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Synthesis and characterization of isoniazid immobilized
polylactide-co-glycolide nanoparticles

This article considers some aspects of synthesis and characterization of polylactide-co-glycolide nanoparticles
immobilized with the antituberculous drug isoniazid. The influence of some synthesis:parameters of
nanoparticles (the ratio of drug substance: polymer and surfactant concentration) on properties of the obtained
nanosomal drug form of isoniazid has been studied. Optimal conditions for obtaining.the nanoparticles with
the best physicochemical parameters such as: particle size, polydispersity, conversion, etc. have been found.
These nanoparticles can be used as drug carriers.The results revealed that a polymer: drug ratio of 1:1 and the
use of 3 % Twin 80 are necessary to obtain stable emulsions of nanoparticles of polylactide-co-glycolide with
satisfactory characteristics. Average size of the obtained particles was 196.4 nm,.and the polydispersity value
was 0.323. The aggregation stability of nanoparticles during 4 hours at temperatures of 4°C and 20°C has
been evaluated. The morphology of the obtained nanoparticleschas been studied. Analysis of nanoparticles
was characterized by various instrumental methods including gas. chromatography and thermogravimetry
techniques. The resulting nanoparticles of polylactide-co-glycolide immobilized with isoniazid are stable in
time and can prolong the action of the drug. In vitro release of isoniazid from polylactide-co-glycolide
nanoparticles has been studied.
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Introduction

Tuberculosis (TB) is one of the top 10'reasons of death worldwide; and the leading cause of death from
a single infectious agent (ranking .above HIV/AIDS) [1]. Isoniazid (INH) is an important first-line
antituberculosis drug (anti-TB) and is used in combination with other anti-TB drugs (Fig. 1, a). The anti-TB
drugs are encapsulated in polymer-based.nanoparticles (NPs) in order to achieve the best therapeutic effect.

One of the promising polymer carriers is polylactide-co-glycolide (PLGA), which has low toxicity, ex-
cellent biological compatibility,;and characterized by the absence of inflammation in contact with living or-
ganisms (Fig. 1, b). All listed characteristics combined with the controlled mechanical properties, makes
PLGA the best polymer for the creation of prolonged systems [2].

PLGA NPs are extremely common in nanosystems, and have been used to encapsulate some anti-TB
drugs (Table 1). Examples, such as liposomes/niosomes, polymeric NPs, microspheres composed of different
polymers(PLGA, alginate, gelatin and SLNSs) have been extensively described in various reviews as reported
by Costa et al:-:2016[3].
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Figure 1. Structural formula of isoniazid and polylactide-co-glycolide
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Table 1
Polymeric NPs of anti-TB drugs
: Loading . .
NP Size Drug(s) efficiency Method for producing polymeric NPs Ref.
. .. Lactose-PLGA-NPs were prepared
_ 04—, 0
PLGA |121-184 nm| Rifampicin (RIF) | 38 %-42 % by the solvent displacement method [4]
RIF, INH, Pyra- RIF: 57 % Drug-loaded NPs were prepared
PLGA 1186-290 nm zina{mide ’(P§A) INH: 66 % b thgmulti le emulsiongecﬁni ue [5]
PZA: 68 % y P i
RIF: 54 % .
PLGA |180-400 nm| RIF, INH, PZA | INH: 649 | Wheat o agg'“t'”'“'coa;e‘f'jf'-%A'NPs e |t
P7A-67 0 | Prepared by a two-step carbodiimide procedure
RIF, Drug-loaded NPs were prepared using
PLGA 1200-400 nm D-cycloserine N/A a technologically available production method [7]
PLGA  |200-250 nm RIE 40-53 % NPs were produced by homogenization _ 8]
under pressure followed by solvent.evaporation

The entrapment of the therapeutic agents in biodegradable polymeric nano-systems.is designed to en-
hance targeted entry, slow-release, and retention of the antibiotics in the cells for longer periods. It has to not
only achieve an improved minimum inhibitory concentration, but also reduce dose frequency. Thus, it sup-
posed to improve patient compliance and reduce systemic side effects associated with conventional free anti-
TB drugs [9]. In this regard, in order to increase the therapeutic effect of the-anti-TB drugINH, we studied
the possibility of binding this drug to PLGA NPs.

