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a b s t r a c t

The aim of this study was to prepare nanoemulsions containing itraconazole (ITZ), a poorly water-soluble
drug, using pectin as a polymeric emulsifier. Nanoemulsions were prepared by simple homogenization to
avoid high-pressure conditions. The influences of type of internal phase, type and concentration of pectin
on the droplet size, morphology, and zeta potential of the pectin-based emulsions were also examined.
Nanoemulsions were achieved when chloroform was used as an internal phase while using caprylic/capric
triglyceride can produce only micron-sized emulsions. Pectin with high degree of esterification offered
eywords:
ectin
anoemulsions

traconazole
imple homogenization

good emulsion properties because of its high amount of hydrophobic molecules. The droplet size of emul-
sions decreased with the increased pectin concentration. The addition of ITZ to the emulsion formulation
was essential to obtain the nano-sized emulsions, resulting from the molecular association between ITZ
and pectin. It appears that 3% (w/w) pectin provided the most stable emulsion with the highest per-
cent creaming. The obtained nanoemulsions may be subsequently developed as a self-emulsifying drug

delivery system.

. Introduction

Nanoemulsions have received a growing attention as colloidal
rug carriers for pharmaceutical applications. The use of nanoemul-
ions for oral administration to increase the bioavailability of
oorly water-soluble drugs due to an enhancement of the intesti-
al absorption of the drug is well documented (Bates & Carrigan,
975; Constantinides, 1995). It has been also found that the absorp-
ion in the gastrointestinal tract is improved by a small droplet
ize (Toguchi, Ogawa, & Shimamoto, 1990). Nanoemulsions are
ften referred to emulsions with droplet sizes in the nanometric
cale, generally 100–200 nm (Solans, Izquierdo, Nolla, Azemar, &
arcia-Celma, 2005). Ultrafine emulsions, submicron-sized emul-

ions and miniemulsions are also used to describe emulsions
ith fine disperse droplets (Gramdorf et al., 2008; Solans et al.,

005). Nanoemulsions can be prepared by two major techniques,
.e., high-energy and low-energy emulsifications. High-energy
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emulsification methods include high-shear stirring, high-pressure
homogenization and ultrasound generators. It has been reported
that the apparatus supplying the available energy in the shortest
time and having the most homogenous flow produces the small-
est sizes (Walstra, 1996). Although high-pressure homogenizer
meets the requirements, the damaging of long chain molecules
could occur when very high pressure was applied. The emulsifi-
cation methods making use of the chemical energy stored in the
components, also named low-energy emulsification methods, are
receiving increased attention. In these methods, nanoemulsions
are obtained as a result of phase transitions produced during the
emulsification process (Sadurní, Solans, Azemar, & García-Celma,
2005). In practice, a combination of high-energy and low-energy
emulsification methods has proved to be an efficient way to obtain
nanoemulsions with small and very uniform droplets (Nakajima,
1997).

The primary stabilizing mechanism may occur in the bulk aque-
ous phase or at the surface of the droplets, depending on the
chemical nature of the particular ingredients involved. There are

two broad classes of emulsifying agents, i.e., small-molecule surfac-
tants and macromolecular emulsifiers. For a polymer or biopolymer
to be effective as an emulsifying agent, it must be surface-active,
i.e., it must have the capacity to lower the surface tension at
the oil–water interface, both rapidly and substantially when it

http://www.sciencedirect.com/science/journal/01448617
http://www.elsevier.com/locate/carbpol
mailto:pornsak@su.ac.th
mailto:spornsak@hotmail.com
dx.doi.org/10.1016/j.carbpol.2010.04.071
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resents at the concentrations typically used during emulsification
Dickinson, 2003).

