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Properties of core-shell nanoparticles based on PLGA
and human serum albumin prepared by different methods
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Core-shell nanoparticles with poly(lactide-co-glycolide) cores
and human serum albumin shells (PLGA/HSA NPs) were
prepared by three methods: by interfacial embedding of
HSA in the PLGA NP surface during their formation and by
adsorption or conjugation of HSA on pre-prepared PLGA
NPs. All methods yielded PLGA/HSA NPs with a size of 130—
150 nm and a narrow size distribution. In vitro fluorescence
microscopy revealed the integrity of all core—shell systems
when internalized in GL261 cells.
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Due to their biodegradability and biocompatibility, polylactic acid
and especially its copolymers with glycolic acid (PLGA) are widely
used for the preparation of drug delivery nanosystems.2 However,
like other colloidal particles, intravenously injected PLGA nano-
particles (PLGA NPs) tend to accumulate in macrophage-rich
organs (e.g., liver and spleen), making it difficult to deliver drugs
to other targets.® This problem could be solved by conjugation of
NPs with biovectors, molecules with high affinity for specific
receptors expressed in the target organ. However, the modification
of the PLGA NP surface with bioligands is difficult because the
functional groups on the PLGA surface are represented only by
terminal polymer groups, which are scarce even in the case of an
acid-terminated low molecular weight polymer. One of the
approaches to overcome these drawbacks is the use of PLGA NPs
with functional hydrophilic shells, which, on the one hand, would
protect the hydrophobic surface of NPs from opsonization and
uptake by macrophages, and, on the other hand, would provide
reactive groups for surface modification. Indeed, various types of
core—shell PLGA NPs coated with shells composed of synthetic or
natural polymers such as poloxamers, carbohydrates and proteins
have proven to be effective for drug targeting and regenerative
medicine.*® Among these materials, human serum albumin
(HSA\) appears to be particularly attractive as a completely bio-
compatible and safe agent that not only provides various functional
groups suitable for covalent attachment of ligands, but also prolongs
blood circulation of NPs and improves drug targeting to tumors.®-12

Various approaches to the formation of the HSA shell on
PLGA NPs have been described, such as interfacial embedding
of HSA in the surface of NPs during their formation,” adsorption
on preliminarily prepared PLGA NPs!0 or conjugation of HSA
with terminal carboxyl groups of PLGA.13-15 However, the
quantitative parameters and stability of the PLGA/HSA core-
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shell system in a biological environment have not been sufficiently
studied.

In this work, three different methods for the preparation of
PLGA/HSA NPs were compared. The integrity of the systems
was evaluated in vitro in the GL261 murine glioma cells.

All nanoparticles were prepared by multistep oil-in-water
emulsification using a dichloromethane solution of acid-terminated
PLGA and an aqueous solution of a surfactant (Scheme 1).f
Interfacial embedding of HSA was achieved using an aqueous
solution of HSA as the aqueous phase for the preparation of NPs.
To form shells by adsorption, PLGA NPs were first prepared as
described above with an aqueous solution of polyvinyl alcohol
(PVA) as a stabilizer, and then HSA was allowed to adsorb onto
PLGA NPs while incubating in the aqueous solution. The conjugation
of amino groups of HSA with terminal carboxyl groups of PLGA
(NPs were prepared as for adsorption) was carried out by the
carbodiimide method.

T To prepare the nanoparticles, an acid-terminated PLGA, Purasorb®
PDLG 5004A (Corbion Biomaterials), was used. The coarse emulsion
obtained using an IKA UltraTurrax T18 disperser was further subjected
to high-pressure emulsification with a Microfluidics M-110P homogenizer
and solvent evaporation.

For interfacial embedding of HSA a 0.5% aqueous solution of HSA
was used. After the formation of NPs, unbound HSA was removed by
repeated washing and centrifugation of the nanosuspension (20000 rpm,
20°C, 20 min).

In the adsorption method, a 1% aqueous solution of PVA (9-10 kDa,
80% hydrolyzed, Merck) was used for emulsification. Then, free PVA was
removed by centrifugation (20000 rpm, 20 °C, 20 min), and the resulting
PLGA NPs were incubated in a 0.5% aqueous solution of HSA at 37 °C for
30 min. Unbound HSA was removed by centrifugation as described above.

HSA was conjugated with PLGA by carbodiimide coupling (EDC, 1 h,
0.05 M phosphate buffer, pH 6.8).
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~0.1 mg HSA per mg PLGA

1. EDC (500 rpm, 20 °C, 1 h) /,Q:Ef\
2. 5% HSA (200 rpm, 20 °C, 30 min) &'@

~0.4 mg HSA per mg PLGA

Scheme 1 PLGA/HSA nanoparticle preparation procedures.

Table 1 Physicochemical parameters of PLGA/HSA NPs prepared by different methods (representative data).

Nanoparticle size

Volume size distribution HSA content/

Method of HSA shell formation

Average size/nm Polydispersity index Peak size/nm Volume (%)

Zeta potential/mV mg (mg PLGA)!

