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Synthesis and investigation of PLGA-based nanoparticles
as a modern tool for the drug delivery

The possibility of immobilization of the «Tamoxifen» antitumor drug in polylactide glycolide nanoparticles
was shown in this study. Nanoparticles based on a biodegradable and biocompatible polylactide glycolide
polymer were prepared by the simple emulsion method. Various concentrations of the drug substance and
stabilizer were studied to obtain nanoparticles with the best physico-chemical parameters (particle size,
polydispersity, degree of binding and release, biodegradation). Polyvinyl alcohol was used as'a stabilizer in the
present work. The sizes of polymer nanoparticles determined by dynamic light scattering vary from 226.7 nm
to 397.2 nm with a narrow size distribution (the polydispersity (PDI) values were 0.01-0.2). The degree of
«Tamoxifen» binding to the polymer calculated by the UV spectrophotometric:-method (A = 275.5 nm) was
about 82 %, which makes it promising for application in drug delivery. The shape and morphology of
nanoparticles were studied with the help of scanning electron microscopy. The kinetics of drug release from
polylactide glycolide nanoparticles was studied under conditions simulating a biological medium. The general
character of the biodegradation of polylactide glycolide nanoparticles immabilized by «Tamoxifen» was also
studied by a viscometric method at different pH values and at 310 K.

Keywords: nanoparticles, polymer nanoparticles, polylactide glycolide, tamoxifen, simple emulsion method,
immobilization, drug delivery, polymers.

Introduction

At present modern pharmacotherapy is known to have many powerful drugs, but the results of treatment
often remain unsatisfactory. One of the factors that'reduce the effectiveness of drugs is unfavorable biodistri-
bution, which can be due to difficulties in penetrating the focus of the pathology; which in turn leads to low
therapeutic effect. The relevance of this problem served as an incentive for the development of approaches to
the creation of various systems of targeted delivery of drugs. Polymer nanoparticles are of particular interest
among such systems. These are particles ranging in size from 10 to 1000 nm, combining qualities important
for carriers, such as stability and high capacity in relation to a wide range of drug substances.

Treatment of cancer basedn nanotechnology has become one of the promising areas of biomedicine that
has been widely studied over the past few decades for providing effective and targeted delivery of chemother-
apeutic agents which allows'to reduce the dose of the drug and minimize non-specific side effects. Nanomed-
icine in the field of cancer treatment overcomes the shortcomings of traditional drug delivery systems, such as
nonspecific-biodistribution and targeting, lack of solubility in water, low oral bioavailability and low thera-
peutic parameters [1-3].

Various drug carriers (e.g., micelles, liposomes, and polymer-drug conjugates) have been developed to
enhance tumor targeting, drug delivery and controlled release in the past few decades. In particular, polymer
particles are of great interest in targeting a tumor site for application in cancer therapy. Nanoparticles can be
attached to small molecules of drugs and serve as drug carriers for delivering molecules to the targeted region
in the human body [4].

Polymers based on natural hydroxy acids such as glycolic, lactic, malic acid, etc. capable of degrading in
human body into harmless substances, are widely used as drug delivery systems [5]. Micro and nanoparticles
based on polyglycolic, polylactic acids, their copolymers and esters are used for targeted delivery of drugs for
awide variety of purposes. It was established that the ratio of lactide and glycolide units in the polymer affected
the release of the drug [6]. The release rate of hydrophilic preparations increases with an increase in the content
of glycolide units and decreases for lipophilic ones, if the release occurs before the polymer degradation pro-
Cess.
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An important feature of polylactides and polyglycolides is biocompatibility with human body tissues
which is due to enzymatic degradation of ester bonds based on derivatives of lactic and glycolic acids.