Pectin, a natural polymer, is extracted from plant cell walls,
specially in apple pomace, citrus fruits and sugar beet root. It has
ommonly been used as a gelling agent, a thickening agent and a
olloidal stabilizer in food industry (Van Buren, 1991). Its appli-
ations in the pharmaceutical industry were increased in the last
ecade (e.g., Sriamornsak, Sungthongjeen, & Puttipipatkhachorn,
007; Sriamornsak, Thirawong, & Puttipipatkhachorn, 2005;
riamornsak, Thirawong, Weerapol, Nunthanid, & Sungthongjeen,
007; Sungthongjeen, Sriamornsak, Pitaksuteepong, Somsiri, &
uttipipatkhachorn, 2004). High-methoxyl pectin (≥50% degree of
sterification or DE) forms gels under acidic conditions in aque-
us media of high sugar content, whereas low-methoxyl pectin
<50% DE) forms gels in the presence of calcium ions (Guo,
kinner, Harcum, & Barnum, 1998). The presence of surface-active
olecules in pectin provides the emulsification properties. In addi-

ion, pectin is capable of reducing the interfacial tension between
n oil phase and a water phase and can be effective in the prepara-
ion of emulsions (Sriamornsak, Thirawong, & Puttipipatkhachorn,
004; Sriamornsak et al., 2005). Dea and Madden (1986) reported
hat sugar beet pectin was more surface-active than commercial
igh-methoxyl or low-methoxyl pectins due to the substantially
ydrophobic character of the acetyl groups (2–9%), and hence to be
eadily capable of producing and stabilizing fine vegetable oil-in-
ater emulsions. Even with a low acetyl content (<0.8%), pectins

rom citrus fruits and apples can also exhibit good surface activity
nd emulsion stabilizing characteristics if the average molecular
eight is reduced to <80 kDa (Mazoyer, Leroux, & Bruneau, 1999).
epolymerized pectin of molecular weight 70 kDa and 70% DE
as been used to make highly stable fine oil-in-water emulsions,
ased on time-dependent changes in emulsion droplet-size distri-
ution and serum separation, at a relatively low pectin/oil ratio
1:5) (Akhtar, Dickinson, Mazoyer, & Langendorff, 2002). Emulsion
tability was found to be reduced on increasing the pH from 4.7 to 7,
r by substantially increasing (or decreasing) the pectin molecular
eight.

Itraconazole (ITZ), a triazole antifungal agent, was used as a
odel poorly water-soluble drug in this study. It has a broad spec-

rum of activity against a variety of pathogens, including Aspergillus
pecies, Candida albicans, Cryptococcus neoformans, Coccidioides
mmitis, Histoplasma capsulatum, Paracoccidioides brasiliensis, and
porothrix schenckii (Saag & Dismukes, 1988), which are the major
ause of opportunistic infection in human immunodeficiency virus
HIV) infected patients. The mechanism of action of ITZ is similar to
ll other azole antifungals. It inhibits cytochrome P450 of the fungi
nd thus interferes the synthesis of ergosterol, a vital component
f the fungal cell membrane, leading to cell death (Gestel & Beule,
001). ITZ is a white to slightly yellowish powder. It has a molecu-

ar formula C35H38Cl2N8O4 and molecular weight of 705.64. It is a
eak basic drug (pKa = 3.7) which is virtually ionized at only low pH,
ossessing extremely low water solubility (about 1 ng/mL at neu-
ral pH and about 6 �g/mL at pH 1). The log partition coefficient of
TZ in a system of n-octanol and an aqueous buffer solution of pH 8.1
s 5.66 (Peeters, Neeskens, Tollenaere, Van Remoortere, & Brewster,
002), indicating a very high lipophilicity. According to the bio-
harmaceutics classification system (BCS), ITZ is one of a class II
ompound suggesting that its oral bioavailability is determined
y dissolution rate in gastrointestinal tract (Amidon, Lennernäs,
hah, & Crison, 1995). Therefore, it is a good model to study the
haracteristics of nanoemulsions containing poorly water-soluble

rug.

The objective of this study was to prepare nanoemulsions
ontaining poorly water-soluble drug, ITZ, by using pectin as a
olymeric emulsifier. Nanoemulsions were prepared by a simple
omogenization to avoid high-pressure conditions. The influences
Polymers 82 (2010) 384–393 385

of type of internal (oil) phase, type and concentration of pectin on
the physicochemical characteristics of the pectin-based nanoemul-
sions were also examined. The obtained liquid formulations could
be subsequently developed as a self-emulsifying drug delivery unit
dose formulation.

