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In this article a brief review on the research works devoted to the synthesis and investigation of polymeric 
nanoparticles and nanocapsules on the basis of polylactic acid and its copolymer with polyglycolic acid is 
given. Nanoparticles based on biocompatible and biodergadable polylactic acid and polylactic-co-glycolic ac-
ids gained special interest in pharmaceutical field as the carriers of different drug preparations. General meth-
ods of synthesizing nanosomal formulations of polylactic acid and polylactic-co-glycolic acids were de-
scribed in this work. Among the perspective methods of obtaining the polymeric nanoparticles and 
nanocapsules of polylactides and its copolymer with glycolic acid loaded with drugs the nanoprecipitation 
and emulsion methods were found to be the most suitable for the systems used. Another method of synthesiz-
ing the nanosized systems of polylactic-co-glycolic acid is a double emulsion method which makes possible 
to obtain nanocapsules with optimal characteristics. The possibilities of immobilization of nanoparticulate 
systems based on these polymers with antitumor and antituberculosis drugs were considered. Some examples 
of polylactic acid and polylactic-co-glycolic acids’ nanoparticles and nanocapsules loaded with drugs which 
have applications in medicine for the treatment of tumor and tuberculosis diseases were shown. 

Keywords: polylactic acid, polylactic-co-glycolic acid, nanoparticles, antitumor drugs, antituberculosis drug, 
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One of the promising drug carriers used in developing controlled drug delivery systems is polylactic ac-

id (PLA) [1–13]. Polylactide or polylactic acid was first found in 1932 by Carothers. PLA was the first pol-
ymer which was used together with polygycolic acid as a surgical suture [1–6]. PLA is not soluble in water 
and in water-ethanol mixtures: it possesses unique properties including high mechanical properties and very 
low toxicity [2–13]. Polylactide is biocompatible and biodegradable polymer which has been used in medi-
cine for a long time not only as an auxiliary material, but as carrier for the targeted delivery of the drugs [7–
12]. First synthetic polymer and bioabsorbing material was polyglycolic acid which opened this class of pol-
ymers in 1954. Since that time the derivatives of this polymer with polylactic acid (polylactide) and ε-
caprolactone have been used for the drug delivery purposes [13–15]. Incorporation of the chains of glycolic 
acid allows controlling the biodegradation rate, hence the drug release rate can be regulated by obtaining the 
copolymers of poly-lactic-co-glycolic acid (PLGA) of wide range of composition [16]. 

The drug delivery systems are known to be constructed on the basis of biocompatible polymers in the 
forms of micro- and nanoparticles or nanocapsules [13–20]. Biodegradable nanoparticles gained much inter-
est of scientists due to their unique properties and advantages over conventional drug dosing forms. The use 
of such forms is especially important in a treatment of long-termed diseases using high doses of potent drugs. 
So, micro- and nanoparticles based on polylactic, polyglycolic acids and their copolymers and ethers, are 
used for the delivery of various drug preparations [13–27]. The polymers of glycolic and lactic acids are 
widely used for the preparation of biodegradable medical devices and of drug-sustained release microspheres 
or implants marketed in Europe, Japan, and the USA [27]. 

The use of the copolymers of lactic acid with glycolic acid gives more opportunities in the creation of 
controlled delivery systems for potent drugs which are used in the treatment of tumors and tuberculosis. An-
titumor drug preparations based on nanoparticles of the copolymers of lactic and glycolic acids have been 
worked out and they are allowed to be used in medicine practice in Russian Federation by the trade names 
dekapeptyl, zoladex, sandostatin and somatulin [17]. The copolymer of lactic and glycolic [50/50 Poly-(D,L-
lactide-co-glycolide) (nominal)] acids is non-toxic and its catabolism in the organism ends up with the for-
mation of CO2 and H2O [17, 25, 27]. 

