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Abstract. In this work, polyhydroxyalkanoates-based microparticles containing antibacterial drug
rifampicin were obtained. The main characteristics of the microparticles were investigated: the particles
yield, encapsulation efficiency and drug loading, average radius, surface morphology, polydispersity
index, zeta potential and cytotoxicity towards HeLa cells. Loading of RIF into microparticles leads to

the substantial decrease of its cytotoxicity.
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IMosryyeHue ¥ CBOMCTBA MUKPOYACTHIL
nou(3-ruApoKcudy THpaTa-co-3-ruIpoKCuBajepara),

HArpy:KeHHbIX pupaMIULTHOM

A.C. Jopoxun, C.1O. J/Iunaikux,

I A. PouabneBa, E. U. lIumankas, C. B. Kaunn
Cubupckuii pedepanvruvlii yHugepcumem
Poccuiickaa ®edepayus, Kpacnosapck

AHHoTammsA. B HacTosmeld padboTe onucaH MPoOMEce MOJyUYCeHHUST MUKPOYacTUIl moju(3-
TUAPOKCHOYTHPATA-CO-3-THAPOKCHBAJIEpaTa), CoJAepKAIUX aHTUOAKTEpUATbHBIN Mpenapar
pudamnuunun. OnpeneieHbl OCHOBHBIC TapaMETPhI ITPOLIECCa MOTYUYCHUS U CBOWCTBA MUKPOYACTHII:
BBIXOJI, () (HEKTHBHOCTH MHKANCYJINPOBAHUS U BKIIIOUSHHE MIPENapaTa, CpeHue pasMepsl, MOp(HOIorus
MOBEPXHOCTHU, MHCKCHI MOJHIUCIICPCHOCTH, A3€TA-MIOTCHI[UAJ, IUTOTOKCHYHOCTh B MOJICIbHOMN
KynbType kiaeTok HeLa. YeTaHOBIEHO, 9TO MUTOTOKCHYHOCTD MOTYYCHHON CHCTEMBI CYIIECTBEHHO

HHUKE TaKoBOU 1Jisg unuctoro PUD.

KuroueBble cjioBa: MOJIMTUAPOKCHAIKAHOATBI, MUKPOYACTHUIIbI, pU(aMITUIIH.

Hutuposanue: Jopoxun A.C., JIunaiikun C.1O., Peutbuesa I A., llumanxkas E.W., Kauun C. B. ITonyueHue u cBoiicTBa
MHKpOYaCcTHI HOIH(3-THAPOKCHOY THpaTa-co-3-THAPOKCHBaNIepaTa), HarpyKeHHbIX pudpamnuunnaom. XXypa. Cub. dpenep.
yH-Ta. Xumus, 2023, 16(2). C. 159-167. EDN: SOEIHZ

Introduction

Rifampicin (RIF) is a semi-synthetic antibiotic used as a first-line anti-tuberculosis drug.
However, due to low cell permeability, degradation of the drug before reaching target cells and the
emergence and rise of the resistance to RIF in many M. tuberculosis strains the efficacy of rifampicin
treatment may significantly decrease [1]. In order to increase the efficiency of RIF therapy nano- and
microparticulate drug delivery systems can be used owning to their ability to effectively combat
bacterial pathogens [2, 3].

The use of nanoencapsulated RIF is a promising approach as RIF-loaded polymeric nanoparticles
provide sustained drug release [4, 5], decrease its toxicity and dosage frequency [6], and exhibit
increased macrophage uptake [7]. Many polymeric materials have been employed for the preparation
of RIF-loaded nano- and micro-particles including poly(D, L-lactide-co-glycolide), chitosan,
alginates, polycaprolactone [8], poly(3-hydroxybutyrate-co-3-hydroxyvalerate) (P3HBV) and other
polyhydroxyalkanoates (PHAs) [9]. RIF-loaded P3HBV-based microparticles possess excellent
properties including reduced cytotoxicity, sustained drug release and high encapsulation efficiency
[10]. However, to the best of our knowledge, there are no comprehensive studies on the effect of various
factors, in particular, the 3-hydroxyvalerate (3HV) content in the polymeric matrix on the efficiency

of RIF loading and the properties of the resulting particles.
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Materials and methods

