ejbps, 2015, Volume 2, Issue 7, 96-111.

Research Article

SJIF Impact Factor 2.062

EUROPEAN JOURNAL OF BIOMEDICAL
AND PHARMACEUTICAL SCIENCES
http://www.ejbps.com

ISSN 2349-8870
Volume: 2
Issue: 7
96-111
Year: 2015

SEDDS: NANOCARRIER SYSTEM FOR A NEW CARDIAC DYSFUNCTION DRUG

Beatriz Zanchetta'?, Marco Vinicius Chaud® and Maria Helena Andrade Santanal”

'Department of Engineering of Materials and Bioprocesses, School of Chemical Engineering, University of Campinas,
13083-852 Campinas, SP, Brazil.
’Department of Research and Innovation, Cristalia Chemical and Pharmaceutical Industry, 13970-970 Itapira, SP,
Brazil.
3Laboratory of Biomaterials and Nanotechnology of the University of Sorocaba, University of Sorocaba, 18023-000
Sorocaba, SP, Brazil.

*Author for Correspondence: Maria Helena Andrade Santana
Department of Engineering of Materials and Bioprocesses, School of Chemical Engineering, University of Campinas, 13083-852 Campinas,
SP, Brazil.

Article Received On 28/09/2015 Article Revised On 17/10/2015 Article Accepted On 07/11/2015

ABSTRACT

The aim of this research was to screen and select components for formulation development of a self-emulsifying
drug delivery systems of LASSBi0-294 (3,4-methylenedioxybenzoyl-2- thienylhy-drazone) for oral
administration. The screened components were long and medium chain oils, surfactants with Hydrophile—
Lipophile Balance between 4 to 17 and an alkane diol and glycil esther or glycol ether as cosurfactants. The
selection was driven by the ability of selected surfactants to emulsifying the selected oils as well as by the
properties of the emulsions such as mean diameter of the droplets, polydispersity index, zeta potential and
turbidity. LASSBIi0-294 solubility was evaluated quantitatively in oils, surfactants and cosurfactants and by
compatibility using DSC. Mean diameter, polydispersity index and zeta potential were evaluated by dynamic light
scattering method, as well as turbidity. Labrafac PG, Labrasol, and Transcutol HP were selected as the best
promising components for SEDDS development of LASSBi0294. Although LASSBIi0-294 is more soluble in the
surfactants than in the screened oils, the components were rapidly dispersed into fine droplets with mean diameter
176.83 nm, polydispersity index 0.216, turbidity 91.97 NTU, and zeta potential - 38.43 mV. The screening and
selection of components allowed obtaining a nanosized emulsion with low polydispersity and electrostatic
stability. This formulation in the SEEDS form is promising with carrier of LASSBi0-294.

KEYWORDS: Drug Delivery Systems, Emulsion, Lipids, Nanoparticles, Oral Drug Delivery, Poorly water-

soluble drug, Self-emulsifying, Surfactant, Bioavailability, Biomimetics.

1. INTRODUCTION

LASSBio 294 (L294), 3,4-methylenedioxybenzoyl-2-
thienylhydrazone, is a new compound that represents an
alternative therapy for cardiac dysfunction. It has been
investigated as a potent positive cardiac inotropic agent
with vasodilator properties. The identification of its
actuation allowed the suggestion of a novel mechanism
for a positive cardio inotropic effect that is based on a
pronounced increased accumulation of calcium into the
sarcoplasmic reticulum (Barreiro, 2002). In terms of
physicochemical properties, L294 is a weakly acidic
drug (pKa = 10.8) that is poorly insoluble in water.
Therefore, it remains unionised in the stomach and
intestine.

The low solubility of many new drug candidates is a

substantial challenge facing pharmaceutical development
(Lipinski, 2000). For oral administration, drug solubility
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is one of the rate-limiting parameters to achieve their
desired concentration in systemic circulation for
pharmacological response (Chaudhary et al., 2012). In
particular, permeability is affected by a number of
factors, including lipophilicity, the molecular size of
drug, and its affinity to influx or efflux transporter
proteins (Chaudhary et al., 2012).

The absorption of orally administered drugs depends on
both complex biological processes (i.e. passive
membrane penetration, active transport mechanisms and
metabolism in the gastrointestinal (GI) tract) and
physicochemical  properties, such as solubility,
dissolution rate and dissociation constants (Wessel et al.,
1998). Besides the above-cited factors, bioavailability
also depends on first-pass metabolism, pre-systemic
metabolism and susceptibility to efflux mechanism.
However, among the above-cited factors, solubility is the
primary control of drug absorption in the GI tract and
further drug bioavailability (Savjani et al., 2012,
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Kostewicz et al., 2002). In addition, the amount of drug
solubilised within the GI tract is affected by the
characteristics of the Gl fluids, e.g. volume, pH, level of
surfactants and the physicochemical characteristics e.g.
lipophilicity and pKa.

Several studies have demonstrated that SEDDS improve
the bioavailability of a number of compounds (Barakat,
2010, Kang et al., 2004, Kommuru et al., 2001, Nielsen
et al., 2008, Patel and Vavia, 2007, Shafiq et al., 2007). It
is believed that this increase in bioavailability is
achieved by presenting drugs in a solubilised state (Bates
and Sequeira, 1975, Kadu et al., 2011) and by increasing
the rate and extent of drug release, as well as the stability
of the emulsion (Mahapatra et al., 2014). SEDDS are
reported to assist the absorption of poorly soluble drugs
by facilitating the formation of an emulsion that is
capable of maintaining the drug in solution for the
duration of its transit through the GI tract (Fatouros et
al., 2007, Pouton, 2000).

