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Encapsulation of Isoniazid in Polylactide-Co-Glycolide Nanoparticles
by Nanoprecipitation

The use of polymeric materials as drug carriers has several advantages, such as prolongation of drug.action
and reduction of drug side effects. In this study, we consider the methods for the preparation of pelylactide-
co-glycolide (PLGA) polymeric nanoparticles with the anti-tuberculosis drug (ATD), isoniazid, “by
nanoprecipitation. Polymeric nanocarriers were obtained by varying individual parameters stich as_thehature
of solvent and non-solvent, drug/polymer ratio, and stabilizer concentration. It was determinedsthatithe aver-
age particle size depends on the type of non-solvent. When alcohols were used, the average size in¢reased in
the sequence: ethanol < isopropanol < isobutanol. The type of solvent is an important factor in the formation
of nanoparticles and their final characteristics. With an increase in the drug/polyifier-ratio, the average size of
nanoparticles also increased. The size of obtained nanoparticles varied from(93 40°869 nm. Thermogravi-
metric and differential scanning calorimetry analyses were carried out to{€onfifm the incorporation of the
drug into the polymer matrix. In addition, polymer degradation and the degree of release of isoniazid from the
polymeric matrix at different pH were studied. It was identified that the"naneprecipitation method can be used
not only for hydrophobic but also for hydrophilic drugs.

Keywords: nanoparticles, polylactide-co-glycolide, PLGA, isoniazid, naneprecipitation, hydrophilic drugs,
anti-tuberculosis drugs.

Introduction

There are currently many drugs availableyfor the treatment of tuberculosis. Due to the need for intensive
use, they have significant toxic effects on the hody and lead to the development of resistance to many drugs
[1-3]. When using new dosage forms in thedferm of polymer nanoparticles (NPs) for the delivery of anti-TB
drugs (ATD), the following results can beyachieved: providing prolonged drug release while maintaining ef-
fective drug concentration in blood for a given period of time; reducing the side effects of the drug, thereby
increasing its therapeutic effect{4~7].

However, the choice ofspalymermaterials and methods should be based on many factors such as parti-
cle size, solubility and stability inawater, permeability and charge of drug molecules, degree of biodegrada-
tion, biocompatibidity, and toxicity [8, 9]. Encapsulation of hydrophilic compounds is not easy and remains a
problem for highly<@loaded _drug delivery systems, mainly due to drugs leaking into the external aqueous
phase during nan@particle production [10]. Since water-soluble drugs can be immobilized into nanoparticles
in various ways, the'nanoprecipitation method was chosen.

Nanoprecipitation ' was patented by Fessi et al. in 1989 [11]. It has mainly been used to encapsulate hy-
drophobicdrug, molecules since its development. Several polymers have been developed for this purpose, in
particular biodegradable polyesters such as polylactide (PLA), polylactide-co-glycolide copolymer (PLGA),
and poly=-e-caprolactone (PCL) [3, 12-15]. As nanoprecipitation is a direct method, it has many advantages:
easy to perform, no energy or time consumption.

At the same time, the nanoprecipitation method has a number of disadvantages. This method is mainly
suitable for compounds of a hydrophobic nature, soluble in ethanol or acetone, but exhibiting limited solubil-
ity in water. Consequently, reduced or even zero leakage of the drug into the external medium results in an
unsatisfactory degree of binding [11, 16, 17]. Some studies concerning the immobilization of hydrophilic
drugs have also given promising results. Yoo et al. [18] proved that the correct choice of solvent and non-
solvent can lead to the formation of nanoparticles, which means that the nanoprecipitation method can be
carried out with other solvents and can be extended to hydrophilic preparations.

This study aims to optimize the nanoprecipitation method for obtaining PLGA-based nanoparticles im-
mobilized with isoniazid, which exhibit a controlled particle diameter up to 300 nm, a narrow size distribu-
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tion, with high encapsulation efficiency and loading capacity. For this purpose, we choose different alcohols
as non-solvents, different solvents, and varied parameters, such as stabilizer concentration and drug/polymer
ratio.