2. Materials and methods

2.1. Materials

Pectins were a gift from Herbstreith & Fox KG (Germany),
namely low-methoxyl pectin (referred as LMP) with DE of 38, ami-
dated low-methoxyl pectin (referred as ALMP) with DE of 29 and
degree of amidation of 20, and high-methoxyl pectin (referred as
HMP) with DE of 70. The molecular weight of LMP, ALMP and HMP
was 70 kDa, 150 kDa and 200 kDa, respectively. Caprylic/capric
triglyceride (Miglyol® 812) was a gift from Sasol GmbH (Germany)
and referred as CCT. ITZ was from Nosch Labs Private (India). Chlo-
roform was supplied by Carl Roth GmbH (Germany). Deionized
water was used as an aqueous phase in all preparations. All other
chemicals used in this study were of pharmaceutical grade and used
as received without further purification.

2.2. Solubility studies

Solubility of ITZ was determined in water and various solvents
by adding ITZ in 1 mL of a pure solvent in Pyrex culture tubes. The
drug suspension was equilibrated at 25 ◦C in a thermostatically con-
trolled bath for 48 h. After equilibration, the tubes were centrifuged
at 3500 rpm for 15 min and the clear supernatants were analyzed
for ITZ with a high performance liquid chromatography, HPLC (Agi-
lent, USA) using AlltimaTM C18 column (5 �m, 25 cm × 4.6 mm)
(Alltech, Italy). The mobile phase consisted of acetonitrile:water
(37:63, v/v) adjusted to pH 2.45 with phosphoric acid and was
filtered through a membrane filter (0.22 �m), and degassed in a
sonicator bath before use. The flow rate was 1.0 mL/min, and the
UV detection wavelength was 263 nm.

2.3. Preparation of (nano)emulsions containing ITZ

Oil-in-water or chloroform-in-water emulsions were prepared
by using simple homogenization. ITZ was dissolved in either CCT or
chloroform at the different concentrations depending on its solubil-
ity in CCT or chloroform. Twenty percent of CCT or chloroform were
mixed with pectin solution using homogenizer (Ultra-Turrax® T50
Basic, IKA, Germany) at a speed of 24,000 rpm for 20 min in an
ice-bath to avoid over heating. Three types of pectin with differ-
ent degrees of esterification were used in this study, i.e., ALMP,
LMP and HMP with DE of 29, 38 and 70, respectively. The effect of
concentration of pectin (0.5–3%, w/w) was also investigated in this
study.

2.4. Morphology

The morphology of all emulsions was investigated by a light bio-
logical microscope (Motic BA 300, Motic China Group, P.R. China).
The emulsions were dropped on a glass slide and covered after-
ward with a coverslip, then the photos of the emulsion droplets
were taken and investigated by the Motic Image Plus 2.0 program.

Additionally, chloroform-in-water nanoemulsions were examined
under transmission electron microscope (Tecnai G2-20 TEM, FEI
Company, USA). Nanoemulsions were dropped and dried on the
TEM copper grid, and then coated with carbon film under the ambi-
ent condition (22 ◦C). The samples were determined at 200 kV.
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.5. Measurement of the droplet size

The size of emulsion droplets was investigated by two meth-
ds, a light microscopy and a static laser light scattering. For light
icroscopy, the emulsions were dropped on a glass slide and

overed afterward with a coverslip. Fifty emulsion droplets were
aptured by a calibrated Motic Image Plus 2.0 program and the
artin diameter of droplets was measured, then median size was

alculated. By static light scattering method (Laser scattering parti-
le size distribution analyzer LA-950, Horiba, Japan), the emulsions
ere dispersed or diluted in deionized water with gentle stirring.

he median particle size was measured under continuous stirring
nd obtained from the measurements of at least three batches of
mulsions.

.6. Zeta potential measurement

The zeta potential of ITZ-loaded nanoemulsions was mea-
ured by zeta potential analyzer (ZetaPlus, Brookhaven, USA).
Nano)Emulsions were dispersed in deionized water at the ratio
f 1:50 (v/v) and the electric field applied was 1 V. The average
nd standard deviation of the measurement of three batches of
mulsions were reported.

