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The production of freeze-dried liposomes encapsulating drugs is considered a key

challenge since the drugs are prone to leakage. The aim of this work was to study the

effect of different saccharides on preserving the stability and drug retention capacity of a

previously developed liposomal formulation, when subjected to a freeze-drying process.

The protective role of trehalose, lactose, glucose, mannitol and sucrose, known for their

cryo/lyoprotective effect, was tested by addition of different concentrations to liposomes.

Sucrose, in a concentration dependent manner (8:1 sugar:lipids mass ratio) proved to

be a suitable cryo/lyoprotectant of these liposomes. Effectively, this saccharide prevents

the fusion or/and aggregation of the liposomal formulation, protecting the integrity of

the freeze-dried empty liposomes. The liposomal formulation containing sucrose was

studied in terms of morphology, concentration, and anticancer drugs retention ability.

The study involved two drugs encapsulated in the aqueous core, methotrexate (MTX)

and doxorubicin (DOX), and one drug located in the lipid bilayer, tamoxifen (TAM). After

the freeze-drying process, liposomes with sucrose encapsulating drugs revealed high

physical stability, maintaining their narrow and monodisperse character, however high

leakage of the drugs encapsulated in the aqueous core was observed. Otherwise,

no significant drug leakage was detected on liposomes containing the TAM, which

maintained its biological activity after the freeze-drying process. These findings reveal that

sucrose is a good candidate for the cryo/lyoprotection of liposomes with drugs located

in the lipid bilayer.

Keywords: liposomes, freeze-drying, cryo/lyoprotectants, saccharides, drug delivery

INTRODUCTION

Liposomes have received significant attention as drug delivery systems since they are composed
of natural substances, making them non-toxic and biodegradable (Nogueira et al., 2015a).
Drugs encapsulated within liposomes are protected from early inactivation, immediate dilution
or degradation, suggesting these devices as good carriers to targeting sites (Spuch and
Navarro, 2011). Depending on their solubility, drugs can be encapsulated in the inner
aqueous compartment (hydrophilic drugs), intercalated in the membrane bilayer structure or
associated to the membrane surface (hydrophobic drugs) (Schwendener and Schott, 2017). In
addition, amphipathic acids or bases can be loaded in the inner aqueous core of liposomes
(Haran et al., 1993; Clerc and Barenholz, 1995).
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The potential of liposomes for specific therapeutic
applications continues to be a challenge due to their inherent
physical and chemical instability for long-term storage. Some of
the problems include hydrolysis or oxidation of phospholipids,
liposome aggregation or/and fusion, and increased bilayer
permeability resulting in drug leakage (Payton et al., 2014;
Porfire et al., 2017; Olusanya et al., 2018). A usual approach to
overcome these problems is the production of a dry liposomal
product. Freeze-drying (i.e., lyophilization) is the method
commonly used to improve the long-term stability of dry powder
liposomes with low content of residual water (Alexopoulou
et al., 2006; Kannan et al., 2014). However, freeze-drying
itself may result in formulation physical changes, related
with the increase of the size of liposomes, resulting from
the fusion of the phospholipid membranes that can occur
during the freezing, drying, or rehydration. The loss of the
encapsulated drug is also a very common drawback related
with this process (Van Winden, 2003). Therefore, a meticulous
optimization and selection of the components of the formulation
is crucial to achieve a long-term stability of liposome based
drugs (Kannan et al., 2014).

The inclusion of cryo and lyoprotectants in the liposomal
formulation has been undertaken to improve the functional
properties and stability of the products after freezing and
drying, respectively (Costantino et al., 2004). Since they show
the ability to act as the integrity membrane protectants,
carbohydrates, more specific the saccharides, are the preferable
cryo/lyoprotectants used during dehydration/rehydration of
liposomes (Hua et al., 2003; Sylvester et al., 2018). To achieve
a highly stable liposomal formulation some aspects must be
optimized, namely the type and concentration of saccharide.
Some theories have been proposed to explain the stabilization
mechanisms beyond the use of cryo/lyoprotectants during freeze-
drying (Ingvarsson et al., 2011; Franzé et al., 2018), however
deeper studies must be undertaken to understand their protective
effect on the freeze-dried liposomes.