Microspheres with controlled degradation were obtained on the basis of a copolymer of lactic and gly-
colic acids, polyethylene glycol (PEG) or polycaprolactam. An important feature of polylactides and 
polyglycolides is biocompatibility with the tissues of the body, enzymatic degradation by ethereal bonds to 
derivatives of lactic and glycolic acids. 
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As it was mentioned above depending on the ratio of lactic and glycolic acids it is possible to change 
such properties of the product as plasticity, durability, the biodegradation time and release rate of the drug. It 
was found that varying the ratio of the lactic and glycolic chains the release rate of the drug can be controlled 
[28]. With increasing the content of glycolic chains the release rate of hydrophilic drugs increases and the 
release rate of lipophilic drugs decreases provided that the drug excretion takes place as a result of polymer 
degradation. By this way the copolymers of PLGA with PEG and poly-ε-caprolactone (PCL) with controlled 
degradability were successfully synthesized in [28]. They degrade by the ester bonds to the derivatives of 
lactic and glycolic acids. It has been established that polylactides with hydrophobic end groups degrades 2.7 
times faster in vitro and 4 times faster in vivo than the polymers with hydrophilic groups [29]. 

Different techniques can be used for the preparation of nanostructures of PLA and PLGA: 
− double emulsion followed by solvent evaporation [18, 19]; 
− dialysis [18, 19]; 
− nanoprecipitation [18–21]; 
− the salting out [19–24]; 
− supercritical fluid technology [18, 19]. 
Detailed description of these methods and the examples of the polymeric nanoparticles obtained using 

these techniques can be found in [18]. 
Among the effective and reproducible methods of obtaining nanoparticles of PLA, polyglycolic acid or 

their copolymers is found to be nanoprecipitation [18–30]. This method was first developed by Fessi et al. 
for the preparation of polymeric nanoparticles [19]. It is also called as solvent displacement method [19]. 
J. Prasad Rao and E. Geckeler Kurt described this process in detail [18]. According to them the basic princi-
ple of this technique is based on the interfacial deposition of a polymer after displacement of a semi-polar 
solvent, miscible with water, from a lipophilic solution [19]. Rapid diffusion of the solvent into non-solvent 
phase results in the decrease of interfacial tension between the two phases, which increases the surface area 
and leads to the formation of small droplets of organic solvent [18, 19]. The authors inform that the 
nanoprecipitation system consists of three basic components: the polymer (synthetic, semi synthetic or natu-
ral), the polymer solvent and the non-solvent of the polymer [19]. Organic solvents such as ethanol, acetone, 
hexane, methylene chloride or dioxane which are miscible with water and easy to remove by evaporation can 
serve as a polymer solvent [19]. Due to this reason, acetone is the most frequently employed polymer solvent 
in this method [19]. Also there are some examples of using the solvent mixture (acetone-water, acetone-
ethanol and methanol) [19]. J. Prasad Rao and Kurt E. Geckeler summarized the examples of the polymers, 
solvents and non-solvents used for the preparation of nanoparticles by nanoprecipitation method in Table 1 
[18]. 

T a b l e  1  

Nanoprecipitation formulations for the preparation of polymer nanoparticles [18] 

Polymer Solvent 
Non-

solvent 
Stabilizing agent 

Particle size, 
nm 

References 

PLGA 
Allylic starch 
Dextran ester 
PLGA 
PCL diol 
Eudragit L100–155 
PLGA 
 
PCL 
PLA 
PCL 
PCL 
PLA 
PCL 

Acetone 
Acetone 
Acetone 

Acetone/ethanol 
Chloroform 

Acetone/absolute ethanol 
Acetone 

Acetonitrile 
Acetone 

THF 
Acetone 
Acetone 
Acetone 
Acetone 

Water 
Water 
Water 
Water 
Water 
Water 
Water 

 
Water 
Water 
Water 
Water 
Water 
Water 

PVA 
– 
– 

Tween 20 
Pluronic F 127 

– 
– 
 

PVA 
– 
– 

Span 20 
Polysorbate 80 
Poloxamer 188 

PE/F68 

95–560 
270 
77 

63–90 
17.4 
120 

165±5 
164±4 
365±5 

100–300 
741–924 
266±11 
250±50 
308–352 

[24] 
[16] 
[27] 
[31] 
[16] 
[22] 
[27] 
[23] 

 
[24] 
[21] 
[20] 
[25] 
[20] 
[27] 
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According to H. Fessi, et al. [19] when obtaining nanoparticles using nanoprecipitation method the pro-
cess of particle formation consists of three stages: nucleation, growth and aggregation. The rate of each step 
determines the particle size and the driving force of these phenomena is the ratio of polymer concentration 
over the solubility of the polymer in the solvent mixture [19]. The separation between the nucleation and the 
growth stages is the key factor for uniform particle formation. 

