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ABSTRACT. Self-nanoemulsifying drug delivery system (SNEDDS) can be used to improve dissolution
of poorly water-soluble drugs. The objective of this study was to prepare SNEDDS by using ternary phase
diagram and investigate their spontaneous emulsifying property, dissolution of nifedipine (NDP), as well
as the pharmacokinetic profile of selected SNEDDS formulation. The results showed that the composition
of the SNEDDS was a great importance for the spontaneous emulsification. Based on ternary phase
diagram, the region giving the SNEDDS with emulsion droplet size of less than 300 nm after diluting in
aqueous medium was selected for further formulation. The small-angle X-ray scattering curves showed no
sharp peak after dilution at different percentages of water, suggesting non-ordered structure. The system
was found to be robust in different dilution volumes; the droplet size was in nanometer range. In vitro
dissolution study showed remarkable increase in dissolution of NDP from SNEDDS formulations com-
pared with NDP powders. The pharmacokinetic study of selected SNEDDS formulation in male Wistar
rats revealed the improved maximum concentration and area under the curve. Our results proposed that
the developed SNEDDS formations could be promising to improve the dissolution and oral bioavailability
of NDP.

KEY WORDS: nifedipine; poorly water-soluble drug; self-emulsifying drug delivery system; spontaneous

emulsification.

INTRODUCTION

Oral route is the most convenient and preferred route of
drug delivery as it offers a good patient compliance. However,
40% of drugs delivered via the oral route have limited thera-
peutic efficacy due to poor water solubility (1-4). Convention-
al techniques, such as salt formation, micronization,
solubilization using cosolvents, use of permeation enhancers,
oily solutions, and surfactant dispersions that were previously
employed to increase oral bioavailability revealed limited util-
ity. Although recently developed strategies, such as new solid
dispersion technology and inclusion complexes using cyclo-
dextrins (5), exhibit good potential, they are successful in
some cases and are specific to drug candidates. The use of
self-nanoemulsifying drug delivery system (SNEDDS) is one
of the interesting approaches (1,6).
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SNEDDS can be defined as an anhydrous form of
nanoemulsions. It is an isotropic mixture of oil, surfactant,
co-surfactant, and drug, which spontaneously forms thermo-
dynamically stable oil-in-water nanoemulsions (usually with
droplet size between 100 and 300 nm) when introduced into
aqueous phase under gentle agitation conditions (7). The
availability of drug for absorption can be enhanced by presen-
tation of the drug in solubilized form within a colloidal disper-
sion (4). The benefits of SNEDDS also include possibility of
filling them into unit dosage forms (e.g., soft/hard gelatin
capsules), preserving physical and chemical stability upon
long-term storage, improving the bioavailability of poorly
water-soluble drugs, and reducing the blood profile variation
in the patients faced with GI problem (8,9). SNEDDS can be
prepared based on hydrophilic-lipophilic balance (HLB) of
surfactant (e.g., Weerapol et al. (10)) or ternary phase diagram
(e.g., Xietal (11) and Zhao et al. (12)). By using ternary phase
diagram, every ratio of selected surfactant and oil can be
compared easily to select the surfactant, co-surfactant, and
oil combinations. Upon contact with aqueous medium, the
SNEDDS formulations are self-emulsifying and very fine dis-
persions (or nanoemulsions) are then formed spontaneously
(13) because the free energy required to form the emulsion is
either low and positive or negative. This dilution behavior is a
characteristic for the formulations although the final droplet
size is further affected by the digestion process in the body
(14). In fact, the volume of aqueous fluid used for dilution of
SNEDDS may influence the size of the emulsion droplets
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formed as well as the drug dissolution profile. Mostly, the
amount of aqueous fluid used for dilution study was fixed to
100-fold (15,16) or 250-fold (5,17) of the dose. Different aque-
ous volumes used for dilution would perhaps be the topic for
investigation, in order to ensure the robustness to dilution of
the SNEDDS formulations.

The process of spontaneous emulsification proceeds
through formation of liquid crystals (LC) and gel phases. Re-
lease of drug from SNEDDS is highly dependent on LC formed
at the interface, since it is likely to affect the angle of curvature
of the droplet formed and the resistance offered for partitioning
of drug into aqueous media (18). Currently, knowledge about
the phase transition during the emulsification process of
SNEDDS is rather limited. Small-angle X-ray scattering
(SAXS) can be used to probe the structure of nanoemulsions
spontaneously formed. Using short wavelengths, <10 A, com-
pared with the droplet size, it is possible to obtain accurate
measurements of the structure factor. Phase behavior of o/w
emulsion as spontaneous emulsion was studied after equilibrat-
ing in aqueous medium for 48 h (19,20). However, the sponta-
neous emulsification of SNEDDS at the time relevant to gastric
emptying (1-2 h) has not been reported.