We have previously described a liposomal formulation
that prove to be an efficient system for the encapsulation
and delivery of both hydrophobic and hydrophilic drugs
(Nogueira et al., 2015c). The results support their use as
therapeutic delivery systems as demonstrated by the biological
effect of several drugs in vitro as well as in vivo (Nogueira
et al., 2015b,c). The aim of this work was to optimize this
liposomal formulation to preserve its initial characteristics upon
hydration of freeze-dried powder. For this, we introduced in
the liposome suspension different concentrations of saccharides,
namely trehalose, lactose, glucose, mannitol and sucrose, and
freeze-dried the final formulation. We foresee that these
new formulations, similarly to the raw formulation, will
give rise to stable and homogeneous suspensions with a
minimum of drug leakage. The physicochemical properties
(like size, morphology, and concentration) of the optimized
liposomal formulations were investigated. Furthermore, the
influence of the overall freeze-drying process on the leakage
of three different anticancer drugs was explored and the
biological activity of the most promising liposomal formulation
was determined.

MATERIALS AND METHODS

Materials
1,2-dioleoyl-sn-glycero-3-phosphoethanolamine (DOPE) and
1,2- distearoyl-sn-glycero- 3-phosphoethanolamine-N-[methoxy
(polyethylene glycol)-2000] (DSPE–MPEG) were obtained from
Lipoid GmbH (Germany). Deuterium oxide and deuterated
chloroform were purchased from Cortecnet. Cholesterol (CH),
methotrexate (MTX), doxorubicin hydrochloride salt (DOX),
tamoxifen (TAM), pyridine as well as the saccharides (trehalose,
lactose, glucose, mannitol and sucrose) were received from
Sigma-Aldrich (USA). All culture media and supplements were
also purchased from Sigma-Aldrich (USA).

Liposome Preparation
The production of liposomes encapsulating MTX and TAM was
performed by passive loading of drugs. Liposomes composed
of DOPE/CH/DSPE-mPEG (54:36:10, molar ratio) (Nogueira
et al., 2015c) were produced by ethanol injection method (Jaafar-
Maalej et al., 2010). Briefly, an amount of DOPE, CH and
DSPE-mPEG was dissolved in ethanol. The organic phase was
injected under vigorous magnetic stirring to aqueous phase,
phosphate-buffered saline (PBS) buffer (pH 7.4), at 70◦C. When
indicated, sucrose was dissolved in PBS buffer at 8 g/g of dry
lipids, to be present in both sides of liposomes. The vesicles
were then extruded (extruder supplied by Lipex Biomembranes
Inc., Vancouver, Canada) several times through polycarbonate
filters of 200 nm and after 100 nm pore size (Nucleopore) to form
unilamellar vesicles. Encapsulation of drugs was done by their
mixture during the liposomes preparation, MTX (7 mg/mL), as
hydrophilic drug was included in aqueous phase (PBS buffer)
and TAM (1 mg/mL) as hydrophobic drug was added in organic
phase (ethanol). MTX disodium salt was prepared adding two
NaOH molar equivalent to a PBS buffer containing commercial
MTX. After completely solubilization of MTX, the pH was
adjusted to pH 7.4.

The production of liposomes encapsulating DOX was
obtained by active loading. Empty liposomes were prepared as
described above, by ethanol injection method, using 120mM
ammonium sulfate buffer (pH 8.5) as aqueous phase, instead
of PBS buffer. After extrusion, the buffer was exchanged in
a Sephadex PD-10 desalting column (GE Healthcare, UK),
equilibrated with 25mM Tris Base sucrose (10%, w/v, pH 9.0).
Remote loading of DOX (2.5 mg/mL) was carried out through
ammonium sulfate gradient approach, upon incubation with
liposomes for 1.5 h at 60◦C (Haran et al., 1993).