The system of nanoprecipitation mainly consists of three components; these are the polymer, the solvent 
of the polymer and non-solvent of the polymer [18, 19]. PLA nanoparticles with the range of particle size 
from 100 to 300 nm were obtained depending on the solvent and surfactant used in [19, 21]. So nanopre-
cipitation is a simple, fast and reproducible method which allows obtaining both nanoparticles and 
nanocapsules [18]. 

PLGA nanoparticles coated with transferrin with the size in the range 63–90 nm for the purpose of pass-
ing through blood-brain-barrier were successfully synthesized in the presence of Tween 20 using 
nanoprecipitation method [22]. B.J. Nehilla et al. synthesized coenzyme Q10-loaded PLGA nanoparticles 
without using surfactant with the average size 165 nm [23]. Nanoprecipitation method was also used for the 
encapsulation of curcumin into PLGA nanoparticles by M.M. Yallapu et al. [24] as a result of which the par-
ticles with the size ranging in 95–560 nm were obtained. 

The mechanism of intracellular uptake of PLGA nanoparticles and their effect on therapeutic efficiency 
of the active compounds in cellular level when encapsulating DNA, proteins and different low molecular 
weight compounds are throhoughly considered by J. Panyam and V. Labhasetwar in [16]. 

There are also the examples of using PLA and PLGA nanoparticles for the treatment of tumor and tu-
berculosis diseases below. 

Derakhshandeh K. et al. encapsulated 9-nitrocamphotericin in the copolymer of poly-lactic-co-glycolic 
acids using above said nanoprecipitation method. As a result the encapsulation efficiency 30 % [11]. 
Fonseca С. with colleagues synthesized PLGA nanoparticles loaded with Paclitaxel using solvent evapora-
tion followed by extraction [12]. In this case the authors achieved the encapsulation efficiency of 100 % with 
complete maintenance of antitumor activity in in vitro study [31]. In [30] PLGA nanospheres immobilized 
with triptorelin were synthesized using the double emulsion technique followed by solvent evaporation. As a 
result the encapsulation efficiency varied from 4 to 83 % depending on initial drug concentration [30]. The 
authors of the work [31] successfully encapsulated poorly water-soluble xantones into PLGA nanoparticles. 

Helle A. et al. investigated the possibility of using capillary electrophoresis for the quantitative deter-
mination of model drugs (salbutamol sulphate, sodium chromoglycate and beclomethasone dipropionate) 
which were encapsulated in PLA nanoparticles by nanoprecipitation method [26]. A quantitative capillary 
electrophoresis method was developed for salbutamol sulphate and sodium chromoglycate by the authors. It 
was found out that the encapsulation of beclomethasone dipropionate in the PLA nanoparticles was more 
efficient than in case of more hydrophilic model drugs (salbutamol sulphate and sodium chromoglycate) 
[26]. 

It is necessary to note that there are works on obtaining nanoparticles from the commercial polymers 
and load them with drugs. For instance, Jae-Woon Nah et al. prepared nanoparticles of PLGA using dialysis 
method without surfactant [32] and loaded them with a model drug clonazepam. The authors investigated the 
effect of different solvents on physicochemical characteristics of the nanoparticles and found that the drug-
loading contents were dependent on the copolymer composition and initial feeding amount of the drug [32]. 

R. Jalil and J.R. Nixon prepared the microcapsules of PLA containing phenobarbitone using a w/o 
emulsion-evaporation method [33]. The authors used the polymer of three different molar masses, 20.200, 
13.300 and 5.200 to obtain microcapsules and they studied the in vitro release kinetics of phenobarbitone 
from prepared microcapsules at different pH values (pH 2, pH 7 and pH 9) [34]. They have found that the 
release follows in a square root of time dependent release mechanism [34]. M. Dutt, et al. used the same 
technique to obtain PLGA microparticles and load them with the antiTB drugs isoniazid and rifampicin. It 
resulted in PLGA nanoparticles with the drugs with the size around 200–300 nm and with the encapsulation 
efficiency of 50–65 % [35]. The authors investigated the in vitro and in vivo drug release on CaCo-2 cells 
and established that obtained nanoparticles had a slower release kinetics compared to free drugs [35]. 