In this study, nifedipine (NDP) was used as a model
poorly water-soluble drug (MW of 346.3 g/mol, solubility
5.8 pg/mL in water, pK, <1, log P 2.50) (21). The drug
dissolution from its stable crystalline form was reported to be a
limiting step during drug absorption process, resulting in a
poor drug bioavailability (22). Therefore, the aim of this study
was to prepare NDP-loaded SNEDDS by ternary phase dia-
gram and investigate the physical properties and drug disso-
lution behavior. The effect of volume of water used for
diluting SNEDDS on spontaneous emulsification was studied.
The relative oral bioavailability of the selected SNEDDS
versus the NDP powder was also evaluated in male Wistar
rats.

MATERIALS AND METHODS

Materials

NDP was purchased from Jintan Xilin Pharmaceutical
Raw Material Co., Ltd. (Jiangsu, China). Caprylic/capric glyc-
eride (CCG; Imwitor® 742) was purchased from Sasol Ger-
many (Hamburg, Germany). Polyoxyl 40 hydrogenated castor
oil; HLB 14.0-16.0 (Cremophor® RH40, referred as P40) and
Polyoxyl 35 castor oil; HLB 12.0-14.0 (Cremophor® EL,
referred as P35) were a gift from BASF (Thai) Ltd. (Bangkok,
Thailand). Diethylene glycolmonoethyl ether; HLB 4.0
(Transcutol® HP, referred as DGE) was supported form
Gattefosse (Saint-Priest Cedex, France). Other chemicals
were of reagent or analytical grade and used without further
purification. Distilled water was used in all preparations. The
simulated gastric fluid USP without pepsin (SGF) was pre-
pared by dissolving 2 g of sodium chloride and 7 mL of
hydrochloric acid into distilled water and adjusting volume
to 1000 mL, pH to 1.2, and used as test medium.

Construction of Ternary Phase Diagram

The range of the self-emulsifying formulations that could
form spontaneous emulsification under dilution and gentle
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agitation was identified from ternary phase diagram of sys-
tems containing oil, surfactant and co-surfactant. A series of
self-emulsifying formulations were prepared using various
concentrations of oil (CCG, 10-98%, v/v), surfactant (P35 or
P40, 0-90%, v/v), and co-surfactant (DGE, 2-90%, v/v), at
25°. The obtained formulations (0.1 mL) were introduced into
19.9 mL (199-fold) of water in a test tube and then mixed
gently. The tendency to spontaneously emulsify was observed
visually while the progress of emulsion droplets was observed,
in triplicate, by laser diffraction particle size analyzer (model
LA-950, Horiba Ltd., Japan). The formulations with emulsion
droplet size of 100-300 nm, resulting from dilution, were
selected for preparing of SNEDDS formulations.

Preparation of SNEDDS Formulations

According to the results from the ternary phase diagram,
selected ratios of CCG/P35/DGE and CCG/P40/DGE which
provided the droplet sizes between 100 and 300 nm were used
for NDP loading (80 mg/mL). The oil, surfactant, and co-
surfactant were mixed at 25°C, under light-protected condi-
tion, until clear solution was obtained. Then, excess amount of
NDP (500 mg) was added to the mixtures and mixed thor-
oughly. The resultant formulations were shaken at 25°C for 72
h, in dark conditions, before further analysis of NDP content.
The formulations with the highest NDP loading (dissolved
NDP) were chosen for further investigation.

Analysis of NDP Content

After equilibration for 72 h, the mixtures were centri-
fuged at 3500 rpm (1166xg) for 15 min to remove the undis-
solved NDP and supernatants were analyzed for NDP content
using high-performance liquid chromatography (HPLC; mod-
el JASCO PU-2089plus quaternary gradient inert pump, and a
JASCO UV-2070plus multiwavelength UV-vis detector,
Jasco, Japan) using Luna 5u C18 column (5 pm, 4.6 nmx
25 cm; Phenomenex, USA). The mobile phase composing of
water, acetonitrile, and methanol (50:25:25) was filtered
through a 0.22-um membrane filter and degassed in a
sonicator bath before use. The flow rate of mobile phase was
1.0 mL/min, and the UV detection wavelength was 235 nm.