SEDDS are mixtures of oil, surfactant, cosurfactant and
drug that increase the bioavailability of poorly water-
soluble drugs. When orally administered, the conceptual
basis of SEDDS action relies on the substance’s ability
of in situ formation of a fine oil-in-water (o/w)
micro/nanoemulsion under gentle agitation following
dilution by aqueous phases, such as Gl fluids (Chaudhary
et al., 2012). The digestive motility of the stomach and
intestine provides the agitation required for self-
emulsification in vivo (Nazzal et al., 2002, Patel and
Vavia, 2007, Shah et al., 1994). Therefore, SEDDS are
good candidates for oral delivery of hydrophobic drugs
with adequate solubility in oils or oil/surfactant blends
(Kommuru et al., 2001, Tang et al., 2007).

The advantages of these drug delivery systems include
not only improved drug solubilisation but also enhanced
release and absorption properties due to the large
interfacial ~ surface  area  provided by the
micro/nanocemulsion (Nekkanti et al., 2010). Other
advantages include increased stability of drug molecules
and the possibility of administering the formulation in
gelatine capsules (Pouton, 2000).

Lipid (oil phase) is an essential component of SEDDS
formulations. Not only can the lipid facilitate self-
emulsification but also has the propensity to augment the
fraction of drug transported via the intestinal lymphatic
system, thereby increasing its absorption from the Gl
tract (Porter et al., 2007). Modified long- and medium-
chain triglyceride oils with varying degrees of saturation
or hydrolysis, have been widely used for the design and
development of SEDDS formulations (Singh et al.,
2009b). These oils offer different types of formulations
and physiological advantages because their degradation
products should be similar to the natural products of
intestinal digestion; furthermore, many cases have shown
the ability to reduce or eliminate the influence of food on
the absorption of drugs (Chen, 2008, Joshi et al., 2008).
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The most important criterion for the screening of
components for nano/microemulsion is the drug’s
solubility in oils, surfactants and cosurfactants. The
ability of SEDDS to maintain the drug in solubilised
form is influenced by the solubility of the drug in the oily
phase (Thankachen et al., 2014). An important criterion
for selection of surfactants is the HLB value, and then
the issues that govern the selection of a surfactant are its
HLB and safety. Surfactants can solubilise relatively
high amounts of hydrophobic drug compounds.
However, if the surfactant and cosurfactant largely
contribute toward solubilisation, then there isn’t a risk of
drug precipitation (Thankachen et al., 2014). The most
widely recommended emulsifiers include non-ionic
surfactants because of their relatively high HLB values
(Fernandez-Tarrio et al., 2008, Wakerly et al., 1986) and
because they are also considered safer than ionic
surfactants (Nielsen et al., 2008, Wakerly et al., 1986,
Swenson et al., 1994).

Although SEDDS represent a solution for the drug
delivery of poorly soluble drugs, the adequate
formulation influences the drug absorption and
therapeutic effects. Droplet size is a critical factor in self-
emulsification performance because it determines the
rate and extent of drug release as well as its absorption
(Tarr and Yalkowsky, 1989). The smallest particle size
of the emulsion droplets may lead to faster absorption
and improve bioavailability (YYadav et al., 2014).

This paper approaches the preliminary step to SEDDS
formulation of L294 that is the screening and selection of
its components. It considered commercially available
components, such as long- and medium-chain oils,
surfactants with HLB values between 4 and 17 and,
alkane diol and glycol ether as cosurfactants. All
products are approved for oral administration and belong
to the generally regarded as safe category. The criteria
were based on the substances’ solubility and emulsifying
capability as well as on the properties of the emulsions
formed, such as droplet size, polydispersity index, zeta
potential and turbidity characteristics.

2. MATERIALS AND METHODS

2.1 Chemicals

Labrasol, Transcutol HP, Lauroglycol 90, Labrafac PG,
Maisine 35-1, Labrafac Lipophile WL 1349, Capryol 90,
Peceol and Labrafil M1944CS were generously donated
by Gattefossé (France). Kolliphor HS15, Kolliphor P188,
Cremophor EL and Cremophor RH40 were received
from BASF (Germany). Castor oil, corn oil, Tween 20,
Tween 60 and Tween 80 were obtained as gift samples
from Croda (Brazil). Other oils, surfactants and
cosurfactants were of pharmaceutical grade. All other
chemicals and solvents were of analytical grades.

L294 was 3, 4-methylenodioxybenzoyl-2-
thienylhydrazone and was used as the model drug. Its
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molecular structure and physicochemical properties are Table 1: L294 Physicochemical Properties.
shown in Figure 1 and Table 1, respectively.

Property Value
Molecular Formula C13H10N,05S
Molecular Weight 274.3 g.mol™
H Log P 2.52
O N~ pKa 108
< | Melting Range 205-210°C
H

Figure  1: Molecular  structure  of  3,4-
methylenodioxybenzoyl-2-thienylhydrazone
(LASSBi0 294, L294).

