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A pharmaceutical vehicle based on the encapsulation of liposomes with unmodiﬁed albumin has been
designed, formulated, and in vitro characterized. Microscopy was used to investigate particle morphology
and dynamic light scattering to determine the size and zeta potential. Vancomycin was selected as a
model drug for water-soluble and moderately albumin-bound products. The results indicated that
regardless of the zeta potential of the liposomes these can be trapped within albumin microspheres. The
zeta potential, drug entrapment efﬁcacy, and drug delivery proﬁle of the resulting microspheres were
found to depend on the liposome composition and the conditions of ﬂocculation. The protein concentration was observed to inﬂuence drug entrapment efﬁciency (from 13.17 ± 5.0% to 61.27 ± 4.54%), as did
the zeta potential of the microspheres, which was also seen to depend on the initial charge of the
liposomes. The relationship between the microsphere zeta potential or entrapment efﬁcacy and the
protein concentration used for ﬂocculation was established. Regarding drug delivery, differences
between microspheres prepared from cationic or anionic liposomes were observed. The combination of
liposome versatility together with the drug-binding ability of albumin provides to a vehicle with multiple
choices for theranostic delivery.
© 2016 American Pharmacists Association®. Published by Elsevier Inc. All rights reserved.
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Introduction
With the advent of nanotechnology and advances in materials
science, ever more sophisticated drug carriers aimed at simultaneous targeting, sensing, signaling, and drug release are emerging.
Multifunctional systems combine materials such as lipids, proteins,
sugars, and synthetic polymers to confer nanoparticle longevity
and selective responses to speciﬁc biological microenvironmental
signals.1 Lipid vesicles are currently considered one of the most
promising drug carrier systems for controlled delivery. Several
strategies based on the design of bilayer composition are currently
being assayed for speciﬁc targeting2,3 and improvements in the
kinetic proﬁle,4 as well as for vaccine delivery.5,6 The interaction
between liposomes and blood components plays an important role
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in their stability and kinetic properties, and hence modiﬁcations of
the liposome surface with polyethylene glycol (PEG) have been
developed extensively to increase the systemic stability of lipid
vesicles. However, PEG cannot be degraded by mammalian
enzymes and its accumulation in normal cells may lead to an
impairment of cellular function.7 Albumin is the most abundant
endogenous blood plasma protein and exhibits important physiological functions, such as the regulation of colloidal osmotic pressure and the transport of numerous compounds. In addition,
albumin is thought to facilitate the endothelial transcytosis of
plasma constituents into the extravascular space either by binding
to cell surface receptors to form transcytotic vesicles, referred to as
caveolae8 or binding to secreted protein, acidic and rich in cysteine
in the extracellular matrix of tumours.9 Many drugs are delivered to
their targeted organs/tissues by binding with human serum
albumin, which not only protects the bound drugs against oxidation but also alters their pharmacokinetic and pharmacodynamic
behavior.10,11 The relevant role of albumin on drug intracellular
uptake has recently been considered and some authors12 have
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investigated the impact of albumin concentration on the uptake of
drugs in cells. They conclude that for drugs highly bound to albumin the uptake is primarily driven by the albumin-bound form and
that physiologically based pharmacokinetic and pharmacodynamic
models considering the albumin-facilitated mechanism predict
more accurately the in vivo conditions. The properties of albumin,
as well as its preferential uptake by tumors and inﬂamed tissues,
make this protein a good candidate for drug delivery systems and
an interesting carrier for many drugs.13 In oncology, the ﬁrst
commercial product based on protein nanoparticles was 130-nm
albumin-bound paclitaxel (nab™-paclitaxel, Abraxane®) for the
treatment of breast cancer. It consists of unmodiﬁed paclitaxel and
human albumin.14 NAB technology could well ﬁnd application in
cancer therapy, and clinical trials are now under way with other
water-insoluble anticancer agents such as docetaxel. This is also the
case of lapatinib, approved in combination with capecitabine for
use in human epidermal growth factor receptor 2 positive
patients.15 Lapatinib incorporated into albumin-based nanoparticles by NAB technology has tumor-targeting capability and
improved antitumor efﬁcacy as compared to the commercially
available formulation.16
Drug entrapment inside albumin particles has also been studied
with doxorubicin and tacrolimus. A method based on simultaneous
albumin and drug co-precipitation was used in the case of doxorubicin,17 and the nanoparticle formulation obtained showed a
signiﬁcant passive targeting of breast tumors. For tacrolimus, a
complex procedure including emulsiﬁcation and high-pressure
homogenization was applied,18 and albumin nanoparticles
reduced the functional nephrotoxicity of the loaded drug. More
recently, a formulation of paclitaxel-bound albumin nanoparticles
with tumor necrosis factorerelated apoptosis-inducing ligand has
been proposed as a novel anticancer system.19
The combination of lipid vesicles and albumin has been
explored in the ﬁeld of immunotherapy for vaccine formulations,
the protein acting as an adjuvant. The reported strategies involve
protein modiﬁcation to achieve a covalent link to bilayer lipid, as
occurs with PEG in pegylated liposomes. Thiolated bovine serum
albumin (BSA) and butyryl-phosphatidyl-ethanolamine resulted in
the production of albumin-conjugated liposomes showing high