Robustness to Dilution

Robustness to dilution is important for SNEDDS formu-
lation to ensure that the nanoemulsion formed has similar
properties at different dilutions to achieve uniform drug re-
lease behavior and that the drug will not precipitate at higher
dilution in the body, which may retard the absorption of the
drug from the formulation (7). Robustness of SNEDDS for-
mulation to dilution was studied by diluting them with water at
different dilutions (e.g., 0.01-1000-fold) and equilibrating for
30 min before investigation. The sign of phase separation or
precipitation was also observed. Droplet size and size distri-
bution of the formed nanoemulsions (n=3) were investigated
by photon correlation spectroscopy (model Nano ZS,
Malvern, England).
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Determination by Small Angle X-ray Scattering

The samples for SAXS determination were prepared by
diluting selected SNEDDS containing NDP (80 mg/mL) with
various amounts of water or SGF (0.01-, 0.02-, 0.04-, 0.06-, 0.09-,
0.11-,0.18-,0.25-, 0.67-, 1.5-, 4-, 99-, 199-, and 302-fold) to perform
nanoemulsions. The obtained nanoemulsions were incubated at
25°C for 1 or 2 h. The experiments were performed with SAXS
instrument, beamline BL2.2: small/wide angle X-ray scattering
(SAXS), installed at Synchrotron Light Research Institute (Public
Organization), Nakhon Ratchasima, Thailand. The SAXS scat-
tering data were acquired using a large area pixel detector (165
mm diameter CCD; model Mar SX165, Marresearch Ltd., USA)

a
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with pixel size of 165x165 mm. The sample was filled into a cell
placed between polyimine film (Kapton®, Dupont™, USA) win-
dow (at q 0.074-1.100 nm'). The distance from sample to
detector was 2930 mm, and the X-ray energy was 8 keV. The
SAXS measurements were performed at 25°C. The raw scatter-
ing data were background corrected, integrated, and calibrated
using a SAXS Image Tool (SAXSIT) analysis suite, version 3.3
(SLRI, Thailand), which is available at the beamline.

Transmission Electon Microscopic Examination

Selected SNEDDS formulations were examined under
transmission electron microscope (model JEM-1230, JOEL

P40
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O Microemulsion @® Emulsion ¢ Emulsion
(d <100 nm) (100 < d < 300 nm) (d > 300 nm)

Fig. 1. Ternary phase diagrams of a P40, CCG, and DGE and b P35, CCG, and DGE.
Diagrams were studied at 25°C. Different symbols indicate the size of emulsions obtained
after dilution in water
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corp., Japan) by dispersing in distilled water (199-fold) before
dropping and drying on the copper grid. The samples were
determined at TEM accelerating voltage of 200 keV.

In Vitro Dissolution Study

The dissolution test was carried out using USP dissolution
apparatus II (model PWS3C, Pharma Test, Germany) with 900
mL of SGF (pH 1.2) as a dissolution medium at 37+0.5°C. The
paddle speed was adjusted to 50 rpm. Selected NDP-loaded
SNEDDS formulations (equivalent to 10 mg of NDP) filled in
hard capsules were put into a sinker before placing in a dissolu-
tion vessel, which was protected from light. During the study,
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5-mL aliquots were removed at predetermined time intervals
from the dissolution medium and 5 mL of fresh medium were
replaced. Samples were withdrawn from the dissolution vessels
at 5, 10, 15, 30, 60, 90, and 120 min and passed through 0.45-um
nylon membrane filters before analysis. The amount of NDP
dissolved in the dissolution medium was determined by HPLC,
as mentioned above. The dissolution experiments were carried
out in triplicate.

