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In order to develop an oral formation of Amphotericin B (AmB) using phytantriol- (PYT-) based cubosomes with desirable
properties, homogenization conditions were firstly investigated to determine their effects on the morphological and dimensional
characteristics of cubosomes. Under the optimized homogenization conditions of 1200 bar for 9 cycles, cubosomes with
reproducible, narrow particle size distribution and a mean particle size of 256.9 nm± 4.9 nm were obtained. The structure of
the dispersed cubosomes was revealed by SAXS (small-angle X-ray scattering) and Cryo-TEM (cryogenic transmission electron
microscopy) as a bicontinuous cubic liquid crystalline phase with Pn3m geometry. To overcome the poor drug solubility and
increase the drug-loading rate, a solubilization method was firstly used to develop cubosomes containing AmB. The encapsulation
efficiency determined by HPLC assay was 87.8% ± 3.4%, and UV spectroscopy and stability studies in simulated gastric fluids
further confirmed that AmB was successfully encapsulated in cubosomes.

1. Introduction

Amphotericin B has been widely used in clinics and is still
regarded as the golden standard and a life-saving drug in
the treatment of severe fungal infections for cancer, organ,
or bone marrow transplant patients. Especially important,
as one of the oldest antimicrobial antibiotics, AmB has not
induced resistance in the clinical treatment. However, clinical
applications of AmB are particularly limited because of its
parenteral administration and potential organ toxicity, such
as nephrotoxicity, central nervous system, and liver damage
[1].

An effective and safe oral formulation of AmB will
surely have significant applications in the treatment of
disseminated fungal infections, because it will eliminate
acute toxicity (fever and chilling) associated with intravenous
(i.v.) delivery, reduce renal toxicity, shorten or avoid hospi-
talization, and increase patient satisfaction. Unfortunately,

due to its low solubility and poor membrane permeability,
oral administration of AmB was reported to result in a
poor bioavailability [2–5]. With the disappointed legacy of
clinical trial failure and the physicochemical properties that
precluded dissolution, it has been commonly believed that a
formulation of AmB for oral administration is not a viable
therapeutic strategy.

In recent years, advances in drug-delivery technologies
and in-depth understanding of alternative delivery routes
have inspired scientists to reassess AmB for oral administra-
tion. As a result, a substantial progress towards oral formu-
lations of AmB has been achieved, such as AmB nanosus-
pension, lipid-based cochleates, and lipid nanospheres [6–8].
More encouragingly, the oral AmB cochleate formulation is
currently under development by Biodelivery Sciences, Inc.
(BDSI) and a recent press release regarding the favorable
outcome of phase I trial was released in February 2009, and
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the company emphasized that further plans of clinical trials
were underway.

Because of their multilayer structures consisting of con-
tinuous lipid bilayers which are similar to those of cochleates,
cubosomes are considered as novel lipid-based delivery
vehicles that have potential for delivery of AmB. Cubosomes
are nanoparticles, more accurately nanostructured liquid-
crystalline particles [9, 10], in a liquid crystalline phase with
cubic crystallographic symmetry formed by self-assembly of
amphiphilic or surfactant-like molecules. This unique liquid
crystalline structure of cubosomes could provide protection
for entrapped drug from degradation in the gastrointestinal
tract [11–13]. Indeed, the dispersed cubosomes have been
highly recommended as carriers for active molecules due to
their low viscosity, large interfacial areas, and the presence
of both hydrophilic and hydrophobic regions. Furthermore,
because of their great biocompatibility and bioadhesivity,
cubosomes are suitable for oral administration [13–17]. For
example, oral administration of cubosomes loaded with
insulin resulted in a sustained reduce of blood glucose levels
in rats [14].

