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SUMMARY

Nanoparticles from biodegradable polymers are damed one of the most promising systems
for biomedical application as drug delivery systefiserefore, the synthesis and characterization
of a new aliphatic biodegradable copolyester nafB&/PBDL (poly(butylene succinate-co-
butylene dilinoleate)) intended to the applicatiandrug delivery system is reported in the thesis.
Surfactant-free biodegradable and narrowly distetdunanosized spherical particles (RH < 60
nm) have been produced from the biodegradable mbktéry applying a single-step
nanoprecipitation protocol. The size of the gersrgbolymer nanoparticles (NPs) could be
controlled by adjusting the polymer concentratitwe, choice of organic solvent, mixing different
organic solvents or by changing temperature antt istnength. By optimizing such parameters
sub-100 nm uniform PNPs can be produced throughntathodology including the advantage
and ability to scale-up production. The nanopaticstructure was characterized in detail by
employing a variety of scattering techniques arahgmission electron microscopy (TEM).
Combined static light scattering (SLS) and dynaright scattering (DLS) measurements
suggested that the nanoparticles comprise a pocouvs conferring them a non-compact
characteristic. Their porosity enables water to dmtrapped which is responsible for their
pronounced stability and relatively fast degradatias followed by size exclusion
chromatography (SEC). The polymeric nanoparticlesldt be loaded with the hydrophobic
antitumoral drug paclitaxel (PTX) and doxorubicd@X) with a drug loading content of ~ 6—
7% WarugdWpolymer @and ~ 5%WyrudWpoymer  respectively. The drug encapsulation and release
modifies the inner structure of the nanoparticksich holds a large amount of entrapped water
in the drug-free condition. The controlled DOX e is pH-dependent and faster under slightly
acidic conditions and the cell viability experimemiemonstrated that the drug-free NPs are non-
toxic, whereas the DOX-loaded NPs exert in vitrtostatic efficacy on EL4 T cell lymphoma.
Finally, the successful coverage of the hydrophd®S/PBDL NPs by the non-immunogenic
and non-toxic hydrophilic N-(2- hydroxypropyl)metiiglamide (HPMA) copolymer makes
them an alternative to the biodegradable FDA-apgdovwolyester and PEG-shielded
nanopatrticles for biomedical application as drulivéey systems.

Keywords: paclitaxel, doxorubicin, biodegradablelypster, drug delivery systems,
PHPMA, light scattering



SOUHRN

Nanaiastice vytvéené z biodegradovatelnych polymerjsou povazovany za jeden
z nejslibrgjSich systém pro transport l&v pii biolékarskych aplikacich. Tato disetta prace je
proto zamdfena na syntézu a charakterizaci novych biodegradioyah alifatickych
kopolyesteli PBS/PBDL (poly(butylen sukcindts-butylen dilinoleat) pro cilenou dopraviiie.
Tyto polymery byly pouzity pro fippravu sférickych nani@stic (polongr < 60 nm) s Gzkou
distribuci roznéri pomoci jednokrokové metody nanoprecipitace b#&mmnosti povrchoy
aktivnich latek. Rozgr vytvorenych polymernich nadéastic bylo mozndidit v poZadovaném
rozsahu volbou koncentrace polymeru, &@m organického rozpouwsltia, pouZitim srési
organickych rozpou&tiel nebo nastavenim teploty a iontové sily. Optimaai £chto parametr
bylo mozno pipravit nan@astice s rozgry menSimi nez 100 nm, vyhodou tohoto postupu je
moznost pipravy ve velkych mnozstvich. Struktura naéastic byla podrolhcharakterizovana
rozptylovymi technikami a transmisni elektronovoukmoskopii. Kombinace statického a
dynamického rozptylu s¥la ukazala, Ze nadéstice jsou porézni a tedy jejich interni struktura
neni kompaktni. Zachyceni vody v pérech rigstice zajisuje na jedné strarjejich stabilitu, na
druhé strad umoziuje rychlou degradaci, kterd byla sledovana ropwe vyluc¢ovaci
chromatografii. Do nard@stic byla enkapsulovana protinadorovévé paklitaxel a doxorubicin
v mnozstvi 7% respektive 5% gwo/Wpoyme). Enkapsulace a uvabvani I€iva ma vliv na
vnitini strukturu nangastic, ktera bez va obsahuje velké mnoZstvi vod§izené uvalovani
doxorubicinu zavisi na pH, je rychlejSi ve fldtyselém progedi. Biologické testy na lilach
ukazaly, Ze samotné naf&stice nejsou toxické zatimco né&astice obsahujici doxorubicin
vykazovaly vyznamnou cytostatickowignost na T-bu&ny lymfom EL4. Pokrytim dchto
hydrofobnich PBS/PBDL nagéstic neimunogennim a netoxickym hydrofilnim polyere
pHPMA poly(N-(2-hydroxypropyl)methakrylamidem) pak vznika aftativni systém k no&im
léciv  schvalenych FDA a zaloZzenych na polyesterovyclandasésticich pokrytych
polyethylenoxidem.

