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Introduction 

The research of drug delivery systems attracted great attention in recent years. Comparing 

to traditional therapeutics colloidal drug delivery systems possess numerous advantageous 

properties. The bioavailability of the drug can be increased due to their high dispersity while 

the specific functionalization of their surface allows targeted delivery. These properties lead 

to more effective drug therapies with reduced side effects. Polymers have great potential as 

drug delivery systems in the form of carrier molecules (conjugates, complexes) or 

nanoparticles, nanocapsules. Biodegradable materials are of special significance as they 

degrade into nontoxic substances that can be cleared from the body. Biodegradable drug 

delivery systems enable prolonged drug release where the rate of release can be controlled by 

the composition and other properties of the material. The biodegradable poly(lactic-acid) 

(PLA) and the various poly(lactic-co-glycolic acid) (PLGA) copolymers have a special role as 

delivery systems since their degradation products, lactic acid and glycolic acid are 

metabolized in the human body. 

An efficient technique for the preparation of PLGA nanoparticles is the nanoprecipitation 

method. Water insoluble drug molecules can be incorporated into the particles. The use of 

PLGA nanoparticles as drug delivery systems is limited by their surface hydrophobicity that 

induces nonspecific protein adsorption on their surface in biological environments. This leads 

to the triggering of the mononuclear phagocyte system that results in their fast clearance from 

the blood stream. Surface biocompatibility of the particles can be improved by surface 

modification that prolongs their blood circulation time. Poly(ethylene oxide)-poly(propylene 

oxide)-poly(ethylene oxids) (PEO-PPO-PEO) block copolymers, Pluronics applied as surface 

modifiers enhance the hydrophility of the PLGA. The hydrophobic PPO chains of the 

molecules anchor them to the surface of the PLGA particles while the flexible PEO chains 

increase the surface hydrophility and provide the steric stability of the particles. 

The interaction of the particles with the cell membrane and cellular uptake has a great 

influence on their potential as therapeutic agents. Knowledge on their surface properties that 

affect the biodistribution is essential to tailor a particle for a specific application. When 

prolonged circulation time of particles is the requirement in sustained drug release, no 

interaction with cell membrane is preferential. On the other hand, affinity for a specific cell 

membrane is needed in targeted delivery. 

In the present work the applicability of PLGA – Pluronic systems as drug carriers was 

investigated. 



PLGA nanoparticles stabilized by Pluronic were prepared using various PLGA and 

Pluronic polymers by the nanoprecipitation method. The particles were characterized by their 

size and colloidal stability. Surface biocompatibility of the Pluronic modified PLGA systems 

were studied using films with various thicknesses. Protein adsorption was determined by in 

situ surface sensitive technique. 

The effect of surface composition of the PLGA50 – Pluronic F127 nanoparticles on their 

size, electrophoretic mobility and colloidal stability was determined. Membrane affinity of the 

particles was also studied using a model system. Techniques were developed to control the 

membrane affinity of the particles. On one hand this involved the application of 

poly(ethyleneimine) (PEI) on the other hand synthesis and application of the end group 

modified amine derivative of the Pluronic F127, Pluronic-amine was performed. 

The application of the PLGA nanoparticles as drug carriers was tested by the encapsulation 

of various antituberculotic drugs, drug conjugates, derivatives and new drug candidates. 

 

Methods 

Spin-coating was used to prepare the PLGA-Pluronic thin films for the experiments carried 

out on the flat model system. Wettability of the films was assayed by contact angle 

measurements while the surface composition was determined by X-ray photoelectron 

spectroscopy. The interaction of the films with aqueous media and protein adsorption was 

followed by in situ spectroscopic ellipsometry. 

The size and polydispersity of the prepared PLGA nanoparticles was measured by dynamic 

light scattering and atomic force microscopy. The surface composition of the particles was 

investigated by ζ potential and X-ray photoelectron spectroscopy measurements. Colloid 

stability was characterized by turbidity changes in aqueous media with increasing electrolyte 

concentrations. Membrane affinity of the nanoparticles was determined in lipid monolayer 

penetration experiments using a Langmuir-balance. 

 

  



Theses 

 

1. It has been shown that significant accumulation of Pluronic F127 on the solid-air 

interface occurs in PLGA-Pluronic F127 blend thin films. The degree of accumulation 

was found to be dependent on the layer thickness. Pluronic content of the surface layer 

increased with increasing film thickness. The contact with water resulted in the partial 

dissolution of the water soluble Pluronic F127 leading to the decrease of accumulation 

compared to the original values. Pluronic retention of the films was greater with 

increasing layer thickness. Pluronic contents greater than in the bulk was determined 

at a layer thickness of 90 nm or more even after contact with water. 

 

2. It was determined from nonspecific protein adsorption studies on PLGA-

Pluronic F127 blend layers, that on the surface of pure PLGA high affinity BSA 

adsorption occurs that results in the formation of protein monolayer. Protein 

adsorption was reduced in the presence of Pluronic F127. It was found that with 

increasing film thickness the adsorbed protein amount decreased. The minimum layer 

thickness was determined that was necessary for the prolonged inhibition of BSA 

adsorption. 

 

3. Pluronic stabilized PLGA nanoparticles were prepared using the nanoprecipitation 

method. PLGA50 polymer and Pluronic F127 stabilizer and acetone organic solvent 

proved to be the appropriate combination for the reproducible preparation of 

nanoparticles with a diameter of 100-200 nm and great colloidal stability. 

 

4. Membrane affinity of PLGA nanoparticles was determined. Pure PLGA particles 

prepared without the use of stabilizer exhibited minimal membrane affinity while the 

Pluronic surface modified particles had increased penetrational ability. 

  



5. New surface modification method was developed to increase the nonspecific 

membrane affinity of PLGA nanoparticles. It was found that if the cationic 

poly(ethyleneimine) (PEI) was used along with Pluronic F127 as a surface modifier 

particles with increased membrane affinity were produced. As an alternative method 

the end group modified amine derivative of the Pluronic F127, Pluronic-amine was 

synthesized. PLGA particles stabilized by the Pluronic-amine showed significantly 

increased membrane affinity while keeping their colloidal stability. 

 

6. Several new drug candidates targeting Mycobacterium tuberculosis were encapsulated 

into PLGA nanoparticles. In vitro experiments confirmed that greater bioavailability 

was achieved when using the PLGA drug delivery system which also proved 

successful in the inhibition of intracellular bacteria. 
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