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Abstract

Disaccharides, such as sucrose, have been reported to protect phospholipid membranes during drying,
while HPMC is used as gel matrix to inhibit recrystallization. We have investigated the solid state
characterization of dried liposome formulation (air-dried and freeze-dried) which was preserved in the
presence of sucrose and dispersed in HPMC matrix. The dried liposomal featured cationic dimethyl-
dioctadecylammonium (DDA) was produced to overcome detrimental phase separation in phospholipid
membranes during manufacturing process. The effect of sucrose and HPMC on lipid phase behavior
during dehydration were characterized including their thermodynamics by DSC, crystallinity by XRD,
and liposome structure by SEM. Data revealed that formula contain 5% sucrose and 7.5% HPMC
showed a miscible mixture and relatively less crystalline-forming properties that potentially construct a
stable dried liposome. The results may aid in the development of dried—-DDA liposomal formulation by

using combination of sucrose and HPMC.
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Introduction

Liposome is termed as microscopic spherical
vesicles with bilayer membranes which is formed
when the phospholipids are exposed to water-rich
environments, due to their amphipathic nature
(Bozzuto and Molinari, 2015). Liposomes have been
widely used in pharmaceutical application because of
their advantageous features including liposomes are
good carriers for both hydrophilic and lipophilic
drugs, liposome can decrease toxicity by ensuring
target organ specificity, that might reduce the
effective dose of the drug (Kaur, 2011).

The main issue in the liposomal formulation for
the pharmaceutical industry is the scaling up of the
production processes. The conventional methods to
produce liposomes have serious limitations, such as
the material loss and the difficulty of scaling up high
pressures devices Wagner and Vorauer-Uhl, 2011). In
this study, an alternative method to overcome this
problem has been utilized by air-drying and freeze-
drying to produce dried liposomes product, which
need a subsequent controlled hydration step in order

to obtain multilamellar liposomes, known as pro-
liposomes strategy (Nekkanti et al., 2016; Ramteke
et al., 2008).

Nevertheless, physical factors such as freezing
and drying can also affect the integrity of bilayer
membranes. The drying process involves the removal
of water from phospholipid membranes usually
results in irreversible structural and functional
damage (Chiantia et al., 2015; Wolkers et al., 2004;
Prestrelski et al., 1992).

Preservation of dried liposome has been
achieved by the discovery that sugars can protect
membranes during dehydration (air-drying or freeze-
drying). Sugar molecules directly interact with the
polar headgroups of phospholipids membranes by
forming hydrogen bonds (Pereira et al., 2004,
Disalvo et al., 2004), they act to replace water
molecules bound to lipid head groups and maintain
head group spacing in the dry state similar to that of
the hydrated lipid (Ohtake et al., 2005; Ingvarsson
etal., 2011).
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The effect of sucrose on the phase behavior of
phospholipid  membranes has been studied
extensively, in view of the finding that sucrose can
prevent phase separation in membranes during drying
(lzutsu et al., 1998; Randolph, 1997). In addition, we
used hydroxy-propylmethylcellulose (HPMC) as
dispersing matrix to prevent crystallization that might
happen during manufacturing, such as drying, and
storage (Tejaa et al., 2013). It is interesting to
combine mechanism of sucrose and HPMC on the
phase behavior of lipid mixtures during drying.

This present study observed production of dried
liposome products by freeze-drying and air-drying
and emphasizes the influence of the mixture
composition on the liposomes structure by using
scanning electron microscopy (SEM), the liposomes
thermodynamic properties by using differential
scanning calorimetry (DSC), and the liposomes
crystallinity properties by using x-ray diffractometry
(XRD). The informations on such characteristics may
offer future perspective into the development of
potential formulation of dehydrated liposomes.

Materials and Methods

Materials: Materials used in the study includes
soybean phosphatidylcholine (SPC) (Lipoid GmBAh,
Germany), dimethyl-dioctadecylammoniumbromide
(DDA) (Sigma Aldrich, Singapore), cholesterol
(Sigma-Aldrich, Singapore), hydroxypropyl-
methylcellulose (HPMC) (Shin-Etsu,Japan) and
sucrose (Sigma-Aldrich, Singapura). Methanol (E.
Merck) was used of analytical grade as a solvent to
facilitate the mixing of liposomal ingredients.