Experimental

Materials

Isoniazid (INH) (> 99 %), polyvinyl alcohol (PVA) (hydrolyzed, MW 9000-10000), polylactide-co-
glycolide copolymer (PLGA 50:50, MW 24 000 to 38 000), ethyl acetate (> 99 %) (all from Sigma Aldrich,
Steinheim, Germany) were used without further purification. Ethanol was purchased from DosFarm (Almaty,
Kazakhstan). The organic solvents (Dichloromethane (DCM), Dimethyl Sulfoxide (DMSQ), and Chloro-
form) were obtained from Component Reagent (Russia). Sodium hydrophosphate and petassium
dihydrophosphate were used to prepare the phosphate-buffered saline solution.

Preparation of polylactide-co-glycolide nanoparticles immobilized with isoniazid by nafoprecipitation

To obtain nanoparticles by nanoprecipitation, the polymer was dissolved in a suitaldle ofganic salvent
and isoniazid in alcohol (drug/polymer ratio from 1:1 to 1:5). The resulting polymer selution is then mixed
with the isoniazid. The obtained solution is then added to the dispersed phase (0.1-16 P/A) by stirring on a
magnetic stirrer. The resulting suspension was stirred at room temperature for 8 h on a magnetic stirrer to
remove the solvent completely. INH-loaded PLGA nanoparticles were extracted y centrifugation (MiniSpi,
Eppendorf, Hamburg, Germany) (14,000 rpm, 20 min). The obtained nanéparticle“suspension was washed
with distilled water using three centrifugation steps at 14,000 rpm for 15,mingachito remove dissolved solids
and organic solvent from the mixture. The obtained nanoparticles were driedtesa’Constant weight.

Particle size, polydispersity, and morphology of the obtained nanepatticles

Particle size and polydispersity index (PDI) were determinedyby dyhamic light scattering (DLS) using
the Malvern Zetasizer Nano S90 (Malvern Instruments Ltd.,/MalwernjUK). Each batch of nanoparticles was
appropriately diluted with distilled water immediatelyhafter production. The shape and surface morphology
of the PLGA-INH NPs were examined by scanning electrom, microscopy (MIRA 3LM TESCAN, Brno,
Czech Republic, EU).

Encapsulation efficiency, loading capacity, andyPLGAINH NPs’ yield

The amount of isoniazid encapsulated in the polymer nanoparticles was determined by measuring the
amount of unencapsulated isoniazid in the aqueous solution recovered after ultracentrifugation and particle
washing. The amount of drug in solution, was determined by high-performance liquid chromatography
(HPLC) (Shimadzu LC-20 Prominence)ml he encapsulation efficiency, loading capacity, and yield of nano-
particles were calculated as follows:
Mass of the total drug — Mass of free drug <100

Mass of total drug
Mass of the total drug — Mass _of free drug <100 %.
Mass of total nanoparticles
Mass of total nanoparticles
Mass of the total drug + Mass of total PLGA

lrvitro study of/drug release from polymer NPs

Isoniazidyrelease kinetics from the polymeric matrix was determined by dialysis, in phosphate-saline
buffer'(pH 7.4) at 37°C. The obtained nanoparticles were resuspended in phosphate-buffered saline using
ultrasoundyand placed in a dialysis membrane. The membrane, sealed with clamps, was placed in a beaker
with 250 ml of buffer solution, closed with a lid and stirred on a magnetic stirrer at 200 rpm. Dialysates were
sampled periodically (3 mL at a time). To study the degree of release from the polymer nanoparticles, the
amount of drug released was recorded by HPLC and calculated by the formula:
Mass of released drug

Mass of the total drug in nanoparticles

The amount of degraded polymer was determined on a UV spectrophotometer (HP LC-20 Prominence,
Shimadzu, Japan) at wavelength Am.x = 240 nm for the polymer.

%.

Encapsulation Efficiengy (EE%) =

Loading Capacity(%) =

Nanoparticles Yield (%) = x100 %.

x100 %.