Klicova slova: paclitaxel, doxorubicin, biodegradovaggbolyester, systémy pro dopravéilé
pHPMA, rozptyl s¢tla.
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1. Introduction

Polymeric nanomaterials for biomedical applicati@ie of research interest since the
early 1990s. The encapsulation of drugs and imaggemts into polymeric nanoparticles through
physical or chemical conjugation was found to hareat potential in drug delivery and
diagnostic applications. The most extensively stddiiodegradable polymer nanoparticles are
those based on Food and Drug Administration (FDggraved polymers. Some examples of the
most commonly applied biodegradable and biocomlgapblymer nanoparticles are poly(D,L-
lactideco-glycolide) (PLGA), poly(D,L-lactic acid) (PLA) anpoly(e-caprolactone) (PCL).

A successful nanoparticle system is characterizgda bhigh loading capacity which
reduces the quantity of the carrier required famidstration. Since our studies are focused on
the solvent displacement technique (nanoprecipigtithe highest entrapment efficiency is
reached at the lowest molecule solubility in theiempys phase, the fastest rate of polymer
precipitation, the largest amorphous-state solybiif the molecule in the polymer and the
highest affinity between the organic solvents dreldqueous phase.

The nanoprecipitation is a representative examplene of the most commonly used
techniques for the preparation of polymer nanoglagi for biomedical applications. It is
characterized by procedural simplicity, high encdgatson efficiency, high reproducibility, low
possible contaminant content (eg. low amounts albikting agents), low cost and easy up-
scaling.

In this thesis the synthesis and characterizatibnnew aliphatic biodegradable
copolyester named PBS/PBDL intended to the apphicads drug delivery system is reported.
The nanoprecipitation protocol was utilized to proel narrow distributed nanoparticles from
PBS/PBDL, PLGA and PLA polyesters. The influencehs physicochemical parameters such
as polymer concentration, the organic solvent eat&und ratio, and polymer structure on the final
size and distribution of the nanopatrticles werdweatad. The polyester nanoparticles were loaded
with the hydrophobic antitumoral drug paclitaxel T8 and their inner structure was
characterized by static light scattering (SLS), atgic light scattering (DLS), small angle x-ray
scattering (SAXS) and cryogenic transmission ebectimicroscopy (cryo-TEM). Finally,
PBS/PBDL nanoparticles were loaded with doxorub{@@X) and covered with the hydrophilic
N-(2-hydroxypropyl)methacrylamide (HPMA) polymer. dtcytostatic efficacy of the DOX-
loaded nanoparticles was demostratedtro on EL4 T cell lymphoma.



2. Goals of the thesis

The main objective of my Thesis is to prepare altghpolyester-based nanoparticles for
drug delivery applications. Taking into account #ignificance of the application strict request
such as biocompatibility, biodegradability, conliedl size distribution and drug release are basic
concepts which must be fulfilled. Therefore, therkvavas divided into chapters which contain
the background with the detailed description of hegrarticular goal and the resulting
achievements. The specific goals are listed below:

- Synthesis and characterization of poly(butylenecisate-co-butylene dilinoleate)
(PBS/PBDL) copolyester as an alternative to FDArappd polyesters.

- Evaluation of the influence of the physicochemigahrameters (eg. polymer
concentration, solvent nature and ratio, etc) am phrticle size distribution of the
polyester nanoparticles prepared by nanoprecipiagchnique.