Dried liposomes preparation: Liposomes were
prepared by thin film hydration technique. Briefly, all
weighed amount lipids in mol ratio of 1 : 1 : 0,1
(DDA : SPC Cholesterol) were dissolved in
methanol. Solvent was evaporated under vacuum for
an hour. The lipid film was hydrated with pre-
warmed (50°C) ssucrose solution (5%w/v or
10%w/v) under consistent stirring for 10 minutes.
The formed liposomes were sonicated using
waterbath sonicator for 5 minutes, then dispersed into
a pre-formed HPMC gel (2.5% w/v or 7.5% wi/v).

The liposomal formulation was subsequently divided
into freeze drying process at -20°C for 48 hours
(FS1-FS4) and air drying process at 40°C for 72
hours (FSO1-FSO4) to obtain solid products. The
formulas could be seen in the Table 1.

Table 1. Prepared formulation of dried Liposome.

E . Drying Sucrose HPMC
ormulation . .
process  concentration  concentration
FS1 5% 2.5%
FS2 Freeze 10% 2.5%
FS3 drying 5% 7.5%
FS4 10% 7.5%
FSO1 5% 2.5%
FSO2 Air 10% 2.5%
FSO3 drying 5% 7.5%
FSO4 10% 7.5%
Differential ~ scanning  calorimetry  (DSC)

analysis: Thermal properties of liposome formulation
formed were examined by the DSC (differential
scanning calorimeter) instrument. Heating rate is 10
°C per minute at a temperature range of 30-250 °C.
The transition temperature of the sample is observed
through a generated thermogram and measured as
endothermic peak minimum of phase transition
during the heating scan.

X-ray diffractometry (XRD) analysis:
Crystallinity of the dry product were examined by the
XRD (X-ray diffractometer) instrument. Samples
were weighed and inserted into the holder and the
surface was leveled. Furthermore, the holder is
inserted into the instrument with the following
conditions: Cu metal target, voltage of 40 kV, current
of 30mA, slit width of 0.2 inch. Data is collected by
scanning mode 0.2-0.5° per minute with a scanning
distance 2@ = 5-40°

Scanning electron microscopy (SEM) analysis:
The structure of the entrapped liposomes as well as
the solid matrix were observed by the SEM (scanning
electrone microscope) instrument. Portions of the
dried product were scattered and glued onto 25 mm
diameter plates, which were attached to SEM
specimen mounts. The specimens were sputter-coated
with a layer of gold approximately 5 nm in thickness
for 180 seconds and specimens were examined on
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magnification  5000x
Microscope, Japan).

(TM 3000 Table top

Results and Discussion

A. DSC Study of Glassy State of Sucrose in The
Presence of HPMC: In the present study, the
percentage of sucrose concentration were 5% and
10%. It was previously reported that sucrose at
concentration of 10% was sufficient to preserve
liposomes during dehydration (Yusuf et al. 2017).
During drying, sucrose was expected to form the
glassy state and dried liposomes were preserved in
such a sugar glass matrix. To study the glassy state of
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sucrose, we determined glass transition state for
samples by using differential scanning calorimeter.

Each sample was scanned with differential
scanning calorimeter at 10°C/min and the glass
transition temperatures (Tg) of the FS1-FS4 were
observed between 60°C and 80°C, the midpoint
temperature was 76.29°C (Fig. 1). On the other hand,
the glass transition temperatures (Tg) of the FSO1-
FSO4 were observed between 75°C and 85°C, the
midpoint temperature was 77.40°C. (Fig. 2). The
glass transition state from DSC thermogram of
liposomal samples were essentially identical to that
of the sucrose system, as we expected.
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Figure 1. DSC thermogram of freeze-dried liposome formulation in the presence of sucrose and HPMC as