Materials

Microbial P3HB (2000 kDa), P3HBV s (15.7 % of 3HV, 826 kDa) and P3HBVy, o (82.0 % of 3HV,
432 kDa) were produced at the laboratory of Biotechnology of new biomaterials of Siberian Federal
University in Krasnoyarsk, RF [11]. Poly(vinyl alcohol) (PVA, 31-50 kDa), RIF and dimethyl sulfoxide
(DMSO) were purchased from Sigma-Aldrich (USA).

All chemicals were used as received without any further purification.

Preparation of RIF-loaded P3HB and P3HBV microparticles

RIF-loaded P3HBV microparticles with different 3HV and RIF content (P3HBV 5 ;,-RIFs5,-MPs
and P3HBV 5 7-RIF,50-MPs for matrix containing 15.7 % of 3HV and P3HBVyg, -RI1F5,-MPs and
P3HBVjy; ¢-RIF,50-MPs for matrix containing 82.0 % of 3HV) and P3HB microparticles (P3HB-RIFs,-
MPs and P3HB-RIF,5,-MPs) were prepared using double-emulsion solvent evaporation technique.
In brief, the solution of 0.4 g of P3HBV or P3HB in 40 ml of CHCI; was mixed with the solutions
of different amounts of RIF in deionized water (50 mg of RIF or 250 mg of RIF) and sonicated for 5
min (Misonix Sonicator S 3000, USA). The resulting primary emulsion was added dropwise to the
solution of 0.5 g of PVA in 100 ml of deionized H,0 and mechanically stirred at 24000 rpm for 5 min
(Heidolph SilentCrusher M, Germany). Then, the resulting secondary emulsion was magnetically
stirred at 1000 rpm for 24 h until the complete CHCI; evaporation. The obtained microparticles were
collected by centrifugation at 8000 rpm for 5 min, washed multiple times with deionized water and
freeze-dried.

Microparticles without RIF (P3HBV,5,-MPs, P3HBVy, ,-MPs and P3HB-MPs) were prepared
using the same technique.

Yield of microparticles

Yield of the obtained microparticles (Y) was determined according to the formula:

M
Y=—M % .100%,

Mpolymer

where and Myps is a mass of the obtained MPs and Moiymer is @ mass of polymer used.

Hydrodynamic particle size and zeta potential

Zetasizer Nano ZS (Malvern, UK) was used to determine the average hydrodynamic particle size,
polydispersity index (PDI) and zeta potential. 5 mg of each sample was suspended in 2 ml of deionized

water and sonicated at 30 W for 1 min before the measurements.

Morphological analysis

In order to assess shape and surface morphology of the obtained microparticles scanning electron
microscopy (SEM) was carried out using SU 3500 (Hitachi, Japan). The samples were positioned on
a specimen stub and sputter-coated with platinum using Leica EM ACE 200 (Leica Microsystems,

Germany) to increase conductivity and promote heat dissipation from polymer matrix.
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Determination of RIF encapsulation efficiency and drug loading

The amount of RIF loaded into polymeric matrix was determined spectrophotometrically using
Genesys 10S UV-Vis (Thermo Scientific, USA) after dissolution of the obtained P3HBV;57-RIF50-MPs,
P3HBV;57-R1F;50-MPs, P3HBVg; o-R1Fso-MPs, P3HBVyg, o-RIF,50-MPs, P3HB-RIF5,-MPs and P3HB-
RIF,50-MPs in CHCl;. Due to the shifts of RIF absorbance maxima in the CHCIl; solutions containing
P3HBYV or P3HB standard curves for RIF determination were plotted on different wavelengths: 343.6 nm,
350.0 nm, 349.1 nm and 348.8 nm for RIF solutions in pure CHCI; and CHCI; containing P3HBV 57,
P3HBVy, o and P3HB respectively.

The encapsulation efficiency (EE) was calculated according to the formula:

EE = & 100%
M, ’

where M is a mass of RIF in MPs and M, is an initial mass of RIF.

