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Polylactide-co-glycolide nanoparticles immobilized with isoniazid:
optimization using the experimental Taguchi method

The research aims to optimize and minimize the number of experiments to obtain polylactide-co-glycolide
(PLGA) nanoparticles (NPs) immobilized with antituberculosis (anti-TB) drug — isoniazid (INH) by apply-
ing the Taguchi method and Design Expert statistical software. Several experiments were performed with
varying parameters, namely polymer/drug ratio, polyvinyl alcohol (PVA) concentration, the ratio of organic
solvent to the aqueous phase, and solvent type. Three different levels and a fractional factorial design were
derived for each parameter, particularly the standard orthogonal array (OA) L9. Drug-loaded nanoparticles
were prepared by the double emulsion method. The results were obtained from 9 runs indicated particle sizes
ranging from 152.246.4 nm to 496.4+9.5 nm. These results were used to predict the optimum conditions for
synthesizing INH-PLGA particles. The calculated data correlate well with the experimental data. INH-PLGA
NPs were obtained with a mean size and polydispersity of nanoparticles of 152.242.25 nm and 0.279+0.03,
respectively. Scanning electron microscopy, thermogravimetric analysis, and differential scanning calorime-
try were carried out to characterize the obtained nanoparticles. The degree of drug release from PLGA NPs
was studied, and the results showed that PLGA prolonged the release of INH from the polymer matrix.

Keywords: isoniazid, nanoparticles, Taguchi method, polylactide-co-glycolide, double emulsion, anti-TB
drug, experimental design, biopolymers.

Introduction

Nanoparticles (NPs) based on polymers have drawn a major interest in biomedical research, in particu-
lar for drug delivery applications of anti-tuberculosis (anti-TB) drugs. Drug delivery based on polymeric NPs
has shown perspective for addressing poor bioavailability, toxicity, and long-term treatment of tuberculosis
or overcoming the side effects of anti-TB drugs. It has been successfully used in various preclinical studies
[1]. Polymeric materials, namely polylactide, poly butyl cyanoacrylate, and polylactide-co-glycolide
(PLGA), have generated considerable interest in encapsulating various therapeutic agents [2—4]. Nanoparti-
cles prepared from these and other polymers have been investigated and used as delivery systems for anti-TB
drugs [5-7]. PLGA is one of the promising carriers. It is one of the few polymers that the Food and Drug
Administration (FDA) has approved for use in humans due to its biocompatibility and biodegradability [8,
9]. In this study, we used PLGA as a carrier to prepare isoniazid (INH) loaded NPs.

There are different methods to produce PLGA-based nanoparticles: Simple emulsion, double emulsion,
salting-out, nanoprecipitation, microfluidic technology, flow focusing, and membrane emulsification [8, 11].
All these methods for the production of PLGA NPs share a common feature of mixing a PLGA dispersed
organic phase with a non-solvent. Evaporation, extraction, and/or combinations are commonly used for sol-
vent removal [8, 10, 11].

Physicochemical properties of the obtained NPs, such as particle size, polydispersity, encapsulation ef-
ficiency (EE) and NPs’ yield, play an important role. In addition, particle size is an important characteristic
when passively targeting macrophages since it affects the success of internalization in these cells. In this re-
spect, particles with a diameter of approximately 500 nm are ideal for phagocytosis by alveolar macrophages
[7, 12]. Therefore, this work aims to develop and optimize the conditions for obtaining PLGA nanoparticles
and immobilizing INH in them. A controlled INH delivery system with high drug loading and EE, as well as
NPs’ yield should be obtained. Polymeric nanoparticles containing INH were prepared using the double
emulsion (W/O/W) method. The Taguchi design method was used to optimize the nanoparticle preparation
method. The Taguchi design method is a fractional factorial design that uses an orthogonal array (OA),
which can considerably reduce the number of experiments. The effects of the proposed experiments on the

© 2022 The Authors. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/) 69


https://doi.org/10.31489/2022Ch1/69-77
http://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.31489/2022Ch1/69-77