Bioavailability Studies

The oral bioavailability of NDP from selected SNEDDS
formulation was compared with that of NDP powder. The
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Fig. 2. Ternary phase diagrams showing the ratios of SNEDDS selected for NDP solubility
study; a ternary phase diagram of P40, CCG, and DGE and b ternary phase diagram of P35,
CCG, and DGE
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in vivo studies were modified form the study of Burapapadh
and coworkers (23). The experiments were performed in male
Wistar rats (Rattus norvegicus, 8 weeks, 300-350 g, Southern
Laboratory Animal Facility, Prince of Songkla University,
Thailand) and less than 3 rats were stored in a cage, subjected
to 12-12-h cycles of light and darkness, with free access to
food and water. The rats were fasted for 24 h before experi-
ment in order to avoid food influence on drug absorption. The
rats were administrated with the formulation at a dose of 10
mg of NDP/kg body weight (n=5). Before administration to
rats, the samples, equivalent to 5 mg of NDP, were dispersed
in 1 mL of 0.5% (w/v) sodium carboxymethylcellulose solu-
tion by vortexing the mixtures for 5 min. Then, 1 mL of
dispersion composing of NDP (5 mg/mL) was orally adminis-
tered into rats. Before collecting the blood sample, the cathe-
ters were flushed with heparin solution not more than 1 day.
Blood samples of approximately 600 uL were collected from
the jugular vein at 0, 0.5, 1, 2, 4, 6, 12, and 24 h after dosing,
and then placed into microcentrifuge tubes with light protec-
tion. The collected samples were centrifuged at 10,000 rpm
(3330%g) for 5 min, and then plasma was extracted and trans-
ferred to a microcentrifuge tube. All samples were kept at
—20°C before drug content determination with HPLC.

Prior to HPLC analysis, plasma was removed from the
frozen samples and allowed to equilibrate to room tempera-
ture. The 200 pL of plasma were placed to another tube and
the protein was precipitated by adding 800 pL of acetonitrile
and mixed by vortex mixer for a minute. The mixtures were
held still for 20 min before evaporation of solvent. The pre-
cipitates were dissolved in 150 uL of methanol and then
determined the drug content by HPLC. The area under the
plasma concentration-time curve (AUC) was calculated. The
samples were analyzed by a HPLC (model Agilent 1100 Series
HPLC System equipped with a photodiode array detector,
Agilent Technologies, USA) using Luna 5u C18 column
(5 pm, 4.6 nmx=25 cm; Phenomenex®, USA). The analysis
methods were applied form the studies reported (24,25). The
solvent system is composed of solvent A (100% methanol)
and solvent B (0.05% phosphoric acid). A 30-min linear
gradient from 70% B to 0% B was applied at a flow rate
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of 1 mL/min, followed by a 10-min isocratic elution at 0%
B and then a 10-min wash at 0% B, before returning to the
starting condition. NDP was detected by monitoring of UV
absorbance at 235 nm, and it was quantified by comparison
of peak areas to a standard curve. All experiments were
approved by the ethics committee for the use of laboratory
animals, Faculty of Pharmacy, Silpakorn University, under
the permission number 001/2013 and monitored by Department
of Physiology, Faculty of Science, Prince of Songkla University.

RESULTS AND DISCUSSION
Construction of Ternary Phase Diagram

Ternary phase diagram was constructed in the absence of
NDP in order to find the self-emulsifying regions and suitable
concentration of oil, surfactant and co-surfactant. Based on
previous work (10), P40 and P35 were used as oil phase, CCG
was used as surfactant and DGE was used as co-surfactant for
constructing different ternary phase diagrams. The spontane-
ous emulsifying properties were observed visually as well as
by particle size analysis. The ternary phase diagrams contain-
ing P40/CCG/DGE and P35/CCG/DGE are presented in Fig.
1a, b, respectively. It was found that incorporation of surfac-
tant of at least 10% resulted in clear or slightly bluish emul-
sions with droplet size between 100 and 300 nm while the
surfactant concentration less than 10% resulted in turbid
emulsions with droplet size more than 300 nm. Similar results
were observed between the two surfactants (P40 and P35).
The incorporation of co-surfactant, DGE, within the self-
emulsifying region increased the spontaneity of self-
emulsifying process. Clear microemulsions with the size less
than 100 nm were obtained when concentration of CCG was
10-30% (for P40) or 10-20% (for P35). These formulations
were not selected for further investigation because the con-
centration of DGE used was too high.