efﬁcacy in enhancing the protein-speciﬁc antibody response.20 The
immune response to thiolated ovalbumin coupled to liposomes
containing doxorubicin was also evaluated21 and the antineoplastic
drug blocked the antibody response, consistent with the
doxorubicin-mediated suppression of phagocytic cells in the liver.
For drug delivery, pegylated and non-pegylated liposomes have
been coated with thermally denatured albumin and evaluated in
terms of systemic stability and the cellular uptake of doxorubicin22
or antisense oligodeoxyribonucleotide G3139,23 both studies
reporting the advantages of coated versus non-coated vesicles.
The microencapsulation of liposomes with unmodiﬁed albumin
has not been assayed previously and this is the strategy proposed in
this study for combining the properties of lipid vesicles with the
characteristics of albumin in a versatile, biocompatible, and
biodegradable pharmaceutical vehicle designated microspheres. A
production method performed in the absence of organic solvents
under mild temperature conditions is described here, and this was
applied to vancomycin as a representative of hydrophilic and
moderately bound to albumin (fbound z 0.5) drug model.
Materials and Methods
Materials
Egg L-a-phosphatidylcholine (EPC), lanolin cholesterol (Ch),
diethyldodecylammonium bromide (DDA), and BSA were
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purchased from Sigma-Aldrich Quimica S.A. Ethanol and
trichloromethane was obtained from Panreac Quimica S.A. Vancomycin from Pﬁzer. Milli-Q ultra-pure water. MWCO 12-14000
dialysis tubing from Medicell Membranes Ltd. Syringe ﬁlters (0.22
mm) from VWR International. Fisher Scientiﬁc ultrasonic bath.
Unitronic OR Selecta P incubation bath. Heidolph rotary agitator.
Centrikon T-24 Kontron centrifuge. Gradient A-10 Millipore
equipment. Canon PowerShot SD500. Zeiss Optic microscope. Zeiss
EM 902 electron microscope. Malvern Instruments Zetasizer Nano
and Mastersizer 2000SM. Shimadzu high performance liquid
chromatography (HPLC) system with LC-10AD pump, a variablewavelength UV Kontron detector and Class VP Data processor
system (Shimadzu, Duisburg, Germany).
Liposome Preparation
Positive zeta potential vesicles were composed of EPC, DDA, and
Ch and negative zeta potential liposomes were prepared from EPC
and Ch, both at the same total lipid concentration (1.73% wt/vol).
Cationic and anionic vesicles were prepared by direct sonication of
a mixture of aqueous medium and lipid components. A vancomycin
solution of 5 mg/mL and Milli-Q water were used as the aqueous
medium for drug-loaded and unloaded liposomes, respectively. The
experimental procedure was the organic solvent-free method
published previously,24 with some modiﬁcations. Brieﬂy, total
lipids were dispersed in the aqueous medium previously warmed
to 60 C, gently mixed, and then placed in a sonication bath (50 Hz)
for 20 min at 60 ± 2 C. Sonicated samples were kept at room
temperature (21 C-23 C) for 60 min and then ﬁltered through
0.22-mm cellulose acetate membranes. An aliquot of the resulting
suspension was reserved for liposome characterization
(morphology, size, zeta potential, and drug loading) and the rest for
microsphere preparation.
Preparation of Microspheres
Lyophilized BSA dissolved in Milli-Q water at different concentrations (0.1%-3% wt/vol) was used for vesicle coating. A ﬁxed
volume of the previously obtained liposome suspension was kept
under mechanical agitation while adding an equal volume of
albumin water solution dropwise. Flocculation was induced by
cooling (4 C) and electrostatic interaction between opposite
charges of albumin and the liposome surface. The electrostatic
interaction takes place at the pH for the albumin, vancomycin, and
cationic liposome mixture (pH 6.5) but did not occur for the
negative zeta potential vesicles, for which the pH was adjusted
(pH 4) in order to turn the protein into its cationic form. The
resulting mixtures were kept for 20 h in a slow-shaking bath at 4 C
and then centrifuged at 15,000 rpm for 20 min. The supernatant
was collected and the volume was recorded; albumin and vancomycin were quantiﬁed and the presence or absence of particles
remaining in suspension was veriﬁed. The pellets were used for
particle characterization (morphology, size, zeta potential) and
drug delivery assays.
Characterization of Liposomes and Microspheres
Morphology
Liposomes, as well as pellets and supernatants, from centrifuged
ﬂocculated samples were observed by optical microscopy (OM)
with an attached camera and computer software (Canon Remote
Capture) at 40 magniﬁcation. Samples were also observed by
scanning electron microscopy (SEM) using poly-L-lysine and
osmium as ﬁxing agents and dimethyl ketone (CH3)2CO as the
desiccant.
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Size and Zeta Potential
Malvern Zetasizer Nano and Mastersizer 2000 Analyzers were
used to determine the hydrodynamic diameters and polydispersity
indices (PDI) of liposomes and microspheres. Measurements with
the Zetasizer Nano device were carried out at 25 C and intensity
correlation functions were measured at a scattering angle of 173
and transformed into electric ﬁeld autocorrelation functions
according to the Siegert relationship. The effective hydrodynamic
diameter (DH) was obtained from the Stokes-Einstein equation. A
Mastersizer 2000, including 2 laser sources (main 633 nm and blue
466 nm) and 4 detectors placed at 60 and 135 from the main light
source, was used for larger particles. Samples were diluted with
Milli-Q water until a suitable level of obscuration was reached. The
number distribution curves provided by the Zetasizer Nano and the
volume data provided by Mastersizer 2000 were recorded for
particle size analysis.
The zeta potential of liposomes and microspheres was measured
with the laser Doppler electrophoresis technique using the
Zetasizer Nano Analyzer, which measured electrophoretic mobility
at 25 C and converted it into the zeta potential using the
Smoluchowski equation.25