Experimental

Preparation of INH loadedPLGA NP

PLGA (the copolymer of lactide-co-glycolide (50:50), molecular weight 24,000 to 38,000) and INH
was purchased from Sigma Aldrich. PLGANPs immobilized with INH were prepared using the same method
as in [10]. Briefly, INH and PLGA (drug/polymer: 1:1-1:5'by weight), D-mannite (1-5 %), Twin 80 (1-7 %)
and Dimethylsulfoxide (DMSQO) are sequentially loaded into a three-necked flask equipped with a stirrer, a
backflow condenser and a thermometer atstemperatures of 293-298 K. The mixture is stirred and heated up
to 323-333 K for 15-20 min until the solid phase is completely dissolved; then cooled down to room tem-
perature for 20-30 min. The above-mentioned product is a transparent homogeneous liquid of light yellow
color. The resulting suspension velume was regulated to 10 mL, and NPs were washed three times with de-
ionized water and collected by centrifugation at 14000 rpm for 15 min (Eppendorf, Hamburg, Germany).

Determination of the size of particles, their polydispersity, and morphology

Particle size and polydispersity of NPs were determined using a dynamic light scattering (DLS) on
Malvern Zetasizer Nano S90.(Malvern Instruments Ltd., Malvern, UK). For all measurements, each sample
was diluted to the appropriate concentration with deionized water. Each size analysis lasted for 120 s and
was performed at 25 °C with an angle detection of 90°. The surface morphology of PLGA NPs was analyzed
via atomic-force microscope (JSPM-5400 Scanning Probe Microscope «JEOL», Japan).

Encapsulation efficacy (EE%) within PLGA NPs

The amount of INH encapsulated within PLGA NPs was determined by measuring the amount of non-
encapsulated INH in the aqueous solution recovered after ultracentrifugation and washing of the particles.
Encapsulation efficacy was determined by UV spectrophotometer at a wave length of A= 262 nm. The EE
was calculated using the following formula:

Mass of the total Drug — Mass of free Drug %100 %
Mass of total Drug

Encapsulation efficiency (EE%) =

In vitro study of drug release from PLGA NPs

The in vitro release of INH from PLGA NPs was determined by dialysis in a phosphate-buffered saline
(pH 7.4) at 310 K. Liquid samples were placed in a prepared dialysis tube using a pipette. The tube, sealed
with clamps, were placed in dialysis vessels with 250 mL of buffer solution, closed with a lid, and stirred on
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a magnetic stirrer at 200 rpm. Dialysate samples (3 mL each) were collected periodically. The amount of
drug released was recorded on a UV spectrophotometer (Promecolab) at a wavelength of An.x = 262 nm for
the drug, against a pure buffer solution.

Results and Discussion

The direct introduction of the drug into the reaction medium helps to increase the drug content in the
NPs during the synthesizing drug loaded-NPs. However there is a question about the stability of the drug in
the reaction, its compatibility with the components of the system, etc. [11]. In order to identify this effect,
excerpts were conducted in the presence of the drug and without it. Drug-freePLGA-NPs (empty NPs) were
prepared by the same procedure omitting the drug. In reactions with the drug INH was used. PLGA was used
as a polymer carrier, and Twin-80 was used as a stabilizer. Characterization of polymers with and without
drug is shown below (Table 2).

Table 2
Characteristics of empty and INH immobilizedPLGANPs
Polymer Average particle size, nm Polydispersity index Intensity, %
PLGA NPs 338.7+36.4 0.268+0.02 98.7+2.25
PLGA-INH-NPs 272.2426.7 0.431+0.07 93.1+1.27

The lower value of the size of immobilized NPs seems to be related to.the compactization of structures
caused by the presence of INH.