During the last decades various polymeric systems have been developed for the targeted delivery of an-
titumor drug preparations. The examples of nanoparticles on the basis of PLA and PLGA, PEG-PLGA for 
passive transport of antitumor drugs are given in Table 2 [36]. 
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T a b l e  2  

Polymeric nanoparticles developed for the delivery of drugs to treat various tumors [36] 

Polymer Drug Tumor cell line 
In vitro and in 

vivo study 
References 

PLGA 

Paclitaxel Human cervical carcinoma cells (HeLa) 
In vitro  

and in vivo 
37 

Cisplastin Colon adenocarcinoma cells 
In vitro and in 
vivo in mice 

38, 39 

5-Fluorouracil 
Glioma (U87MG) and breast and 

adenocacinoma (MCF-7) cell lines 
In vitro 40 

Doxorubicin 

MDA-MB-231 breast tumor cells 
HeLa cells 

Fibroblust cells 
Lung epithelial tumor cells (A549) 

In vitro 
In vitro 
In vitro 
In vitro 

41 
42 
43 
44 

Gemcitabine Pancreatic tumor cells (PANCl) In vitro 45 
PLGA-mPEG Cisplastin Prostate tumor (LNCaP) cells In vitro 46 

PLGA-b-PEG 
Docetaxel Prostate tumor (LNCaP) cells 

In vivo in nude 
mice 

47 

Cisplastin 
Breast (MCF-7) and prostate tumor (PC-3 

and DU145) cells 
In vitro and in 

vivo in nude mice 
48 

PLGA-mPEG+ 
carboxymethyl 
cellulose 

Cisplastin Ovarian tumor (IGROVI-CP) cells 
In vitro and in 
vivo in mice 

49 

hyaluronic acid-
PEG-PLGA 

5-Fluorouracil EAT cell lines 
In vitro and in 
vivo in mice 

50 

l-PLGA-human 
serum albumin 

Doxorubicin Rat glioblastoma In vivo in rat 51 

 
Isoniasid is a first-line drug to treat tuberculosis which can be administered perorally as well as intra-

muscularly. However the drug dose used for healing the disease is high compared to the required minimum 
inhibitory concentration of the drugs [52]. Therefore the attention of scientists is concentrated on prolonga-
tion the effect of isoniazid together with other antiTB drug preparations by encapsulation them in different 
matrices. M.Zh. Burkeev et al. used the same method (nanoprecipitation) for the encapsulation of widely 
used antituberculosis drugs isoniasid and p-aminosalicylic acid (PASA) in PLA and PLGA nanoparticles 
[53]. Optimal conditions (solvent, the ratio polymer: drug, etc.) for synthesizing PLA nanocapsules loaded 
with the drugs were found. The best results were obtained when acetone was used as a solvent. Nanoparticles 
of PLA loaded with isoniazid with the average diameter 200–300 nm and high meaning of binding degree 
(50 %) have been successfully synthesized. Immobilization of PLA nanoparticles with antituberculosis drug 
isoniazid have been performed with the ratio of the polymer to drug as 1:10, 1:5, 1:4. As a result of the ex-
periments the last proportion was chosen as an optimal one. The procedure can be described briefly as fol-
lows: 5 mg of drug was dissolved in 0.2 ml of water and then 0.5 ml of acetone was added. 20 mg of PLA 
was dissolved in 1 ml of acetone and was mixed with the solution containing the drug. After that organic 
solvent was evaporated within 40 min at low pressure. The volume of the dispersion was made to 20 ml with 
water and filtered from aggregated particles. Obtained nanoparticles were characterized using photon corre-
lation spectroscopy which have shown that the system consists of rather small particles with the size 253.7 
nm and obtained particles have narrow particle size distribution (PDI = 0.241). The yield of PLA nanoparti-
cles with isoniazid was 78.4 %. The system was found to be stable within the time which was confirmed by 
measurement of the surface charge of nanoparticles (–30–35 mV) [53]. 