Determination of Drug Encapsulation and
Leakage
The non-encapsulated drugs were removed from the liposomes
after passage through a gel filtration chromatography column
(GE Healthcare, UK), with 5 kDa cut-off (PD-10 Desalting
columns containing 8.3mL of SephadexTM G-25 Medium) and
eluted with PBS buffer for all liposome. The concentration of
MTX and TAM encapsulated was measured by proton nuclear
magnetic resonance (1H NMR) using a Bruker Avance III
Instrument, operating at 400 MHz (Guimarães et al., 2019).
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Powder liposomes containing drug were dissolved in deuterium
oxide (for MTX) or deuterated chloroform (for TAM) to
determine the amount of drug in the liposomal formulation.
Pyridine was used as internal standard. Quantification of DOX
was evaluated by UV–vis spectrophotometry measuring the
absorbance at 490 nm. UV–vis spectra of liposomes encapsulated
DOX were recorded on spectrophotometer BioTek SynergyTM

HT using a plastic microplate. The final DOX concentration was
determined based on the respective calibration curve.

The drug leakage was determined as follows:

% Leakage =
[Drug] encapsulated after freeze drying

[Drug] encapsulated before freeze drying
× 100

Determination of Size Distribution
The physicochemical characterization of liposomes was evaluated
in terms of size and polydispersity index (PDI) using the dynamic
light scattering technique (DLS) (at least three replicates for each
formulation). The analysis was determined at pH 7.4 (PBS buffer)
and at 25.0◦C, using a Malvern Zetasizer Nano ZS (Malvern
Instruments) by photon correlation spectroscopy (PCS). The
viscosity and refractive index values used were 0.8616 cP and
1.332, respectively.

Freeze-Drying and Liposomes Hydration
The saccharides used in this work (trehalose, lactose, glucose,
mannitol, and sucrose) were dissolved in PBS buffer at different
concentrations of 2, 4, 6, and 8 g/g of dry lipids. Liposomal
suspensions were diluted in an equal volume of each saccharide
buffered solution in 50mL tubes, at 10% of fill volume. As
control, liposomal suspension was diluted in equal volume of
PBS buffer. A very low freezing temperature seems to avoid
damage of nanoparticles and improve the lyoprotective effect,
as demonstrated in previous studies using nanoparticles with
saccharides (De Jaeghere et al., 2000; Moretton et al., 2012).
Considering these assumptions, all the liposomal suspensions
were stored for 6 h at −80◦C in a deep freezer and then
freeze-dried. When indicated, liposomes were stored in a
Corning R© CoolCellTM, in order to achieve a slow rate of freezing,
∼−1◦C/min. The freeze-drying process was performed involved
only the primary drying using the Labconco FreeZone 2.5
freeze dryer (Labconco, Kansas City, USA), for 24 h at −50◦C
in a chamber with 6 Pa (conditions set by the equipment).
The reconstitution of freeze-dried liposomes to their original
volume was made at room temperature with PBS using a vortex
mixer. The samples were equilibrated for 1 h and subjected to
further tests.

Nanoparticle Tracking Analysis
Nanoparticle tracking analysis (NTA) measurements were
performed using a NanoSight NS500 instrument (Salisbury, UK)
equipped with a charge coupled device (CCD) camera that
allows the visualization and tracking Brownian motion of laser-
illuminated particles in suspension. The measurements were
made at room temperature and each video sequence was captured
over 60 s with manual shutter and gain adjustments. The samples
were diluted with water and then injected into the system (at least
three replicates for each formulation).

Thermogravimetric Analysis
Thermogravimetric analysis (TGA) was performed in a TGA
4000 (Perkin Elmer, Waltham, MA, US) using an alumina
crucible with sample weights of approximately 25mg. The
temperature calibration was established by Curie temperatures
of reference materials: alumel, nickel, and perkalloy at the
analysis scanning rate. The measurements were performed
from 25 to 800◦C at 10◦C/min under a nitrogen atmosphere
(flow rate: 20 mL/min). The weight loss percentage and
its derivative were represented as function of temperature.
Derivative weight percentages were used to measure the weight
loss as function of temperature (establish the start and end
of each degradation step) and compare the peak temperatures.
The weight loss was used to calculate the total amount of
residual water.