Vin ¼ ½f4 C  Qo  C e  ðVa þ VdÞ=½f4 C  Cin  C e 
The liposome entrapment efﬁcacy (EElip) was ﬁnally calculated
as the percentage of drug trapped inside the vesicles:

EElipð%Þ ¼ ðQlip=QoÞ  100

Microsphere Composition
The composition of microspheres was determined indirectly
from the components of the supernatant obtained from ﬂocculated
samples. Because centrifugation afforded the separation of a solid
pellet from the supernatant, the components (liposomes, drug, and
albumin) not encountered in the latter were assumed to be trapped
in the pellet. Accordingly, the amounts of albumin and vancomycin
included in the microspheres (Qalb and Qvan, respectively) were
estimated as follows:

Qalb ¼ ðQalbÞi  ðVs  CalbÞ
Qvan ¼ ðQvanÞi  ðVs  CvanÞ;

Liposome Drug Loading
A 1.5-mL aliquot of liposome suspension was placed in a donor
dialysis sac (MWCO 12-14000) and this was immersed in 25 mL of
Milli-Q water at 4 C under conditions of agitation and constant
temperature. This acceptor compartment was sampled at 15-min
intervals for vancomycin quantiﬁcation in order to determine
vancomycin concentrations at equilibrium (Ce). Because vancomycin is a polar compound, liposome drug loading (Qlip) depends on
the aqueous entrapped volume (Vin) and its corresponding drug
concentration (Cin). Under the assay conditions (4 C), lipids are in a
rigid-gel state, preventing the drug from crossing the lipid bilayer,
the outer solution being the true donor compartment and the only
compartment involved in dialysis equilibrium. According to this,
vancomycin concentration at equilibrium (Ce) is deﬁned by the
following equation:

C e ¼ ½ðQo  ðQlipÞÞ=Va þ ðVd  VinÞ;
where Qo is the total drug amount and Qlip the drug amount in the
liposomes; Vd is the total volume in the dialysis sac and Vin is the
volume in liposomes; Va is the volume of acceptor compartment.
Because Qlip ¼ Cin  Vin and Ce is determined experimentally, the
entrapped volume can be estimated as follows:

Vin ¼ ½Qo  Ce  ðVa þ VdÞ=½Cin  C e ;
and hence Qlip ¼ Vin  Cin.
To overcome the reported shortcomings of dialysis assays for
assessing drug release by nanoparticles,26 parallel experiments
were performed under the above conditions on a drug solution as a
reference; this allowed the adsorption of vancomycin on the dialysis membrane to be explored and the fraction available for passing
from the donor to the acceptor compartment (f4 C) to be estimated
as follows:

f4 C ¼ C e ref=½Qo=ðVd þ VaÞ;
where Ceref denotes the dialysate vancomycin concentration
determined at equilibrium for the reference assay; Qo is the initial
amount of drug placed in the donor compartment, and Vd and Va
represent the volume of the donor and acceptor compartments,
respectively. For values of f4 C below 1, the above equation for Vin is
corrected as follows

where (Qalb)i and (Qvan)i are the initial amounts of albumin and
vancomycin in the ﬂocculated samples, respectively; Vs is the supernatant volume; and Calb and Cvan are respectively the corresponding albumin and vancomycin concentrations determined in
the supernatant.
The entrapment efﬁcacy for albumin and vancomycin (EEalb
and EEvan, respectively) was calculated as the percentage of
product trapped inside the particles:

EEalbð%Þ ¼ ðQalb=ðQalbÞiÞ  100
EEvanð%Þ ¼ ðQvan=ðQvanÞiÞ  100
Microsphere Drug Delivery
Microsphere drug delivery proﬁles were assayed by dialysis. The
pellets containing microspheres were resuspended in 1.5 mL of
Milli-Q water and placed in a dialysis sac (MWCO 12-14000)
ﬂoating in 25 mL of Milli-Q water at 37 C and subjected to 30 oscillations/min. About 2 mL of external medium was withdrawn at
predetermined time intervals and replaced by the same volume of
Milli-Q water warmed at 37 C until a plateau had been reached.
Vancomycin concentrations were quantiﬁed in the samples and the
cumulative amounts of drug released at the programed times (Q)tn
were calculated as follows:

h
i
X
ðQ Þtn ¼ Ctn  25 þ
ðCtn1  2Þ ;
where Ctn is the drug concentration in the dialysate at tn and
P
(Ctn1  2) is the cumulative amount of drug withdrawn in the
previous sampling.
Under the above conditions, parallel experiments were performed on the drug solution as a reference in order to determine
the fraction available for dialysis exchange (f37 C), as done for f4 C.
For f37 C values below 1, the above equation is corrected as follows

h
i.
X
ðQ Þtn ¼ Ctn  25 þ
ðCtn1  2Þ ðf37 C Þ
To assess the mechanism of in vitro drug release and explore the
kinetic delivery models,27 the following plots were analyzed: the
cumulative amount of drug released versus time for zero order; log
% drug remaining versus time for ﬁrst order; cumulative % drug
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albumin at pH 4 and pH 6.5 were used for protein quantiﬁcation in
supernatants from the corresponding ﬂocculation pHs. For vancomycin quantiﬁcation, an HPLC method reported elsewhere was
used.28 Brieﬂy, 15 mL of perchloric acid was added to 300 mL of
sample, vortexed for 30 s, centrifuged at 10,000 rpm for 5 min, and
a volume of 20 mL was injected. Chromatographic separation was
carried out in a Nucleosil 120 C18 5 mm column (length 15 cm;
inner diameter 0.4 cm) using a mixture of 0.05 M NH4H2PO4 (pH
4)-acetonitrile (92:8, vol/vol) as the mobile phase at a ﬂow rate of
1 mL/min, with UV detection at 220 nm. The standard curve with a
concentration range of 0.5-3 mg/mL produces a correlation coefﬁcient of 0.99. The quantiﬁcation limit of the method was 0.1 mg/
mL, and the between- and within-day precision variation coefﬁcients were 0.6% and 7.0% respectively.
Results and Discussion
Liposomes
Figure 1. Size distribution curves for cationic and anionic liposomes used for albusomes preparation.