A.R. Galiyeva, Ye.M. Tazhbayev et al.

responses were analyzed using Design Expert (test version 13, Stat-Ease, Minneapolis, USA) to inde-
pendently obtain the main effects of these factors. Then an analysis of variance (ANOVA) was performed to
determine the statistically significant factors [12-14]. In this way, various parameters such as ratio and type
of organic solvent, surfactant concentration, and polymer/anti-TB drug ratio were investigated. A selection
function determined the optimal conditions. The resulting formulation was characterized by analysis of vari-
ance (ANOVA), which can be used to estimate the influence of factors on the characteristic properties. In
addition, we investigated the release kinetics of the INH drug in vitro.

Experimental

Isoniazid (INH) with indicated purity over 99 %, polyvinyl alcohol (PVA) (hydrolyzed, MW 9000-
10000) and polylactide-co-glycolide (PLGA 50:50, MW 24,000-38,000) were purchased from Sigma Al-
drich (Germany). Ethyl acetate (EA) and dichloromethane (DCM), sodium phosphate dibasic and potassium
phosphate monobasic were obtained from Component Reagent (Russia).

Preparation of polylactide-co-glycolide nanoparticles immobilized with isoniazid.

INH-loaded PLGA NPs were prepared by a double emulsion method [12]. 1 mL of an aqueous INH so-
lution was first emulsified in 5 mL of solvent (EA, DCM, or mixture of EA/DCM 50/50) containing PLGA
(INH/PLGA ratio: 1/1-1/5 by weight) for 2 min using a homogenizer (Ultra-Turrax T-10, IKA, Germany).
The resulting primary emulsion was added to 0.5-2 % PVA (at an organic /aqueous phase ratio from 1/1 to
1/10); the mixture was then homogenized using a homogenizer for 3 min to form a secondary emulsion. The
secondary emulsion was stirred continuously for 6 hours on a magnetic stirrer to completely remove solvent
at room temperature. INH-loaded PLGA NPs were extracted by centrifugation (MiniSpi, Eppendorf, Ham-
burg, Germany) (14,000 rpm, 20 min). The resulting nanoparticle suspension was rinsed with distilled water
using three centrifugation steps at 14,000 rpm for 15 min each to remove dissolved solids and organic sol-
vent from the mixture.

Determination of particle size, polydispersity (PDI)

Particle size and PDI of nanoparticles were determined using photon correlation spectroscopy (PCS) on
a Zetasizer Nano S90 from Malvern (Malvern Instruments Ltd., Malvern, UK). Samples were diluted in
distilled water. Each dimensional analysis lasted 120 seconds and was carried out at 298 K with a 90° angle
determination. Measurements were conducted in triplicate (n = 3). The surface morphology of INH-PLGA
NPs was analysed with a scanning electron microscope (SEM) (MIRA 3 LM TESCAN, Czech Republic).

Encapsulation efficiency and yield of PLGA NPs

The amount of isoniazid encapsulated in PLGA NPs was quantified by measuring the amount of
unencapsulated isoniazid in the supernatant after centrifugation and particle washing. The amount of free
INH was determined using a UV spectrophotometer at 262 nm. The EE and NPs yields were calculated as
below:

_ Mass of the total drug — Mass of free drug 100 %:

Encapsulation efficiency (EE%) Mass of total d
ass of total drug

Mass of total nanoparticles
Mass of the total drug + Mass of total PLGA

In vitro study of drug release from PLGA NPs

In vitro drug release experiments were carried out to determine the extent of INH release from PLGA
NPs. NPs (24 mg) were re-dispersed in 14 mL of phosphate-buffered saline (PBS, pH 7.4) and kept at 335 K
with stirring. Periodically, samples of the dialysates were taken (3 mL at a time). The amount of released
drug was recorded on a UV-spectrophotometer (Promekolab, Russia) at wavelength Amax = 262 nm for the
drug compared to the pure PBS.