Among all formulations having the droplet size between 100
and 300 nm, 17 formulations, for each surfactant, were chosen for
NDP loading, as shown in Fig. 2. The drug loading capacity of
NDP-loaded SNEDDS formulation was determined (Table I). It

Table I. Solubility of NDP in Different Formulations of SNEDDS (Mean+S.D., n=3)

Formulation Ratio of P35:CCG:DGE Solubility (mg/mL) Formulation Ratio of P40:CCG:DGE Solubility (mg/mL)
1 7:3:0 20.8+0.4 A 7:3:0 27.5+1.7
2 7:2:1 22.8+1.9 B 7:2:1 429+1.2
3 7:12 412+3.0 C 7:1:2 454+1.3
4 8:2:0 26.4+1.0 D 8:2:0 32.9+1.8
5 8:1:1 31.8+1.0 E 8:1:1 34.3+2.7
6 9:1:0 23.1+3.2 F 9:1:0 18.6+1.3
7 4:1:5 55.0+0.1 G 4:1:5 55.3+0.6
8 3:1:6 34.6+0.1 H 3:1:6 47.7+0.1
9 2:1:7 84.9+0.7 I 2:1:7 92.4+0.4
10 1:1:8 95.8+0.3 J 1:1:8 92.6+0.5
11 3:2:5 65.6+0.5 K 3:2:5 65.4+0.4
12 2:2:6 81.0+0.3 L 2:2:6 79.9+0.3
13 2:3:5 81.5+3.9 M 2:3:5 78.5+0.1
14 3:3:4 57.7+0.1 N 3:3:4 60.8+0.2
15 2:6:2 273+3.7 o 2:6:2 29.8+3.9
16 3:5:2 25.6+3.9 P 3:5:2 30.3+4.7
17 2:5:3 29.2+4.4 Q 2:5:3 35.8+5.4
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is clearly seen that the formulations with high concentration of
surfactant (formulation 1-6 for P35 and formulation A-F for P40)
and those with high concentration of CCG (formulation 15-17
for P35 and formulation O-Q for P40) had a low drug-loading
capacity (ie., 18-35 mg/mL). Higher drug loading (35-96 mg/
mL) was obtained when the formulation with high concentration
of co-surfactant (DGE), i.e., formulation 7-14 and G-N for those
using P35 and P40, respectively. The highest drug loading (about
93-96 mg/mL) was found in formulations containing P35/CCG/
DGE of 1:1:8 and P40/CCG/DGE of 1:1:8. Zhang et al. (26)
reported that the formulation containing Labrafil® M1944 CS/
P40/DGE of 3:5:3 has the highest drug loading with a mean
particle size approximately 140 nm. However, they formulated
in a narrow range of P40 (30-70%) and DGE (25-40%). It has
been reported that the drug incorporated in the SNEDDS may
occasionally have some effects on the self-emulsifying perfor-
mance and/or emulsion droplet size (27). However, in this study,
no significant difference was observed in self-emulsifying perfor-
mance between the SNEDDS and NDP-loaded SNEDDS for-
mulations. Table II demonstrates the droplet size of SNEDDS
formulations (without and with NDP loading) after diluting (199-
fold) in water and SGF. It can be seen that, after diluting in water
or SGF, the droplet size of SNEDDS was significantly increased.
The results are consistent with those of other studies (16,28) that
reported the notable increase in droplet size after drug loading in
the nanoemulsions. It has been suggested that drug molecules
reduce the flexibility of surface film. Drug molecules may also
participate at the interface, resulting in closer and more compact
interfacial film. Therefore, the spontaneous emulsification of
SNEDDS was hindered and nanoemulsions with larger droplet
sizes were obtained (16). However, the increase in droplet size
was less affected by NDP loading in formulation containing P35.
It is possibly due to the less interfacial tension of P35 (42.0 mN/m),
compared with that of P40 (44.0 mN/m) (28,29). SNEDDS without
and with drug were examined under transmission electron micro-
scope (Fig. 3). The emulsion droplet containing NDP clearly
showed the existence of solid phase in emulsion drop. Size of
emulsion was confirmed by TEM that round shaped diameter
was below 200 nm as shown in TEM images.

Robustness to Dilution

Different fold dilutions of selected formulation were ex-
posed to aqueous medium to simulate the in vivo conditions
where the formulation would come across gradual dilution.