Drug Release (%) =
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Thermogravimetric analysis and differential scanning calorimetry

Thermogravimetric and differential thermal analyses were performed on a LabSYS evo
TGA/DTA/DSC analyzer (Setaram, France) in the 30-550 °C temperature range in an aluminum oxide cru-
cible 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.

Statistical analysis

The data are expressed as mean + standard deviation and analysis was carried out statistically by
Minitab 19 Statistical Software. The analysis of data was taken place via one-way analysis of variance
(ANOVA).

Results and Discussion

Burkeev et al. [19] synthesized polylactide nanoparticles immobilized with isoniazid\by the
nanoprecipitation method. In this method, they used water as a non-solvent and acetone asta solvent and ob-
tained NPs with a drug loading of 50 %. Since we used a more hydrophilic polymer, PLGARand using dis-
tilled water as a non-solvent, NPs were not obtained. Therefore, to select a suitable non-solwent,the palymer
was dissolved in organic solvent (DMSO) and the drug was dissolved in various nop~solvents,such as etha-
nol, isobutanol, isopropanol. The obtained drug solution was added to the polymegsolutionwhile stirring on
a magnetic stirrer. The suspension was then added to the PVA solution, resultifig in thegformation of nano-
particles. Table 1 demonstrates the results of the average particle size and PDisef theyobtained NPs.

Table 1

The effect of non-solvent on nanoparticle formatien andicharacteristics

Ne | Type of non-solvent | Average particle size, nm PDI NPs’ yield, %
1 |Ethanol 182+6 0.104+0.031 68+9
2 |lsopropanol 41548 0.701+£0.072 28+6
3 |lsobutanol 87049 10 3244

As can be seen from Table 1, the average particle,sizeé depends on the nature of the dispersing solvent.
Ethanol results in smaller nanoparticles, whil@ the use of isobutanol or isopropanol gives even larger nano-
particles. The size values measured by DLS for ethanol are obtained with high reproducibility (less than 2%
deviation between triplicate instances) andwith a PDI that shows a homogeneous suspension of nanoparti-
cles. When the drug/polymer ratio aid PVA concentration remains constant, the particle size gradually in-
creases in the series of homologeus alcohols used as non-solvent.

The interest in using alcohals astimSoluble substances lies in their relatively low dielectric constant
(e value) [17]. If the dielegtfieyconstant is lower, the insoluble substance will dissolve hydrophilic com-
pounds and prevent drug leakageTherefore, ethanol is the most suitable in this regard, as its dielectric con-
stant is 24.6, which, is far from,the value of water (80.1) [17].

In the next stepief the,study, four different organic solvents were chosen to select a suitable solvent for
the polymer: DMSO, DEM, acetone, chloroform, and the drug were dissolved in ethanol. Table 2 presents
the obtained results.

Table 2
The effect of solvent type on average size and yield of nanoparticles
Ne | Solventtype | Average particle size, nm PDI NPs’ yield, %
1 |DMSO 182 +6 0.104+0.031 68+9
2 |Acetone 289+7 0.229+0.052 34+8
3 |DCM 385+9 0.613+0.300 29+4
4 |Chloroform 37847 0.598+0.200 3244

As can be seen from Table 2, nanoparticles with the smallest size and polydispersity are formed in
DMSO. Other solvents (acetone, chloroform, DCM) are able to dissolve the PLGA copolymer, but they form
large nanoparticles, while the solubility of polymers in DMSO is higher, and this solvent mixes well with the
external phase, in our case with distilled water. This leads to the fastest diffusion of the two phases and more
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nanoparticles. Accordingly, the lower the phase tension or the lower the interaction parameter of the organic
solvent and the external phase, the higher the yield of nanoparticles [20, 21]. Accordingly, a lower phase ten-
sion or a weaker interaction parameter of the organic solvent and the external phase corresponds to a higher
yield of nanoparticles. Consequently, the particle size obtained with the DMSO solvent is smaller and the
NPs’ yield is higher than with other solvents.