- Loading the polyester nanoparticles using the hglobic paclitaxel as drug model

- Loading the PHPMA covered PBS/PBDL copolyester panticles with doxorubicin
and tests ité vitro cytotoxicity on cancer cells.



3. Results and discussion
3.1 Physicochemical aspects behind the size distributiof biodegradable polymer

nanoparticles

3.1.1The influence of the polymer concentration

The polymer concentration was tested from 1.45tong.mL* and its influence in the size
and size-distribution of the prepared NPs at prasetone/water ratio (0.4) is portrayed in Fig.
3.1 for the PLGA polymer. Under average condititims nanoprecipitation process using pre-
formed polymers produces NPs in which the size grdwearly with increasing polymer
concentration. In these cases NPs grow mainly girowcleation and aggregation mechanism.
Therefore, the increase in the number of availabj@lymer chains (higher concentration) leads
to an increase in the number of nuclei and conseghluim the probability of nuclei encounters.
Each encounter causes aggregation of nuclei thenebgasing the nanopatrticle size.
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Figure 3.1 Influence of the polymer concentration on the tical features of PLGA
nanoparticles prepared by nanoprecipitation: mesoparticle size (A), polydispersity index (B)
and(-potential (C).

3.1.2The influence of the organic solvent

In order to investigate the influence of the olgasolvent the nanoprecipitation
procedures were performed by using the followingewaniscible solvents: dimethyl sulfoxide
(DMSO), dimethylformamide (DMF), acetone, acetald@tand tetrahydrofuran (THFkEig. 3.2
shows the plot of mean patrticle size as a funabibthe interaction parameter)( A consistent
tendency was observed of size increase as a funationcreasingsowent-water 1€ mean particle
size increases in the order: DMSO < DMF < acetidmitr acetone < THF.
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Fig. 3.2 Influence of the water-organic solvent interactgarameter ¥sowent-wate) ON the mean
nanoparticle size.

3.2 Biocompatible and biodegradable polymeric nanopeles for drug delivery

3.2.1Nanoparticles characterization
The PBS/PBDL copolyester was successfully syntieelsby melt polycondensation using
succinic acid (SA), dilinoleic acid (DLA) and 1,4danediol (BD) as building block monomers

(Fig. 3.3).
H‘BO/\/\/OMO/\/\/OWOH

n

Fig 3.3 Molecular structure of poly(butylene succinatebttylene dilinoleate) (PBS/PBDL)
copolyester.

The nanoparticles produced from the PBS/PBDL omster were characterized by DLS,
SLS, Cryo-TEM and SAXS. The PBS/PBDL NPs was loagéth the hydrophobic drug
paclitaxel (PTX) and their physicochemical propstsuch as hydrodynamic radil%), radius
of gyration Rs), molar massNl,,) and densityd) were compared under the same conditions with
the properties of NPs prepared from the FDA apptgayesters PLA and PLGA, table 3.1.



Table 3.1Physicochemical characteristics of the guest-ldadies

Entr Ra g it ¢ Mugue e Chvps yme
Y (nm) 9SPESY vy (107 g.mot) (r;m R/Ri (.cni®) pg?g’rgﬂ)er