Initially, the common method using high-energy disper-
sion of bulk cubic phase was applied to prepare phytantriol-
based cubosomes containing AmB [18, 19]. However, this
method had two major obstacles which made it very difficult
to produce dispersed cubosomes with desirable properties,
such as uniform particle size distribution and valuable drug-
loading rate. Firstly, in the previously published studies
which prepared cubosomes by homogenizing a certain
amount of larger particles at 600 bar [20–22], it was empha-
sized that the fraction of larger particles in the obtained
cubosomes should be taken into account for dispersion
characterization as well as in vitro and in vivo studies
performed on cubosomes. However, by now, no experiment
had been conducted to show how to control the size
distribution of dispersed cubosomes via using high-energy
dispersion method. It was not clear whether the cubic liquid-
crystalline structure of cubosomes was still maintained or
disrupted under the high energy homogenization. Secondly,
due to its amphiphilic properties, AmB is poorly soluble in
water, oil, and many organic solvents. With a low solubility
of AmB in PYT (less than 1 mg/g), it seems impossible to
develop phytantriol-based cubosomes containing AmB with
a valuable drug-loading rate.

In order to overcome these obstacles, different homoge-
nization conditions were investigated in this study to deter-
mine the optimal conditions to produce phytantriol-based
cubosomes with uniform particle size and distribution. Also,
water-soluble AmB deoxycholate was selected to enhance the
solubility of AmB in dispersed cubosomes. More specifically,
the aim of this work was to optimize the preparation
method for phytantriol-based cubosomes containing AmB
with desirable properties.

2. Materials and Methods

2.1. Materials. Amphotericin B was obtained from North
China Pharmaceutical Group Corporation (Shenyang,
China). Phytantriol was purchased from DSM (Basel,

Switzerland). Poloxamer 407 (PEO98POP67PEO98) was a
gift from BASF (Ludwigshafen, Germany). Deoxycholate
Sodium was purchased from Amresco (USA). Glass
capillaries for SAXS experiments were obtained from Anton
Paar (Graz, Austria). All the chemicals were used as received
without further purification. Milli-Q grade water purified
through a Millipore system (ELGA LabWater, Sartorius, UK)
was used throughout this study.

2.2. Preparation of Phytantriol-Based Cubosomes

2.2.1. Production of Blank Cubosomes. Proper amount of
phytantriol, Poloxamer 407 and water were weighed for
preparation of bulk cubic phases. Phytantriol and P407 at
a ratio of 9 : 1 (w/w) were melted at 60◦C in a hot water
bath till homogenous. Then, 2 mL of deionized water were
added gradually and vortex mixed for 1 min to achieve a
homogenous state. The samples were equilibrated at room
temperature for 48 hrs, and then, optically isotropic cubic-
phase gels were formed. Subsequent fragmentation in 20 mL
of water was performed by intermittent probe sonication
(JYD-650, Shanghai, China) for 10 min using a pulse
mode (9 sec pulses interrupted by 18 sec breaks) at 400 W
energy input. The resulting milky coarse dispersions were
homogenized using a high-pressure homogenizer (Avestin
Em-C3, Ottawa, Canada) at certain high pressures and cycles
to obtain an opalescent dispersion of the cubosomes. The
final dispersions of cubic-phase gel were stored at room
temperature for later studies.

2.2.2. Production of Cubosomes Containing AmB. In the case
of preparing phytantriol-based cubosomes containing AmB,
AmB deoxycholate (equivalent to 60 mg of AmB) was firstly
dissolved in 2 mL of deionized water. Phytantriol and P407
at a ratio of 9 : 1 (w/w) were melted at 60◦C in a hot water
bath till homogenous. Then, the AmB deoxycholate solution
was added in gradually and vortex mixed for 1 min to
achieve a homogenous state. The remaining process followed
the same steps described above for preparation of blank
cubosomes.