In continuation of our research, we have made attempts to immobilize the anti-TB drug INH in PLGA
NPs and have selected optimal conditions for the synthesis of NPs with satisfactory characteristics.
According to the method proposed in Ref. [10], PLGANPs immobilized by INH with the use of different
polymer/drug ratio and surfactant concentrations were ‘obtained. The physicochemical characteristics of
polymer NPs were determined usingDLS. The investigations results of the effect of PLGA/INH ratio (Ta-
ble 3, section 1) and Twin-80 (Table 3, section Il)concentrations on particle size and PDI are given in the
Table 3.

Table 3
Physicochemical characteristics of the obtained PLGA-INH-NPs

PLGA/INH Concentration Average particle Polydispersity index Intensity, % Encapsulation
ratio of Twin-80 (%) size (nm) ' efficiency (%)
I
1:1 1 272.2+26.7 0.431+0.07 93.1+1.27 49.4+1.91
1:2 387.3+56.8 0.420+0.07 74.7+17.34 53.5+0.95
2:1 341.8+43.3 0.419+0.13 94.6+4.93 62.6+0.63
5:1 373.8+16.6 0.472+0.07 90.7+6.91 63.5+£2.72
11
1:1 1 272.2+26.7 0.431+0.07 93.1+1.27 49.4+1.91
1.5 248.6+18.8 0.485+0.09 94.1+£2.03 64.9+0.44
3 196.4+19.5 0.323+0.06 95.6+2.83 75.7+3.48
7 220.1+24.3 0.364+0.08 88.8+3.80 65.0+1.66

It was found that PLGA-INH-NP with satisfactory characteristics are formed at a ratio of polymer/drug
1:1 and using 3 % Twin-80 to obtain stable emulsions. Thus, the average size of the prepared particles was
196.4 nm, the value of polydispersity was 0.323, and encapsulation efficiency was equal t075,7 %.

For detailed study of morphology of the prepared PLGA NPs immobilized withINH, we took polymer
images on a scanning microscope (Fig. 2).
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Figure 2. Microphotographs of scanning probe microscopy of PLGA-INH-NPs

All samples prepared for the atomic-force microscope study had a similar topography as presented in
Figure 2. The scale at the top right corner of the image is the Z scale depicting the features that are
protruding on the surface. The line scan of the image showed a relatively smooth surface on top of the parti-
cle [9]. A small standard deviation was obtained illustrating an overall smooth morphology of the particles.
Thus, it is shown that using different ratios of INH and PLGA, as well as Twin 80, NPs of spherical shape
with a controlled diameter can be obtained.
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Figure 3. Size (a) and polydispersity index (b) of PLGA-INH-NP within 4 hours

The use of developed PLGANPs in further studies and in practice, suggests that the NPs’ suspension
must be stable for some time [12]., NPs’ aggregation stability therefore was studied during 4 hours at tem-
peratures of 277 K and 293 K. NPs’ sizes in the suspension were determined both with and without stirring,
preceding the determination of NPs’ sizes.The results presented in Figure 3 demonstrate that in the specified
time interval, the particle size practically does not change (as evidenced by both average NPs size and
polydispersity index, which should have increased with the appearance of larger fractions and aggregates).
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Figure 4. Mass spectra of empty (a) and immobilized with INH (b) PLGANPs

Empty and immobilized with anti-TB drugPLGANPs were analyzed by gas chromatography and
thermogravimetry techniques. The results of analysis using gas chromatograph with mass-selective detector
of the polymer with and without drug are given in Figure 4.