Microscopy Imaging Analysis
The morphology of liposomes was evaluated by scanning
transmission electron microscopy (STEM). The initial liposomes
suspensions and after freeze-drying with sucrose (8:1 mass
ratio) were dropped in Copper grids with carbon film
400 meshes, 3mm diameter. The shape and morphology of
nanoparticles were observed using a NOVA Nano SEM 200
FEI system.

Cell Culture Conditions
The human breast adenocarcinoma cell line MCF-7 (ATCC R©

HTB-22TM) was obtained from the American Type Culture
Collection. Cells were maintained in Roswell Park Memorial
Institute (RPMI) 1640 medium supplemented with 2.0 g/L
sodium bicarbonate, 10mM HEPES, 10% (v/v) of fetal bovine
serum (FBS), 1% (v/v) penicillin/streptomycin solution and 0.01
mg/mL insulin. Cells were grown in T75 flasks (SPL Life sciences,
Korea) and maintained at 37◦C in a humidified atmosphere of
5% CO2. MCF-7 cells were routinely sub-cultured two times
a week.

Metabolic Activity Assay
Metabolic activity was studied using a 3-(4,5-dimethylthiazol-
2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulfophenyl)-2H-
tetrazolium (MTS) assay. A ready-for-use CellTiter 96 R©

Aqueous One solution of MTS (Promega, Madison, USA) was
used according to the protocol suggested by the manufacturer.
Cells were seeded at a density of 1.5 × 104 cells per 100 µL/well
on 96-well TCPS plates (TPP, Switzerland) in the day before the
experiment to promote cell adhesion. The cells were incubated
for 48 h with then exposed to different liposome and drug
concentrations (three replicates for each condition). After this
time, the culture medium was refreshed, and 20 µL of CellTiter
96 R© Aqueous One solution was added to each well. After 4 h
of incubation at 37◦C, the absorbance at 490 nm was measured
using a microplate reader (Synergy Mx Multi-Mode Reader,
BioTek, USA). Metabolic activity was expressed as a percentage
relative to the negative control (untreated control cells).
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Statistical Analysis
Statistical analyses were performed with GraphPad Prism
software (version 5.0). Differences were tested for statistical
significance by a one-way Analysis of variance (ANOVA).

RESULTS AND DISCUSSION

Influence of Saccharides on Liposomes’
Size Distribution
The preservation of the physical integrity of liposomes during
freeze-drying process it is the primordial importance and
can be achieved by the inclusion of saccharides at the
final formulations. Since the stabilization effect promoted by
cryo/lyoprotectants is concentration-dependent (Ball et al.,
2017), we compared the protective effect of five saccharides at
different concentrations on the final formulation. The fusion or
aggregation of liposomes during the freeze-drying process was
monitored by measuring the size distribution of liposomes after
freeze-drying-rehydration cycle and compared with the results
of freshly prepared liposomes. The values of size and PDI of
liposomes before and after freeze-drying process are shown in
Figures 1A,B, respectively.

The size and PDI of liposomes without saccharides in their
composition increase significantly after the freeze-drying process
(from 113.8 ± 0.99 nm to 859.0 ± 56.14 nm and from 0.03 ±

0 to 0.57 ± 0.49). One can also observe that the protective
effect of the saccharides is concentration-dependent. Inadequate
concentration of sugar can lead to incomplete coating of the
glassy matrix around nanoparticles promoting aggregation (Date
et al., 2010). Smaller particle sizes were obtained by using
trehalose and sucrose at higher concentrations, however, only
sucrose at 8:1 (sugar:lipids) mass ratio allows to achieve a
homogeneous suspension, with PDI around 0.1.

Higher sucrose molar ratios were also tested to decrease the
size and polydispersity and meet the initial size of the liposomal

formulation without cryo/lyoprotectants (Figure S1). However,
we found that higher concentrations of sucrose lead to similar
liposomes’ size and polydispersity as obtained when using the 8:1
mass ratio.