Table II. Droplet Size of SNEDDS Formulations After Diluting in
Water and SGF (n=3)

Size (nm)+S.D. (poly-dispersity index)
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0.2 pm

0.2 ym

Fig. 3. TEM images of SNEDDS/P35 after diluting in water (199-
fold); a without drug and b with NDP, at a magnification of x120,000

Table IIT demonstrates the emulsion droplet size after diluting
in different amounts of water. It was found that the droplet
size of emulsions decreased when the amount of water in-
creased except that of SNEDDS/P40 diluting with 4-fold wa-
ter. However, the size of emulsion was still in nanometer

Table III. Droplet Size of SNEDDS Formulations After Diluting in
Various Amounts of Water (n=3)

Formulations

In water

In SGF

SNEDDS/P40
(without drug)
SNEDDS/P35
(without drug)
NDP-loaded SNEDDS/P40
NDP-loaded SNEDDS/P35

127.6+0.9 (0.375)
129.5+0.4 (0.395)

187.9+5.3 (0.358)
132.9+0.5 (0.183)

154.920.1 (0.390)
124.8+0.1 (0.315)

185.4=0.5 (0.352)
132.3+0.4 (0.178)

SNEDDS/P35 contains P35/CCG/DGE at the ratio of 1:1:8, SNEDDS/P40
contains P40/CCG/DGE at the ratio of 1:1:8

Percentages Size (nm)+S.D. (poly-dispersity index)
of water Folds

in samples of water ~ SNEDDS/P35 SNEDDS/P40

1 0.01 n.d. n.d.

2 0.02 n.d. n.d.

4 0.04 n.d. n.d.

6 0.06 n.d. n.d.

8 0.09 n.d. 175.9+6.4 (0.390)
10 0.11 n.d. 435.3+2.4 (0.149)
15 0.18 n.d. 498.3+6.9 (0.119)
20 0.25 167.3£21.3 (0.350)  298.7+1.6 (0.166)
40 0.67 558.1+28.8 (0.136)  198.5+1.9 (0.244)
60 1.50 224.5+1.9 (0.193) 130.1+1.0 (0.317)
80 4.00 298.0+8.6 (0.669) 315.7+17.4 (0.669)
99 99.00 132.9+5.3 (0.158) 187.9+5.0 (0.366)
99.5 199.00 129.5+0.4 (0.395) 127.6+0.9 (0.375)
99.67 302.03 114.5+0.0 (0.194) 155.6+0.6 (0.540)

SNEDDS/P35 contains P35/CCG/DGE at the ratio of 1:1:8, SNEDDS/P40
contains P4A0/CCG/DGE at the ratio of 1:1:8, n.d. not detected (due to the
detection limit of the equipment)
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Fig. 4. SAXS curves of NDP-loaded SNEDDS/P35, diluting with different percentages of

SGF

range, suggesting their robustness to dilution. At high amount
of water, e.g., 500-100-fold, the droplet size was very small and
could not be measured by the equipment used. This result
agreed with Balakumar et al. (30) who reported the acceptable
droplet size (nanometer range) after dilution in 50-, 100-, and
1000-fold of water, providing the robustness to dilution.

Small Angle X-ray Scattering

The SAXS curves of SNEDDS/P35 diluting with different
amounts of SGF are shown in Fig. 4. In distilled water, the
SAXS patterns were similar to those in SGF (data not shown).
The ordered structure was not found in this study, suggesting a
simple, nano-sized, emulsion without any ordered structure.
Formation of nanoemulsions by low-energy method has been
related to phase transitions during the emulsification process,
involving LC phase (20). Hexagonal and lamellar LC are
determined in nanoemulsions composing of 35% water, 65%
P35, 10% CCG and 18% water, 72% P35, 10% CCG (20).
Our previous study (31) also demonstrated that SNEDDS
containing resveratrol, P35, CCG, and water has ordered

structure with the lamellar distances (d-spacing) of less than
20 nm. It seemed that the dilution of the prepared SNEDDS in
water results in both large oil droplets (200-400 nm) in water
and small micelles with the size of 10-20 nm. Surprisingly, this
was not found in the case of formulations containing P35 (or
P40), CCG and DGE. The DGE as co-surfactant may influ-
ence the LC formation. Choi et al.(32) reported the effect of
short-chain alcohols as co-surfactant on pseudo-ternary phase
diagram, the LC region gradually increased in longer carbon
chain of alcohol molecule. The LC regions are not observed
with shorter chain alcohol (ethanol) in all regions of pseudo-
ternary phase diagram.