Thermogravimetric analysis and differential scanning colorimetry

Thermogravimetric and differential thermal analysis were performed on a LabSYS evo TGA/DTA/DSC
analyser (Setaram, France) in the temperature range of 30-550 °C in an aluminum oxide crucible at a heating
rate of 10 °C/min in nitrogen inert medium and flow rate was 30 mL/min by decomposition of a nanoparticle
sample.

x 100 %.

Nanoparticles yield (%) =
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Results and Discussion

Optimization of Nanoparticles Preparation

In our research work, the Taguchi method was used to optimize the immobilization of the biologically
active substance isoniazid into PLGA nanoparticles. Four important factors influencing nanoparticle size and
polydispersity (PDI) were as follows: Solvent type, INH/PLGA ratio, organic phase / aqueous phase volume
ratio and PVA concentration. Three different levels and a fractional factorial design were derived for each
parameter, particularly the standard OA L9 (Table 1).

Table 1

Selected process parameters and corresponding levels in the Taguchi experimental design

Process parameters Level 1 Level 2 Level 3
Solvent type DCM EA/DCM EA
INH/PLGA ratio 11 1/2.5 1/5
Organic solvent/water phase ratio 11 1/5 1/10
PVA concentration (%) 0.5 1 2

Taguchi’s design was used to determine the significant factors that affect the size of INH-PLGA NPs.
Considering four factors to be investigated, non-usage of an experimental design would have resulted in
3% = 81 separate experiments, which would have been difficult and inefficient. Instead, the Taguchi OA L9
design allowed nine experiments to determine the optimum conditions for each factor in achieving the small-
est size of INH-PLGA NPs. By using these optimal results, PLGA nanoparticles immobilized with drug were
synthesized. The results are shown in Table 2.

Table 2
Structure of the Taguchi OA L9, corresponding particle size and polydispersity
Organic PVA Size
No. Solvent type | INH/PLGA ratio | solvent/water concentration PDI
. (nm)
phase ratio (%)
1 EA 1/1 1/5 1 282.6+16.6 0.485+0.02
2 EA 1/2.5 1/1 0.5 160.24+32 0.101£0.05
3 EA 1/5 1/10 2 403.6+15.7 0.654+0.06
4 DCM 1/1 1/1 0.5 496.4+9.5 0.837+0.08
5 DCM 1/5 1/5 2 265.7+18.5 0.681+0.03
6 DCM/EA 1/1 1/5 0.5 365.8+4.4 0.8+0.03
7 DCM/EA 1/1 1/10 1 422.6+£8.4 0.678+0.05
8 DCM/EA 1/2.5 1/1 1 189.6+£18.4 0.518+0.02
9 DCM/EA 1/5 1/5 2 152.2+6.4 0.285+0.02

Table 2 shows the results for the diameters of PLGA nanoparticles obtained by PCS. It can be seen
from the above numbers that PLGA nanoparticles have satisfactory physicochemical characteristics. The re-
sults obtained from 9 runs showed that the particle size ranged from 152.2+6.4 nm to 496.4£9.5 nm.

After these indicators, the experiments results were analyzed. Design-Expert software developed to in-
dependently obtain the main effects of these factors and then analysis of variance to determine the statistical-
ly significant factors was developed using ANOVA table [12-14]. The ANOVA tables for mean size and PDI
are presented in Table 3. When the raw data were analyzed by ANOVA, the results showed that solvent type
had no effect on mean particle size and PDI. Therefore, this parameter does not appear in the ANOVA analy-
sis. For the mean particle size (Table 3a), the “P-value” for the model is below 0.05, indicating that the mod-
el is significant. The ratios of INH/PLGA and organic solvent/aqueous phase are significant conditions of the
model, while the concentration of PVA can be considered as not significant. By removing the non-significant
variable, the model can be improved. Although PVA concentration has a “P-value” of 0.4, this variable was
still included in the model because the model becomes significant when this parameter is retained.