release versus square root of time for the simpliﬁed Higuchi model,
and the log cumulative % drug released versus log time for the
Korsmeyer-Peppas model.
The amounts of vancomycin remaining in the microspheres (Qr)
tn were analyzed using a model-independent regression method.
The poly-exponential nature of the proﬁles was explored by stripping curves, and the number of exponent best ﬁtting the following
exponential equation was determined according to minimum
Akaike's information criterion value:

Qr ¼

X

Ai eKi t

The whole experimental procedure, from liposome preparation
to microsphere drug release assays, was conducted in
quadruplicate.

OM and SEM conﬁrmed that direct sonication of a mixture of
lipid components and aqueous medium did lead to the formation of
liposomes. Size analysis by dynamic light scattering shown in
Figure 1 revealed an almost monomodal distribution for both
cationic and anionic vesicles, with effective hydrodynamic diameters of 57 nm (PDI ¼ 0.29) and 51 nm (PDI ¼ 0.24), respectively.
As expected, DDA liposomes exhibited a positive electric charge at
the surface with a mean zeta potential value of þ62 ± 2 mV, while
those without DDA showed the opposite electric charge with a
mean zeta potential value of 48 ± 5 mV. The dialysis assays performed with a vancomycin solution as reference revealed that the
time required for the free drug to equilibrate across the dialysis
membrane at 4 C was 24 h, with an f4 C value of 0.88 ± 0.04 for the
experimental conditions used. For the liposomes, respective EElip
values of 2.66 ± 1.43% and 3.83 ± 1.20% for cationic and anionic
vesicles were obtained, with no statistically signiﬁcant differences
(p ¼ 0.9421).
Microspheres

Analytical Techniques for Albumin and Vancomycin Quantiﬁcation
Albumin quantiﬁcation in supernatant samples was carried out
by ultraviolet spectroscopy at 260 nm. Standard curves for

After incubation of the liposome suspension with albumin, a
ﬂocculation phenomenon occurred with phase separation. Centrifugation of these samples afforded a solid pellet and a clear

Figure 2. SEM images of albumin microspheres obtained from cationic (a) and anionic (b) liposomes.
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Figure 3. Relationship between the albumin concentration and the zeta potential of microspheres prepared from cationic and anionic liposomes.

supernatant in all cases except for the combination of DDA liposomes with the lower albumin concentrations (0.1% and 0.5%),
which gave a turbid sample from which it was not possible to
isolate a pellet by centrifugation.
The clear supernatants failed to show particles when analyzed
by OM, SEM, or dynamic light scattering, but were found to retain
a certain amount of albumin and vancomycin when analyzed by
UV spectroscopy and HPLC. Accordingly, the pellets had entrapped the liposomes together with the rest of the amounts of drug
and albumin. SEM of the pellets revealed the formation of
spherical, smooth-surfaced particles from both cationic and
anionic liposomes, although the latter appeared less compact and
with poorly deﬁned edges (Fig. 2). Analysis of the DH values
revealed that larger microspheres were obtained when they were

prepared from anionic than from cationic liposomes (median ¼
15.9 mm vs. 5.9 mm for the highest albumin concentration used)
and that the inﬂuence of pH on particle size was more relevant
than the amount of protein. These results are in good agreement
with data from Kun et al.29 who reported the inﬂuence of pH on
albumin hydrodynamic diameters. Albumin undergoes reversible
transformations between isomeric structures, changing from the
expanded form in acid medium to the contracted rigid form at
neutral pH. In this study, polydisperse samples of microspheres
were obtained at both pHs and no correlation was found between
the albumin concentration and particle size. Conversely, the zeta
potential did depend on the albumin concentration; ranges
of þ53 mV to 8.5 mV and 21 mV to þ7 mV were recorded for
microspheres containing cationic and anionic liposomes,