.7. Small angle X-ray scattering (SAXS) measurement

The experiments were performed with the small angle X-ray
cattering (SAXS) beamline BW4, installed at the synchrotron
ource HASYLAB/DESY in Hamburg, Germany (Roth et al., 2006).
he scattering patterns were acquired using a position sensi-
ive area detector (MarCCD165, Marresearch GmbH, Norderstedt,
ermany) with the pixel size of 79.1 �m × 79.1 �m at the wave-

ength of 0.13808 nm. The liquid of (nano)emulsions both from
CT and chloroform of about 20 �L was injected into a glass
apillary (Hilgenberg GmbH, Malsfeld, Germany) with a diame-
er of 2.5 mm and a wall thickness of 0.01 mm. The capillaries
ere sealed with a flame and measured at ambient temperature

22 ◦C) without vacuum condition. The raw data were treated with
he Fit2D-Program, version 12.077 (Andy Hammersley, European
ynchrotron Radiation Facility, Grenoble, France) but analyzed
eforehand by the Origin-Program, version Pro 8.0 (OriginLab
orporation, Northampton, USA) in order to determine the peak-
aximum.

.8. Stability test

All emulsions were kept in the glass vials. The (nano)emulsions
ere separated into two groups, the first group was kept at ambient

emperature (22 ◦C) while the other group was kept at 4 ◦C in a
efrigerator. The stability of (nano)emulsions in both groups was
xamined after 7 days by calculation of percent creaming using the
ollowing equation:

creaming = Vt − Vs

Vt
× 100 (1)

here Vt is the total volume (mL) of the sample, and Vs is the volume
mL) of the lower phase layer. According to this equation, it is worth
oticing that a greater value of the % creaming is an indication of a
ore stable emulsion.
The size of the emulsion droplets after stability test was also

easured by a light microscopic method as described above.
.9. Statistical analysis

Analysis of variance (ANOVA) and Levene’s test for homogeneity
f variance were carried out using SPSS version 10.0 for Windows
Polymers 82 (2010) 384–393

(SPSS Inc., USA). Post hoc testing (p < 0.05) of the multiple compar-
isons was performed by either the Scheffé or Games-Howell test
depending on whether Levene’s test was insignificant or significant,
respectively.

3. Results and discussion

3.1. Solubility study

ITZ has low solubility in both oil and water. The solubility of
ITZ is 65 �g/mL and 140 �g/mL in olive oil and caprylic/capric
triglyceride (CCT), respectively while that in deionized water is
only 2.8 �g/mL. Good solubility of ITZ has been observed in organic
solvents, i.e., 30,720 �g/mL, 28,400 �g/mL and 18,600 �g/mL for
chloroform (CHCl3), dichloromethane (CH2Cl2) and carbontetra-
chloride (CCl4), respectively. Among the organic solvents tested
in this study, ITZ in chloroform demonstrates the highest solubil-
ity; therefore, chloroform was selected as an internal phase for the
formation of nanoemulsions in this study. CCT was also used for
comparison purpose.

3.2. Formation of (nano)emulsions

In this study (nano)emulsions were formed by a simple, con-
ventional homogenization using Ultra-Turrax homogenizer, at a
speed of 24,000 rpm. In general, the size of emulsion droplet formed
by homogenization is controlled by the interplay between droplet
break up and droplet coalescence (Dickinson, 2003; McClements,
2004). Droplet break up is controlled by the type and amount of
shear applied to the droplets as well as the droplets resistance to
deformation which is determined by the surfactant. The rate of
droplet coalescence is determined by the ability of the surfactant to
adsorb on the surface of newly formed droplets; this is governed by
the surfactant concentration and the surface activity (McClements,
2004).

Pectin having amphiphilic character was used as a natural
surface-active agent in this study. As a hydrocolloid, pectin contains
hydrophobic groups that are numerous enough and sufficiently
accessible on a short timescale to enable the adsorbing molecules
to adhere to and spread out at the interface, thereby protecting
the newly formed droplets (Dickinson, 2003). Hydrophobic charac-
ters attributable to methyl ester groups, acetyl groups, and amide
groups should be considered in the case of pectin. Their limited
emulsifying capacity can be attributed to poor solubility and/or
insufficient amphiphilic character to produce substantial and rapid
lowering of the interfacial tension during droplet break up. More-
over, pectin is a polysaccharide well known to effectively stabilize
emulsions, e.g., acid drink milk products (May, 1999). Kravtchenko,
Parker, and Trespoey (1995) reported that pectin can stabilize
casein micelles above a concentration called ‘the critical pectin
level’ by interacting with the protein thus preventing their aggrega-
tion as a result of steric repulsion forces which prevent the micelles
from approaching each other. Dalgleish and Hollocon (1997) also
observed that high DE pectin can stabilize emulsions containing
caseinate against precipitation upon acidification, and this was
attributed to the formation of a pectin layer on the casein-coated
oil droplet surface as a result of interactions with absorbed casein
molecules through electrostatic forces. Pectin may stabilize emul-
sion system against phase separation by increasing the viscosity of