PASA and its sodium salt are commonly used in tuberculosis therapy together with aminoglycosides. It 
is specifically to treat active drug resistant tuberculosis. Having high activity against strains of Mycobacte-
rium tuberculosis it has side effects typical to antituberculosis drug preparations, which needs to be reduced. 
Therefore with the aim of increasing the efficiency of this drug and decreasing its therapeutic concentration 
the possibility of binding antituberculosis drug PASA with PLA nanoparticles was studied further by our 
research group. Data on physicochemical characteristics of synthesized empty PLA nanoparticles and poly-
meric particles loaded with antituberculosis drugs isoniazid and PASA are summarized in Table 3. 
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T a b l e  3  

Physicochemical characteristics of empty and drug loaded PLA nanoparticles 

Characterization of nanoparticles 
Empty PLA 

nanoparticles 
PLA nanoparticles loaded with drugs 

with isoniazid with PASA 
Average particle diameter, d, nm 290.1 253.7 310.7 
PDI 0.316 0.241 0.515 
Zeta potential, mV –35.0 –30.4 –32.6 
Fraction of nanoparticles, % 98.8 97.5 100.0 
Yield of nanoparticles, % 76.6 78.4 76.0 

Binding (%) 
conductometry – 50.5 68.7 
spectrophotometry – - 70.4 

 
From data given in Table 3 it is obvious that the particle size (determined by dynamic light scattering 

(DLS) of PLA nanoparticles increased after incorporation of the drug which probably took place because of 
the adsorption of some part of the PASA on the surface of PLA nanoparticles. The yields of the nanoparticles 
with and without drug (determined using gravimetry) were high in both cases (Table 3). Data on binding ob-
tained by two methods (conductometry and spectrophotometry) show that the meanings of binding degree of 
PASA with PLA nanoparticles correlates with each other and equal to 68.7 % and 70.4 % accordingly. 

Poor solubility of some potent drugs in water is one of the major obstacles in using such drug prepara-
tions. In this regard the scientific group under supervision of prof. M.Zh. Burkeev investigated the possibility 
of loading the nanoparticles on the basis of PLA and PLGA with poorly-water soluble drug silymarin. 
Silymarin is known to be a potent antioxidant, liver protector and anti-cancer agent. Its hepatoprotective ef-
fectiveness is due to its antioxidant and anti-inflammatory properties. Being such an effective drug it has a 
problem of low bioavailability caused by its poor solubility in water, which means that high dose of the drug 
is needed for achieving therapeutic level in plasma. Its solubility in distilled water is 58 mkg/ml at 25 ºС, 
therefore this drug is considered as a preparation insoluble in water [54]. With the aim of synthesizing novel 
form of silymarin which provides sustained release Y. Ma et al. encapsulated it in self-assembled nanoparti-
cles of Bletilla striata polysaccharide conjugates modified with stearic acid [54, 55]. Obtained nanoparticles 
of a mean diameter of 200 nm exhibited a sustained-release profile for nearly 1 week with no obvious initial 
burst and they showed a lower viability and higher uptake intensity on HepG2 cell lines compared to drug 
solutions [55]. 

With the aim of overcoming low bioavailability of silymarin the attempts to bind this drug with PLA 
nanoparticles was made by our research group. Nanoparticles of PLA loaded with silymarin were synthe-
sized using nanoprecipitation method. As a result PLA nanoparticles containing the drug with the mean di-
ameter 206.9 nm and PDI 0.291 were obtained. To observe the surface of the drug-loaded PLA nanoparticles 
they were analyzed using electron microscopy (SEM and REM). The images of PLA nanoparticles immobi-
lized with silymarin are shown in Figure. 

From given pictures it is seen that the system is not stable at a time and the particles have aggregated; 
however there are separate nanoparticles the meaning of mean diameter of which is in good accordance with 
data obtained by DLS. The binding degree of PLA with the drug determined using UV-Vis-spectroscopy 
(λ=325 nm) was 75 % which is a high value. 

The nanoparticles on the basis of PLGA can be obtained by various methods: by mixing aqueous and 
organic solvents containing polymer and drug substance and then removing first the organic and then the 
aqueous phase [18, 19, 56–64]. The methods for obtaining nanoparticles are based on the ability to form 
films at the water/solvent interface. Thus, with intensive mixing of the polymer solution in chloroform or 
methylene chloride with a small amount of water, particles with a polymer shell containing water or a solu-
tion of the drug substance are formed. When the water: solvent ratio is reversed, it is possible to obtain nano-
particles with a solvent incorporated therein. 