As it can be seen from mass spectra of PLGA NPs, polymers have a wide molecular weight distribution.
In both spectra the main compounds are DMSO (94 %), water (2.66 %) and Poly(D-lactide) (0.3-0.78 %). In
addition to the main peaks, one additional peak corresponds to INH (1,22 %). This suggests that a drug did
not change the chemical nature as a result of immobilizing INH in the NPs, this information corroborated
with thermogravimetric analysis (TGA) results.
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Figure 5. Thermogravimetric curves of INH (a), PLGA-NPs (b) and PLGA-INH-NPs (c)

A TGA of the individual system components and the resulting NPs was performed to.confirm the inclu-
sion of INH in the complex of PLGA NPs. Figure 5 shows the TGA curves of INH, empty PLGA NPs, and
PLGA NPs immobilized with INH. For INH, a characteristic endothermic peak was.observed at 162 °C with
enthalpy changes (Fig. 5a), which was not accompanied by a mass loss and characterized the INH phase
transition (a value close to the melting point). Next, an exothermic peak was observed at 282 °C. In the inter-
val of 260-360 °C there was a mass loss up to 68 %, which might correspond to the decomposition tempera-
ture of the drug. Empty PLGA NPs showed an endothermic peak at 172 °C-(Fig. 5b), which might corre-
spond to their melting period, with a mass loss of about 90 %. On the TGA curve for INH immobilized in the
nanoparticle (PLGA-INH-NPs) (Fig. 5¢), there was an endothermic peak at 159 °C. The next peak on the
TGA curve corresponds to the NPs” decomposition of the polymer at temperature of 150—-200 °C with a mass
loss of more than 70 %. From the observed curves, it can be concluded that the thermal degradation of PLGA
with the drug is slower than the degradation of empty PLGANPs (Fig.5). The data obtained by
physicochemical methods of analysis (gas chromatography and thermogravimetry) allow to conclude that a
certain amount of the drug was immobilized in the matrix of PLGA NPs.

When creating polymer-immobilized INH complexes, it is crucial to study the kinetics of drug release
from NPs. The release of a drug from nanoparticles has usually been shown to be biphasic, initially by
diffusion through the polymer matrix and later by diffusion of the drug and degradation of the polymer
matrix itself. PLGA copolymers are degraded in the body by hydrolytic cleavage of the ester linkage to lactic
and glycolic acid (Fig. 6). These monomers are easily metabolized in the body via the Krebs cycle and
eliminated as carbon dioxide and water [13].

Q 0
H OH HO
0 H
HO MO% 2o + \[(\OH
CHy 0 CH, 0

PLGA Lactic acid Glycolic acid
Figure 6. Degradation of polylactide-co-glycolide to lactic and glycolic acid

The principle of the delivery system with controlled drug release is to regulate the kinetics of its release
by changing the properties of the polymer matrix. It is also necessary to take into account the kinetic
characteristics of the drug. As a result, polymer dosage forms guarantee a constant concentration of the drug
in the blood which improves its therapeutic effect. Ideally, the transporting system of drug should ensure its
slow absorption by the body tissues. This condition is met by kinetic first order or zero-order release profiles,
i.e., extended forms or forms with controlled release can be referred here [14].

The kinetics of drug release from PLGA NPs were studied in phosphate-buffered saline at pH 7.4 for
several days by UV-spectrophotometry. Figure 7 shows graphs of drug release obtained by comparing three
dosage forms: prolonged release — curve 1, controlled release — curve 2, conventional — curve 3.
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Figure 7. Dependence of INH release rate on time of the samples PLGA-INH-NPs
at INH/PLGA ratio: 1:5 (1), 1:1 Twin-80 3 % (2); and INH (3)

The drug in the conventional dosage form (free INH) provides a single and short-term release of the
drug. The drug was released from the dosage form in 5 hours, and the concentration is exponentially reduced
until the next dose. Prolonged-release pharmaceutical forms-alsochave a high rate of release in the first 5
hours, although less significant than conventional dosage forms. The drug concentration in blood cannot re-
main at the same level for long, so it starts decreasing gradually. Drug systems with controlled release elimi-
nate leaps in blood concentration levels of the drug. Theymaintain.a constant therapeutic concentration over
a long period of time and result in a stable pharmacological effect [14]. The data presented in Figure 7 show
that the release was prolonged for a long time. This property. of release kinetics of INH can be used for long-
term chemotherapy.