the aqueous phase and, therefore, retard droplet or particle move-
ment. This stabilizes the system as long as its value remains high
enough to counteract the forces responsible for phase separation
(Parker, Gunning, Ng, & Robins, 1995). In this case, pectin adsorp-
tion leading to steric stabilization of oil droplets can take place.
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of ITZ lay into oil droplet, it would enhance the van der Waals
forces between the hydrophobic parts of pectin chain (particularly
HMP). Therefore, ITZ could work as an additional surfactant, and
a close-packed film composed of pectin and ITZ would take place.
Fig. 2 demonstrates the possible mechanisms of the formation of
ig. 1. Microscopic images of emulsions containing various types and concentration
nd (d) emulsions with ITZ, prepared from HMP, chloroform-based emulsions conta
oncentrations of pectin were studied, i.e., 1, 1.5, 2 and 3% (w/w).

.3. Effect of internal phase

As the solubility of ITZ in CCT is about 140 �g/mL, only 0.003%
w/w) of ITZ could be loaded in the formulation. The emulsion
ormulations those used chloroform as an internal phase could
ncapsulate higher amount of ITZ than those using CCT. Owing
o very high solubility (about 30,720 �g/mL) of ITZ in chloroform,
.5% (w/w) of ITZ was added in the formulation. Fig. 1 shows
he microscopic images of emulsions containing various types and
oncentrations of pectin (without and with ITZ), using CCT or
hloroform as an internal phase. All emulsions showed spherical
olydispersed oil droplets. The morphology and size of ITZ-loaded
CT emulsions (Fig. 1d) were about the same as the emulsions
ithout ITZ (Fig. 1c).

Different results were obtained when using different inter-
al phases, i.e., the nano-sized emulsions were achieved when
hloroform was used as an internal phase. The nanoemulsions
btained were spherical in shape and showed a polydisperse in the
roplet size. ITZ-loaded formulation revealed very small droplets
Fig. 1f); the size was lesser than 900 nm, comparing to the size

f the formulations without ITZ which were more than 10 �m.
his indicated that the addition of ITZ to the emulsion formu-
ation was very important to obtain the nano-sized emulsions.
he reason for this behavior could be the influence of ITZ in
he molecular association with pectin. It was reported that ITZ
ectin; CCT-based emulsions without ITZ, prepared from (a) LMP, (b) ALMP, (c) HMP,
3% (w/w) HMP; (e) emulsions without ITZ, and (f) with 0.5% (w/w) of ITZ. Different

presents an amine or triazole group that may interact with the
carboxyl group of pectin (Yi et al., 2007). As the non-polar region
Fig. 2. Diagram showing possible mechanisms of the formation of nano-sized emul-
sions, using pectin as a polymeric emulsifier, loaded with itraconazole.
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Fig. 3. Transmission electron microographs of ITZ-loaded nanoemulsions, using
chloroform as an internal phase, containing various pectin solutions; (a) 3% (w/w)
LMP, (b) 3% (w/w) ALMP and (c) 3% (w/w) HMP. The drug loading is 0.5% (w/w).

Fig. 4. Zeta potential (mV) of emulsions containing various types and concentrations
of pectin, using using (a) CCT or (b) chloroform as an internal phase, without and

with ITZ (n = 3). The zeta potential of pectin solutions was −27.06 ± 1.13 mV for HMP,
−33.66 ± 1.26 mV for LMP and −58.85 ± 1.08 mV for ALMP.

nanoemulsions, using pectin as a polymeric emulsifier, loaded with
ITZ.