A few theories have been proposed to explain the mechanism
beyond the stabilizing action of cryo/lyoprotectants during
the freeze-drying process (Mensink et al., 2017; Franzé et al.,
2018). There is no generally accepted theory, being that
these compounds exert their action via one or more of the
following mechanisms. The water replacement theory attributes
the stabilization effect of protectors to their ability to replace the
bound water around the bilayers through specific interactions
with the polar region of the lipid head group at low hydrations. In
the vitrification theory, a highly viscous matrix is formed around
the liposome which reduces themobility during the freeze-drying
process (Sun et al., 1996; Chen et al., 2010). Kosmotropic effects,
the less common theory, establishes that cryoprotectants interact
with water and disrupt their normal structure. The damage
during freeze-drying is prevented due to the reduction of water
content at membrane interface (Ingvarsson et al., 2011). Despite
of the theories, deeper studies must be undertaken to understand
their protective effect on the freeze-dried liposomes. However,
saccharides such as sucrose or trehalose are described to be very
effective lyoprotectants, as they show a very high viscosity, a
low molecular mobility after drying and form an amorphous,
glassy matrix (Slade and Levine, 1995), which corroborates
our findings.

Residual Water Content
The residual water content of formulations can be one of the
most important factors affecting the stability of freeze-dried
products. It has been demonstrated that high levels of residual
water content lead to a unexpected dissolution of the freeze-
dried samples immediately after freeze-drying, or to a poor
long-term storage stability of nanoparticles (Fonte et al., 2016).
After freeze-drying process, the liposomal formulation must

FIGURE 1 | Physicochemical characteristics of liposomes evaluated by DLS: (A) Size (Z-average) and (B) PDI of liposomes with (w:w, sugar:lipids) and without (-)

saccharides, before and after freeze-drying. # Values not determined due to non-homogenous dispersion obtained. Values represent the mean + SD of 2 independent

experiments. Significant differences between liposomes without and with saccharides were detected as shown by an *P < 0.05 and **P < 0.005.
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have a water content <2% (Sylvester et al., 2018). The total
amount of residual water in liposomes after freeze-drying was
herein determined by TGA. All freeze-dried liposomes contained
<1.5% of residual water (Figure S2). This very low water content
proves the efficiency of primary drying, avoiding an additional
secondary drying step.

Influence of the Freeze-Drying Process on
the Liposomes Concentration
Fusion or aggregation of liposomes during freeze-drying
process can be monitored by determination of the liposomes
concentration. To determine if the freeze-dried liposomes
maintain the same concentration as of the initial liposomes,
the NTA was performed. The ability of NTA to simultaneously
measure size and particle scattering intensity, makes possible the
direct estimation of the particles concentration. Furthermore,
its ability to determine the size distribution of particles until
2µm in diameter (according to the manufacturer, Malvern),
allow us to evaluate liposomes in a micrometer range. A
lower concentration of particles was observed for freeze-dried
liposomes without cryo/lyoprotectants (Table 1). These results

TABLE 1 | Influence of freeze-drying on liposomes concentration, determined

by NTA.

Sample Freeze drying Concentration

(E12 particles/mL)

Liposomes - 20.1 ± 3.1

+ 10.3 ± 2.1

Liposomes + sucrose - 23.3 ± 7.8

+ 21.3 ± 3.9

Values represent the mean of ± SD of 3 independent experiments.

are in good agreement with the results obtained by DLS,
which revealed higher particle sizes, probably due to fusion or
aggregation phenomena. After freeze-drying the concentration
of liposomes containing sucrose remained similar to the initial
formulation concentration, highlighting the protective role of
the cryo/lyoprotectant.