Figure 4. Inﬂuence of albumin concentration feeding on the drug entrapment efﬁcacy (EEvan %) of microspheres.
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Table 1
Characteristics of Microspheres Obtained From Cationic and Anionic Liposomes
DDA

Albumin
(%)

Size
Median
(mm)

Zeta Potential
(mV)

EEvan (%)

EEalb (%)

Yes
Yes
Yes
Yes
Yes
No
No
No
No
No

0.1
0.5
1
2
3
0.1
0.5
1
2
3

e
e
5.4
5.3
5.9
12.78
10.42
20.07
14.94
15.99

þ53.25 ± 2.33
þ21.55 ± 1.48
þ10.6 ± 4.21
1.84 ± 0.52
8.5 ± 5.04
21.2 ± 2.97
12.8 ± 3.01
5.30 ± 1.02
þ5.01 ± 0.99
þ6.84 ± 1.01

9.34 ± 2.36
14.45 ± 3.84
44.31 ± 7.47
55.68 ± 4.13
61.27 ± 4.54
13.17 ± 4.97
18.56 ± 1.44
32.41 ± 4.17
37.89 ± 1.74
45.41 ± 4.88

e
e
93.12 ± 0.51
92.68 ± 0.10
90.65 ± 0.74

88.90 ± 1.07
88.39 ± 0.29
86.76 ± 3.60
84.89 ± 0.36

respectively. The zeta potential changed progressively as the albumin concentration increased, the particles having the reverse
charge for high-albumin concentration feeding as shown in
Figure 3, which also includes the relationship between both
variables.
Concerning drug loading, the results reveal that the EEvan
values also depend on the albumin concentration used for ﬂocculation, this parameter reaching maximum values of 61.27 ±
4.54% and 45.41 ± 4.88% for cationic and anionic liposomes
respectively when coated with the highest albumin concentration
(3%). The relationship between EEvan and the protein feeding
concentration is shown in Figure 4. The amount of albumin
involved in microsphere formation increased in proportion with
the protein concentration used for ﬂocculation. Around 90% of the
amount of protein is trapped in the microspheres in all cases.
Table 1 summarizes the main characteristics of the different particles obtained.
From the above results, our hypothesis is that “Sponge-like”30
(composed of liposomes inserted into an albumin network)
instead of “Onion-like”31 (composed of concentric spherical albumin layers coating liposome) particles are formed; it is suggested
that microspheres made up albumin molecules would form a matrix entrapping liposomes and vancomycin. The higher the amount
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of albumin, the higher the number of microspheres formed,
entrapping a lower number of liposomes. This type of structure
would explain the dependence of the zeta potential and EEvan, but
not size, on the amount of protein, size mainly being controlled by
pH, as commented above.
Drug Release Proﬁles
The dialysis assays performed at 37 C with a vancomycin solution as reference revealed that equilibrium was reached at 1 h and
that the f37 C value was 0.73 ± 0.08. Relevant differences between
the equilibrium time for 4 C and 37 C (1 vs. 24 h) were detected but
the drug fraction passing through the dialysis membrane determined at 37 C and 4 C (f37 C ¼ 0.73 ± 0.08 vs. f4 C ¼ 0.88 ± 0.04)
failed to show statistical differences.
The in vitro study of drug release from microspheres was
restricted to particles showing an EEvan above 30%, which excludes those prepared using 0.1% and 0.5% albumin solutions for
ﬂocculation. The results from microspheres prepared with
cationic liposomes differ from those obtained with anionic vesicles. Figure 5 shows the mean cumulative percentage curves for
particles including DDA. A plateau was reached at 24, 30, and 36 h
for 1%, 2%, and 3% albumin, respectively, with lower percentages
released over time as albumin increased. Analysis of the in vitro
release patterns according to zero order, ﬁrst order, and the
simpliﬁed Higuchi and Korsmeyer-Peppas kinetic models was
carried out for the 100% and the ﬁrst 70% release proﬁles. The
entire proﬁle did not ﬁt any of the above tested models well (R <
0.80), but the correlation improved for the ﬁrst 70% release proﬁle.
Figure 6 shows that the simpliﬁed Higuchi and ﬁrst-order models
ﬁtted the data best (R > 0.98). Nonlinear regression analysis was
also applied to the curves of remaining drug, and a bi-exponential
proﬁle ﬁtted all the curves. The exponent values (included in
Table 2) decreased as protein increased; no differences between
the initial release rate constants (Kr) were observed, but the
particles with a lower amount of albumin showed twice the slow
rate constant (Ks) value of the others. No relevant size variations
among these particles were found and hence other factors must