Conclusions

Thus, the work shows the possibility of including the drug into polymer-carriers directly at the stage of
the synthesis of polymeric NPs. The obtained NPs have satisfactory physicochemical characteristics, as
evidenced by DLS data. When the.obtained NPs were diluted with water, a stable opalescent suspension was
formed. The possibility of dilution with:water can be used to regulate the dosage of the drug depending on
the individual characteristics-of the patient. The obtained results should be used for the creation of the drugs
with prolonged effect. The dataobtained using physicochemical methods of analysis (gas chromatograph and
thermogravimetry).reveal that some drugs are immobilized in the matrix of PLGA NPs.
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N3ouna3uanes UMMOOMIN3ANUSVIAHFAH MOJUIAKTH/I-CO-TJIMKOJIU/
HAHOOOJIIEKTEePiH CHHTE3/Iey JKIHe 3epPTTey

TyOepkyiesrekapcsl — Hperapar  M30HHA3HINCH  MMMOOWIHBALMSUIAHFAH  ITOJIMJIAKTH-CO-TIIMKOJIH
HAHOOOIIIIICKTEPiH CHHTE3/ICY KOHE 3epTTEYAiH KeHOip acmekTinepi KapacTeIpbUIFaH. HanoOeimiekrep;ii
CHUHTE3JICYIIiH KeiOip mapameTpiepiHiH (IOpigiK 3aT KaThIHACHI : MOJMMEp *oHe BB3 KOHIIEHTpaIMsCHI)
QIBIHATHIH M30HUA3UITIH HAHOCOMAJBIK JSPUIIK TYPiHIH KacueTTepiHe acepi 3eprrenai. Jlopiik 3aTTapab
TachIMaJIIAylIbl PETiHAe MaijanaHy YIIH Y3IiK (HU3UKa-XUMHUSIBIK TapaMeTpiepi OonaTelH HaHOOeI-
HIEKTEpl amyAbIlH OHTAMIBI mIapTTapbl (OeJIIeKkTep MeJepi, MONUANCIEePCTiNr, KOHBepCHs XoHe T.0.)
aHBIKTANABL. [lOMMIaKTH I-CO-TIIMKOAW HAHOOOIIEKTEPiHIH TYPAKTHl SMYJIbCHUSUIAPBIH ally YIIiH HoiuMmep /
nopimik KatbHackl 1:1 xone 3 % TeuH-80 KONmaHy KakeT €KEHJIr aHBIKTAIIbl. AJBIHFaH OOIIEKTEepIiH
oprama menuepi 196,4 um, an noauaucmepctinik MaHi 0,233 kypansl. HanoGenmuekTepiiH TypaKThUIBIFbI
4 °C xone 20 °C temmeparypamga 4 carar 0oiibl 3epTTesmi. ANBIHFAaH HAHOOONIIEKTEPIiH MOPQOIOTHACH
3epTTeni. AJNBIHFAH [OMMIAKTHI-CO-TIIMKOIUATIH HaHOOGIIeKTepl ra3jibl XpoMmatorpadus >KoHE TepMo-
rpaBUMETpHs dficiMeH TekcepinreH. V3oHWa3nuaAneH UMMOOWIN3AIMSUIAHFAaH IOJIMIAKTHI-CO-TIMKOIHITIH
HaHOOOIIIEKTePi yaKbIT OOHBIHIIA TYPAKTHl XOHE TOPUTIK 3aTTHIH OCepiH y3apra amanpl. M3oHWa3MATIH
MOJTMIIAKTHI-KO-TIIMKOJIHATI HaHO GeteKTepeH iN Vitro 6ocar eyl 3epTTeNIi.

Kinm coe30ep.: HaHOOOIIIEKTED, MOTMIAKTHA-CO-TIUKOIUA, H30HUA3H], UMMOOWIN3AIHS, TIOJIMMEPIIED.