Morphology of Liposomes After
Freeze-Drying
The morphology of particles is of outmost importance to identify
possible fusion and/or aggregation phenomena. Liposome
suspensions, before and after freeze-drying, were observed
by STEM. The profile of the initial liposomal formulation
(Figure 2A) and of the freeze-dried liposomes containing sucrose
(8:1 sugar:lipids, mass ratio) as cryo/lyoprotectant (Figure 2B),
revealed few fused or aggregated particles, being the liposomes
in the form of individual vesicles. Furthermore, the liposomal
formulation presents a homogeneous population with spheroid
and regular shape. The images show that freeze-dried liposomes
containing sucrose were stable revealing no significant increase
of the particle size and maintaining their spherical shape.
This morphology can offer potential for controlled release and
protection of incorporated drugs, as they provide minimum
contact with the aqueous environment favoring a longest
diffusion pathway. The result are in agreement with the
DLS data showing a very similar particle size distribution.
Significant changes in the lipid aggregate structure and size
was noted upon rehydration of freeze-dried liposomes without
the protective effect of sucrose (Figure 2C). Liposomes exhibit
fused or aggregated vesicles, presenting some cylinder-like shape
particles. In addition, a distinct population of significantly larger
liposomes was detected in the samples. These observations are
also supported by DLS data.

FIGURE 2 | Morphology profile of liposomes. Representative STEM images of liposomal formulation (A) before freeze-drying, (B) with sucrose (8:1 mass ratio), after

freeze-drying and (C) without sucrose, after freeze-drying. The scale bar in the figures represents 2µm.
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Influence of the Freeze-Drying on Drug
Leakage From Liposomes
Freeze-drying is an approach to dry liposomal formulations well-
established by the pharmaceutical industry to improve the long-
term storage stability of drugs. However, the stresses imposed
during the freeze-drying process might lead to the leakage of the
encapsulated drugs (Ingvarsson et al., 2011). The drug leakage
depends on the liposome composition and on the nature of drug
(Pauli et al., 2019). Thus, it is imperative to study the freeze-
drying process on drug leakages, and evaluate their influence on
the final liposomal formulations behavior.

Leakage of three anticancer drugs was evaluated only in
liposomes with sucrose (8:1 sugar:lipids, mass ratio), since
liposomes without cryo/lyoprotectant have a high values of
size and PDI. MTX, a hydrophilic drug in a disodium salt
form, was encapsulated into the aqueous core of liposomes and
their behavior after the freeze-drying process was investigated.
The results showed that despite the presence of sucrose, the
leakage of MTX was very high after freeze-drying process (61.1%,
Table 2). From the data obtained (Table S1), higher leakage levels
remained even after using a slow rate of freezing (∼ −1◦C/min)
and the distribution of the cryo/lyoprotetor in both sides of
liposomes (outer and inner part). We also evaluated the behavior
of different drug:lipid molar ratio, however high leakages levels
were also observed (data not shown). It is noteworthy that
buffer pH changes might influence drug leakage. For this reason,
the pH of liposomes encapsulating MTX (in PBS buffer) was
measured and did not showed any alteration after freezing and
drying processes.

The influence of the preparationmethod of liposomes was also
evaluated using the remote loading. However, this approach can
only be applied to weak amphipathic acids or bases, which MTX
molecule does not belong to Alekseeva et al. (2017). Liposomes
encapsulating DOX, prepared by remote loading, was then used
in this study, however, high leakage level is also observed (24.5%,
Table 2). These results indicate that the leakage is not directly
governed by the loading method, but possibly by the location of
drug in liposomes.

This behavior might be justified by the presence of
unsaturated phospholipid DOPE (Monteiro et al., 2014) in the
liposomal composition. However, its presence in the optimal
liposomal formulation is crucial to obtain pH-sensitive devices
which, in therapeutic applications, facilitate the release of drugs

into the cell cytoplasm. The drug leakage of drugs encapsulated
in the aqueous core may be also enhanced by eventual bilayer
defects (Nogueira et al., 2016). These effects can cause a change
in the pharmacokinetic profile of the encapsulated drug and lead
to reduce the reproducibility of the therapeutic effect.