2.2 Apparent Solubility Assays

L294’s solubility in oils (Table 2), surfactants (Table 3)
and cosurfactants (Table 4) was individually determined
in shake flasks. Briefly, an excess amount of L294
(approximately 0.5 g) was added to 50 mL Erlenmeyer
flasks containing 25 mL of each tested vehicle. The
flasks were homogenised in a vortex mixer (Vortex-2
Genie, Scientific Industries, USA) for 2 min to enhance
the drug mixture. Then, the flasks were kept under
constant agitation for 48 h at 37°C in an orbital shaker
(Dubnoff 304-D, Nova Etica, Brazil). After equilibrium
was achieved, the samples were centrifuged at 3,500 g
for 15 min (Thermo Scientific Sorval Legend Mach
1.6R) for non-solubilised drug removal. The supernatant
was collected, suitably diluted in a proper solvent and
spectrophotometrically analysed at A = 318 nm using an
UV-VIS spectrophotometer (PharmaSpec UV-1700,
Shimadzu, Japan) to access the amount of solubilised
L294. Pure water was used as a control. The experiment
was performed in triplicate, and results were represented
as a mean value (in mg.g) + standard deviation (S.D.).
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General Class Cas Number | Compound Molecular Formula HBL | Trade Name
8001-30-7 Corn oil CH25NOg n.a. Super Refined Corn Qil
. . 8001-79-4 Castor Oil Cs7H10404 n.a. Super Refined Castor Oil
Fixed Oils Mixing mainly of caprylic acid Labrafac
73398-61-5 | Medium-chain triglycerides (CeHys05) + capric acid (CioHaO5) 2 LipophileWL 1349
H T o T
|
Propylene glycol esters | 68583-51-7 P_r opylene glycol g 2 Labrafac PG
dicaprylocaprate T
|
68424-61-3 | Glyceryl monolinoleate Mixing mono, di a_nd tr.lglycerldes 4 Maisine 35-1
of linoleic acid
Glycerides R
25496-72-4 Glyceryl monooleate N 3 Peceol

(Type 40)

A1

n.a.: non applied.

www.ejbps.com

99


http://www.ejbps.com/

Nwakanma et al.

European Journal of Biomedical and Pharmaceutical Sciences

Table 3: Surfactants used in Solubility Tests

monooleate

General Class Cas Number | Compound Molecular Formula HBL Trade Name
{ il f
|
61791-12-6 | Polyoxyl 35 castor oil ; 12-14 | Cremophor EL
Polyoxyethylene castor oil
61788-85.0 | -Olyoxyl 40 Hydrogenerated 14-16 | Cremophor RH40
castor oil
Polyoxyethylene stearate 70142-34-6 | POIyOxyl 15 ' 14-16 | Kolliphor HS 15
Hydroxystearate
69071-70-1 OIeoyI_ polyoxyl-6 Mixing of trlglyc_:erld_es, PEG-6 and 4 Labrafil M1944CS
Polyoxyglycerides glycerides _ _Olelc a}md
Caprylocaproylpolyoxyl-8 Mixing of triglycerides, PEG-8 and
61791-29-5 - A S 14 Labrasol
glycerides Caprylic/Capric acids
Propylene glycol D\[/E‘v’l\m
Propylene glycol esters 85883-73-4 monocaprylate (Type I1) U 6 Capryol 90
CHy
e Propylene glycol CH,OR,;
Propylene glycol esters 27194-74-7 monolaurate (type 1) 5 Lauroglycol 90
CH,CR,
9005-64-5 Polyoxyethylene 20 sorbitan A Y | g 17 Tween 20
monolaurate | |
Polysorbates 9005-67-8 Polyoxyethylene 20 sorbitan ) f ‘-ii'f" 15 Tween 60
monostearate Lo\ % :
9005-65-6 Polyoxyethylene 20 sorbitan ! 15 Tween 80
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Table 4: Cosurfactants/co-solvents used in Solubility Tests.

General Class Cas Number | Compound Molecular Formula Trade Name
OH
Alkane diols and triols 57-55-6 1,2-propanediol /K/”H Propylene glycol
Hat
&)
Glycol ether 111-90-0 Diethylene glycol monoethyl ether | 334 /\‘o/\/ \/\O | Transcutol HP

2.3 Excipients’ compatibility

On the basis of the solubility results, Cremophor EL,
Labrafac PG, Capryol 90, Maisine 35-1, Transcutol HP,
Labrasol, propylene glycol, castor oil, Tween 20, Tween
80 and Cremophor RH40 were selected for evaluation of
the thermal characteristics of their interactions with L294
with a differential scanning calorimeter (DSC). Samples
(approximately 2mg.) containing the drug that was
solubilised in selected vehicles, pure L294 and
unprocessed vehicles were carefully sealed in lidded,
heat-resistant aluminium pans; the lid of each pan was
crimped onto its surface. Thermal analyses were
conducted at a range of —20°C to 300°C under nitrogen
gas flow (50mL/min) at a heating rate of 10°C min*
using a DSC822¢, Mettler-Toledo (Spain) equipment.