It has been established that polylactides with hydrophobic end groups degraded 2.7 times faster in vitro
and 4 times faster in vivo than polymers with hydrophilic groups [7]. A copolymer based on lactic and glycolic
acids [50/50 poly-(d,I-lactide-co-glycolide) (hominal)] is non-toxic and undergoes biodegradation in the hu-
man body with the formation of lactic and glycolic acids, the catabolism of which ends with the formation of
carbon dioxide and water [8].

In this regard, the purpose of this work was to study the possibility of binding nanoparticles of
poly-(d,I-lactide-co-glycolide) with the «Tamoxifeny antitumor drug in order to prolong its therapeutic effi-
cacy and reduce undesirable toxic effects.

Experimental

Preparation of poly-(d,l-lactide-co-glycolide) nanoparticles loaded with Tamoxifen drug substance by
the simple emulsion method

The poly-(d,I-lactide-co-glycolide) copolymer (PLGA) nanoparticles loaded with Tamoxifen drug were
prepared by the emulsion method, followed by solvent evaporation according to the following procedure. The
calculated amount of polymer was dissolved in an organic solvent, namely chloroform. The drug substance
was also dissolved in a mixture of ethyl alcohol and chloroform. The solvent mixture'was combined to form a
diffusion phase. Then, the diffusion phase was added dropwise to the:dispersing ‘phase for ten minutes by
emulsification using an Ultra-Turrax T-10 homogenizer (IKA, Germany) with‘a syringe located directly in the
medium. The resulting oil-water emulsion was analyzed for particle size by photon correlation spectroscopy
(PCS). Then it was stirred on a magnetic stirrer for several hours atroom temperature until all of the organic
solvent evaporated, leaving the cured nanocapsules in an aqueous medium.

Newly formed nanoparticles were centrifuged 2 times for. 30-minutes at 14100 rpm (miniSpinplus 14500
centrifuge, Eppendorf, Germany) and washed with distilled water to remove all unbound drug.

Determination of particle size and polydispersity

The average nanoparticle size and their polydispersity were determined by the PCS method on a Malvern
Zetasizer Nano S90 instrument (Malvern Instruments Ltd., UK) at 298 K and 90° scattering angle. Each
nanoparticles sample was properly diluted immediately after preparation with a non-solvent. The average size
and polydispersity were measured three times for each series.

Determination of the binding degree and drug release of Tamoxifen from PLGA nanoparticles.

The binding of tamoxifen with.nanoparticles was determined by the concentration of the drug in the
solution of the centrate. An analysis of the solution of the centrate was performed on UV-1800 SHIMADZU
using UV spectrophotometry (A =275.5 nm). The solutions were diluted with water before measurement. An
in vitro drug release study was carried out in phosphate-buffered saline (pH =5.4; pH =7.4) at 310K for
3 days. Samples were removedfrom a thermostat and analyzed using UV spectrophotometry.

Results and Discussion

The emulsion method.is used for polymers having hydrophobic properties. It is based on the dissolution
of the amphiphilic polymer in an organic solvent followed by the addition of water to form the primary emul-
sion, after which it is homogenized or sonicated to obtain a finely dispersed emulsion. The formation of an
emulsion/is one of the key aspects of this method, due to the fact that the size of the droplets of the emulsion
is<directly related to the size of the particles. It is connected with the curing of the particles after evaporation
of the organic solvent. Drug loading into nanoparticles of a PLGA copolymer was carried out as described
above.

Different concentrations of drugs (5 and 10 mg/ml) and surfactants (0.5 %; 1 % and 2 %) were used to
obtain polymer nanoparticles with satisfactory physico-chemical characteristics. As a result of encapsulation
of Tamoxifen in PLGA nanoparticles, the obtaned emulsion had a white tint without visible delamination. The
particles were analyzed for particle size by the PCS method directly after homogenization. The results of the
study of physico-chemical parameters of polymer nanoparticles are presented in Table 1.