To study the behavior of a drug located in the lipid bilayer,
TAM was also encapsulated into liposomes. The results obtained
indicate that freeze-dried liposomes containing sucrose with
TAM encapsulated have lower drug leakage (4.0%, Table 2).
As performed for liposome encapsulating MTX, the pH of
formulations containing TAM was also evaluated and no
alterations were observed after freezing and drying processes.
The pattern of size distribution is similar to the empty
liposomes, showing small increase of size and PDI. These
liposomes are stable for at least 3 months after rehydration (data
not shown).

Influence of Freeze-Drying on the
Biological Activity of Liposomes
Encapsulating Tamoxifen
It is of prime importance that a therapeutic drug preserve
its functionality and biological activity, even after the freeze-
drying process. In this way, liposomes encapsulating TAM are
expected to present the same biological activity profile after the
freeze-drying process. TAM, as a selective estrogen receptor (ER)
modulator, is indicated for the treatment of breast cancer ER-
positive (Nazarali and Narod, 2014). As a hydrophobic drug,
TAM may induce oxidative stress due to the accumulation in
phospholipid bilayers of membranes resulting in cell death at
highest concentrations (Gundimeda et al., 1996). The effect of
freeze-drying process on TAM biological activity was evaluated
in vitro using MCF-7 cell line, an ER-positive breast cancer cell
line (Pawlik et al., 2016). It was assessed the metabolic activity
of cells after the incubation with different concentrations of
TAM encapsulated into liposomes, before and after the freeze-
drying process. Based on the collected data at 48 h, liposomes
encapsulating TAM after freeze-drying process did not exhibit
significant loss of biological activity compared to liposomes
before freeze-drying (Figure 3). These results confirm that the
freeze-drying process does not affect the biological activity of
the drug.

TABLE 2 | Characterization of liposomes before freeze-drying and after freeze-drying with addiction of sucrose.

Before freeze-drying After freeze-drying

Encapsulated

drug

Z-average

(d.nm)

PDI Encapsulation

efficiency (%)

Drug:lipid

(molar ratio)

Z-average

(d.nm)

PDI Leakage (%)

(-) 125.5 ± 4.3 0.068 ± 0.036 - - 154.3 ± 1.9 0.135 ± 0.009 -

MTX 126.5 ± 3.5 0.078 ± 0.008 2.6 ± 0.1 ∼1:11 166.5 ± 4.1 0.165 ± 0.053 61.1 ± 4.0

DOX 134.1 ± 0.5 0.111 ± 0.018 65.3 ± 1.4 ∼1:11 169.1 ± 3.4 0.200 ± 0.012 24.5 ± 0.3

TAM 107.8 ± 1.4 0.036 ± 0.003 93.9 ± 6.1 ∼1:11 148.5 ± 4.4 0.130 ± 0.020 4.0 ± 3.0

Values represent the mean ± SD of 3 independent experiments.
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FIGURE 3 | Biologic activity of liposomes encapsulating TAM after

freeze-drying process. MCF-7 cell line metabolic activity after 48 h of

incubation with the initial liposomal formulations (without sucrose) and after

freeze-drying (fd) with sucrose (8:1 sugar:lipids, mass ratio), at different

concentrations of TAM. Values represent the mean ± SD of 2 independent

experiments.

CONCLUSION

We have successfully optimized a liposomal formulation by
incorporation of a sugar, sucrose, which preserved its integrity
after the freeze-drying process. From all the saccharides tested,
only sucrose at 8:1 mass ratio presented ability to protect the
dry liposomal formulation. The size distribution, morphology
analysis and concentration of the final formulations indicate that
liposomes are not subject to fusion or/and aggregation. However,
leakage of drugs encapsulated in the aqueous core, MTX and
DOX, after freeze-drying process is observed, even though the
different preparation method used (passive and active loading,
respectively). Otherwise, liposomes with a drug located in the
lipid bilayer, TAM, demonstrated negligible leakage preserving
their biological activity after the freeze-drying process. In this
way, leakage seems to be dependent of location of the drug
in liposomes.

Taken together, the results indicated that sucrose protects the
physical and biological integrity of the liposomal formulations
encapsulating TAMwhen exposed to freeze-drying process being
a promising approach for storage.
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