2.3. Characterization of Cubosomes

2.3.1. Particle Size Measurements. The cubosomal particle
size was determined by photon correlation spectroscopy
using a Zetasizer Nano ZS90 (Malvern Instruments, Malvern,
UK) at 25◦C, which is based on the principles of Brownian
motion. Samples were diluted in particle-free purified water
to a scattering intensity of approximately 150–300 kcps and
the dispersant viscosity was set to 0.8872 cP at 25◦C. The
mean z-average diameter and polydispersity indices (PDI)
were obtained by cumulate analysis using the MALVERN
software.

2.3.2. Cryogenic Transmission Electron Microscopy (Cryo-
TEM). For cryo-TEM examination, 4 μL of cubosome sam-
ple were applied on a carbon-coated holey film grid and then
gently blotted with filter paper for about 3 seconds to obtain
a thin liquid film on the grid. Immediately after blotting,
the grid was plunged into precooled liquid ethane for flash
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freeze. Then the cryo-grid was held in a Gatan 626 Cryo-
Holder (Gatan, USA) and the sample was transferred into
a cryo-transmission electron microscope (cryo-TEM; JOEL
JEM-2010, Tokyo, Japan) at −172◦C. Samples were observed
under minimal dose condition and the images were recorded
digitally by a CCD camera (Gatan 832) at the defocus of 3–
5.464 μm.

2.3.3. Small-Angle X-Ray Scattering (SAXS). Small-angle X-
ray scattering (SAXS) measurements were carried out on
a high-flux SAXS instrument (SAXSess, Anton Paar, Graz,
Austria) operating in line collimation and equipped with
an imaging plate (IP) as a detector. The IP with a pixel
size of 42.3 × 42.3μm2 extended into a wide-angle range
(the q range covered by the IP was up to 28 nm−1, q =
(4π sin θ)/λ, where λ is the wavelength of 0.1542 nm and 2θ
is the scattering angle). The liquid samples were carefully
loaded into a quartz capillary with a diameter of 1 mm.
The gel samples were wrapped by aluminum foil and then
fastened onto the sample holder. The exposure time was
60 min for the liquid samples and 20 min for the gels.

2.4. Confirmation of Cubosomes Containing AmB

2.4.1. Encapsulation Efficiency. With the aim to quantify
AmB content encapsulated in cubosomes after production,
0.5 mL of cubosomes containing AmB was added into the
reservoir of centricon (YM-100, Amicon, Millipore, Bedfore,
Mass, USA) [23]. After centrifuging the cubosome dispersion
at 15,000 rpm for 30 min, the filtrate which contained
free AmB was removed. In the process of centrifuge, free
AmB (water soluble AmB deoxycholate) was removed from
cubosomal formulation, because the bottom of the reservoir
of centricon has the certain size of holes. Then, the filtered
dispersion was diluted with methanol and analyzed for
entrapped AmB content using high performance liquid
chromatography (HPLC).

2.4.2. UV Spectroscopic Examination. The spectra of AmB
in different samples, which included AmB deoxycholate,
cubosomes containing AmB, and a mixture of AmB deoxy-
cholate and blank cubosomes all at the AmB concentration
of 2 mg/mL, were investigates by a UV-vis spectrometer [24]
at the wavelength of 250 nm to 500 nm. The ratio of the
absorbance of the first peak (I) to the last peak (IV) was used
to monitor the aggregation state of AmB.

2.4.3. Stability Studies in Simulated Gastric Fluids (SGFs).
AmB deoxycholate, cubosomes containing AmB, and a
mixture of AmB deoxycholate and blank cubosomes all at
the AmB concentration of 2 mg/mL were placed in SGF
at the dilution rate of 1 : 10 (v/v) at 25◦C. After 120 min
of incubation, the samples were characterized by optical
microscopy (Nikon Diaphot, Nikon, Tokyo, Japan). The
samples were, respectively, placed on a microscopy glass over
the objective of the microscope and stood for equilibration.
After 40 to 60 seconds when the small particles slowed down
the visible movement, photomicrographs were taken.

Table 1: Results of particle size measurement on three batches of
blank cubosome dispersions prepared under different homogeniza-
tion conditions.