The PDI values were analyzed similarly to the mean particle size. In the ANOVA table (Table 3b), the
“P-value” for the model is greater than 0.05, indicating that the model is not significant. The “F-value” of the
model is 1.14, indicating that the model is not significant with respect to noise. The probability that such a
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large “F-value” could arise due to noise is 48.83 %. In this case, the concentrations of INH/PLGA ratio, or-
ganic solvent/water phase ratio, and PVA concentration are all significant conditions to support the model
structure since we did not consider the effect of noise (stirrer speed and sonication time) on the PDI values in

the nanoparticle preparation process.

Table 3
ANOVA for selected factorial model
Sum of Degrees Mean F- P-
Source
Squares of freedom Square | value | value
(a) Size (nm)
Model 97158.79 5 19431.76 | 17.28 |0.0203
B — INH/PLGA ratio 59358.26 2 29679.13 | 26.39 |0.0125
C — Organic solvent/water phase ratio 31538.13 2 15769.07 | 14.02 |0.0300 Significant
D — PVA concentration (%) 1032.32 1 1032.32  |0.9178|0.4087
Residual 3374.50 3 1124.83
Cor Total 1.005E+05 8
b) PDI
Model 0.2533 5 0.0507 1.14 10.4883
B — INH/PLGA ratio 0.1851 2 0.0925 2.08 |0.2712
C — Organic solvent/water phase ratio 0.0257 2 0.0129 |0.2889|0.7678 Not
D — PVA concentration (%) 0.0029 1 0.0029 |0.0643|0.8162| significant
Residual 0.1335 3 0.0445
Cor Total 0.3868 8

Figure 1 shows the different effect of the independent variables on the average nanoparticle size and
PDI. The smallest size and PDI of nanoparticles are observed with INH/PLGA ratios of 1/2.5 and organic
solvent/water phase of 1/5. With increasing PVA concentration, the particle size decreases and the PDI in-

creases.
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Figure 1. Influence of parameters on particle size and polydispersity

After processing the data by ANOVA, parameters were selected to optimize the process to obtain parti-
cles with minimum size and PDI (Table 4).
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Table 4
Optimum solutions for synthesis of INH-PLGA NPs
Lower Upper Lower Upper

Name Goal Limit Limit | Weight | Weight |'MPortance
A — Solvent type is in range DCM EA 1 1 3
B — INH/PLGA ratio is in range 1/1 1/5 1 1 3
C — Organic solvent/water phase ratio | is equal to 1/5 1/1 1/10 1 1 3
D — PVA concentration (%) is in range 0.5 2 1 1 3
Size Minimize 152.2 496.4 1 1 3
PDI Minimize 0.101 0.83 1 1 3

The best parameters for obtaining INH-PLGA NPs were as follows: solvent type — DCM and EA mix-
ture, INH/PLGA ratio 1/5, PVA concentration 1 %, and organic solvent to aqueous phase ratio 1/5. Under
these conditions, the software estimated a nanoparticle size of 150.65 nm, while the nanoparticle size ob-
tained from the experiment was 152.2+2.25 nm, as shown in Figure 2. Experiments were carried out to con-
firm the optimum parameters obtained by the Taguchi method. A good agreement was observed between the
predicted particle size and the experimental particle size (Table 5). Consequently, the size of the synthesized
isoniazid-loaded polylactide-co-glycolide nanoparticles can be improved using the Taguchi method.

Table 5
Predicted and experimental results for INH-PLGA NPs
Size (nm) PDI
Predicted 150.65 0.232
Experimental 152.2+2.25 0.279+0.03
Error % 1.03 20.3
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Figure 2. Histogram of particle size distribution of INH-PLGA NPs obtained under optimum conditions

Physicochemical characteristics of PLGA NPs immobilized with isoniazid

Morphological analysis of the polymeric nanoparticles was performed using a scanning electron
microscope (SEM) MIRA 3 LM TESCAN (Czech Republic). The obtained images are shown in Figure 3.
Micrographs of nanoparticle samples show both single particles and their agglomerates. The systems mainly
consist of particles of the same size in the range of 100-250 nm, but larger particles (over 300 nm) are also
present. We suggest that they are formed in combining nanoparticles by evaporation of the organic solvent.
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Figure 3. SEM image of PLGA-INH NPs (scale = 200 um and 20 um).