Drug and polymer ratios were varying parameters. Thus, the dependence of the polymer-drug ratio on
particle size was investigated; for best results, nanoparticles should be in the range of 50-500 nm for alveolar
macrophage phagocytosis [22]. Other characteristics, such as the encapsulation efficiency and loading capac-
ity, were also investigated during the study. PLGA nanoparticles immobilized with isoniazid were obtained
in five different ratios. The average size of the obtained NPs did not exceed 400 nm. Table 3 shows the phys-
icochemical characteristics of the nanoparticles obtained by the DLS method.

Table 3
Average size and polydispersity of NPs at different INH/PLGA ratios
. Average Encapsulation Loading s viald o

INH/PLGA ratio particle size, nm PDI efficiency, % capacityy % NPs” yield, %
1:1 22148 0.124+0.023 4246 3916 4149
1:2 27544 0.335+0.044 4848 4249 4449
1:3 288+5 0.372+0.040 52+6 4616 57+9
1:4 32247 0.444+0.041 60+5 58+8 6315
1:5 317£9 0.448+0.012 568 5349 59+7

With an increase in the drug/polymer ratio from 1:1 to 1:5,5the particle sizes changed from 221+£8 to
322+7 nm, and PDI from 0.124+0.023 to 0.448+0.012. An in€rease in,the PLGA concentration led to an in-
crease in particle size. This can be explained by the faet that an in¢rease in the polymer concentration leads
to an increase in the viscosity of the organic phase, whichyin tukn increases the forces that counteract particle
breakdown, leading to the formation of larger NR§[23, 24]:

Besides the average size and polydispersity ofithe NPs, the nanoparticle production efficiency, such as
the encapsulation efficiency and loading capacity, as well"as the NPs’ yield, are also important factors. The
values of encapsulation efficiency for PLGA-INH NPs ranged from 42+6 % to 60+5 % and loading capacity
from 39+6 % to 58+8 %. It can be seen frem these results that increasing the PLGA concentration increases
the encapsulation efficiency and drugdeading ate the polymer matrix. This can be explained by the fact that
increasing the polymer concentratiofi is likely to increase the viscosity of the organic phase, thus increasing
the diffusion resistance betweenythe“organic and aqueous phases, thereby capturing more drugs in the NPs
[25]. Based on the obtained data,"it, can be concluded that the optimal INH/PLGA ratio is 1:4, although it
gives the largest size, but @lsothe highest encapsulation efficiency and NPs’ yield (60£5 and 63+5 %, re-
spectively).

The study of'the effect ofwarious stabilizer concentrations on the formation of nanoparticles was a con-
tinuation of our worki\PVAmwas used as a stabilizer. Figure 1 illustrates the results.

Size Distribution by Intensity
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—— [PVA]=0.25% 210.0 nm
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—— [PVA]=1% 196.5 nm
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Figure 1. Distribution curves of NPs produced at different PVA concentrations
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Figure 1 shows that with an increase in PVA concentration from 0.1 to 0.75 %, the average particle size
of the NPs decreases (from 309.5+8 nm to 161.8+5 nm) due to stabilization of the medium. The small
particle size of the obtained NPs is because of the high concentration of surfactant, which prevents
coalescence of the globules, protects and stabilizes the droplets formed during emulsification, and leads to
the formation of smaller emulsion droplets [26].

The morphological characteristics of the dried nanoparticles were determined by SEM, showing a
regular spherical shape and smooth surface. Figure 2 shows a microphotograph of PLGA nanoparticles ob-
tained by nanoprecipitation under the following conditions: non-solvent — ethanol, organic solvent —
DMSO, INH/PLGA ratio 1:4, at different concentrations of PVA. The image shows both aggregates and
individual parts of nanoparticles. The formation of aggregates can be explained by incomplete washing of
the surfactant and the drying process.

immobilized with isoniazid.
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Figure 3. TGA and DSC of isoniazid, PLGA nanoparticles and PLGA particles immobilised with isoniazid

Thermal analysis (Figure 3) of pure INH showed an endothermic peak at 172 °C corresponding to its
melting point and decomposition, which indicates that the drug could be in a crystalline form. Empty PLGA
nanoparticles show an endothermic peak at 367 °C, which probably corresponds to their melting stage. The
weight loss of the polymer NPs exceeds 76 % in the temperature range of 300-385 °C. For PLGA-INH NPs,
the DSC curve shows an endothermic peak at 360 °C. On the TGA curve, the nanoparticles decompose at
300-370 °C and the weight loss exceeds 66 %. From the curves obtained, it can be concluded that the
thermal degradation of polylactide-co-glycolide with the drug is slower than the degradation of free
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polylactide-co-glycolide nanoparticles. In addition, a shift of the melting peak indicates an interaction of the
drug with the polymer.