Cubosome dispersion Mean particle size (nm) PDI

Ultrasound only 291.70 ± 37.40 0.250 ± 0.030

600 bar for 3 cycles 290.00 ± 25.00 0.210 ± 0.024

600 bar for 6 cycles 277.33 ± 4.16 0.191 ± 0.027

600 bar for 9 cycles 275.33 ± 18.82 0.189 ± 0.009

1200 bar for 3 cycles 259.66 ± 19.30 0.162 ± 0.010

1200 bar for 6 cycles 259.67 ± 12.42 0.149 ± 0.027

1200 bar for 9 cycles 241.00 ± 12.42 0.107 ± 0.027

1800 bar for 9 cycles 248.67 ± 4.93 0.103 ± 0.016

3. Results

3.1. Optimizing the Preparation Process for PYT-Based

Cubosomes Containing AmB

3.1.1. Effects of Homogenization Conditions on Particle Size
of Cubosomes. Previously, it was reported that the produced
cubosomes always contained a certain amount of large
particles [20–22]. In order to obtain PYT-based cubosomes
with fewer or no large irregular particles, this study investi-
gated the influence of experimental parameters, specifically
the homogenization pressures and the number of homog-
enization cycles, on the morphological and dimensional
characteristics of the produced cubosomes.

Cubosomes were produced with phytantriol/Poloxamer
407 ratio of 9 : 1 w/w in water and dispersed phase/dispersing
phase ratio of 5 : 95. The mean diameter of different
cubosome dispersions was in an approximate range of 241–
291 nm with the polydispersity indices (PDI) value of 0.25
for sonicated cubosomes and below 0.21 for homogenized
cubosomes. After homogenization at 600 bar for 9 cycles,
the particle size of cubosomes was reduced from micrometer
to nanometer ranges. As shown in Figure 1, a few particles
larger than 1 μm were still found in cubosome dispersion
which was homogenized at 1200 bar for 6 cycles. With
increasing the homogenization cycles to 9 at 1200 bar, cubo-
somes with reproducible particle size and size distribution
were obtained. Further increasing the homogenization pres-
sure to 1800 bar for 9 cycles did not show significant effect
on reducing particle size and narrowing size distribution.

Simultaneously, the influence of homogenization condi-
tions on the particle size of PYT-based cubosomes containing
AmB were also investigated, and similar results as those
for blank cubosomes were obtained (data not shown).
Based on the results of particle size measurements, it
can be recommended that phytantriol-based cubosomes
with nanometer-sized particles, reproducible and narrow
particle size distribution could be produced under the
optimized homogenization conditions of 1200 bar and 9
cycles (Table 1).

3.1.2. Effect of AmB Content on Encapsulation Efficiency. The
encapsulation efficiency of phytantriol-based cubosomes
containing AmB was evaluated by adding different amount
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Figure 1: Particle size distribution of cubosome dispersion measured for three times via Zetasizer Nano ZS90. Homogenization conditions:
(a) ultrasound only; (b) 600 bar for 3 cycles; (c) 600 bar for 9 cycles; (d) 1200 bar for 6 cycles; (e) 1200 bar for 9 cycles; (f) 1800 bar for 9
cycles.

of AmB (30 mg, 45 mg, and 60 mg) to the dispersed phase
during preparation. The results in Table 2 showed that AmB
encapsulation efficiency was 88.5% ± 0.6%, 91.8% ± 1.5%,
and 87.8% ± 3.4%, respectively, and no significant effect of
added AmB content on encapsulation efficiency was found.
Therefore, based on the maximum solubility of AmB (60 mg
of AmB dissolved in 2 mL of deionized water), PYT-based
cubosomes containing 60 mg AmB with the highest drug-
loading rate of 3.0% were chosen for the following studies.