2.4 Emulsification Capability

Surfactants were individually screened on the basis of
their ability to emulsify the selected oil phase (Maisine
35-1, castor oil, or Labrafac PG) in the absence of the
drug. The emulsification ability was evaluated from 2mL
of surfactant (Cremophor EL, Labrasol, Tween 20,
Tween 80, Capryol 90, Cremophor RH40) that was
added to 2mL of the selected oily phase and thoroughly
mixed; then, 0.1 mL of this pre-concentrate mixture was
diluted to 100mL with distilled water. To screen the
cosurfactants, on the basis of their efficacy to improve
the emulsification, 4mL of surfactant was mixed with 2
mL of Transcutol HP or propylene glycol
(SmiXsurfactant:cosurfactant 2:1)- The selected oil (6m|—) was
added to this mixture (oil:Smix 1:1) and then 0.1 mL of
the resulting mixture was diluted to 100mL with distilled
water and gently agitated.

All emulsions were allowed to stand for 2h and then
were analysed for phase separation/precipitation by
visual observation. Afterwards, they were characterised
by droplet size, polydispersity index, zeta potential and
turbidity measurements.

The droplet size, polydispersity index (PDI) and zeta
potential were determined by dynamic light scattering at
a 90° fixed angle with a Zetasizer Nano ZS (Malvern
Instruments, UK).
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The droplet size was measured as mean diameter by
means of the Stokes-Einstein equation. It was also
described in terms of intensity and number distributions.
The intensity distribution is proportional to the sixth
power diameter (Iad®) and amplifies the signal by
showing all diameters in the sample. Number distribution
is proportional to the first power diameter (Nad) and
shows the predominant diameters. The polydispersity
(PDI) reflects the dispersion of the particle diameters.

Zeta potential measurements were carried out on the
same diluted sample; the equipment operated at 25°C
with an electric field strength of 23 V.cm*. The zeta
potential values were calculated according to the
Smoluchowski equation.

The turbidity of the emulsions was measured using a
HACH 2100P Turbidimeter (HACH Co., Germany) and
expressed in nephelometric turbidity units (NTU). The
measurements were performed on 30 mL of sample
stored in a clear screw-capped sample vials. The
equipment was previously calibrated according to
opalescence standards. All experiments were performed
at least in triplicate.

3. RESULTS AND DISCUSSION

3.1 Excipient Selection

Solubility studies were performed to identify a suitable
oily phase, surfactant and cosurfactant that possess a
good solubilizing capacity for L294 in order to develop
SEDDS. Thus, for the present study, vehicles from
different categories such as long chain triglycerides,
medium chain triglycerides, synthetic monoglyceride oils
and synthetic triglycerides of different HLB values were
selected so that the highest solubility of L294 could be
achieved.

The screening of components for the SEDDS was done
by evaluating the solubility and compatibility of L294 in
the individual oils, surfactants and cosurfactants.
Identification of the solubility of the drug in oils,
surfactants and cosurfactants is important to achieve
optimum drug loading (Pouton, 2000, Shafiq et al.,
2007). The obtained solubility results are shown in
Figure 2.
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Figure 2: Solubility of L294 in (A) oils (BV) cosurfactants a{nd (C) surfactants. The number above each surfactant

bar represents the HLB values.

The solubility of L294 in water was 0.006 mg.g},
thereby confirming that it is a poorly water-soluble drug.
In addition, it can be proven by its partition coefficient,
10gP (octanotiwatery, Which is 2.52. L294 is also a weak acid
(pKa 10.8), which causes it to remain 99.9% non-ionised
in the stomach’s pH. However, its clinical efficacy is
reduced by poor water solubility, which limits its
effective oral absorption and bioavailability after
administration, according to pharmacokinetic studies
reported by Braga et al. (2011).

Figure 2A shows that L294 has low miscibility in the
assayed oils (= 1 mg.g™"), as expected for drugs with
intermediate partition coefficients (2 < logP < 4) in
natural lipids (Porter et al., 2008). L294’s solubility
ranged from highest to lowest, as per the following list,
in Maisine 35-1 (1.182 mg.g ), castor oil, Peceol, MCT,
Labrafac PG and Labrafac Lipophile WL1349, while its
solubility was higher in Transcutol (18.8 mg.g-1) than in
propylene glycol (Figure 2B). Figure 2C shows the
solubility of L294 in the various surfactants. The highest
solubility was found in surfactants with HLB values
between 12 and 17. Cremophor RH40 (19.888 mg.g}),
Cremophor El (16.114 mg.g™) and Labrasol (15.357
mg.g ") demonstrated the highest solubility for L294
among the tested surfactants. Similar results were
presented by Shafiq et al. (2007) using other poorly
water-soluble drugs. The more lipophilic surfactants may
play the role of hydrophilic oils in the formulations.
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Capryol (propylene glycol monocaprylate-type 11 HLB
6) is a compound that is classified as a water-insoluble
surfactant and it is most often included as an oil phase in
SEDDS formulations (Azeem et al., 2009). However, the
Capryol was used as a cosurfactant (Salimi et al., 2014)
or surfactant in SEDDS, SMEDDS, or microemulsion
formulations (Farah et al., 1994). In the surfactants, the
solubility of the drug was higher in Cremophor RH40.
Labrasol, a medium-length alkyl chain surfactant, was
chosen as a surfactant for its good drug solubility (15.36
mg.g ') and because it was recommended for its
enhanced intestinal absorption of drugs (Eccleston,
1994). In their studies with candesartan cilexetil,
Nekkanti et al. (2010) found that Labrasol provided the
highest drug solubility; they also discovered good
solubility in Cremophor EL and Tween.