In Vitro Dissolution Study

The dissolution profiles of NDP, NDP-loaded SNEDDS/
P35 and NDP-loaded SNEDDS/P40 are shown in Fig. 5.
SNEDDS was immediately dispersed after capsule shell was
dissolved within 5 min, suggesting high efficiency of sponta-
neous dispersion. At 60 min, the SNEDDS formulation pro-
vided drug dissolution more than 80% while the dissolution of

100 1 ®
-:g
%04 T e -----""""""
80 -
§ 04 s
'q:, 60
§ 50 A —@— NDP-loaded SNEDDS/P35
1%}
'Sn 40 - --¢-- NDP-loaded SNEDDS/P40
=
5 30 A —{@— NDP powder
20
10 8
0 T T T T T "
0 20 40 60 80 100 120

Time (min)

Fig. 5. Drug dissolution profiles of NDP powder, NDP-loaded SNEDDS/P35, and NDP-
loaded SNEDDS/P40. The data represent the mean+S.D. of results from triplicate
experiments
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Fig. 6. In vivo plasma profiles of NDP-loaded SNEDDS/P35 and NDP powder. (n=5)

NDP powder was less than 20%. This may be due to low free
energy required to form an emulsion of self-emulsifying systems
that allowed spontaneous formation of an interface between oil
droplets and water. Balakrishnan ez al. (30) suggested that the
mixture of oil, surfactant and co-surfactant and water phases
swells, the emulsion droplet size decreases and ultimately the
drug dissolution increases. Moreover, in this study, the improve-
ment in NDP loading and dissolution was achieved, compared
with our previous study (10); the NDP loading was increased
from 30 to 80 mg/mL and the NDP dissolution, at 60 min, was
increased from about 70% to 88-98%.

Bioavailability Studies

The formulation effect on the oral bioavailability of NDP
was evaluated in rats. Figure 6 presents the in vivo plasma
concentration-time profiles of NDP-loaded SNEDDS/P35
comparing with NDP powder. The NDP-loaded SNEDDS/
P35 provided a higher in plasma profile. The Cp,ax of NDP-
loaded SNEDDS/P35 and NDP powder were 1857.8+585.5
and 1145.9+664.8 ng/mL, respectively. The AUC(_ 1, , of
NDP-loaded SNEDDS/P35 was higher than NDP powder
(2.9-fold). The AUC_1, , of NDP-loaded SNEDDS/P35 and
NDP powder were 4082.6+621.7 and 1413.4+388.4 ng/mL h,
respectively. The results agreed with Kommuru et al. (33) who
reported that the delivery of lipophilic compounds (CoQyy) is
improved by the oral SEDDS. Optimized formulation consists
of Myvacet® 9-45 (40%), Labrasol® (50%), and
Lauroglycol® (10%). A 2-fold increase in the bioavailability
was observed for the SEDDS, compared with a CoQ;, pow-
der. In another study reported by Zhao et al. (34), SNEDDS
for the oral delivery of zedoary turmeric oil, containing
zedoary turmeric oil, ethyl oleate, Tween® 80, DGE
(30.8:7.7:40.5:21, w/w), were optimized and tested in vivo.
Oral administration of SNEDDS in rats, AUC and C,,,x in-
creased by 1.7-fold and 2.5-fold, respectively, compared with
the unformulated zedoary turmeric oil.

As described above, dissolution study in SGF (pH 1.2)
shows that the NDP-loaded SNEDDS/P35 had significant
higher (about 7-fold) drug dissolution than NDP powder
(Fig. 5). An increase in bioavailability of SNEDDS, compared
with NDP powder, was fairly low (2.9-fold for AUCy_1, ). It is
possible that digestion of lipid in the formulation could reduce

the solubility of NDP in the gut lumen, which would result in
precipitation of the drug and a decrease in the absorption rate
(8). These observations are in accordance with the results
published by Christiansen et al. (35), who reported a small
difference in in vivo absorption of cinnarizine, when adminis-
tered as liquid SNEDDS to beagle dogs in fasted state.

CONCLUSIONS

The present study has clearly demonstrated the potential
use of SNEDDS for formulating NDP with improved dissolu-
tion and oral bioavailability. After SNEDDS was diluted with
water, the droplet size of about 120 nm was obtained. The
non-ordered structure was proposed after dilution at different
percentages of water, according to the scattering experiment
by SAXS. The dissolution studies revealed that SNEDDS
formulations attributed to higher and faster dissolution of
NDP than NDP powders. The selected SNEDDS formulation
gave a higher AUC and Ci,,x than NDP powder. The present
study may serve as an approach for the formulation develop-
ment of poorly water-soluble drugs in liquid form.
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