E.M. Tax06aeB, A.P. I'anuesa, T.C. XXymaranuesa, M.JK. Bypkees,
A.T. Kaxxmyparosa, 2.K. Kakynoexosa, JI.JK. XKanaposa, A.A. bakubaes

Cunre3 u XApPaKTEePUCTHKA HAHOYACTHI IMOJIUJTAKTH/I-CO-TJIMKOJIN/IA,
HMMOOMJIM30BAHHBIX H30HHUA3ZUIA0OM

PaccMoTpeHBI HEKOTOpBIE acCTeKThI CHHTE3a U XapaKTEPUCTUKN HAHOYACTHI] MOJTHIAKTH/I-CO-TIUKOIUIA, M-
MOOWIM30BaHHBIX MTPOTHBOTYOEPKYIE3HBIM MPETapaToM H30HHA3UAOM. 3ydeHo BIMsHHAE HEKOTOPHIX Mapa-
METPOB CHHTE3a HAaHOYACTHUIL (COOTHOIICHHE JICKAPCTBEHHOE BEILIECTBO | MOJIMMEp U KoHueHTpaius [TAB) Ha
CBOIfCcTBa MOJyyaeMol HAaHOCOMAIbHOM JIeKapCTBEHHON (opMbI M30HMA3KAa. HaiiieHbl onTUMaNbHbBIE YCII0-
BHS JUTS TIOJYSHHS] HAHOYACTHI[ C HAWIYYIIUMHU (PU3UKO-XMMHUYSCKUMH IOKa3aTelsIMH (pa3Mepa 4acTull,
TIOJIMIMCIIEPCHOCTH, KOHBEPCUH U T.J1.) AJIsl IPUMEHEHHUSI B KAYECTBE HOCUTEINEH JICKAPCTBEHHBIX MPENapaToB.
YCTaHOBNIEHO, YTO IS TONyYeHUsS] YCTOWYHMBBIX 3MYJIbCHH HAaHOYACTHII TOJIMIAKTHI-CO-TIMKOJUAA C YIOB-
JIETBOPUTEIBHBIMU XapaKTEPUCTUKaMH HEOOXOAUMBI COOTHOIIICHHE TTOJIMMED : JIEKApCTBEHHOE BemecTBo 1:1
u ucnons3zosanue 3 % Teuu-80. Cpenuuil pa3mep MOIydSHHBIX YacTHI] cocTaBWI 196,4 HM, a 3HaUYeHHE ITO-
muaucnepcHoctd — 0,323, M3ydena arperaiioHHasl yCTOMUMBOCTh HAaHOYACTHUIL PA3JIMYHOTIO COCTaBa B Te-
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yeHue 4-x 4 npu temneparypax 4 u 20 °C. UccnenoBana Mopdosiorus mojiyueHHbIX HaHovacTul. HaHoua-
CTHLIBI MOJNMIAKTHA-CO-TIIMKOJIM/A U3y4aliCh METOIaMH Ta30BOil XpoMarorpaguu U TepMOrpaBUMeTpun. B
XOJIe aHAJIM3a BBISABICHO, YTO HAHOYACTHIIBI MOJNMIAKTHA-CO-TIIMKOINA, HIMMOOWIM30BaHHBIE H30HUA3UIOM,
CTabMJIBHBI BO BPEMEHU M CIIOCOOHBI MPOJIOHIMPOBATh IelCTBHE JiekapcTBa. Kpome Toro, mcciemoBaHo in
Vitro BeICBOOOK/ICHHE N30HHA3H/Ia U3 HAHOYACTHII MOJTMIAKTHA-CO-TIIHKOIIH/IA.

Knrouesvie cnosa: HaHOYaCTHULBI, NOJHUJIAKTUI-CO-TJIMKOJIN A, H30HUA3H/I, I/IMMO6I/IJ'II/I33HI/IH, NOJIMMEPHEIL.
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