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Preparation and characterization of empty nanoparticles
of poly-D,L-lactic acid and serum albumin

The methods of preparation of polymeric nanoparticles and nanocapsules on the basis of such polymers as
human serum albumin and poly-D,L-lactic acid are shown in this article. Human serum albumin and poly-
D,L-lactic acid are well-known polymers used in medicine for different purposes including delivery of some
potent drugs in the forms of nanoparticles. Empty nanoparticles of human serum albumin and poly=D;L-lactic
acid have been successfully synthesized using desolvation and nanoprecipitation methods coerrespondingly.
Optimal conditions of synthesizing the nanoparticles of human serum albumin and poly-D,L-lactic acid have
been worked out. Obtained nanoparticles of the polymers have satisfactory physicochemical characteristics:
the particle sizes were in the interval of 100-300 nm with narrow particle size/distribution which points on
the formation of nanoparticles of similar size. The surface charge of the particles was defined as it is the pa-
rameter that determines the stability of the system. The meanings of zetapotential were around —30 mV for
both systems which justifies the stability of particles within the time. So the results of this-study have shown
that synthesized nanoparticles of human serum albumin and poly-D,L-lactic acid have good characteristics
and hence they can further be used for loading them with different drugs.

Keywords: polymers, polylactic acid, human serum albumin, nanoparticles, drug delivery, nanocapsules,
nanoprecipitation, desolvation.

Introduction

Nanoparticulate systems such as nanoparticles and nanocapsules based on biocompatible polymers are
becoming the subject of interest both for scientists:and doctors. Such characteristics as small size, large sur-
face area and stability within the time, make these systems unique and promising, especially in the controlled
delivery of drugs. Nanocarriers were found to be accumulated in tumor tissues and in the inflamed tissues [1]
and the particles of certain size are able to find the infected cells or tissues and act selectively without dam-
aging healthy tissues. Also nano-size of such colloidal particles allows them to penetrate through narrow
blood capillaries [2].

Nanosomal forms are constructed on the basis of commonly used biocompatible and biodegradable pol-
ymers. Human serum albumin' (HSA) and poly-D,L-lactic acid (PLA) (Fig. 1) are well-known polymers
which have found wide-application in medicine as an auxiliary materials as well as polymeric carriers for
different drug preparations. In this regard, the aim of this study was to synthesize empty polymeric nanopar-
ticles of HSA and PLA with satisfactory physicochemical characteristics for loading them with drugs.
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Figure 1. Structural formula of human serum albumin (/) and poly-D,L-lactic acid (2)

Method

Preparation of empty nanoparticles of poly(D,L-lactic acid)

Nanoparticles of PLA were obtained using the method of nanoprecipitation. Briefly, 0.2 ml of water
was added to 0.5 ml of acetone. Then PLA was dissolved in 1 ml of acetone and mixed with the solution
prepared before. The polymer solution was added with a syringe to 5 ml of the external phase (water) with

40 BecTHuk KaparaHguHckoro yHusepcureTa



Preparation and characterization of empty nanoparticles ...

slight stirring. The residual organic solvent was evaporated for 40 minutes under reduced pressure on a vac-
uum rotary evaporator «Vacuum controller V-855» (Buchi, Switzerland) and the dispersion of the nanoparti-
cles was diluted with water to 20 ml and filtered (paper filter) to remove any large formations.

Preparation of empty HSA nanoparticles

Empty HSA nanoparticles were prepared using a desolvation method [3]. The pH of HSA solution of
albumin (2 %) was adjusted to 8.3 with buffer solution. Then under constant stirring (600 rpm) at room tem-
perature 8 ml of ethanol (96 %) was added to the mixture (I ml/min) using a tubing pump. After the
desolvation process the particles were stabilized by the addition of an aqueous 8 % glutaraldehyde solution
(1.175 pul per ml HSA). After that the suspension was stirred for 24 h. The nanoparticles were separated from
low molecular components by repeated centrifugation with the Centrifuge MiniSpin Plus 14500 (Eppendorf,
Hamburg, Germany) at 14500 rpm and washing them with water.