The experimental results show that an increase in the concentration of the stabilizer leads to a shift in the
distribution towards large diameters. This is due to an excess of surfactants. Large particles and agglomerates
are formed when encapsulating the drug with a concentration of 5 mg/ml in the polymer matrix in the presence
of 1 % and 2 % surfactant. A decrease in the concentration of PVA (0.5 %) and an increase in the concentration
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of drugs (10 mg/ml) lead to positive results, namely nanosized particles (200-300 nm) were formed. The PDI
polydispersity index for all particles stabilized by PVA did not exceed 0.2.

Physico-chemical characteristics of PLGA nanoparticles immobilized by « Tamoxifeny

Table 1

PVA, DS, Average particle size, | NPs Polydispersity Degree of NPs yield, | Degree of release, %
% mg/ml d, nm (PDI) binding, % % pH=54 |pH=74
226.7 0.215
2254 0.189
0.5 10 296.2 0.206 69.0 52 25.3 34.1
226.1+0.66 0.203+0.013
485.2 0.054
486.3 0.125
5 4838 0.153 82.6 73 - 90.4
1 485.1+1.25 0.111+0.051
397.2 0.011
396.5 0.121
10 3958 0.136 62.0 68 21.4 30.2
396.5+0.70 0.089+0.068
779.2 0.244
778.3 0.298
2 5 780.1 0.321 78.0 61 - 38.0
779.2+0.90 0.288+0.040

Figure 1 shows the distribution curves of PLGA nanoparticles over diameters obtained by dynamic light
scattering. It can be seen from the above figures that PLGA nanoparticles have satisfactory physico-chemical
characteristics. The average particle size when using a PVA concentration of 0.5 % is 226.1+0.66 nm, for a
PV A concentration of 1 % is 396.5+0.70 nm, the polydispersity value is 0.215 and 0.011, respectively.

A monomodal particle size distribution was observed in both cases. The uniformity of sizes is an im-
portant problem in the preparation of nanoparticles, since the size affects the chemical and biological properties
of the nanoparticles. The formation of particles less than 300 nm in size is preferable due to a more favorable
pharmacological profile, prolonged kinetics in the circulatory system, and delayed release at the sites of action
[9, 10].

Given the effectiveness of encapsulation of tamoxifen in nanoparticles (NPs), their size and polydisper-
sity, PVA concentrations of 0.5 % and 1 % were selected for in vitro analysis of drug release and drug charac-
teristics.

The determination of the degree of drug binding to polymer nanoparticles is an important indicator char-
acterizing the quantitative volume of drug immobilization in polymer nanoparticles. The degree of binding of
PLGA and tamoxifen nanoparticles was determined spectrophotometrically and calculated by the formula 1:

Degree of binding= (mass of drug substance in nanoparticles) / (total mass of drug) x 100 %. @

The results presented above in Table 1 indicate a significant effect of the concentration of PVA on the
most important characteristics of the system. The greatest values of encapsulation efficiency which were equal
t082.6 % and 78.0 % were observed at 1 % and 2 % concentrations of PVA respectively. But, despite the high
degree of binding and release, these PVA concentrations were not considered, since the average particle size
does not meet the requirements allowed for nanoparticles. Therefore, polymer NPs with the concentration of
PVA equal to 0.5 % and 10 mg of the drug were selected as the most effective one. Moreover, the degree of
binding was 69 % for a 0.5 % PVA concentration and the degree of binding was 62 % for a 1 % PVA concen-
tration.

The PCS method allows one to establish the distribution of NPs by their hydrodynamic diameters in an
aqueous suspension, while all particles are considered spherical. The method does not provide information on
the shape of the particles. It is necessary to use a set of experimental methods for a more complete characteri-
zation of low frequencies.
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Size (d.nm): % Intensity Width (d.nm):
Z-Average (dnim): 2267 Peak 1: a0a,0 100,0 1922
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Figure 1. Particle size distribution of PLGA NPs.immobilized by Tamoxifen stabilized with PVA