Most of the methods used to incorporate active substances into the polymer matrix are based on the use 
of emulsions. The method of obtaining nanoparticles using emulsions consists in dispersing and stabilizing 
one liquid by another, in which it is insoluble. The key criterion for creating an emulsion is the insolubility 
(or weak solubility) of the dispersed phase in a homogeneous dispersion medium. Further, the resulting 
emulsion is mixed with a surfactant solution and the solvent and water are removed. 
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Дəрілік заттармен иммобилизацияланған полисүт қышқылы  
мен полилактидгликолид негізіндегі нанобөлшектер 

Мақалада полисүт қышқылы мен оның гликоль қышқылымен сополимерінің негізінде полимерлі 
нанобөлшектер мен нанокапсулаларды алуға бағытталған зерттеу жұмыстарына қысқаша шолу 
жасалған. Биоүйлесімді жəне биоыдырамалы полисүтқышқылы мен полилактидгликолид қышқылы 
полимерлерінің нанобөлшектері фармацевтика саласында дəрілік заттардың тасымалдаушылары 
ретінде ғалымдардың назарын ерекше аударып отыр. Авторлар полилактид жəне полилактидгликолид 
қышқылдарының наноөлшемді үлгілерін алу əдістерін сипаттаған. Оның ішінде нанотұндыру жəне 
эмульсия əдістерінің полисүт қышқылы мен оның гликоль қышқылымен сополимерінің нанобөл-
шектері мен нанокапсулаларын синтездеуде болашағы зор екендігі көрсетілді. Полилактидгли-
колидтің наноөлшемді жүйелерін синтездеудің тағы бір əдісі қосарланған эмульсия əдісі болып 
табылады. Бұл əдіс ықшамды сипаттамаларға ие нанокапсулаларды алуға мүмкіндік береді. Аталған 
полимерлердің негізінде наносомалы жүйелерді қатерлі ісікке жəне түберкулезге қарсы дəрілік 
препараттармен иммобилизациялау мүмкіндігін қарастырды. Қатерлі ісік жəне туберкулез ауруларын 
емдеуде дəрілік заттармен иммобилизацияланған полисүт қышқылы мен полилактидгликолидті 
нанобөлшектері мен нанокапсулаларының медицинада қолданыс тапқан кейбір мысалдары 
келтірілген. 

Кілт сөздер: полисүт қышқылы, полилактидгликолид, нанобөлшектер, қатерлі ісікке қарсы 
препараттар, туберкулезге қарсы препараттар, дəрілік заттарды жеткізу, полимерлер, нанокапсулалар. 
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Наночастицы на основе полимолочной кислоты и полилактидгликолида, 
иммобилизованные лекарственными препаратами 

В статье приведен краткий обзор исследований, посвященных синтезу и изучению полимерных нано-
частиц и нанокапсул на основе полимолочной кислоты и ее сополимера с гликолевой кислотой. Нано-
частицы на основе биосовместимых и биодеградируемых полимеров молочной и гликолевой кислот 
привлекают внимание ученых при использовании их в качестве носителей лекарственных препаратов. 
В статье описаны методы синтеза наносомальных форм полилактида и полимолочной и гликолевой 
кислот. Методы наноосаждения и эмульсии показаны как перспективные способы получения поли-
мерных наночастиц и нанокапсул полимолочной кислоты и ее сополимера с гликолевой кислотой для 
иммобилизации их лекарственными препаратами. Еще одним методом синтеза наноразмерных систем 
полилактид-со-гликолида является метод двойной эмульсии, который позволяет получить нанокапсу-
лы с оптимальными характеристиками. Рассмотрены возможности иммобилизации наночастиц и на-
нокапсул на основе этих полимеров противоопухолевыми и противотуберкулезными препаратами. 
Показаны некоторые примеры наночастиц и нанокапсул полилактида и полимолочной и гликолевой 
кислот с лекарственными препаратами, которые уже нашли применение в медицине в лечении рако-
вых заболеваний и туберкулеза. 

Ключевые слова: полимолочная кислота, полилактидгликолид, наночастицы, противоопухолевые 
препараты, противотуберкулезные препараты, доставка лекарств, полимеры, нанокапсулы. 
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