3.1.3. Effect of AmB Content on Particle Size of Cubosomes.
The influence of AmB content added to the dispersed
phase during preparation on the particle size of PYT-
based cubosome dispersions was investigated by applying
homogenization at 1200 bar for 9 cycles. The results in
Table 3 indicated that there was no significant difference in

Table 2: Effect of AmB content on encapsulation efficiency (n = 3).

Amount of AmB (mg)
added to cubosomes

Encapsulation
efficiency (%)

Actual drug-loading
rate (%)

30 88.5 ± 0.6 1.5

45 91.8 ± 1.5 2.2

60 87.8 ± 3.4 3.0

particle size of cubosome dispersions with increasing the
content of AmB from 30 mg to 60 mg.

3.2. Characterization of Cubosomal Structure

3.2.1. SAXS. The cubic phase can be fragmented into stable
submicron sized particles, also known as cubosomes, which
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Table 3: Effect of AmB content on particle size of cubosome dis-
persions (n = 3).

Amount of AmB (mg)
added to cubosomes

Mean particle size (nm) PDI

30 266.0± 3.2 0.12± 0.02

45 259.7± 1.9 0.09± 0.02

60 256.9± 4.9 0.10± 0.04

retain the internal structure of the original liquid crys-
talline. Cubosome formation and structure were primarily
characterized by cryo-TEM in combination with SAXS to
confirm the internal nanostructure of the particles. The
homogenized dispersions were analyzed by X-ray diffraction
and cryo-TEM, and the results indicated that the cubic
structure was remained in cubosomes. Although the disper-
sion homogenized at 1800 bar for 9 cycles presented the
same characteristics as dispersion homogenized at 1200 bar
for 9 cycles, the greater shear forces applied might break
down the cubic structural particles into nonequilibrium
vesicular structures which later would typically fuse into
unstable colloidal larger particles. Therefore, the dispersions
homogenized at 1200 bar for 9 cycles were subjected to the
later studies as drug carrier for oral administration.

Figure 2(d) showed the SAXS profiles of the bulk cubic
phase with melts of phytantriol and Poloxamer 407 at a
ratio of 9 : 1. Diffraction peaks were observed up to the
sixth order at ratios of 21/2 : 31/2 : 41/2 : 61/2 : 81/2 : 91/2, which
were indicated as the Miller indices, h k l = 110, 111, 200,
211, 220, and 221 correspondingly. The observation fits the
characteristic peaks of Pn3m crystallographic space group
(Q224) which contains a diamond cube phase, and it is also
in agreement with the previously published phase behavior
of phytantriol [25].

Figure 2(a) showed the SAXS profiles obtained from
the phytantriol-based cubosome dispersion homogenized at
1200 bar for 9 cycles. Comparing with the SAXS profiles
of bulk cubic phase in Figure 2(d), five similar reflections
following the relationship of 21/2, 31/2, 41/2, 61/2, and 81/2,
which were indexed as h k l = 110, 111, 200, 211, and 220
peaks of a primitive cubic lattice of the Pn3m space group,
were observed for cubosome dispersion. Meantime, the
same peak positions for these five reflections were detected
for cubosome dispersion homogenized at 1800 bar for 9
cycles as illustrated in Figure 2(b). This confirmed that the
internal nanostructure of these two cubosome dispersions
was Pn3m space group; in other words, the particles kept the
bicontinuous cubic nature after homogenization. However,
the weak peaks of 200, 211, and 220 might be attributed to
the homogenization destroy.

Furthermore, Figure 2(c) showed the SAXS profiles
obtained from the phytantriol-based cubosomes containing
60 mg of AmB homogenized at 1200 bar for 9 cycles. In this
case, only three reflections following the relationship of 21/2,
31/2, and 41/2, which were indexed as h k l = 110, 111, and 200
peaks of a primitive cubic lattice of the Pn3m space group,
were observed. The disappearing of other weak peaks is more
likely due to the fact that some drug molecules attached

to the surface of cubosomes and thus interfered with the
diffraction peaks, rather than destroying the cubic liquid-
crystalline structure by adding the drug. The direct evidence
came from cryo-TEM below, in which the cubosomal charac-
terization was obvious in PYT-based cubosomes containing
AmB. Thus, based on the SAXS results, the internal structure
of phytantriol-based cubosomes containing 60 mg AmB was
the Pn3m crystallographic space group (Q224).