Figure 5. Cumulative amounts of drug released from microspheres containing cationic liposomes prepared with different albumin concentrations.
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Figure 6. Results of in vitro release data analysis applied to the ﬁrst 70% release proﬁle for cationic microspheres.

be responsible for the observed changes in the kinetic release
proﬁles. We suggest that the drug delivery would ﬁrst be governed by particle swelling and then by electrostatic interaction,
which in fact depends on the liposome:albumin ratio. Swelling,
conﬁrmed by the progressive and rapid increase of DH measured
in aqueous medium at 10 min intervals over 30 min (Fig. 7), and a
bi-exponential decay with differences between the particles
support the above hypothesis.
Unexpected results were obtained from the in vitro assays performed with microspheres containing anionic vesicles; only 10% of
the entrapped drug was detected in the acceptor compartment,
even though the sampling time period was prolonged for 180 h.
Vancomycin degradation could be suspected, but the reported drug
stability at this pH32 contradicts this hypothesis. However, the data
in the literature support the ability of this molecule to selfassemble and form supramolecular structures in a liganddependent manner.33,34 Because vancomycin is a diprotic solute
(pKa ¼ 2.99 and pKa ¼ 9.93), the acidic pH might help to cause
vancomycin self-assembly and the formation of oligomeric crystalline vancomycin structures. As previously commented, pH also
affects albumin conformation, the expanded form at acid pH likely
facilitating its role as a ligand molecule. The behavior of vancomycin supramolecular species in an interesting issue and proper

Table 2
Results of Linear Regression Analysis of Vancomycin Remaining Amount Curves
Albumin

Ar (mg)

As (mg)

Kr  102 (h1)

Ks  102 (h1)

1%
2%
3%

10.87 ± 2.67
12.96 ± 3.21
15.04 ± 3.87

6.58 ± 2.01
7.42 ± 2.10
9.63 ± 2.99

6.87 ± 1.87
5.49 ± 0.87
4.02 ± 0.67

0.47 ± 0.26
0.25 ± 0.02
0.24 ± 0.02

Ar and As, mean coefﬁcient values for the rapid and slow release phase; Kr and Ks,
mean exponent values for the rapid and slow release phase.

chemistry studies for determining binding constants, characterizing binding sites, and studying drug-protein dissociation rates
would be of interest.
Conclusions
Liposome encapsulation with unmodiﬁed albumin by induced
ﬂocculation is described here for the ﬁrst time and applied to
vancomycin. Polydisperse microspheres whose drug loading was
dependent on the albumin content were obtained. The zeta potential of particles can be modulated by controlling the initial
charge of the lipid vesicles and ﬂocculation conditions, with the
possibility of combining opposite charges for the surface and the
entrapped liposomes. In vitro drug release was seen to be inﬂuenced by the amount of albumin, particularly in the last stage. The
procedure described here was applied to small vancomycin-loaded
liposomes but it can also be applied to other vesicle production
methods and other drugs; in fact it has been successfully applied at
our laboratory to larger ciproﬂoxacin-loaded vesicles (unpublished
data). Microspheres are presented here as a novel biodegradable
and biocompatible vehicle; the combination of the usefulness of
albumin and liposomes as drug carriers affords a versatile approach
to formulation that can be applied to drugs and diagnostic agents,
alone or in combination. Further studies aimed at determining the
optimal conditions for producing monodispersed samples would
be of great interest.
Acknowledgments
CLPU and Nucleus of the University of Salamanca (USAL). Marta
Ortiz Aranda (Service of Electronic Microscopy, USAL). Raquel
ndez (Quescat, USAL).
Trujillano Herna

M.J. de Jesús Valle et al. / Journal of Pharmaceutical Sciences 105 (2016) 2180-2187

2187

Figure 7. Size distribution curves recorded in aqueous medium over time of microspheres obtained from cationic liposomes with 3% albumin.
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