A thermogravimetric analysis (TGA) and differential scanning calorimetry (DSC) of the individual
system components and the obtained NPs were carried out to confirm the incorporation of isoniazid into the
PLGA NPs. Figure 4 shows TGA and DSC curves of isoniazid, PLGA and PLGA nanoparticles immobilised
with isoniazid. A characteristic endothermic peak for INH is detected at 162.55 °C (Figure 4a). That is not
followed by weight loss and characterizes the isoniazid melting point. Further, an exothermic peak is
detected at 282.73 °C; weight loss up to 68 % occurs in 260—360 °C, which may correspond to drug decom-
position temperature. PLGA demonstrates an endothermic peak at 368.5 °C (Figure 4b). A weight loss of up
to 80 % occurs between 295-385 °C, possibly corresponding to the degradation temperature of the polymer.
The TGA curve for INH-PLGA NPs (Figure 4c) shows a slight endothermic peak at 360 °C. The next peak
in the TGA curve corresponds to the degradation of the INH-PLGA NPs at temperatures between 260—
350 °C with a mass loss of approximately 50 %. However, compared with the pure PLGA curves, a
significant movement into lower temperature regions is observed. This may be due to the influence of the
drug substance.
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Figure 4. Thermogravimetric analysis and differential scanning calorimetry:

The drug release rate from the polymer NPs is one of the most important parameters of a nanosomal
drug form. It can have a decisive influence on the biodistribution of the drug and its efficacy in general [15].
The study was carried out for NPs obtained under optimized conditions. The experiment was performed in
PBS (pH 7.4; 37 °C). The results are presented in Figure 5. It can be noticed that the rate of drug release is
rapid at the beginning of the process: 26 % of INH is released within the first hour, 37 % of the immobilized
drug in 4 hours and about 50 % of the drug is released from the polymer NPs within 24 hours. The highest
rate of INH release characterizes the initial step, apparently because the drug adsorbed on the surface of the
NPs is released first [16, 17].
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Figure 5. Release rate of isoniazid from polylactide-co-glycolide nanoparticles

Conclusions

This study has shown that the size of polylactide-so-glycolide nanoparticles with isoniazid synthesized
by the double emulsion method can be controlled by changing the process conditions. The smallest size and
PDI of nanoparticles are observed with INH/PLGA ratios of 1/2.5 and an organic solvent/water phase of 1/5.
The particle size decreases with increasing PVA concentration, and the PDI increases. Using the Taguchi
method, it has been found that the INH/PLGA ratio has the most significant effect on the size of polylactide-
so-glycolide nanoparticles. The Taguchi method is one of the most suitable methods for optimizing the
experimental conditions to achieve the minimum PLGA nanoparticle size for drug delivery systems. The
obtained nanoparticles have been characterized by PCS, which shows that the system consists of rather small
particles of 152.242.25 nm. The obtained particles have a narrow particle size distribution
(PDI = 0.279+0.03). The drug loading and encapsulation efficiency are 67 and 83 %, respectively. The yield
of INH-PLGA NPs is 45 %. The synthesized NPs have a spherical morphology and average size of less than
300 nm. The results of in vitro study show that PLGA prolongs the release of INH from the polymer matrix.
The obtained INH-PLGA NPs have satisfactory physicochemical parameters for further application as
targeted drug transport systems.
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(2012). Synthesis and characterization of polyethyl cyanoacrylate nanoparticles loaded with capreomycin sulfate. Pharmaceutical
Chemistry Journal, 46(1), 6-9. https://doi.org/10.1007/s11094-012-0724-1