In vitro release of isoniazid from polylactide-co-glycolide NPs was studied by dialysis at different pH
values, simulating the in vitro conditions of the gastrointestinal tract of people. Figure 4 shows a cumulative
drug release from nanoparticles prepared by nanoprecipitation under the following conditions: non-
solvent — ethanol, organic solvent — DMSO, INH/PLGA ratio 1:4, PVA concentration 0.75%. In vitro drug
release from NPs typically consists of two phases: a first “burst release” phase followed by a second phase of
prolonged release [27]. The first phase is caused by the release of the drug substance, which is adsorbed on
the surface of the NPs or dispersed near the surface. The second phase is due to the release of the drug
substance residing in the core [28-31]. As shown in Figure 4, “burst release” of the drug is observed at
pH 6.86 after 2 hours; at pH 7.4 after 5 hours; and at pH 1.2 was 27 % within an hour. In the simulated
stomach fluid (pH 1.2) there is a total (mean) release of the INH dose incorporated in the NPs after 2 h,
which corresponds to the estimated transit time of the pharmaceutical form in the stomach @nvirohment [32].
After 6 hours, the release rate of isoniazid at pH 7.4 was 55 %, and at pH 6.86, a high“reléasg, rate 0f80 %
was detected. This may be because the solubility of isoniazid increases with pH decreasingy, \Wethave grevi-
ously studied the release of a drug from a dialysis membrane in a conventional dosagé form (the convention-
al isoniazid tablet), which provides a single and short-term release of the drug [29]. ‘AtfpH = 1.2, the drug is
released normally and the next doses of the drug are required to achieve a therap@utic effeet 33, 34].

From the experimental data, it can be concluded that the pH of the mediumihas a great influence on
drug release. The solubility of the drug increased as the pH of the medium deécCreased [35, 36]. This partly
explains the differences in drug release with changes in pH. However, this‘€ould/not be the dominant factor
in drug release. The release of small drug molecules from a hiodegradable matrix may be due to polymer
degradation [37].

Further, it was interesting to investigate the polymer degradation process. The polymer biodegradation
was determined by dialysis at different pH values at 37°C }38]. Figure’s shows data on degradation Kinetics
of PLGA NPs studied by UV-spectrophotometry.
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Figure 4:“Degree of release of isoniazid Figure 5. Degradation of PLGA NPs
from(the palymeric matrix at different pH values at different pH values

A decrease in the optical density of polymer solutions indicates a decrease in molecular weight as a
direct result of degradation [36]. The degradation process over a period of 2 weeks shows that the polymer
degrades faster in an acidic than in a neural medium. At pH 1.2, the polymer is completely degraded in six
days, but in the beginning it degrades rapidly (60 %) and the remaining 40% is stable and slow to degrade.
At pH 7.4, the polymer slowly, evenly degrades to 70 % within two weeks.