Measurement of particle size, zeta potential () and particle size distribution

Average particle diameter and the particle size distribution of PLA and HSA nanoparticles were deter-
mined at 25 °C by dynamic light scattering (DLS) on a Malvern Zetasizer Nano ZS instrument at a scattering
angle of 173°. The zeta potential was also measured on this device. Nanoparticles were previously diluted
with a phosphate-buffer (pH 7.4) and the zeta potential was determined by Laser Doppler micro electropho-
resis.

Results and Discussion

There are a number of methods for synthesizing nanoparticles: emulsion polymerization, emulsifica-
tion-diffusion, interfacial deposition, desolvation, nanoprecipitation, solvent evaporation/extraction and sol-
vent displacement methods there [1, 2, 4-7]. The method of preparation of polymeric nanoparticles and
nanocapsules can be chosen depending on the goals, technological advantages, the properties of the sub-
stances entrapped and the polymeric materials to be used [1,2, 4-7].

Nanoparticles of HSA can be synthesized by protein denaturation in an water-in-oil emulsion and ap-
plying desolvation (coacervation) methods as shown in [1, 3]. When obtaining albumin nanoparticles by
desolvation, HSA is dissolved in water and then desolvated with ethanol and stabilized by addition of a
cross-linker which is glutaraldehyde. Particle size of the synthesized nanoparticles usually varies between
80-300 nm. Therefore empty HSA nanoparticles-have been obtained using desolvation method at a pH
meaning of 8.3. In this case the particles of optimal size and relatively big surface area are formed. It allows
high degree of adsorption of the drug on the surface of particles. In this method the addition of amphiphilic
solvent, i.e. ethanol drop-wise to‘the concentrated solution of albumin is relevant, as the volume of ethanol is
4-5 fold higher than water and-addition of the whole amount of ethanol may lead to the formation of insolu-
ble aggregates of albumin or albumin nanoparticles of non-spherical structure. Slow addition of ethanol is
also necessary to stabilize'the system and homogeneous formation of albumin nanoparticles, hence colloidal
particles of spherical shape with monomodal distribution can be obtained. Afterwards the HSA nanoparticles
are crosslinked with the help of small amount of glutaraldehyde. Hardened nanoparticles of albumin do not
change their shape and physical state even after multifold centrifugation and dissolving.

Physicochemical characteristics of synthesized empty HSA nanoparticles were determined using photon
correlation spectroscopy, of which the results are given in Figure 2.

From Figure 2 it is seen that obtained nanoparticles have very good characteristics: optimal size
(d=151.2 nm) and narrow particle size distribution (PDI = 0.094). The portion of particles of nanometer
sizeds 100 %, which meets the requirements of polymeric carriers.

Another interesting polymer from the point of view of carriers for different active agents is poly-D,L-
lacitc acid. Polymeric nanoparticles based on PLA are gaining interest among the scientists as this polymer
possesses such properties as biocompatibility and biodegradability.

One of the methods of synthesizing nanoparticles of PLA is nanoprecipitation. A number of experi-
ments on the selection of optimal conditions of synthesizing PLA nanoparticles have been carried using
THEF, acetone and the mixture of acetone with ethanol as solvents. The choice of these solvents is due to the
solubility of PLA in these solvents and by their ability to mix with water. The study on selection of optimal
solvent has shown that acetone was the best one for the formation of nanoparticles. In this case the nanopar-
ticles with satisfactory characteristics were obtained (Fig. 3).
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Figure 2. Particle size distribution of empty HSA nanoparticles
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Figure 3. Particle size distribution of empty PLA nanoparticles

It is clear from Figure 3; that the system mainly consists of the particles with nanometer size and only
2 % of the system.is microparticles.

Physicochemical characteristics of empty PLA and HSA nanoparticles are summarized in Table.