Finally, Transcutol HP presented higher solubility with
L294 (18.48 mg.g’') than propylene glycol (2.78
mg.gY). Co-solvents, including ethanol, propylene
glycol and PEG, have a serious limitation of evaporating
from within sealed gelatine capsules, eventually leading
to the precipitation of drug inside the shell. Transcutol is
more stable than other cosurfactants and less volatile
than ethanol and others volatile cosolvents (Borhade et
al., 2009). Transcutol HP was also described to solubilise
other poorly water-soluble drugs, such as oridonin
(zZhang et al., 2008) and clotrimazole (Borhade et al.,
2012).
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The stability and efficiency of oral absorption of a drug
compound from SEDDS or other formulations depends
on many formulation-related parameters, such as
surfactant concentration, oil/surfactant ratio, polarity of
the emulsion, droplet size and charge, all of which in
essence determine self-emulsification ability. Therefore,
Labrafac PG, Labrasol and Transcutol HP were selected
as the oil phase, surfactant and cosurfactant.

3.2 Excipient Compatibility

On the basis of the results of the miscibility studies,
thermal analysis was used to detect any interaction
between L294 and the tested vehicles (Labrafac PG,
Labrasol and Transcutol HP) that improved L294’s
solubility.

The metastable-to-stable phase transition is an
uncontrolled, independent process. In particular, self-

A
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assembled lipid suspensions exhibit phase transitions in
which the underlying driving mechanisms and dynamics
are not well understood (Jacoby et al., 2015). DSC is a
well-established method that is often used as a
qualitative technique to characterise physical and
chemical changes in either the enthalpy or heat capacity
of a crystalline lipid. Azeem et al. (2009) evaluated the
presence of thermostable states in Smix with Cremophor
EL, Labrasol, Tween 20, Tween 80, Capryol 90, castor
oil and propylene glycol and found that all of them were
stable.

The DSC method was used to observe the thermal
changes in L294, the wvehicles (oil, surfactant, or
cosurfactant) and a mixture of L294 and the vehicles
(Figures 3 through 5).

Hoot Fow (A

Tempennue [*C)

Tampeomae (%)

Figure 3: DSC thermogram of L294 in tested oils: (A) Labrafac PG, (B) Castor Oil, and (C) Maisine 35-1: (a)

L294, (b) oil + L294, (c) ail.

L294 DSC presented an endothermic melting event
between 205°C and 210°C and degradation or
decomposition was not observed in the studied
temperature range. The DSC curve of pure L294
exhibited a narrow endothermic event at 207.62°C
(Figure 3) with onset at 198°C and recovery at 213°C
that corresponds to the melting point of the high-purity
material and low molecular weight; however, at the
evaluated temperature range, it was not possible to
observe its degradation or decomposition. The decrease
from baseline in the DSC curves (Figures 3 through 6,
curve a), starting at 100°C, shows the glass transition
temperature of L294. This result show that L294 is not
100% crystalline, the same thermal events is not
observed for oil + L294 (b).

Based on the thermal analysis data, no thermal event
associated with metastable-to-stable phase transition was
found in the L294—oil, L294-surfactant and L294-
cosurfactant mixtures. The L294 mixture with Labrafac

www.ejbps.com

PG (Figure 3A), castor oil (Figure 3B) and Maisine 35-1
(Figure 3C) showed an absence of any definite melting
endothermic peak between 205°C and 210°C due to
L294’s complete miscibility in the presence of these
solvents.

Parmar et al. (2011) found that Cremophor EL, Labrasol,
Cremophor RH40, Capryol 90, Lauroglycol 90,
Transcutol HP and Labrafil M1944CS excipients showed
no definite interaction between the drug and selected
vehicles. In this study, the results analyses show that
L294 solubilises in the surfactants (Figure 4), except for
Capryol 90. This result of the DSC curve (Figure 4B-b)
shows a heterogeneous interaction between L294 and
Capryol 90 (175°C), and an endothermic event at 250°C
corresponds to the surfactant excess. Meanwhile, Figure
5 shows a homogeneous interaction between L1294,
Transcutol HP (Figure 5A) and propylene glycol (Figure
5B) that peaked at 150°C. The DSC curves of the L294—
Capryol (4B curve b), L294-Transcutol (5A curve b) and
L294-propylene glycol (5B curve b) mixtures all
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highlight the beginning of the glass transition phase at
100°C. These results should also indicate that L294
might be in an amorphous state in all vehicles tested,
except for Capryol 90, Transcutol and propylene glycol.
Although amorphous solids have a molecular order they
do not reach the same structural order of crystals. As a

A

Temparture ("C )
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o Fiow oYY

Targacsnse (G
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result of this less ordered structure, solubility of most
amorphous solids is greater than the corresponding
crystalline solid. The high-energy amorphous forms and
SEDDS are a crystal engineering technologies can be
applied to pharmaceutical substances to improve drug
solubility (Derle et al., 2010, Khadka et al., 2014).

B

=3

Temoscaterw |

Tomoerwturs {°C

N
o

Heat Fow I

Figure 4: DSC thermogram of L294 in tested surfactants: (A) Cremophor EL, (B) Capryol 90, (C) Labrasol, (D)
Tween 20, (E) Tween 80 and (F) Cremophor RH40: (a) L294, (b) surfactant + L294, (c) surfactant.