3.2.2. Cryo-TEM. In order to further investigate the cubic
structure of the blank phytantriol-based cubosome disper-
sions and cubosomes containing AmB homogenized at 1200
bar for 9 cycles, the formulations were examined by cryo-
TEM. Figure 3(a) showed the image of blank cubosomes
which contained highly ordered cubic inner structure with a
mean particle size of about 250 nm close to that observed by
laser diffraction. Figure 3(b) showed the image of cubosomes
containing AmB with typical cubosomal characterization
and a mean particle size of about 250 nm similar to that
of blank cubosomes. The typical crystal structure obtained
via lowering the brightness of cryo-TEM was observed to
confirm the cubic liquid-crystalline structure of AmB-loaded
cubosomes, as seen in the upper right corner of Figure 3(b).

3.3. Characterization of Phytantriol-Based Cubosomes

Containing AmB

3.3.1. Encapsulation Efficiency. As mentioned before, the
encapsulation efficiency of phytantriol-based cubosomes
containing AmB was measured by removing any free AmB
through filtration and only detecting the entrapped AmB.
The results in Table 2 demonstrated that as much as 90%
AmB was successfully encapsulated in phytantriol-based
cubosomes.

3.3.2. UV Spectroscopy. The UV spectrum of AmB depends
on its aggregation state. Generally, in aqueous solution, AmB
is aggregated, and its absorption spectrum presents a major
broad band at 328 nm. In this study, the absorption spectra
of AmB in four samples, including AmB deoxycholate, cubo-
somes containing AmB, and a mixture of AmB deoxycholate
and blank cubosomes which all contained 2 mg/mL of AmB
as well as blank cubosomes, were compared to demonstrate
the successful encapsulation of AmB in cubosomes. As
shown in Figure 4, the major absorption band was observed
in both free AmB solution and physical mixture of AmB
and cubosomes. The spectroscopy of cubosomes containing
AmB showed the absorption peak at different position with
much lower intensity, which suggested that AmB was actually
encapsulated in phytantriol-based cubosomes rather than
simply mixed with blank cubosomes.

3.3.3. Stability Studies in Simulated Gastric Fluids. Stability
studies were performed on AmB deoxycholate, cubosomes
containing AmB, and a mixture of AmB deoxycholate
and blank cubosomes which all contained 2 mg/mL of
AmB. After incubation for 120 min, some changes were
optically shown in Figure 5. AmB aggregation was found in
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Figure 2: SAXS profiles of the cubic liquid-crystalline structure: (a) phytantriol-based cubosome dispersions homogenized at 1200 bar for
9 cycles; (b) at 1800 bar for 9 cycles; (c) phytantriol-based cubosomes containing AmB homogenized at 1200 bar for 9 cycles; (d) the bulk
cubic phase with melts of phytantriol and Poloxamer 407 at a ratio of 9 : 1.
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Figure 3: Cryo-TEM micrographs of blank phytantriol-based cubosomes (a) and cubosomes containing AmB (b).
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Figure 4: UV spectra of AmB. (a) AmB deoxycholate, (b) blank cubosomes, (c) mixture of AmB deoxycholate and blank cubosomes, and
(d) cubosomes containing AmB.

both AmB solution and mixture of AmB and cubosomes
(Figures 5(a) and 5(b)), while dispersed AmB was clearly
observed in cubosomes containing AmB (Figure 5(c)). The
different states of AmB observed in cubosomes containing
AmB and the mixture of AmB and blank cubosomes demon-
strated that AmB was successfully encapsulated in PYT-based
cubosomes rather than simply mixed with the cubosomes.
Optical observation used to evaluate the cubosomes stability
is that AmB aggregation was easy happened to become a large
aggregation size, which could not be determined by photon
correlation spectroscopy (PCS).