Table
Physicochemical characteristics of empty PLA and HSA nanoparticles
Parameter Empty PLA nanoparticles | Empty HSA nanoparticles

Average particle size, d, nm 290.1 151.2

PDI 0.316 0.094

Zetapotential, mV -35.0 -31.0

Molecular mass 1520.0 —

Yield of nanoparticles, % 76.6 98.2

Together with particle size and size distribution such parameter as the surface charge of the particles
needs to be evaluated. In addition, better targeting can be accomplished by obtaining monodisperse systems
and/or by attaching antibodies or ligands on the surface of nanoparticles [7, 8]. When synthesizing polymeric
nanoparticles one of the important parameters is the surface charge as together with the meaning of size and
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particle size distribution it defines the biodistribution of nanoparticles after administering them into the body.
Surface charge of the particles is characterized by zeta potential which is an indicator of the stability of the
colloidal system. In this case the absence of excess counter ions is important because it may lead to aggrega-
tion; the latter is not acceptable when using polymeric nanoparticles for the drug delivery purposes. Accord-
ing to the results of measuring zetapotential in both cases the systems are stable (Table) as the meanings of
surface charge were not close to 0.

Conclusions

So at this stage of the research empty nanoparticles of PLA and HSA with high yield have been suc-
cessfully synthesized. Physicochemical characteristics of obtained particles meet the requirements of the
polymeric carriers of drug preparations; therefore they are aimed to be used for loading with such antitumor
drugs as tamoxifen and cyclophosphamide.
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IMosm-D,L-cyT KbIIIKBLIBLI MEH capbICy a1b0OYMUHHIH 00C HAaHOOO/IIEKTepiH
CHHTe3/Iey /KIHe CHIATTay

Makamana capsicy ansOymMuH MeH 10aH-D,L-CyT KBINIKBIIBIHEIH IOJIMMEPI HaHOOONIIEKTepi MeH
HaHOKAICyJIaJapblH ally o4iCTepi KOpCceTiareH. ATaMHBIH CapbICy albOyMHUHI )koHE MoU-D,L-CcyT KBIIIKBITEL
MEJUIMHAAA SPTYPIi MakcaTTa, COHBIH imIiHAge Keibip ocepi KYIUTI JTOpiliK 3aTTapiasl HaHOOeINIIEKTep
TYPIHIET KeTKI3yIl PeTiHAe KOJAAHBIIATHH Oenrini nonumepiep 006 Tadbutagsl. ATb0YMUH MEH IT0JIH-
D,L-cyT KbIIKBUIBIHBIH HaHOOOJIIEKTEPiH CHHTE3JCYIH BIKIIAMIbl JKaraainapsl Tabbuinsl. Capbicy
anbOYMUHHIH, JkoHE 1oNu-D,L-cyT KBIIKBUIBIHBIH 0OC HaHOO®JIIEKTEpl COMKECIHIE IecosibBaTTay MKoHe
HaHOTYHIBIPY SAICTEPIMEH CHUHTe3/eN/i. AJIBIHFaH IOJMMepIli HaHOOOIIEKTep KaHaraTTaHAPIBIK (QU3UKa-
XUMHSUTBIK cHIaTTamaiapra ue: oemmexrepain omemi 100-300 HM apanbiFbiHAa, ajl OeJIIeKTepAiH eIeM
OoMBIHIIA Tapaxybl Tap OoOiabl, Oy eimeMi KarblHaH OipTeKTi OeJIeKTepAiH TY3UIreHIH KepceTeni.
Bemmexrepin OeTTik 3apsabl aHBIKTAIABL, cebeOi Oy eimeM >KyHEeHIH TYpaKTBUIBIFBIHA sKayar Oepeni.
JzetanoTeHnMal exmieMaepi eKi Kyhe yuriH ne mamameH —30MB-ka TeH 06opl, Oy O6IIIEKTepAiH YaKbIT
OOWBIHIIA TYPAaKTHUIBIFBIH Ourmipeni. Ocbutaiimma, Oy 3epTTeyNepAiH HOTHKECI CHHTE3JENTeH Caphicy
aTb0yMUH JkoHE TOJH-D,L-CyT KBINIKBUIBIHEIH HaHOOOJIIEKTepiHiH KaKChl CHIaTTaMalapra He eKeHJIriH
JKOHE OJIap/bl 9pi Kapail apTypJii Jopitik mpemapaTrapMeH HMMOOHIH3aIHsIIayFa O0TaTHIHIBIFBIH KOPCETTI.