A.P. l'anuera, E.M. Tax06aes, T.C. XKymaranuesa, /I.T. CaaplpOexos,
J.A. Kaiikenos, b.H. Kapumoga, C.C. [1lokenoBa

N3oHua3naned MMMOOMIN3ANUSIIAHFAH MOJUJIAKTH/I-CO-TJIMKOJIU HAHOO0OIIIeKTepi:
Tary4ym 3KCnepUMEHTTIK diCiHiH KoMeriMeH OHTANJIAHABIPY

3eprreynin Makcatsl u3onnazuaneH (INH) uMMOOHIM3alMsIIaHFAH TTOTMIAKTHA-CO-rukonu iy (PLGA)
HaHobemuekrepin (HB) amy ymin Taryuu omici men Design Expert crarucTukanbik GaraapiaMaHbl KOJIaHy
apKBUTBl OHTAMIIAHIBIPY KOHE DKCIIEPUMEHTTEP CaHBIH a3aiiTy Ooneim TaObuTambl. IlommMmep MeH Mopiimik
3aTThIH KarblHacekl, monuBuHWI coupTiHiH ([IBC) KoOHLEHTpauumschl, OpraHUKajJbIK epiTKill TeH cy
(a3acelHBIH KATBIHACHI JKOHE epPITKIIUTIH Typl CHSAKTHI HapamMeTpiiepAi TYpJIeHZipy Ke3iHme OipkaTap
JKCIIEpUMEHTTEp JKYpri3inmi. OpOip mapaMeTp YVIIIH YII Typii JeHred jxoHe Oeimek (akTOpIbIK
KOHCTPYKIIMS, aTan aliTKaH[ga, CTaHIAapTThl OPTOroHaibipl Marpuua L9 amemzasl. [lopidik mpemnapaTiieH
JKYKTENTeH HaHOOONIIeKTep KOC OMYIBbCHSA ONICIMEH albHABL. 9 SKCIEepHMEHT OapbICHIHAA allbIHFaH
HOTWDKEJepre CYWeHe OTBIPHIN, OemmekTepnid kememi 152,2+6,4 aM-HeH 496,4+9,5 HM-Te neiliH OOIFaHbI
aHbIKTanAel. byn Hotmkenep PLGA— INH Oemmexrepi CHHTE3iHIH OHTAMIBI JKargailapblH OOJDKay YIIiH
naiianaspuiabl. Ecenrenren nepexTep SKCIepUMEHTTIK MamiMeTTepMeH colikec kemeni. PLGA — INH Hb-
HIH OpTaIla MeJIepi MeH MOIUIUCIepeTiiri Tuicinme 152,2+2.25 uM xone 0,279+0,03 anbiHabl. AnbIHFaH
HAaHOOOJIIIEKTEP/l CHUMAaTTay YIOIH MblHA (U3UKA-XUMUSUIBIK —Talgayjap OKYpri3iimi: ckaHepieymi
JNEKTPOHJIBIK MHUKPOCKOIIHS, TEPMOIPaBUMETPIIIK Tanjaay, AuddepeHunanasl CKaHepieyIi KalopuMeTpHsl.
PLGA HaHOGeINIIeKTepiHEH JOpUTiK 3aTTBIH OO0call IIBIFY JOpeXeci 3epTTeNl KoOHEe aJbIHFaH HATHXKeNep
PLGA nommmep:ik matpunagan INH 6ocaty Mep3iMiH y3apTaTHIHBI aHBIKTAIIbL.

Kinm ce30ep: w30HWa3Wn, HaHOOemmekTep, Tarydu omici, MONWIAKTHI-CO-TJIMKOIHI, KOC OMYIbCHS,
TyOepKye3reKapchl AOPITiK 3aT, TOKIpUOETiK u3aiiH, OHomomMepIiep.