dispersing matrix.
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Figure 2. DSC thermogram ofair-dried liposome formulation in the presence of sucrose and HPMC as

dispersing matrix
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Furthermore, only FS2 and FS3 as the freeze
dried liposomes exhibited endothermic peaks
respectively at 148.25°C and 153.54°C, the midpoint
temperature was 150°C (Fig. 1). On the other hand,
all the air dried liposomes (FSO1-FSO4) exhibited
endothermic peaks respectively at 184,44°C; 186,
47°C; 183, 20°C; and 186, 74°C, the midpoint
temperature was 185°C (Fig. 2). Thisendothermic
event at 150°C and 185°C could be the melting
temperature of sucrose crystal. The obtained solid
product might be metastable as they underwent
recrystallization upon heating. As already mentioned,
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several explanations have been offered in the
literature for the appearance of melting peak for
sucrose crystals is lower than that around 190°C
(Bcckett et al. 2006). The possibility of the formation
of a hydrate of sucrose and the inclusion of mother
liquor in the crystal lattice or the presence of
amorphous matter at the surface of the crystals has
been mentioned (Lu et al. 2017). We concluded that
this could be due to the devitrification of amorphous
system which has been formed by combination of
sucrose and HPMC matrix.
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Figure 3. X-ray diffractograms of freeze-dried liposome formulation in the presence of sucrose and

HPMC as dispersing matrix.
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Figure 4. X-ray diffractograms of air-dried liposome formulation in the presence of sucrose and

HPMC as dispersing matrix.
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B. XRD study of crystallinity of dried liposomes:
In X-ray diffractograms, the crystallinity of samples
is characterized by the shape (intensity or height and
width) of the peaks. The narrower the peaks, the
more crystalline the structures. The wide or small
peaks indicate the presence of amorphous domains in
the structures. Comparison of the resulting XRD
diffractograms in Figs. 3-4 showed that the peaks
differed in intensity.

The XRD diffractograms in fig. 3, FS1 and FS2
showed more intensive peaks and the same
characteristics were observed in FSO1 and FSO2 in
Fig. 4. On the other hand, FS3 and FS4 in fig. 3
showed much less intensive peaks and the same
characteristics were observed in FSO3 and FSO4 in
Fig. 4. It indicated that formula which contained
HPMC in concentration of 2.5% still exhibited
crystalline-forming properties, as we expected. The
amorphous character of liposome system gives the
benefits during hydration with water (Khadka et al.
2014)

Based on comparison of drying method, the air
dried liposome has more crystalline-forming
properties than the freeze dried liposomes. We
concluded that it might happen because the heat
energy from air drying was higher than from freeze
drying, thus mixture of components are more enable
to molecular re-arrangement in the system, as
according to literature study that an amorphous
material can crystallize when heat energy increased
its molecular mobility (Yu et al., 2001).

C. SEM study of dried liposomes in the presence
of HPMC matrix: The morphology of liposomes and
the structure of solid matrices in figure 5 and 6 were
imaged by SEM. The electronic micrographies
showed that the liposomes were intactly observed in
all formulations. FS4 and FSO4 which contained
sucrose at concentration of 10% and also HPMC at
concentration of 7.5% showed relatively larger
vesicles which trapped in the solid matrices (fig. 6a
and fig. 6b). In contrast, FS3 and FSO3 which
contained sucrose at concentration of 5% and also
with HPMC at concentration of 2.5% showed more

solid matrices (Fig. 5a, b). Based on comparison of
drying method, the freeze dried liposome was more
porous than the air dried liposome, as according to
literature study that a porous matrix is generally
formed after freeze-drying (Yu et al., 2001).

Furthermore, all liposomes were spherical
shaped with smooth surface and intact in porous
matrices structure. We concluded that such porous
matrices are beneficial in terms of a more rapid
reconstitution.

In this study, we have investigated the influence
of combination of sucrose as a lyoprotectant agent
and HPMC as a dispersing matrix agent on structural
and physical characteristics of dried liposomal phase
by air-drying and freeze-drying.