Kinm ce30ep: momuMeprep, MOMKCYT KBIIKBUIBL, aJaMHBIH CapbiCy albOyMHHI, HaHOOOIILEKTEep, ASPLIiK
3aTTap/bl TaChIMaJay, HAHOTYHABIPY, JECOIBBALIMS.
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HO.]'Iy‘IEHI/Ie U XapaKTEePUCTUKA MMYCTHIX HAHOYACTHUIL
HOJIH-D,L-MOJIO‘IHOﬁ KUCJIO0THI U CHIBOPOTOYHOI'0 a.]'lbﬁ)’MI/IHa

B cratee nmoka3zaHel ciocoObl CHHTE3a MOJMMEPHBIX HAHOYACTHI[ U HAHOKAICYJI Ha OCHOBE CHIBOPOTOYHOTO
ans0yMuHa YesnoBeka u 1moiu-D,L-monounoit kucinoTsl. CHIBOPOTOUHBIH ankOyMuH denoBeka U noiu-D,L-
MOJIOYHAsI KHCJIOTA SIBISTIOTCS XOPOIIO H3BECTHBEIMH MTOJIMMEPAaMH, UCIIONB3YEMBIMA B MEAUIIMHE JJIS pas3iIid-
HBIX IIeJIedl, B TOM YHCJIe JUIS JIOCTaBKH HEKOTOPHIX CHIIBHOJEHCTBYIOIINX JIEKApCTB B (hopMe HAHOWACTHIL.
HaiineHs! onTuManbHBIE YCIOBHS CHHTE3a MOJMMEPHBIX HAaHOYACTHI] CHIBOPOTOYHOTO albOyMHMHA ¥ IIOJH-
D,L-monounoit kucnotsl. IlycTble HaHOYACTHLBI YEIOBEUYECKOTO CHIBOPOTOYHOTO anbOymuHa W monu-D,L-
MOJIOYHOH KHCIIOTBI CHHTE3MPOBAHBI METOIAMM JECONbBAMM U HAHOOCAKAEHMS COOTBETCTBEHHO. llomy-
YEHHBIC MOJMMEPHbIE HAHOYACTUIIBI UMENM YIOBJIETBOPUTENbHbIE (DU3MKO-XMMHYECKHE XapaKTEPUCTHKH:
pasmepsl yacTull BapbupoBainu B uHTepBaie 100-300 HM ¢ y3KUM pacnpeleieHHeM YacTHIl IO pa3MepaM; 4To
yKa3bIBaeT Ha 00pa30BaHUE YACTUI] OAHOTO pa3Mepa. OnpesieneH MOBEPXHOCTHBIH 3aps ] YacTHIL, Tak KaK 3Ta
BEJIMYMHA OTBEYAET 3a CTaOMJIBHOCTh CUCTEMBI. 3HAUCHUS J3€TAallOTEHINATIOB PAaBHINCH 0K0I0 —30 MB urst
o0enx CcHCTeM, YTO CBHUJIETEILCTBYET O CTaOMIBHOCTH YacTHIl BO BPEMEHH. TakuM 00pa3oM, pe3ysbTaThl
JTAHHOTO HCCIIENOBAaHMS MOKa3aiH, YTO CHHTE3MPOBAaHHBIE HAHOYACTHIH CHIBOPOTOYHOIO ajlbOyMHHA Yelo-
Beka ¥ noyi-D,L-MOIOYHOM KHCIIOTH HMEIOT XOPOIINE XapaKTEePUCTHKH U, CIIENOBAaTEIbHO, MOTYT OBITH B
JanbHEHIIeM UCIONb30BaHbI ISl UMMOOHMIM3AIMY UX Pa3IUYHBIMU JIEKAPCTBEHHBIMH MpeflapaTaMH.

Kniouesvie cnosa: TOJIMMEPBI, NOJIMMOJIOYHAS KUCJIIOTA, CbIBOpOTO‘{HLIfI aJ'Ib6yMI/IH Y€JIOBCKA, HAHOYACTHUIIbI,
JOCTaBKa JIEKAPCTB, HAHOKAIICYJIbl, HAHOOCAXKAEHUE, NECOJIbBALIU.
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