4. Discussion

The advantages of cubosomes as oral delivery system may
lie in the following aspects. Firstly, the lyotropic property of
cubosomes with hydrophilic surface makes the contact with
the endothelial cell membrane more easily and overcomes
the “unstirred water layer” barrier [26–28]. Secondly, either
the cubic nanoparticles or the encapsulated drug molecules
can enhance the penetration across the endothelial cell
membrane, which will increase the uptake efficiency of
orally administrated drug [29]. Currently, in the majority
of reported studies on dispersed liquid crystalline systems,
glyceryl monoolein (GMO) was used for preparation [17]
as it could form a bicontinuous cubic phase in excess

water. However, GMO-based cubosomes consisted of lipid
composition have the same digestion process in the gas-
trointestinal tract as micelles, liposomes, and niosomes
because the ester-based structure may be rapidly cleaved by
pancreatic lipase, and the ester hydrolysis is likely to induce
chemical instability and disruption of the liquid crystalline
structure during the digestion. To avoid this shortcoming,
one alternative resolution is PYT-based cubosomes, because
phytantriol does not possess a susceptible ester bond in its
molecular structure, and it is likely the cubic phase structure
can be retained under the digestive conditions. Therefore,
phytantriol-based cubosomes were firstly investigated as
drug-delivery system in the present study.

First of all, the optimal formulation process for phytan-
triol-based cubosomes containing AmB was determined in
order to produce cubosomes with desirable particle size and
distribution and good drug-loading rate as oral drug delivery
carriers. Cubosomal size is an important parameter, which
could influence drug release, intestinal uptake, and thus
the overall bioavailability of the formulation [30, 31]. The
particles in a size of 100 nm generally present a significantly
higher uptake by the intestinal tissues in terms of total mass
and quantity compared to the larger particles. This is because
of a particle size-dependent exclusion phenomena in which
smaller particles are more likely to be internalized inside
the cells and tissues [31, 32]. Unfortunately, PYT-based
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(a) (b) (c)

Figure 5: Optical microscopy of samples in SGF (×200). (a) AmB deoxycholate, (b) mixture of AmB deoxycholate and blank cubosomes,
and (c) cubosomes containing AmB.

cubosomes with a mean particle size of 250 nm and uniform
size distributions were only obtained in this study.

To date, the poor solubility of AmB in oil is still a
challenge, and no effective solutions have been found to
enhance the solubility. Recently, a self-emulsifying drug-
delivery system (SEDDS) using lipidic excipient Peceol was
reported to improve the oral absorption of AmB [33].
However, solubilization of AmB in SEDDS formulations was
limited at 100–500 μg/mL, which led to an unacceptable
amount of lipid to be administered. With AmB solubility in
PYT less than 1 mg/g, it seems also impracticable to develop
phytantriol-based cubosomes containing AmB due to the
low drug-loading rate. To increase drug content, several
ways have been tested. Firstly, the concentration of PYT
was raised to 10% wt/wt, but the higher concentration of
dispersed phase led to formation of larger particles and a
number of aggregates. Secondly, it was reported previously
the use of surfactants as solubilizer was able to increase
the solubility of AmB. Surfactants, such as F-68, tween-80,
sodium dodecylsulfate and sodium deoxycholate, were used
in the present study to enhance AmB solubility. But AmB was
still not incorporated in cubosomal dispersions. Finally, an
efficient method was found to improve the AmB solubility
by gradually adding 2 mL of AmB deoxycholate solution
(maximally 60 mg AmB was dissolved in 2 mL of water)
into homogeneous melt of Phytantriol and P407. With this
method, phytantriol-based cubosomes containing AmB with
drug loading rate up to 3% were successfully produced.

