and chosen for in vivo
pharmacokinetic studies in rats. Pharmacokinetic studies in
rats suggested that optimized SLN F5 controlled the absorp-
tion of DOP as compared with DOP conventional tablets.
The oral bioavailability of DOP from SLN F5 was around
2.62 times higher than DOP conventional tablets. These
results suggested that the developed SLN formulation could
be used as an alternative of tablet dosage form of DOP for an
effective treatment of nausea and vomiting.
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