Interfacial embedding 132+1 0.069+0.014 130 100 -28.5+0.6 0.3
Adsorption 136 +2 0.085+0.046 134 100 -20.5+1.2 0.1
HSA conjugation 149+ 3 0.038+0.017 152 100 -12.8+0.4 0.4
NPs without shells 116 +2 0.098+0.015 108 100 -209+1.1 -

Cy5-PLGA/HSA-RhBITC interfacial embedding 102 + 1 0.054+0.030 97 100 -30.4£2.6 0.3
Cy5-PLGA/HSA-RhBITC adsorption 131+1 0.101+0.016 129 100 -11.1+£2.6 0.1
Cy5-PLGA/HSA-RhBITC conjugation 140+ 5 0.143+0.039 138 100 -13.6+2.0 0.4

The parameters of HSA-coated PLGA NPs are presented in
Table 1.* As can be seen, the coating of PLGA NPs with HSA led
to an increase in their average diameter by 15-20 nm, with all
NPs demonstrating negative zeta potentials (—20 mV on average).
The less negative zeta potential of PLGA/HSA NPs obtained by
HSA conjugation is due to the covalent bonding of -COOH
groups on the surface of NPs with HSA amine groups.

Compared to the adsorption method, NPs prepared by the
methods of interfacial embedding and conjugation have a higher
content of albumin on the surface of NPs. For better stability in a
biological environment, HSA shells on the surface of nanoparticles,
prepared by the methods of interfacial embedding and conjugation,
were additionally cross-linked with 8% glutaric aldehyde, as
described previously.t”

The stability of PLGA/HSA NPs prepared by different methods
was evaluated by laser scanning confocal microscopy (LSCM)8
using GL261 murine glioma cells (ATCC). For imaging of living
cells, lasers with emission at 561 and 638 nm were used. Accordingly,
to enable simultaneous visualization of both the polymer core and
shell by LSCM, the nanoparticles were prepared using a PLGA
conjugate with Cyanine5 dye (Cy5, A, 651 nm, 4., 670 nm, 1: 1
mixture of conjugated and unmodified PLGA)!® and HSA

* The average hydrodynamic diameter, polydispersity index and volume
size distribution of PLGA/HSA NPs were determined by dynamic light
scattering. The zeta potential was measured by electrophoretic light scattering
using a Malvern Instruments Zetasizer Nano ZS particle analyzer.

The content of HSA in NPs was determined indirectly by the difference
between the amount of added protein and the content of unbound protein
measured by the colorimetric (biuret) method after separation of NPs.

For PLGA assay, the NPs were hydrolyzed in 1N NaOH solution, and
then the lactic acid content was measured using a Lumex Kapel 105M
capillary zonal electrophoresis system.16
§ The images were taken using a Nikon A1R MP+ multiphoton confocal
microscope.

labeled with Rhodamine B isothiocyanate (RhBITC, 4., 543 nm,
Aem 580 nm). Accordingly, lasers emitting at 561 and 638 nm
were used to image cells. To reveal the role of shell stability, we
compared Cy5-PLGA/HSA-RhBITC double-labeled nanoparticles
prepared by three methods (see Table 1). GL261 cells were
incubated with nanoparticles and then examined with LSCM."
To assess colocalization, the values of the Manders overlap
coefficient were calculated.®

As can be seen from the images in Figure 1, NPs prepared by
different methods are successfully internalized into cells,
retaining their integrity. Accordingly, the values of the Manders
overlap coefficients (Figure 2) in all cases exceeded 0.6, which
also indicates colocalization of the labels.®

In conclusion, regardless of the preparation method, all
PLGA/HSA systems retained their integrity when internalized
into GL261 cells. The conjugation method makes it possible to
obtain NPs with a high content of HSA on the NP surface, and the
interfacial embedding of HSA appears to be a simple and convenient
method for preparing PLGA NPs with an outer shell of HSA.
The stability of the system makes PLGA/HSA NPs a reliable carrier
for drug delivery to both extracellular and intracellular targets.

This work was carried out in accordance with the State
Assignment of the Ministry of Science and Higher Education of
the Russian Federation (project no. FSSM-2022-0003). The authors
are grateful to the D. I. Mendeleev Center for the Collective Use of
Scientific Equipment for performing analytical tests.

T GL261 cells cultured under standard conditions were incubated in
confocal microscopy dishes (35 mm Ibidi coverslip/bottom confocal
dishes) in RPMI culture medium supplemented with 10% fetal calf
serum. After 24 h of cultivation, nanoparticles (final concentration 100 ug
PLGA per ml) were added to the dishes and incubated for 30 min. After
incubation, the cells were washed three times with PBS and then
examined with LSCM.
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Figure 1 Intracellular distribution of Cy5-PLGA/HSA-RhBITC NPs,
prepared by (a) interfacial embedding, (b) adsorption and (c) conjugation of 1
HSA-RhBITC, after 30-min incubation with GL261 murine glioma cells:
(2) combined image, (2) fluorescently labeled lysosomes (LysoTracker Green 12
DND26 signal), (3) NPs internalized in cells (RhBITC signal) and (4) NPs
internalized in cells (Cy5 signal).
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Figure 2 Manders overlap coefficients between Cy5 and RhBITC signals.
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