For this purpose a number of nanoparticles samples were additionally investigated by scanning electron
microscopy. Morphological analysis of the samples was carried out with the help of a scanning electron mi-
croscope MIRA 3 LM TESCAN (Czech Republic) in the Laboratory of Electron Microscopy in collaboration
with the staff of the Physico-Technical Faculty of the E.A. Buketov Karaganda State University. Electron-
microscopic images were taken to confirm the data obtained by the PCS method, which are presented in Figure
2(a) and (b). Micrographs of nanoparticles samples show both single particles and their agglomerates. Systems
mainly consist of particles of the same size in the range of 200-400 nm, however, larger particles (larger than
500 nm) are also present in the system. We assume that they are formed in the process of aggregation of NPs
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Figure 2. Microphotographs of PLGA-based NPs samples stabilized by PVA
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Decomposition of polymer-immobilized complexes in a biological environment is an important condition
for their use. This is a prerequisite for the release of the drug from the polymer matrix as a result of the de-
composition of polymer nanoparticles. In general, the mechanism of drug release from polymer nanoparticles
may vary depending on the nature of the polymer. Decomposition of polymers can occur as a result of chemical
destruction of the chain and mechanical destruction of polymer nanoparticles.

In this work, the destructive nature of PLGA nanoparticles was carried out by the viscometric method at
310 K temperature and various pH values (5.4 and 7.4). The results of the study of PLGA nanoparticles are
presented in Figure 3.

The destruction of polymers occurs faster in vivo than in vitro, which is associated with biological effects,
as well as with the formation of an immune response. Chemical bonds in the macromolecules are broke down
in the process of destruction, and the degree of polymerization and the molecular weight of the polymer are
reduced. As can be seen from the figures, the destruction of polymer nanoparticles occurs very slowly depend-
ing on time. As a result of the destruction of polylactide glycolide the glycolic and lactic acids.are formed[5].
It is seen that the viscosity of the medium decreases depending on the pH of the medium as aresult of the
destruction of polylactide glycolide. And in the second system, that is, in a system with 1 % PVA concentration
(Fig. 3b), the destruction occurs very slowly, which is explained by a higher concentration of PVA and a larger
particle size compared to the first concentration.
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Figure 3. Viscometric study of the destruction of PLGA nanoparticles stabilized with PVA
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After studying the destruction by UV spectrophotometry, we analyzed the release profiles of tamoxifen
from polymer nanoparticles for two samples, over 3 days, under conditions simulating a biological state, i.e.,
in a phosphate-buffered solution (pH = 5.4; pH = 7.4) at 310 K temperature. The results are presented in Figure
4 (a) and (b).

40
35
30
25
20

15 -
10 - =@i=pH=5.4.

=¢=—pH =7.4.

The amount of tamoxifen
released from NP, %

o O o o o o o 1
— oV} o™ < wn (o]

120
240
360
600
960
1320
1680
1860
2040

t-time, min
a—05%
35

30

25

15 o—pH=7.4.
10 / —l—pH = 5.4.

The amount of tamoxifen
released from NP , %

0 /l
o O o O o O
— (o] m wn o

o
=

120
240
360
600
960
1320
1680
1860
2040

t -time, min
b—1%

Figure 4. Dependence of the amount of Tamoxifen released from the PLGA NPs matrix
obtained in the presence of PVA

It is seen from the presented data that approximately 20—-30 % of the drug was released within 72 hours
from PLGA. In this case, the kinetics of drug release in the medium pH = 7.4 is higher than at pH = 5.4.
Asimilar dependence was observed when studying the destruction of polymers. Studies have shown that drug
release became much slower after 74 hours for all samples. An emergency release of the drug of about 10—
20 % was observed for 10 minutes at the initial stage. Subsequently, the total yield of the drug reached 20—
30 % within 3 days.