Nano-sized emulsions were selected and investigated by trans-
mission electron microscope (TEM). Fig. 3 shows transmission
electron micrographs of nanoemulsions prepared from 3% (w/w)
of various types of pectin, loaded with 0.5% (w/w) ITZ, after air-
drying on TEM grid and coating with carbon film. The TEM images
revealed that the oil droplets were spherical and their size was
less than 900 nm. Moreover, the dark appearance of the ITZ-loaded
nanoemulsion droplets may result from the metal elements with
higher atomic number (i.e., Cl) of ITZ which increased electron den-

sity in the droplets resulting in higher contrast. This phenomenon
is not observed in the emulsion droplets without ITZ (data not
shown).
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ous types and concentrations of pectin using chloroform as an
internal phase. Using only pectin, without ITZ, cannot produce
nanoemulsions (discuss above). The droplet sizes were decreased
significantly (Fig. 5d) when ITZ was added to the formulations. It
ig. 5. Effect of type and concentration of pectin and the addition of ITZ on particl
omogenization; emulsions, using CCT as an internal phase, (a) without ITZ, (b) wit

TZ.

.4. Effect of pectin type

Pectin typically showed negative charge due to carboxyl groups
mbedded on its molecules. Fig. 4 shows the zeta potential val-
es (or surface charge) of the emulsions containing various types
nd concentrations of pectin, using CCT or chloroform as an inter-
al phase. Zeta potential of emulsions was changed upon pectin
ype, i.e., the zeta potential of emulsions containing HMP was about
20 mV to −27 mV, while that of HMP was −27.06 ± 1.13 mV. LMP

howed more negative charge due to the higher amount of free
arboxyl group which was not substituted by methyl group there-
ore its zeta potential was −33.66 ± 1.26 mV. ALMP demonstrated
he lowest zeta potential of −58.85 ± 1.08 mV. The zeta potential
f emulsions containing LMP or ALMP was insignificantly changed
hen different concentrations were used; the zeta potential was

imilar to which was investigated in pectin alone.
CCT-based formulations using HMP provided emulsions with

maller droplet size, about 2–10 �m (Fig. 1c) while those using LMP
nd ALMP showed similar droplet size, ranged from 8 �m to 25 �m.
or instance, the formulations containing 1% (w/w) LMP or ALMP
rovided emulsion droplets with the median diameter of about
0 �m while those containing HMP presented smaller oil droplets
ith the median diameter of about 10 �m (Fig. 1). The formulations
repared from chloroform, with no ITZ, showed the same results
s those prepared from CCT (data not shown). Size of emulsions
ontaining various types and concentrations of pectin, using CCT

s an oil phase, is shown in Fig. 5. Emulsion prepared from CCT
emonstrated similar droplet sizes regardless of the addition of ITZ
Fig. 5a and b). This is probably due to a very small amount of ITZ was
oaded in the oil phase. HMP revealed remarkable size reduction
ffect, which the smallest droplets were obtained when using 3%
(as investigated by light scattering method) of emulsions prepared by the simple
and emulsions, using chloroform as an internal phase, (c) without ITZ, and (d) with

(w/w) pectin. However, nanoemulsions could not be prepared from
CCT by the simple homogenization method. The smallest droplet
size obtained was about 5 �m, as investigated by the static light
scattering method.

Fig. 5c and d shows the size of emulsions containing vari-
Fig. 6. A typical SAXS-scattering curve of emulsions: emulsions without drug pre-
pared from 3% (w/w) HMP, using CCT as an internal phase.
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s thought that the incorporation of ITZ into internal phase led to
n additional input of surfactant at the o/w interface, resulting in
reaking the droplets into smaller ones (Formiga et al., 2007). The
ormulations using both HMP and LMP showed the same effect. It
hould be noted that, in some cases, there is a difference between
he droplet size measured by a light microscopic method and
hat by a light scattering method. The size investigated by a light
cattering method was about 6 times larger than that measured
y a light microscope, especially in the formulations without ITZ
hat used ALMP and LMP (data not shown). This may be due to
he instability of the emulsions during sample preparation process
hich the emulsions had to be diluted with water before measure-
ent by a light scattering method. The oil droplet may coalesce or
use together, hence, the larger droplets were formed. However,
his effect was less found in emulsions prepared using HMP and
TZ-loaded formulations. The results suggested that, using HMP or
oading of the drug into the formulation resulted in more stable
mulsions via steric effect (Lutz, Aserin, Wicker, & Garti, 2009).