Conclusions

This study successfully developed INH-loaded PLGA NPs using the nanoprecipitation method. A
number of studies have been carried out to select optimal conditions (non-solvents, solvents, drug-to-
polymer ratio, and concentration of surfactant) for the immobilization of the anti-TB drug isoniazid in PLGA
NPs. Optimized PLGA nanoparticles were prepared by nanoprecipitation under the following conditions:
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non-solvent — ethanol, organic solvent — DMSO, INH/PLGA ratio 1:4, PVA concentration 0.75 % with sat-
isfactory physicochemical characteristics and a loading capacity of up to 50 %. An in vitro release analysis
confirmed that isoniazid has a controlled release in a neutral medium. It was determined that the degradation
of polymeric nanoparticles is faster in an acidic medium and correspondingly the kinetics of isoniazid release
from the polymeric matrix is higher than in a neutral medium. This study provides future opportunities for
the development of polylactide-co-glycolide-based inhalation dry powders for aerosol delivery of anti-TB
drugs to the lungs. In addition, TGA and DSC analyses were performed to confirm the incorporation of iso-
niazid into the polylactide-co-glycolide matrix. The study results indicate that optimized polymeric nanopar-
ticle formulation could be potentially used for hydrophilic drug delivery systems for tuberculosis treatment.
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A.P. T'anueBa, E.M. Tax6aes, T.C. XXymaranuesa, A.T. [{opiOait

IHommaakTua-co-rJIMKoJN] HAHOOOJIIEKTepine
HAHONPeTPANUA dAiCiMeH U30HUA3UATI MHKANCYJISANMSIAY

Jopinix 3aTTapypl TachIMAJIAAYIIBl PETiHIE MOJUMEpIT MaTepuaiiapAbl KOIIaHyAbIH OipKaTap apThIKibl-
JBIKTapbl 6ap, MbIcaibl, NPEHAPATThIH OCEPiH y3apTy, AOPUIIK 3aTTapAblH jKaHaMa dcepiepiHga3alTy. XKOHE
1.06. Makanana «M3onuasun» tybepkynesrekapesl npenapattbie (TKII) nommnaxrua-ko-raukommn ([TJECA)
MONUMEpIi HaHOOOIIIEKTepiH HAHOTYHABIPY SICi apKbUIBI aly KapacThIPbUIFaH. EpIiTKill eMec neHhepi TKIHT
TaOUFATBIHBIH, 1OPi [IEH TOJIUMEPAIH KaThIHACH KOHE TYPaKTaHABIPFHIIITHIH KOHIEHTPALMACH! CHAKTBIRKCKE
HapaMeTpiepAi ©3repTy apKbUIbl MOJMMEPIIiK HaHOTACHIMAJIAyLIbLIap ajblHAbL. bemeKrepAtH Jopramia
MeJmIepi epiTKill eMec TYpiHe THIFBI3 OaiIaHBICTHI eKeHi aHBIKTanabl. CIHPTTepAl NMaiJagaHFaH KesJe
opTala eJeM MbIHA PETTUTKIICH OCTi: 3TaHoJ < M3omponanoi < m3o0yranon. HanoQemmexTepaiy maiina
OOJIYBIHBIH JKSHE OJApIbIH COHFBI CHIATTaMajapbIHBIH MAaHBI3IBl (aKkTOpEF ePITKINIEH Typi OOJBII
TaObuTaabl. J{opinik 3aT/HONMMEp KAaThIHACHI YIIFaiiFaH callblH HaHOOOIIIEeKTepdiH opTailla MeIepi e ocTi.
AnblHFaH HaHOOenmeKTepAiH emeMi 93—869 HM apansirbiHAa 60masl. [IpElapafThiH HOMTHMMEpITi MaTpULaFa
KOCBUIFaHBIH JIQJIENACY YIIiH TepMOIPaBUMETPHUSIBIK XoHe IuddepeHnnanipl CKaHepIeyIi KalopuMeTpusi-
TBIK Tangayaap xkypriziaai. ConsiMeH Katap, apTypiii pH MoHIepitae TOMMMEP/IiH BIABIPAYbI KOHE MOTUMEP
MaTpHUIAChIHAH M30HUA3HUATIH O0cal MBIFy JopeKeci 3epTTenai. AJBIHFAaH HOTIOKEICP HAHOTYHIBIPY OIIiCiH
Tek ruapodoOTHl mpenapaTTapra FaHa €MeC, COHBIMEH KaTapgFMapo®msibai mpemapaTtTapra Ja KOJJIaHyFa
0OJIaTBIHBIH KOPCETTI.