Conclusions

Thus, PLGA nanoparticles immobilized by the anti-tumor drug «Tamoxifen» were obtained by the simple
emulsion method. The nanoparticles synthesized have satisfactory physico-chemical characteristics, which
makes them promising systems for drug delivery. The binding degree of polylactide-co-glycolide with anti-
tumor drug «Tamoxifen» was 60-80 %. Kinetics of release of the drug has prolonged profile which gave op-
portunity to work out less toxic forms of «Tamoxifen» with longer period of action.
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Jlapijtik 3aTTapabl TachbIMAJIAAYAbIH 3aMaHAyH KYypaJl peTiHae
PLGA Herizinaeri HaHO0OIIIEKTEPAl CHHTE3/1ey KIHE 3epTTey

Makanana karepiiicikke Kapchl « TaMOKCU(EeH» TIpenapaThiH MOJMIAKTHATIAKOIH] HETi31HICT1 HAaHOOOJIIIeK-
Tepre UMMOOWIN3AIHSIAY MYMKIHAIT KepCeTinreH, buobiapipamas! sxoHe OuoyiineciMai moiauMep Heri3iH-
Zieri HaHOOOJIIEKTep dMYIbCHs ONICIMEH allbIHFaH. JKakcapThUFaH (DU3UKO-XMMUSIIBIK KOPCETKIIITEPMEH
(OemmIexTepiH oIIeMi, HOMUAUCISPCTIIIr, OANTAHBICY XKoHE OOCall IIBIFY TOpeKeci, Onoaerpaaalisichl) Ha-
HOOOJIIEKTEp Il aly YLIH A9PUIK 3aTTHIH JKOHE TYPAKTaHABIPFHIIITHIH OPTYPJi KOHIEHTPAIAphl KOJIa-
HBUTIFaH. ATallFaH )KYMBICTa TYPaKTaHJBIPFBIII PETiH/e MOJMBHHUI CIHPTI HMaiijanaHblUIFaH. [IMHAMUKAJIBIK
KapbIK MIANly OiCIMCH aNbIHFAaH MMOMUMEpPJi HaHOOeMImIeKTepaiy ommemaepi 226,7-397,2 HM apaibiFbIHIA
KoHe ejuieM OoibiHIIA. Tapanybl Tap (momumucnepcritik maHzepi (PDI) 0,01-0,2) Gommer. YK-
CHeKTpo(OTOMETPITIK dIicTieH (A = 275,5 HM) aHBIKTaJIFaH TAMOKCH(CHHIH TIOJIMMEPMEH OallTaHbICy opeKeci
mamameH 82 % Kypasbl )KaHe 0J1 OHBIH ASPLTIK 3aTTap/blH TachkMallayIlbuIaphl peTiHae KojlaHyna Gona-
LIAFBI 30p EKCHIT1 KOPCETIITeH. DIIEKTPOH B MUKPOCKOTIHS dIiciMeH HaHOOOMIIeKTepIiH popMacel MEH MOp-
(honoTHACH XKOHE OMOJOTHSIBIK OPTaHBI MOAETBICHTIH JKaFIaliia MOMMIAKTHATHKOIN HAHOOOICKTEpiHEeH
JIOPLTIK 3aTTHIH 0OCaIl MIBIFy KHHETHKACH 3epTTenred. CoHbIMEH KaTap, opTypii pH mornepinne 310 K tem-
neparypana TaMOKCH(eHMEH MMMOOMITN3alsUTaHFaH OJTHIAKTHAIIMKONU HAHOOOIIIEKTepiHiH Onoaerpana-
IIMSICHIHBIH JKaJITbl CHIIATTaMalIapbl BUCKO3MMETPIIIK 9ICIIeH aHBIKTAFaH.

Kinm_ ce30ep: HaHOOONIIEKTED, MOJUMEPIIi HAHOOOIIEKTep, MOMMIAKTHIATTHKOIN, TAMOKCU(EH, SMYIIbCUSI
9MIicl, UMMOOUIIH3AITHS, I9PiHI TaChIMAIAAY, TIOTUMEPIIEP.