PLGA 313 010 370 17 267 085 006 134
PLGA2.0% 382 012  -30.0 3.2 321 084 005

PLA 321 010  -35.0 47 260 081 006  1.32
PLA20% 347 011  -320 107 313 090 005

PBSBDL 467 010 -37.0 103 526 113 039  1.08
PBSIPBDL 1,0 009 350 121 350 079 057

5.0 %

DLS/SLS clearly indicate that the drug encapsutatieduces the dimensions of the
PBS\PBDL NPs (table 3.1). The reduction observetienhydrodynamic dimensid®y was from
46.7 (drug-free NPs) to 44.0 nm (drug-loaded NPBgneas their radius of gyratioRd) has
been reduced more, from 52.6 to 35.0 nm. This rfealucs reflected in the value p = Rs/Ry)
that describes the inner structure of the NP anttlwHecreases from 1.13 (drug-free NPs) to
0.79 (drug-laded NPs). Similar behavior was obserge SAXS of the unloaded and PTX-
loaded NPs with fitting the data using the formtéaof homogenous spheres. The reduction of
the NPs average radiuR)(from 39.9 (drug-free NPs) to 35.2 nm (drug-loatif®k) confirms the
results observed by light scattering. Another edgéng feature observed by DLS/SLS was the
increase in the particles density from 0.39 to OgghL™' after the loading of PTX into the
PBS/PBDL NPs. The increase in the NPs density &socwith the reduction in the-ratio
(from soft to hard sphere) clearly reflects thensraon of the inner particle structure from a
water-swollen condition (drug free NPs) to a highegree of compactness (drug-loaded NPSs).
However, in comparison to PBS/PBDL NPs loaded WittX, the PLA and PLGA nanoparticles
loaded with 2%wqrdWpolymer Presented an opposite behavior as reported inathie 3.1. An
increase irRs andRy was observed as PTX is loaded in the PLA and PNPA, which was also
confirmed by SAXS data. Furthermore, no changabenPLA and PLGA NPs density could be
detected after drug loading. These differencesrgbdebetween PLA and PLGA in comparison
to PBS/PBDL NPs under the presence of PTX mightdbated to the hydrophobicity of the
PBDL monomer units in the copolyester. The BDL mmeo unit, which is basically a branched
hydrocarbon chain and therefore it is extremely rbgtobic, provides to the PBS/PBDL
copolyester a much higher hydrophobic characterigti comparison to PLA and PLGA
polyesters. Therefore, under guest-free condittbrssis reflected in a much more compact and
dense PBS/PBDL NPs in comparison to PLA and PLGA.NP
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3.3 HPMA-based polymer as coating for PBS/PBDL copdter nanoparticles: the
nanoparticles physico-chemical aspects and steglthperties
3.3.1Nanoparticles characterization

The PBS/PBDL NPs previously mentioned cannot bected in the blood circulation
without the presence of a hydrophilic coverage.rétuee, the PBS/PBDL NPs was coated with
the hydrophilic polyl-(2-hydroxypropyl) methacrylamide) (PHPMA) via hypghobic
interaction (Fig. 3.4), using attached units offoyhobic cholesterol.
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Fig. 3.4Molecular structure of the PBS/PBDL copolyestepjtand PHPMA-chol (bottom).

In order to verify the influence of PHPMA-chol dmetphysicochemical properties of the
PBS/PBDL NPs several ratios between the copolymers prepared (table 3.2).

Table 3.2Physicochemical characteristics of the produced NP

By oy Dispersity (8 o' gmert (om) (@) )
NPO  47.0 0.10 -37.0 12.9 47.0 0.49 0.0
NP1:20 40.0 0.10 -40.0 5.78 35.0 036 138
NP1:10 38.0 0.09 -39.0 4.25 32.0 028 22
NP1:6.7 37.0 0.08 -39.0 3.85 28.0 028 23
NP1:5  40.0 0.12 -35.0 4.04 37.0 0.24 2.5

2 PHPMA-chol:PBS/PBDL ratic? thickness of the adsorbed PHPMA layer measuresldntrophoretic
light scattering (ELS).
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A relatively narrow size distribution for the NRR&s observed (from 0.08 to 0.12, Table
3.2) according to the cumulant method which is gahe used to calculate the particles
dispersity in a colloidal system. The sizes of MrRsduced with different amounts of PHPMA-
chol show values always below 100 nm (Table 3.3Jiameter D = 2R,) making them suitable
candidates for therapy based on enhanced perngadnld retention (EPR) effect. The zeta
potential observed for the NPs seems to be indeperad the PHPMA-chol concentration and is
in the range of — 38 mV. As expected, a reductmoM,jne)andRy of NPs was observed with the
presence of the PHPMA-chol. This indicates thatRE#PMA-chol chains quench the particles
growth reducing the number of PBS/PBDL chains pemoparticle. Furthermore, the density
continuously decreases with increasing PHPMA cdrder to the formation of a progressively
highly hydrated nanoparticle as the PHPMA-chol emiation increases. Meanwhil®g
decreases whered?; remains mostly constant resulting in the reductadnp up to the
concentration of PHPMA-chol of 0.75 mg.mL The reduction ofRs observed for the
concentration range of 0.25 to 0.75 mg:hrhight be related to the properties of the hydrdgito
PBS/PBDL copolyester since PHPMA is responsibleafanaximum of 13% of the overall NP
mass Wnpma-cho/ Wess/pepl) IN the mentioned concentration regime. Becausé”®BS/PBDL NPs
are characterized by a water-swollen inner strectbe addition of PHPMA-chol leads to the
formation of more collapsed nanoparticles (as ssiggeby the reduction of tH&y/Ry factor). It
is important to notice that in the early steps lbé thucleation process the probability of
interactions between the PBS/PBDL copolyester WiPMA-chol chains which contains higher
amount of cholesterol are preferable. As previowsynonstrated for the paclitaxel drug, the
chol-PBS/PBDL hydrophobic interactions are likety dccur favoring a draining process and
therefore the collapsing of the PBS/PBDL segmerustiy located in the center of the particles.
Simultaneously, the hydrophilic and highly hydraRidPMA segments tend to be located in the
nanoparticles periphery towards the outer shedliteato the reduction in the overall density of
the NPs.