The preservation of liposome during drying was
directly related to ability of sucrose to interact with
the phospholipids. However, the physical separation
of dried liposomes by bulky sucrose glass could be an
important factor in preventing liposome in the glassy
state (Simperler et al., 2006), because dynamic
properties of the glassy state depend on high
viscosity, which lowers the mobility of molecules
(Wisitsorasak and Wolynes 2012), Ojovan 2008), and
the physical separation of dried lipospmes could
certainly inhibit the collapse membrane in the glass
state (Ekdawj-Sever et al. 2001).

When compared to the hydrated system, dried
mixtures display much higher phase transition
temperatures. This is due to decreased head group
spacing of the lipids in the dry state, which allows for
more van der Waals interactions between lipid
hydrocarbon chains, and thus higher onset of the
chain melt Nevertheless, the presence of
disaccharides between the lipid head molecules, are
known to act as water-structuring compounds, might
be able to raise the attraction between the head
groups of phosphoplipids, thus increase interfacial
tension and as a result cause the lipid bilayers to
become more closely packed (Ojovan 2008).

This is proven by the phase transitions occur at
slightly higher temperatures in the presence of
sucrose, at 76.29°C and 77.40°C (Figs 1-2). Thus,
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mixed phases of the lipid components are observed
after drying. This is in sharp contrast with the
situation before drying, in which the lipid
components are phase separated at 40°C (the
temperature of drying). We concluded that air-drying
and freeze drying of this liposome mixture leads to
mix of components and change to amorphous
materials.  Nevertheless, the thermodynamic

instability of amorphous materials lead to a tendency
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to crystallize during storage. Crystallization occurs to
a greater extent at temperatures above the glass
transition temperature (Tg) (Leinen and Labuza
2006). The DSC spectra of freeze dried and air dried
liposome system with sucrose showed that the
recrystallization temperatures were 150 °C and
185°C respectively. These results indicated that dried
liposomes, including amorphous systems, should be
refrigerated to preserve their physical structures.
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Figure 5. SEM image of dried liposome formulation in the presence of sucrose and HPMC as dispersing matrix : (a) FS3 and

(b) FSO3.
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Figure 6. SEM image ofdried liposome formulation in the presence of sucrose and HPMC as dispersing matrix : (a) FS4 and

(b) FSOA4.
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Furthermore, formulations that contained sucrose
at concentrations of 5% w/v with HPMC and at
concentrations of 7.5% w/v did not lead to phase
separation during drying, indicating a good
miscibility of all components. The results showed
that the HPMC matrix at concentration of 7.5% wi/v
might be sufficient in inhibiting recrystallization of
all components upon manufacturing processes and
storage. We concluded that formation of a new phase
which does not undergo phase separation (miscible)
could be a good sign that all components of liposome
systems might lead to be a stable liposome with
expected properties.

Nevertheless, sucrose at concentration of 10%
wi/v prefered to interact sucrose molecules with lipid
molecules, thus the sharp peaks are strongly
characteristic of the pure sucrose that non-
incorporated in the resulting dried solid product.
Moreover, HPMC matrix which was formed at
concentration of 2.5% could not act as a adequate
barrier to prevent recrystallization, thus phase
separated happened from this mixture. In this case,
we concluded that the combination of sucrose and
HPMC as a function of concentration complied the
purpose of preserving liposomal membrane.

Conclusions

The present study demonstrated the potential
application of sucrose as lyoprotectant agent together
with HPMC as dispersing matrix agent for the
development of dried DDA-liposomal formulation.
The amount of sucrose and HPMC in formulation
significantly affect the phase behavior of lipid
mixtures. The addition of sucrose at concentration of
5% w/v and HPMC at concentration of 7.5% w/v in
dried liposomal formulation showed more miscible
mixtures which preserved intact liposomes on
amorphous and porous matrix. Controlling the phase
transition and glass transition temperatures ensured
preservation of the liposomal properties during
manufacturing process and storage. The developed
liposomal formulation in the form of dried solid
products have wide range of pharmaceutical
applications.
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