ig. 7. Effect of storage conditions on the particle size of ITZ-loaded emulsions; CCT-base
hloroform-based emulsions containing various concentrations of (d) LMP, (e) ALMP, and
Polymers 82 (2010) 384–393

With ITZ loading, the diameter of spherical droplets from
chloroform-based nanoemulsions using HMP was about
200–900 nm (Fig. 3c). The higher amount of hydrophobic groups
in the HMP may result in a greater emulsifying properties capable
of making smaller droplets. Using LMP in the formulation caused
slightly larger droplets (Fig. 3a). Although LMP has lower amount
of hydrophobic groups compared to HMP, its lower molecular
mass with better solubility in the aqueous continuous phase might
help to increase the emulsifying properties and thus cause small
droplets. On the other hand, the oil droplets obtained from the
formulation using ALMP (Fig. 3b) were larger than those using
HMP and LMP. Moreover, the fragments of pectin wall and drug
crystals were observed, resulting from the rupture of oil droplets

during the air-drying process for TEM observation.

The results from the size measurement and TEM images indi-
cated that pectin with high DE (HMP) may provide superior
property for preparation of nanoemulsions as it offers suitable
properties, e.g., high amount of hydrophobic molecules which can

d emulsions containing various concentrations of (a) LMP, (b) ALMP, (c) HMP, and
(f) HMP.
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ause better emulsifying effect, high molecular weight which pro-
ided more emulsion stability. ALMP may not be suitable for the
anoemulsion formulations due to its low emulsifying properties.
ddition of ITZ demonstrated very high effect on decreasing of
mulsion droplet size. It is possible that ITZ acts as a fine solid par-
icle, in the same manner as bentonite and veegum (Akhtar et al.,
002; Funami et al., 2007), that could locate on the surface of oil
roplets and exhibited emulsifying properties.

.5. Effect of pectin concentration

Increasing of pectin concentration in the formulation tended to
ecrease zeta potential of emulsions. It is thought that the increase
f a negatively charged polysaccharide like pectin in the emulsion
ormulation results in an increase in negative repulsive forces (elec-
rostatic and steric) between oil droplets. Therefore, the presence
f pectin can reduce the interfacial tension and form a cohesive
nterfacial film around the emulsion droplets thereby retarding
mulsion instability (Funami et al., 2007). Higher concentrations of
ectin produced more stable emulsions in which pectin was tightly
ound onto the oil droplets, then the amount of free carboxyl group
as decreased. The results were the same between the emulsions

hose used CCT and chloroform, suggesting that the type of the
nternal phase was not significantly influenced the zeta potential.

As seen from Fig. 1, the increased concentration of pectin in CCT-
ased emulsions decreased the diameter of oil droplets to about
�m for LMP and ALMP, and 2 �m for HMP. These results suggested

hat the DE have a greater effect to the size of emulsion droplets
han the type of substituted molecule on pectin chain. The results
rom a static light scattering (Fig. 5) also showed a decrease of the
roplet size with the increased concentration of pectin. For the for-
ulations that used chloroform as an internal phase, the pectin

oncentration of 1.5–3% (w/w) yielded nano-sized emulsions with
he droplet size of about 200–400 nm. The size of emulsion droplets
lso decreased with the increased concentration of the pectin solu-
ion (Fig. 5).

The relationship between emulsion droplet size and pectin
oncentration can be explained in terms of polymeric surfactant
urface coverage. At low concentrations of pectin, there was insuf-
cient pectin, newly formed droplets coalesced and the emulsion
roplet size was influenced by the pectin concentration. Initially

ncreasing pectin concentration resulted in a large decrease in par-
icle size (Fig. 5) because more pectin is able to stabilize the newly
ormed droplets. Once there is an excess of pectin, at about 2%
w/w) pectin, the rate of the decrease in emulsion droplet size with
ncreasing pectin concentration was diminished. This is because
he concentration of pectin in the bulk is sufficient to allow rapid
iffusion and adsorption of the pectin to newly formed droplets.
he further increase in pectin concentration only led to a small
ncrease in pectin adsorption and hence a small decrease in droplet
oalescence (Dickinson, 2003).