3.3.2In vitro cytostatic activity

The cytostatic potential of the DOX-loaded NPs &m@ DOX was evaluated in EL4
tumour cells (Fig. 3.5). The level of cytotoxiciiyund for NPDOX was comparable to previous
PHPMA-DOX conjugates investigated using the sanme@aline. However, the level of toxicity
found for the free drug (£ = 0.006pg.mL-1) was 100 times higher in comparison to NPDOX
This might be explained by the lower rate of caltuliptake of the DOX-containing NPs
(NPDOX) by endocytosis in comparison to the fasiiéfusion of the drug into the cells and the
relative slow DOX release form NPs after their kptay the cells.

12
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Fig. 3.5 Cell viability (%) of EL4 lymphoma cells after inbation for 48h with free DOXm(),
NPO (A), NP1:6.7 non-loaded], NPDOX (o) and cell mediad).

4. Conclusions

Some of the most relevant physicochemical parametdated to NPs size produced by
nanoprecipitation process such as polymer condemtrand the nature of the organic solvent
were investigated in detail. NPs with hydrodynamadius ranging from 28 to 128 nm were
successfully produced through nanoprecipitationm@nipulation of these parameters. Besides
polymer concentration, the nature of the organitvesa seems to be the most relevant
physicochemical parameter, because using thesenpteis the size of the NPs can be precisely
and linearly tuned in a wide size range withougetihg the polydispersity and tiigotential.

Novel biocompatible and biodegradable PBS\PBDL tmster nanoparticles based on
monomers derived from renewable sources were ssitdigsproduced. DLS measurements
showing particles sizes around 120 nm indicate rizie conditions for drug delivery
applications. Information related to the particlensity and inner structure revealed by the
combination of SLS and DLS measuremepts Rs/Ry) suggest that they are water-swollen with
a soft behavior. PBS/PBDL NPs were able to encapsiletween 3 to 5 times more hydrophobic
drug PTX in comparison to the very well-known startdFDA approved polyester nanoparticles
of PLA and PGLA. Moreover, drug encapsulation miedithe inner structure of the NPs leading
to the shrinking and to higher degree of compastie® to hydrophobic interaction between the
polymer and the drug.

The presence of the hydrophilic PHPMA outer layeverage of NPs was studied by
SLS/DLS, electrophoretic light scattering and SAé8hniques and their stealth properties were
evaluatedin vitro under physiological conditions. The cell viabiléxperiments demonstrated
that the drug-free NPs are non-toxic whereas th&{maded NPs resulted in vitro cytostatic
effect on EL4 T cell lymphoma. Taking into accotimt described properties of PHPMA such as
hydrophilicity, flexibility, low immunogenicity anability to prolong circulation of nanoparticles

13



in blood stream and reduce the toxicity, the PHPigIAroving to be a promising alternative to
PEG as shielding for nanoparticles intended to kiinal applications.

1. Uvod

Polymerni materidly pro biolékské pouziti jsou ffednEtem intenzivniho zajmu jiz
nejmérg 30 let. Enkapsulace d& a zobrazovacich ztek do polymernich nawéstic
chemickymi nebo fyzikalnimi metodami se ukazaly tgtmi perspektivni pro cilenou dopravu
léiv a pro diagnostické aplikace. Nejvice jsou studgy nandastice vytvéené s pouzitim
biodegradovatelnych polymierschvéalenych FDA (Food and Drug AdministrationfikRdy
¢asto uzivanych biodegradovatelnych a biokompafitfilmpolymed jsou poly(D,L-ml€naco-
glykolova kyselina) (PLGA), poly(D,L-mt#é kyselina) (PLA) and polg{kaprolakton) (PCL).