Haat Flow (mW)
>

Temperatwe (*C)

B b

¢
E
3
i a
[
L
T T =
H 6 £ w o oM oK 2N

Temperaiure I'C)

Figure 5: DSC thermogram of L294 in tested cosurfactants: (A) Transcutol HP and (B) Propylene glycol: (a)

L294, (b) cosurfactant + L294, (c) cosurfactant

DSC was applied to L294’s SEDDS formulation
(Labrafac PG, Labrasol and Transcutol HP) with and
without L294 present to confirm the alteration of the
physical state of the drug. The narrow peak at 207.62°C

www.ejbps.com

for pure L294 (Figure 6) infers the presence of the
crystalline form of the drug. No representative peaks for
a L294-Transcutol interaction can be observed in DSC
curves corresponding to samples of SEDDS + L294
(Figure 6 curve b) and SEDDS (Figure 6 curve c). The
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analysis of this result shows that both the drug and
cosurfactant are soluble in the SEDDS formulation.

a
£
2
9
'S
2 b
T
C
T T v 1 5 T v T T v 1
00 5 100 1% 00 20 30 %

Temperature (°C)

Figure 6: DSC thermogram of L294 in SEDDS
formulation (Labrafac PG, Labrasol and Transcutol
HP): (a) L294, (b) SEDDS + L294, (c) SEDDS.

3.3 Emulsification Capacity

Self-emulsification ability depends on many formulation-
related parameters, such as surfactant concentration,
oil/surfactant ratio, polarity of the emulsion, droplet size
and charge. Thus, only very specific pharmaceutical
excipient combinations will lead to efficient self-
emulsifying systems. Surfactant is an essential
component of all SEDDS formulations; the selection of
surfactants and cosurfactants are primarily governed by
their emulsification efficiency in the selected oily phase.
The selection of a suitable surfactant for a SEDDS
formulation is critical for the development of a stable
formulation because it adheres to the oil-water interface,
reduces the interfacial energy and forms a mechanical
barrier against the coalescence of oily droplets
(Kommuru et al., 2001, Nazzal et al., 2002).
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Labrafac PG was the only oil used as an oil phase due to
preliminary results showing that Maisine 35-1 and castor
oil exhibited poor emulsification properties with all
surfactants tested (data not shown). Six surfactants
(Tween 20, Tween 80, Labrasol, Cremophor RH40,
Capryol 90 and Cremophor EL) were tested to evaluate
their emulsification ability and were selected based on
their solubility and compatibility results. The self-
emulsification was visually assessed to measure the
apparent spontaneity of nanoemulsion formation
(Gershanik and Benita, 1996, Gursoy et al., 2003).
SEDDS, when diluted in water, were found to be non-
turbid and bluish-transparent in appearance, indicating
spontaneous  emulsification.  All  the  resulting
nanoemulsions were transparent with some opalescence
in appearance and did not show any sign of phase
separation.

Emulsification results of surfactants in the Labrafac PG
oil phase are presented in Table 5. Final selection of
surfactants and cosurfactants was based on their
emulsification ability, which was determined by
physiochemical  properties, such as  turbidity
measurements, droplet size, zeta potential and
polydispersity index of the resulting nanoemulsion.

Labrafac PG is a highly miscible solvent with small
droplet size and good PDI for all surfactants tested. The
droplet size of all the formulations was determined by
photon correlation spectroscopy and reported in humber-
based diameters (N) and intensity (I). The results (Table
5) showed that droplet size was <180 nm (N), intensity
was <230 nm (1) and PDI was <0.250. Droplet size
distribution is one of the most important characteristics
of nanoemulsion for stability evaluation and is a critical
step in the pathway of enhancing drug bioavailability
(Shah et al., 1994, Tarr and Yalkowsky, 1989). Smaller
nanoemulsion particle size leads to larger interfacial
surface area, thus promoting rapid absorption and
improved bioavailability (Shukla and Patel, 2010).

Table 5: Emulsification Properties of Surfactants with Labrafac PG.

Surfactants n teE;iSIet Size (rlllnu?nber PDI Zeta Potential (mV) | Turbidity (NTU)
G | st [ EekE o | e
| s e oo | e
(Lbe1s) | (5075-2950) | (as2zss0n) | OO 803 c5.4
(THVz%eS f?) (}3?3576;0332?3) (5%?%?3225.'30) 0.178 -18.83 129.0
oo | omacs | 02en oo | e

The nanoemulsion for
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all surfactants tested with
Labrafac PG was negatively charged and its zeta

potential became less negative, increasing from —6.03 to
—18.83 mV. Labrasol and Tween 20 presented more
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negative zeta potentials, —14.7 mV and -18.83 mV
respectively, than all others surfactants tested. The zeta
potential is used to identify the charge of the droplets and
the negative charge on the nanoemulsion; it is possibly
imparted by the free fatty acids present in the inert oil
phase and/or the surfactants used since the latter
materials are mostly derivatives of fatty acids (Gershanik
and Benita, 1996). Zeta potential can be also related to
the stability of colloidal dispersions. The zeta potential
indicates the degree of repulsion between adjacent,
similarly charged particles in dispersion. For molecules
and particles that are small enough, a high zeta potential
will confer stability. Therefore, nanoemulsions with high
zeta potential (negative or positive) are electrically
stabilised (Patel et al., 2011).