As reported previously, without the aid of an emulsifier,
PYT itself did not form a stable emulsion in water [22].
The surfactant is not merely absorbed at the particle surface;
actually, the surfactant is more likely anchored at the apolar
region or at the surface of PYT-based bilayers [22]. If AmB
deoxycholate was melted together with Phytantriol and P407
at 60◦C, deoxycholate might rapidly interact with PYT and
destroy the micellar structure of AmB deoxycholate and
accordingly lower the solubilization of AmB then formed
AmB crystals precipitation. By selecting the proper surfactant
and controlling the adding time of AmB deoxycholate, the
addition of water soluble AmB deoxycholate into the melt of

phytantriol and P407 could keep a enough little drug-particle
size for the drug-delivery system subjected to a high-pressure
process leading to the complete dissolution of AmB in the
cubosomes.

Theoretically, the AmB could spontaneously diffuse from
the aqueous phase into the PYT layer according to its
partitioning coefficient. But the possible problem lies in
the dissolution of AmB, because poorly soluble drugs show
simultaneously a very low-dissolution velocity. Based on this
fact, localization of the AmB in the PYT layer appeared
feasible to achieve when accelerating the dissolution velocity
of AmB. As shown in Noyes-Whitney equation, the higher
the streaming velocity of the dissolution medium across
the crystal surface is, the larger is the dissolution velocity.
Previous research had indicated that the stirring velocities
and related streaming velocity of the fluid are enough for
some little AmB crystals dissolved in lipid material when
homogenizer was employed [34]. This is a reasonable princi-
ple for AmB deoxycholate encapsulated in cubosomes using
high pressure homogenization rather than AmB crystals
simply added into cubosomes.

In this study, the results of photon correlation spec-
troscopy, X-ray diffraction, and cryo-TEM illustrated the
cubic nanoparticle structure in the cubosome formulation;
however, it was not clarified whether the formulation was
a simple mixture of AmB deoxycholate and blank cubo-
somes or AmB was encapsulated in cubosomes. Therefore,
evaluation of encapsulation efficiency, UV spectroscopy
measurement, and stability studies in simulated gastric
fluids were conducted to confirm the incorporation of drug
in cubosomal dispersions. At first, the encapsulated drug
content was accurately determined after removing the free
drug from the carrying system via ultrafiltration method.
The detected encapsulation efficiency of 87.8% indicated
that majority of the drug was indeed encapsulated in cubo-
somes. Additionally, the comparison of UV spectroscopy
demonstrated that when the drug was incorporated in
formulation, its absorption peak position and intensity were
dramatically influenced. Moreover, the optical microscopy
showed the aggregation of AmB in simulated gastric fluids



Journal of Nanomaterials 9

during stability study, but the aggregation was replaced
by dispersed state of AmB in cubosomes containing AmB,
which also indicated the drug was incorporated in cubo-
somes. Overall, the characterization results demonstrated
the successful preparation of phytantriol-based cubosomes
containing AmB with desirable particle size distribution
and valuable drug loading rate. It is necessary to further
investigate the cubosomes containing AmB in vivo and in
vitro.

5. Conclusion

Phytantriol-based cubosomes containing Amphotericin B as
a formulation for oral delivery of AmB, was successfully
developed through homogenizing the bulk cubic phase gel
into a cubic dispersion. Cubosomes with nanometer-sized
particles and reproducible, narrow particle size distribution
were optimally obtained under homogenization at 1200 bar
for 9 cycles. The structure of the dispersed formulation was
confirmed by SAXS and cryo-TEM as a bicontinuous cubic
liquid crystalline phase with Pn3m geometry. Encapsulation
efficiency, UV spectroscopy, stability studies in simulated
gastric fluids further confirmed the incorporation of AmB
in cubosomal dispersions. The cubosomes will be utilized
in subsequent studies to determine the oral adsorption of
cubosomes as a means to control loading and release of AmB.
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