Dobre pouZzitelny nantasticovy systém je charakterizovan vysokou enkapsul
kapacitou pro l&vo, ktera snizuje mnozstvi polymeru nutné pro doprpotebné davky l&va.
NaSe studie je zatfena na pouziti techniky nanoprecipitace, kde kdtgjvabsorpci l&va
nejvyssi rozpustnostd&a v amorfnim polymeru aipnejvyssi afini¢ organického rozpouidla
k vodni fazi.

Nanoprecipitace jeifkladem jedné zd¥nych metod uZivanych prdipravu nanéastic
pro biolékdské aplikace. Vyzraje se technickou jednoduchosti, vysokowingdosti
enkapsulace, vysokou reprodukovatelnosti, malynalodasm kontaminant(nag. stabilizujicich
latek), nizkou cenou a moznosti velkoobjemokipravy.

V této disertaci je popsan postup syntézy a charakce nového alifatického
kopolyesteru PBS/PBDL zamySleného pro vyero systému pro cilenou dopravuéile
Nanaiastice s Uzkou distibuci byly vytieny z polyestér PBS/PBDL, PLGA a PLA. Popsali
jsme vliv fyzikalre-chemickych paramaetrjako koncentrace, typ, sloZeni a pwnorganického
rozpoustdla a struktury polymeru na kotrey rozneér nan@astic a na $ku ditribuce rozmir.
Do polyesterovych narastic bylo enkapsulovano hydrofobni protinadora®évo paklitaxel;
jejich vnittni struktura byla charakterizovana statickym rolgpty swtla (SLS), dynamickym
rozptylem s¥tla (DLS) malouhlovym rozptylem rentgenovéhoirerd (SAXS) a transmisni
kryoelektronovou mikroskopii (cryo-TEM). Do natéstic PBS/PBDL bylo enkapsulovano
protirakovinné léivo doxorubicin acéastice byly pokryty hydrofilnim polymerem poNA(2-
hydroxypropyl)methakrylamidem] (pHPMA). Cytostatickeinnost gchto ¢astic byla proviena
in vitro na T-bur¢né lymfomove linii EL4.

14



2. Cile disertace

Hlavnim cilem disertace byl&iprava alifatickych nani@stic zaloZenych na polyesterech pro
aplikace pi doprav léciv. Vzhledem k narénosti takového pouziti je nutno dodrzet podminky
biokompatibility, biodegradovatelnosti, distribuaelikosti nanoastic a profilu uvalovani.
Prace je proto roztena do kapitol, podle jednotlivych dith cili a ziskanych vysledk Dil¢i
cile prace byly:

- Syntéza a charakterizace kopolyesteru poly(butydakcinateo-butylen dilinoleat)
(PBS/PBDL) jakozto alternativy k polyesten schvalenym FDA

- Zhodnoceni vlivu fyzikalchemickych parametr (koncentrace polymeru, typ
rozpoustdla apod.) na distribuci rozimi nang@astic gipravenych metodou
nanoprecipitace

- Enkapsulace modelového hydrofobnih&ivé paclitaxel do polyesterovych naswstic

- Enkapsulace protirakovinného ¢iea doxorubicin  do nani@stic kopolymeru
PBS/PBDL pokrytych PHPMA a @¥eniin vitro toxicity na rakovinnych hikach.

15



3. Vysledky a diskuse

3.1 Fyzikalné-chemické Fizeni distribuce roz@rii biodegradovatelnych polymernich
nano¢astic
3.1.1 Vliv koncentrace polymeru

Koncentrace polymeru byla testovana v rozsahu .45amg/mL* pii pevném poréru
organické faze (aceton) : voda 0.4. Polom Stka distribuce nandstic jsou zobrazeny na obr.
3.1 pro polymer PLGA. i# nanoprecipitaci s pouzitimi@edem pipravenych polymeir rozmer
nana@astic roste lined# s rostouci koncentraci polymeru. Naastice rostou igdevsim
mechanismem nukleace a agregace. PrdtovysSim p@tu kopolymernichietzci (vySSi
koncentrace) je &Si paet nuklegnich center a potom &t8i pravépodobnost srazky
nukleaniho centra s polymerem nebo jinym nukldan centrem coz vede K ri&tu rozngru

nangastice.
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Obr. 3.1 Vliv koncentrace polymeru na vlastnosti PLGA n&msdic: stedni rozmdr nan@astic
(A), index polydisperzity (B) §-potencial (C)