.6. SAXS experiments

Fig. 6 shows a typical SAXS-scattering curve of the nanoemul-
ions. The other formulations of the emulsions both from CCT and
hloroform also show only a broad peak at the scattering vector Q
f about 1.2 nm−1, hence the emulsions were formed as a simple
mulsion without any crystalline structure. These results were also
n agreement with that from the microscopic measurements. If the
mulsion has an ordered system, e.g., lamellar liquid crystalline

hase, cubic phase or hexagonal phase, there would be typical
eflections at the characteristic spacing ratios, i.e.,
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odríguez-Abreu et al., 2007; Wörle et al., 2007) the emulsions or
ispersions have shown the well-ordered system. This may be due
o the type of the triglyceride used or other components that have
een added.

.7. Stability test

The stability of emulsions was investigated. Freshly prepared
mulsions were milky white in color and showed 100% cream in
ll preparations. For the CCT-based emulsions, after 7-day stor-
ge, the size of oil droplets changed to larger when kept at the
mbient temperature (22 ◦C) and at 4 ◦C (in a refrigerator). Differ-
nt types of pectin did not influence the stability of emulsions in
oth conditions, according to the size of oil droplets (Fig. 7), and
ercent creaming (Table 1). However, it was influenced by the con-
entration of pectin. Using at least 2% (w/w) of pectin could produce
he stable oil-in-water emulsions for 7 days when kept at 4 ◦C. It
ppears that pectin at a high concentration is efficient for stabi-
ization of the CCT-based emulsions, i.e., the formulations using 3%
w/w) pectin showed the highest percent creaming (100% cream)
hen kept at 4 ◦C or at ambient temperature (22 ◦C). Emulsions
sing low concentration of pectin, e.g., 1 and 1.5% (w/w), were
eparated into two phases in both conditions within 7 days.

The results indicated that when ITZ was added into the formu-
ations, not only the droplet size was reduced but also the stability
against the creaming) was enhanced to some extent, especially
or chloroform-based nanoemulsions using HMP. Although freshly
repared emulsions were found to be stable in all formulations,
fter the stability test the emulsions with ITZ provided more stable
mulsions with low creaming rate (i.e., high percent creaming), as
hown in Table 1 and Fig. 7. The storage conditions also affected
he emulsion stability; emulsions kept at 4 ◦C were more stable
han at ambient temperature, especially the ITZ-loaded nanoemul-
ions consisted of 3% (w/w) HMP. This may be due to the same
eason as the size reduction effect which occurred when ITZ was
dded into the emulsions, ITZ may play a role as a co-emulsifier that
ould improve emulsion stability. ITZ-loaded nanoemulsions also
emonstrated smaller droplet size and higher percent creaming
han the nanoemulsions without ITZ, in all types of pectin. HMP-
ased nanoemulsions showed the most stable characteristics and
ay be the most suitable formulation for further study in the future.

he addition of a lipophilic or amphiphilic agent in a submicron-
ized emulsion can lead to an important physicochemical change on
ts behavior (Yi et al., 2007). Sometimes, this procedure can induce
n increase on the stability of the emulsion, as also observed in this
tudy.

. Conclusions

In this study, nanoemulsions were formed by a simple homog-
nization. Pectin, which is a natural surface-active agent, was used
s a polymeric emulsifier. Nano-sized emulsions were achieved
hen chloroform was used as an internal phase while using CCT can
roduce only micron-sized emulsions. Pectin with high DE (HMP)
rovided good emulsion properties according to its high amount of
ydrophobic molecules. The droplet size of emulsions decreased
ith the increased pectin concentration. The addition of ITZ to

he emulsion formulation was important to obtain the nano-sized
mulsions, resulting from the molecular association between ITZ
nd pectin. Using HMP or loading of the drug into the formula-

ion resulted in more stable emulsions via steric effect. It appears
hat 3% (w/w) pectin provided the most stable emulsion with
he highest percent creaming. The obtained nanoemulsions could
e formulated as self-emulsifying drug delivery system (SEDDS)
s a unit dosage form. We are continuing our experiments with
Polymers 82 (2010) 384–393

these systems, in particular to fabricate dried nanocapsules from
nanoemulsion templates.
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