Turbidity measurements can be carried out to determine
the rapid equilibrium reached by the dispersion and the
reproducibility of this process (Gursoy et al., 2003). All
turbidity values were below 140 NTU; a decrease in
turbidity values results in a corresponding decrease in
droplet sizes, confirming the emulsification efficiency of
the SEDDS.

Results also indicated that Cremophor EL and Tween 80
had very good ability to emulsify Labrafac PG, followed
by Labrasol and Tween 20, whereas Capryol 90 did not
possess similar emulsification ability (data not shown).
These surfactants have an HLB value between 12 and 17,
which is very useful in enabling the selection of the best
type of emulsifier for any given oil phase. Sagitani
(1981) suggested that a proper surfactant HLB value was
a key factor for the formation of an emulsion with small
droplets. These results are in agreement with the findings
reported by Warisnoicharoen et al. (2000), in which the
results concluded that emulsification is also influenced
by the structure and chain length of the surfactant.
Cremophor EL, Labrasol, Tween 20 and Tween 80
rendered very good nanoemulsions that required a short
emulsification period.
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The HLB value has proven very useful in choosing the
best type of emulsifier for any given oil phase. It was
observed that surfactants with high HLB values (12-17)
showed better emulsification ability. This may be due to
the hydrophilicity of the surfactants, which enables rapid
and facile dispersion of the oil in the aqueous phase as a
very fine oil-in-water emulsion (Constantinides, 1995)
and/or rapid spreading of the formulation in the aqueous
media (Porter et al., 2008). This would keep the drug at
the site of absorption for a relatively prolonged period of
time, thus facilitating effective absorption by preventing
the precipitation of drug compound within the GI lumen
(Shah et al., 1994). Although the droplet size values
obtained did not precisely correspond to the order of the
HLB values of the surfactants, this indicates that
nanoemulsification was also influenced by other factors,
which may include the structure and chain length of the
surfactant (Warisnoicharoen et al., 2000).

The method employed for screening SEDDS excipients
helped us understand the emulsification efficiency of
various surfactants for a selected oil phase. It also helped
rapidly screen a large pool of cosurfactants available for
perioral delivery. Transient negative interfacial tension
and fluid interfacial film is rarely achieved by the use of
a single surfactant, usually necessitating the addition of a
cosurfactant. The presence of cosurfactants decreases the
bending stress of interfaces and grants the interfacial film
sufficient flexibility to take up different curvatures
required to form nanoemulsions over a wide range of
compositions (Eccleston, 1994). Thus, after surfactant
selection, a cosurfactant was selected based on its ability
to increase the self-emulsification spontaneity of the
oil/surfactant system. The droplet size, polydispersity
index, zeta potential and turbidity results that were
obtained by using two cosurfactants, Transcutol HP and
propylene glycol, in combination with the selected
surfactants and Labrafac PG as the oil phase are shown
in Tables 6 and 7, respectively.

Table 6: Emulsification Properties of Transcutol HP with different Surfactants and Labrafac PG.

Surfactants mtents)irt;p'et Size (’,‘\Irmnber PDI | Zeta Potential (mV) | Turbidity (NTU)
s | WEln | 8e | we | e
s AR | e |
Gioets | @sohiizan) | Gorsssan | 019 1960 2533
fn | ST | e | e
Hpe | e | S [ | e | e

From all resultant nanoemulsions, only Labrasol and Tween 20 showed an average droplet size of <180 and 230 nm in
both number-based diameter (N) and intensity (I), respectively, PDI <0.25 and turbidity <140 NTU in both
cosurfactants tested. Transcutol HP and propylene glycol, along with Cremophor EL and Tween 80, resulted in a
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nanoemulsion with unacceptable turbidity (>200 NTU); meanwhile, both cosurfactants decreased the turbidity of
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Labrasol or Tween 20 when used with Labrafac PG.

Table 7: Emulsification Properties of Propylene Glycol with different Surfactants and Labrafac PG.

Surfactants n tenZitc(;/plet Size (rlllrﬂinber PDI | Zeta Potential (mV) | Turbidity (NTU)
e | ern | mett Toms | 1se
(HLikl)zrisﬂ) (1235%252857%) (&915289:1:59827%) 0.292 -40.73 85.23
s | gaien | Eaeis Tow | 1ae
(o1 | soreasero) | (resason | 05| 2 10167
ot | Bimass | me0sin Tows | uz

The cosurfactants exerted a more significant impact on
the zeta potential of the nanoemulsion (from —8.88 to
—40.73 mV) that was formed than when only surfactants
were used in the formulation (from —6.03 to —18.83 mV).
Moreover, it was found that the absolute zeta potential
increased by as much as 20 mV (from —18.83 to —38.43
mV) when Labrasol and Transcutol were used together.
Zainol et al. (2012) demonstrate that this phenomenon
can be attributed to cosurfactant function in admixture
with surfactant. In the study, they used the same
surfactant: co-surfactant (Snix 2: 1) rate used in this
study. The emulsion stability is directly related to the
magnitude of the surface charge and the zeta potential is
a stability indicative parameter in colloidal systems
means the system will resist aggregation. The reason for
this behaviour could be attributed to the strong repulsive
Coulomb force between charged particles, which
counterbalances the Van der Waals attraction force
(Balakumar et al., 2013, Stachurski and Michalek, 1996).
Generally, an increase in electrostatic repulsive forces
between  microemulsion  droplets  prevents the
coalescence of microemulsion droplets. On the contrary,
a decrease in electrostatic repulsive forces will cause
phase separation (Gupta et al., 2011, Zhang et al., 2008).
High absolute (positive and negative) zeta potential
values (above +30 or —30 mV) should preferably be
achieved in most of the emulsions prepared in order to
ensure the creation of a high-energy barrier against
coalescence of the dispersed droplets (Yang and Benita,
2000). In general, the zeta potential value of +30 mV
was sufficient for the stability of the system (Muller et
al., 2001). Hence, the nanoemulsion that resulted from
the combination of Labrafac PG, Labrasol and
Transcutol complied with the zeta potential requirements
for stability (—38.43 mV) and good separation.