Kinm ce30ep: nanoGemmexTep, MOMMIaKTHA-cO-TIIMKONHA, PLGA, n30HMa3u, HaHOTYHIBIPY, THAPO(QMIBAL
npenaparrap, TyOepKyse3rekapchl mpernapaTraps

A.P. TanueBa, E.M. Tax0aes, T.C¥Kymaranuesa, A.T. Jlapubaii

I/IHKal'lcy.]Iﬂl_lI/lﬂ H30HHA3N/AAa B HAHOYACTUIbI ITOJUJIAKTHIA-CO-TJINKOJHUIA
ME€TOI0OM HAHOOCAKICHUSA

IIpuMeHeHne TONMMMEPHBIX MaTCPHAIOB B KA4YeCTBE HOCHUTEINCH JIEKApCTBEHHBIX IIPETapaToOB HMEIOT DSl
NPEeUMYIIECTB, TaKUe KaK NPOJIOHTUPOBAHUE JCHCTBHS IperapaTa, YMEHbIIEHHE MOOOYHBIX ddderToB ie-
KapcTBa M T.1. B 1aHHOW CTarbe pAeCMOTPEHBI CIIOCOOBI IOy YeHHMs TOJIMMEPHBIX HAHOYACTHUII MOTMIIAKTHAA-
co-rmuxonuaa (IVIIA) efpofiiBoTyGepkyiesHbM npenapatoM (I1TID) «M3oHna3zum» MeToa0M HaHOOCaXie-
HUs. Bappipys OTaembHbIe AapaMeTphl, TAKKUEe Kak MPUPO/Ia PACTBOPHUTEISI M HEPACTBOPHUTEIIS, COOTHOIICHHE
JIeKapcTBa MIHOMMMepa, KOHICHTPALsI CTa0MIn3aTopa, ObLUTH MOTy4YeHbI MOJTUMEPHBIE HAHOHOCUTENH. BhlIo
OTIpeIeNiCHO, 9RO CPeAlNii pa3Mep YacTUI] TECHO 3aBHCHUT OT THIIAa HepacTBOpHUTENs. [Ipw Mcroiap30BaHUH
CIHPTOB CPeIHIM)Pa3MEp YBEIHYUBAICS B TOCIIEAOBATEILHOCTH: TAHON < HM30MPOIMAHON < M300yTaHOIL.
HemalioBaxHBIM (hakTOpoM it 00pa30BaHHMS HAHOYACTUI] M UX KOHEYHBIX XapPaKTEPHCTHK SIBISCTCS THI
pacTBOprIesL [Ipyn yBelMUeHNH COOTHOIIECHWS JEKapCTBO/TIOJIMMEP CPEAHUH pa3Mep HAaHOYACTHI[ TaKXkKe
yBeIMYMBANCs. PazMep MOJTydeHHBIX HAHOYACTHII BapbUpoBascs B mpenenax 93—869 um. [l moarBepixkie-
HUsI BRITFOUCHUSI JIEKAPCTBEHHOTO MperapaTa B MOJIMMEPHYIO MaTpHIly OBUTH IPOBEJCHBI aHAIN3BI TEPMOTpa-
Bumerpun 1 quddepeHIranbHON ckaHupyomeit kanopumerpun. Kpome Toro, ObIIM HccIeI0BaHbl Aerpaia-
Tisl TT0JTUMEepa U CTETEHb BHICBOOOKACHHUS M30HUA3UIA U3 TIOJTMMEPHONH MATpPHUIlBI MpH pasandHbix pH cpe-
16l [TonydyeHHble pe3ybTaThl MOKA3bIBAIOT, YTO METOJ HAHOOCAKACHUS MOXET ObITh MPUMEHEH He TOIbKO
Ut TUAPO(HOOHBIX JIEKAPCTB, HO M IS THAPOGIIBHBIX IPETapaToB.

Kniouesvle cro6a: HAHOYACTHIIBI, TONHIAKTAA-CO-THKoNuA, [IJICA, n3oHuaszua, ruapoduiibHEIe penaparsl,
MPOTUBOTYOEPKYIIE3HBIE MTpenapaThl, HAHOOCAXKICHHE.
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