Drug loading (DL) was calculated according to the formula:

M,

DL = - 100%,

MPs

where M, is a mass of RIF in MPs and Myp; is a mass of the obtained RIF-containing MPs.

In vitro cell viability assay

HeLa cells, as a model adhesive culture for the evaluation of cytotoxicity, were cultured in Dulbecco’s
modified Eagle’s medium (DMEM, Thermo Fisher Scientific, USA) with the addition of 10 % fetal
bovine serum (HyClone, USA) and standard antibiotic-antimycotic supplement (Sigma-Aldrich,
USA) and planted at a density of 2x10* cells per 1 cm? in 96-well plates. After seeding and 72 h of
incubation with RIF, blank P3HB-MPs or P3HB-RIF,5,-MPs the cell viability was determined using
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay. The absorption of the resulting
formazan dissolved in DMSO was recorded using iMark Microplate Reader (Bio-Rad Laboratories,
USA) after 4 h of incubation with MTT at 37 °C (A = 550 nm). Cell viability was calculated relative to
untreated cells according to the formula:

[A]test

Cell Viability (%) = m -100%,

where [A]test is the absorbance of the test sample and [A]control is the absorbance of the control sample.

To visualize cell viability, a LIVE/DEAD assay was performed using a ReadyProbes™ double
staining kit (Thermo Fisher, USA) in accordance with the manufacturer’s protocol. Images were obtained
using the Leica digital microscope (Leica Microsystems GmbH, Germany). Live and dead cells had

blue and green fluorescence, respectively.

Results and discussion

In this work, both blank and rifampicin-loaded microparticles of poly-3-hydroxybutyrate and
poly(3-hydroxybutyrate-co-3-hydroxyvalerate) containing 15.7 % and 82.0 % of 3-hydroxyvalerate

were obtained.
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The obtained microparticles have smooth spherical shape. The average hydrodynamic sizes of blank
particles of P3HB-MPs, P3HBV,5;-MPs and P3HBVy, ,-MPs are 384+£16 nm, 510£15 nm and 1272+32
nm, respectively. The average hydrodynamic sizes of RIF-loaded particles are 427+23 nm, 389+9 nm,
1022422 nm, 1008+11 nm and 66848 nm for P3HB-RIFs5,-MPs, P3HB-RIF,5,-MPs, P3HBV 5 7-R1F5-
MPs, P3HBVy, o-RIFs5o-MPs and P3HBVy, o-R1F,50-MPs, respectively. Due to the pronounced aggregation
process correct determination of the hydrodynamic radius, polydispersity index and value of the zeta
potential of P3HBV 5 ,-RIF,50-MPs could not be carried out.

The loading of RIF into the PHA matrix has an impact on the particle size in different ways which
is consistent to the results of the researches of Durdn et. al. [10] and Labuschagne et. al. [12]. The
authors of the article [10] noted the increasing of the P3HBV,3-MPs size with increasing the amount
of the loaded RIF. The opposite dependence was shown in the article [12]. PLGA microparticles’ size
decreases with the increase of the amount of RIF. According to the data presented the change of the
particles’ size depends on the polymer matrix composition.

The obtained microparticles possessing such average sizes are suitable for inhalable administration
of RIF for tuberculosis treatment. It’s shown that particles within size range from 0,5 to 10 um possess
the most appropriate accumulation in alveoli [13].

It was determined that the value of the zeta potentials of all the obtained microparticles are in the
range from —25.0+0.3 mV to —13.4+0.3 mV. It was also noted that the encapsulation of RIF reduces the
modulus of the zeta potential that leads to the decrease of the hydrolytic stability of the obtained MPs.
A decrease in the zeta potential of drug-loaded microparticles compared to blank microparticles is
also noted when other drugs are encapsulated in PHAs matrix. Vilos et. al. reported that {-potential of
P3HBV,-MPs decreases from —8,9+2,7 mV to —6,0£1,4 mV after encapsulation of 5 pmol of Paclitaxel
[14]. In the articles [15] and [16] the encapsulation of Cl-containing ozonide and ellipticine into the
P3HB and P3HBV |5 matrices, respectively, also decreases the value of the zeta potential.