Gupta et al. (2011)’s study, in which nanoemulsification
capacity was increased by the addition of Transcutol HP
or propylene glycol cosurfactants, obtained similar
results. Propylene glycol formulations presented results
slightly better than Transcutol HP formulations;
however, the latter showed good turbidity and solubility
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for L294; and along with Labrasol, could easily be used
to manufacture SEDDS for oral administration.

The emulsification studies clearly distinguished the
ability of various surfactants to emulsify Labrafac PG as
well as the ability of cosurfactants to improve the
emulsification of selected surfactants. All cosurfactants
utilised in this study increased the spontaneity of the
nanoemulsion’s formation. Synthetic surfactants have an
inherent toxicity; therefore, their usage should be
considered prior to use in a pharmaceutical formulation.
Moreover, large amounts of surfactants may cause
gastrointestinal and skin irritation when administered
orally and topically, respectively. Non-ionic surfactants
are relatively less toxic than their ionic counterparts and
typically have lower CMCs (Azeem et al., 2009).

Non-ionic surfactants, such as Labrasol, are often
screened for the development of SEDDS due to their
relatively low toxicity, are generally considered safer
than ionic surfactants and are usually acceptable for oral
ingestion (Shafiq et al., 2007). Non-ionic surfactants are
also reported to provide higher stability to emulsions
over a wider range of pHs and ionic strengths (Swenson
etal., 1994).

Among all the vehicles tested with L294, Labrafac PG
(oil), Labrasol (surfactant) and Transcutol HP
(cosurfactant) proved to be the most promising vehicles
for SEDDS formulation. Labrafac PG (propylene glycol
dicaprylocaprate) is a mixture of propylene glycol
dicaprylate (50%-80%) and propylene glycol dicaprate
(20%-40%), Labrasol is a mixture of acylglycerols and
PEG esters, and Transcutol HP is an ethylene oxide
derivative, mainly purified diethylene glycol monoethyl
ether. Labrasol is a self-emulsifying excipient that is
used to improve the oral bioavailability of poorly water-
soluble drugs. Because it is a mixture of acylglycerols
and PEG esters, this compound is a substrate for
naturally occurring digestive lipases. Labrasol is a
macrogolglyceride that is able to form microemulsions in
gastrointestinal fluids. The main fatty acids present are
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caprylic and capric acids. Many studies have shown that
Labrasol increases the oral bioavailability of various
drugs, such as simvastatin (Kang et al., 2004),
gentamicin and glycyrrhizin (Hu et al., 2001), low
molecular weight heparin (Rama Prasad et al., 2004),
ezetimibe (Bandyopadhyay et al., 2012), dexibuprofen
(Balakrishnan et al., 2009), ganciclovir (Shen et al.,
2011), anti-cancer agent SR13668 (Green et al., 2011),
etodolac (Barakat, 2010), coenzyme Q10 (Kommuru et
al., 2001) and nimodipine (Yi et al., 2008). Moreover,
Labrasol was reported to enhance the intestinal
absorption of drugs (Hu et al., 2001, Koga et al., 2006,
Prasad et al., 2003).

Transcutol HP, which is a strong solubiliser with low
toxicity, has a long history of safe use as a solvent in
many products, including pharmaceuticals, cosmetics
and food applications (Sullivan Jr et al., 2014).
Transcutol HP is a hydrophilic cosurfactant that
increases the spontaneity of nanoemulsion formation
(Borhade et al., 2012). This surfactant improved drug
loading and spontaneous fine emulsion formation (Kang
et al., 2004). Transcutol HP was reported to enhance
bioavailability of itraconazole (Hong et al., 2006, Woo et
al., 2008), exemestane (Singh et al., 2009a) and
albendazol (Torrado et al., 1997, Torrado et al., 1996).

4. CONCLUSION

Selection of surfactants as self-emulsifying vehicles
should be taken into account on that basis of their
compatibility with the drug and emulsification capacity;
therefore, pre-formulation studies were performed to
evaluate solubility, drug—excipient compatibility and
emulsification capability. The most efficient and best
self-emulsification processes were observed in systems
containing Labrafac PG and Labrasol. The addition of a
cosurfactant, Transcutol HP, improved the spontaneity of
self-emulsification. The self-emulsification characteristic
-s of this formulation were a droplet size of 176.83 nm,
polydispersity index equal to 0.216, potential zeta of
—38.43 mV and turbidity <92 NTU. The wvehicles
evaluated with this pre-formulation were compatible
with L294. Further work should be done to develop
SEDDS formulations with Labrafac PG, Labrasol and
Transcutol HP.
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