A.P. 'aimmera, E.M. Tax6aes, T.C. XKymaranuena, JI.T. Canpipbexos,
J.A. Kaiikenos, b.H. Kapumosa, C.C. IllokeHoBa

HanoyacTUIbI MOJMIAKTH CO-TJIUKOJIM/A, HMMOOMJIN30BaHHbIE H30HHUA3ZUIA0M:
ONTHMMU3AIUA C MOMOIIBLIO JKCIEPUMEHTAJIBLHOI0 METOAA Taryqn

Ienbi0 HACTOSIIIIETO KCCIIEMOBaHMS ObUIA ONTHMH3AIMS M MUHUMH3AIHMS KOJNYECTBA IKCIEPUMEHTOB JUIS
nonyueHuss HaHowactul (HY) mommnmaktun co-rmukonuna (PLGA), MMMOOWIM30BaHHBIX HM30HHA3UIOM
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Polylactide-co-glycolide nanoparticles immobilized with isoniazid ...

(INH), nytem mpumeHeHHs: MeTofa Tary4n U CTaTUCTHYECKOro mporpamMmuoro obecrnedenuns: Design Expert.
IIpoBeneH ps SKCIEPUMEHTOB IIPU BaApbUPOBAHUH NApPaMETPOB: COOTHOIIEHHE MOIMMEPA U JIEKAPCTBEHHOTO
npenapara, KOHIEHTPAIXs OJIUBUHUIOBOTO CIHHPTA, COOTHOIIEHUE OPIraHUYECKOT0 PACTBOPUTENS U BOAHOM
¢as3sl 1 THI pacTBopHTens. I8 KaKIoro mapaMerpa ObUIM MONYdYEeHBI TPH Pa3iIMYHBIX YPOBHS W APOOHAs
(axTOpHAsT KOHCTPYKIHS, B YaCTHOCTH, CTaHAApTHas opToroHaidbHas Marpuma L9. Hanowactumel, 3arpy-
JKCHHBIE JIEKapCTBEHHBIM IIperapaToM, OBIIM MONYy4YeHBI METOJOM JIBOHHOW SMyJIbcHH. Pe3yibTarhl, moiy-
YCHHBIE B X0J€ 9-TM OSKCIEPHMEHTOB, IOKa3ald, 4TO pa3Mep 4YacTHLl BapbupoBaics or 152,2+6,4 no
496,4+9,5 uMm. IlomydeHHble naHHBIE OBUIM HCIOJB30BAHBI JUIA MPOTHO3UPOBAHUS ONTUMAJBHBIX YCIOBHUH
cunre3a yactul PLGA-INH. Paccuntannbie pe3ysibTaThl XOpOLIO KOPPETHPYIOT € IKCIEPUMEHTATbHBIMHU.
Tonyuenst HH PLGA-INH co cpensuMm pa3MepoMm ¥ MOJHAMCIEPCHOCThIO HaHOYacTUL 15224225 M u
0,279+0,03, cooTBETCTBEHHO. {7151 XapaKTepUCTUKH MOJIyYCHHBIX HAHOYACTHL OBUTH MPOBEACHBI CIICAYIOIINE
(DU3UKO-XMMHYECKHE aHAIM3bl: CKaHHPYIOIIas 3JIEKTPOHHAs MHKPOCKOIUS, TepPMOTrpaBUMETPHUECKUH aHa-
3, muddepeHnnanbHas CKaHUPYIoIas KalopuMeTpHsl. bruta m3ydeHa crereHb BEICBOOOXKACHHS JIeKapcTBa
n3 HY PLGA, u pesynbrars! mokasany, 4o PLGA mpononrupyer BeicBoOokaeHne INH u3 mommmMepHOit
MaTpHIIbL.

Kniouesvie cnosa: n3o0HMa3u], HAHOYACTHULEL, MeTOA Tarydu, MONUIAKTH] CO-IJIMKOIN], IBOMHAS IMYNIbCUS,
MPOTHUBOTYOEPKYJIE3HBIH MTpenapar, 3KCIIepUMEHTAIbHbIA AU3aiiH, OHOTIOIUMEPHI.
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