According to SEM analysis results microparticles from all the obtained samples have spherical
shape (Fig. 1), smooth surface and uniform size distribution. Meanwhile, P3HB-RIF,5,-MPs have the

lowest average size among all the samples containing RIF.

SU3500 1.50kV.6.9mm x4:49K SE ..

Fig. 1. SEM image of P3HB-RIF,s5,-MPs
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Encapsulation efficiency of RIF into MPs is in range of 0.8£0.1 % to 16.4+0.3 % and the drug
loading value is in range of 0.3£0.1 % to 10.4+0.4 %. With an increase in the RIF content in the
primary emulsion, the drug loading increases in all the studied compositions. This is consistent with
the results of Petkar et. al. [8], who encapsulated RIF into chitosan matrix (DL in range of 1.64+0.16 %
to 13.51+0,81 %).

The characteristics of the obtained microparticles are presented in the Table 1.

The viability of HeLa cells (human cervical cancer) decreases in a dose-dependent fashion
with the increase of concentration of both pure RIF and RIF-containing P3HB microparticles
(Fig. 2, 3). The loading of RIF into microparticles leads to the substantial decrease of cytotoxicity
of the obtained formulations towards the model cell culture used, that is possibly due to RIF
sustained release from the polymeric matrix. Blank P3HB microparticles don’t affect cell viability
significantly.

Table 1. Characteristics of the obtained microparticles

Sample Y, % Radius, nm {, mV EE, % DL, % PDI
P3HB-MPs 92.94+0.3 384+16 -22.6+0.2 _ B 0.269
P3HB-RIF5,-MPs 96.0+0.7 427423 -20.84+0.3 14.8+0.3 | 2.0+0.2 0.148
P3HB-RIF;5,-MPs 85.1+0.4 38949 -20.6+0.1 14.2+0.4 | 10.4+0.7 0.198
P3HBV,5,-MPs 91.9+0.1 510+15 -19.7+0.2 B B 0.153
P3HBV,5;-RIF50-MPs 92.1+0.3 1022422 -13.4+0.3 16.4+0.3 | 2.2+0.3 0.130
P3HBV15_7-RIF250-MPS 97.5+0.4 _ _ 6.0+0.2 4.3+0.4 _
P3HBVjs; 0-MPs 94.7+0.4 1272+32 -25.0+0.3 _ -~ 0.174
P3HBVj; o-RI1F50-MPs 92.8+0.5 1008+11 -24.8+0.2 1.4+0.2 0.3+0.1 0.082
P3HBVjs; ¢-RIF,50-MPs 91.5+0.3 668+8 -22.2+0.4 0.8+0.1 0.8+0.1 0.282
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Fig. 2. Cytotoxicity of RIF, P3HB-RIF,s5,-MPs and P3HB-MPs towards HeLa cells in different concentrations,
72 hours of incubation, MTT assay
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RIF

10 pg/ml 50 pg/ml 100 pg/ml

P3HB-RIF,5,-MPs

100 pg/ml RIF 50 pg/ml RIF 100 pg/ml RIF

P3HB-MPs (blank)

482.1 pg/ml 964.3 pg/ml

Fig. 3. Fluorescence images of HeLa cells incubated with RIF, P3HB-RIF,5,-MPs and P3HB-MPs. Live cells are
blue, dead cells are green

Conclusion

RIF-loaded PHAs-based microparticles were obtained and analyzed. The effect of 3HV content
on RIF encapsulation in PHAs microparticles was evaluated. It’s found that the increase in 3HV
percentage in the matrix leads to the decrease of RIF loading and encapsulation efficiency. The MPs
of P3HBVy, possess larger average sizes and lower melting temperatures. It was also noted that
the addition of RIF into the initial emulsion leads to a decrease in zeta-potentials of the resulting
microparticles. The loading of RIF into P3HB microparticles leads to the substantial decrease of the

obtained formulations cytotoxicity (compared to pure RIF) towards HeLa cells.
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