E.M. Tax0aes, T.C. XKymaranuesa, JI.JK. XKXamaposa, A.A. Arnapoek,
2.K. XKakynbexona, I'.K. Bypkeera, b.H. Kapumosa, C.b. )Kaytuxosa

CunTe3 M HccIeoBaHNe HAaHOYACTHIl HA ocHOBe PLGA
KAK COBPEMEHHOI0 MHCTPYMEHTA TPAHCIIOPTA JIeKaAPCTB

B cratbe moka3aHa BO3MOXXHOCTh MIMMOOHIM3ALIMU TPOTHBOOITYX0JIeBOr0 npemnapara « TamokcudeH» B HaHO-
YaCTHUIIbI MOMWIAKTHANIMKOINAA. HaHouacTHIIBI HA OCHOBE OHMOJETpagupyeMoro U OHOCOBMECTUMOTO ITOJIH-
Mepa HOJIMIAKTHATINKOIAAA OBUTH MOTyYeHBl METOIOM IIPOCTON SMYINIbCUH. [l MOTydeHUs] HAHOYACTHII C
HaWTyYIIHIMH (U3AKO-XUMHUYECKIMH ITOKa3aTeIsIMHU (pa3Mepa YacTHI], ITOJIHIANCIIEPCHOCTH, CTENIEHH CBS3bIBa-
HUS ¥ BBICBOOOXKIEHMS, OMoJerpaganyy) ObIIM HCCIEJOBAHBl Pa3IHYHbIE KOHI[CHTPAIUH JICKAPCTBEHHOTO
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BEIIECTBA U cTabuian3aTopa. B HacTosmel paboTe B kKauecTBe CTaOMIM3aTOPa UCIIOIb30BaH MONUBUHHUIOBBIH
crnupT. Pazmepsl momuMepHbIX HAHOUACTHIL, MTOTYYEHHBIX METOOM JHHAMUYECKOTO CBETOPACCESHMUS, BapbH-
pytotcs ot 226,7 uM 10 397,2 HM, ¢ y3KUM pacHpeeieHueM YacTHIl [0 pa3MepaM (3HaueHHs IOJIUANCIIEpC-
Hoctu (PDI) cocraBuimm 0,01-0,2). CreneHb CBsI3bIBaHMS TaMOKCH(EHa C MOJIMMEPOM, paccuuranHas Y d-
cnekTpodoToMeTpruIecKiM MeTotoM (A=275,5 HM), cocTaBmia 0koJo 82 %, 4To JnenaeT ero NepCreKTHBHBIM
TP UCTIONB30BaHUH I JOCTaBKH JIEKapcTB. MeTooM CKaHHpYIOLIeH 2IeKTPOHHOH MHKPOCKOIINY N3y4YEHBI
¢dopma u Mopdororus HaHouacTHL. MccnenoBana KHHETHKA BEICBOOOXKICHHS IIperapaTa N3 HaHOYaCTHIY O~
JMTaKTHATIIMKONIN/AA B YCIOBUSX, MOJEIHUPYIONMX OMosornieckyio cpeny. Kpome Toro, BHCKO3MMeTpHUe-
CKMM METOJIOM HCCJIEN0BaH O0mMil XapakTep OMOAErpagaiy HAaHOYACTHUII HONMIIAKTUATIIMKOIIH/A, IMMOOH-
JIM30BAaHHBIX TAMOKCHU(EHOM B pa3HBIX 3HaueHUsX pH cpens! mpu temmepatype 310 K.

Knrouegvie cnosa: HaHOYACTHLBI, TOJMMEPHbIE HAHOYACTHIIBI, IOIMIAKTHATIIMKOINA, TAMOKCU(EH, METOI
MPOCTOI SIMYJIbCHH, UMMOOHIM3AIINS, TOCTaBKa JIEKAPCTB, TOJINMEPHI.
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