3.1.2Vliv organického rozpou&dla

Vliv organické faze na nanoprecipitaci byl zkoum@no tato svodou misitelna
rozpoustdla: dimethylsulfoxid (DMSO), dimethylformamid (DMJF aceton, acetonitril a
tetrahydrofuran (THF). Obr. 3.2. zné#agje zavislost pimérného rozmiru nand@astice na
interalkénim parametryy. Je vidt systematicky ndist rozngéru rozneru s rostouci hodnotou
Xrozpoustdio-voda ROZNEr nafista v péadi DMSO < DMF < acetonitril < aceton < THF.
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3.2 Biokompatibilni a biodegradovatelné polymemdno¢astice pro dopravu lév
3.2.1 Charakterizace nar@stic

Kopolyester PBS/PBDL byl ugpné syntetizovan polykondenzaci v tavehin vychozich
monomet sukcinové kyseliny (SA), dilinoleové kyseliny (DA 1,4-butandiolu (Obr. 3.3).

o]
o
Ie} DP o

n

Obr. 3.3. Molekularni struktura kopolyesteru poly(butylenksimat-co-butylen dilinoleét)
(PBS/PBDL)

Nanaiastice vytvéené z kopolyesteru PBS/PBDL jsme charakterizovath@ci statického a
dynamického rozptylu stla, Cryo-TEM a malouhlového rozpyly rentgenoveéldgeni (SAXS).
Do nanaastic bylo enkapsulovano hydrofobniil® paclitaxel (PTX) a fyzikal&chemické
vlastnosti nangastic jako hydrodynamicky polamRy, gyra&ni polongr Rs, molarni hmotnost
My, hustotad byly porovnany s vlastnostmi natéstic vytvdenych z polymer schvalenych
FDA, a sice PLA a PLGA jak blize uvedeno v tabuce
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Tabulka 3.1 Fyzikalrg-chemické vlastnosti nagastic

Polymer (r?r';) Disperzita (mZV) (1oy§hrﬁ)orl) (r?r%) Ro/Ri (g(?g:%) i;fﬁgy
PLGA 31.7 0.1C -37.C 1.7 26.7  0.8F 0.0€ 1.3¢
PLGA 2.0%  38.2 0.12 -30.0 3.2 32.1 0.8¢ 0.05

PLA 32.1 0.10 -35.0 4.7 26.0 0.81] 0.06 1.32
PLA2.0%  34.7 0.11 -32.0 10.7 31.3 0.9C 0.05

PBSBDL 46.7 0.10 -37.0 10.3 526 1.13 0.39 1.0¢
PB:QP;DL 44.0 0.09 -35.0 1.21 350 0.79 057

4g.cm®

DLS a SLS ukazuji Ze enkapsulac&\é zmensuje rozam nana@astic PBS/PBDL. Zmenseni
hydrodynamického polo#nu je zRy = 46.7 nm (bez téva) naRy = 44.0 nm (s enkapsulaci
|éciva). Gyrani polomér Rg se zmenSil vice, z 52.6 na 35.0 nm. PpdilRs/Ry, ktery popisuje
vnitini strukturu nangéstic pak po enkapsulacilea klesé z 1.13 na 0.79. Podobny vysledek byl
ziskan z rozptylu rentgenovéhoiedi s analyzou rozptylovychiikek modelem homogennich
kouli. SniZzeni gyréniho polongru z 39.9 nm na 35.2 nm potvrzuje vysledky ziskarzptylem
swtla. Zajimavym vysledkem ziskanym z rozptyli&tty je rovrez zvySeni hustoty z 0.39 na
0.51 g/mL po enkapsulacid&a do nanoastic. Tato zna v souvislosti se snizenim pénp ,
ktery popisuje zrnu vnitni strutury nan®éstice z mikké na kompaktni kouli popisujegrhod
z vodou nabotnalé naddstice bez k&va na kompaktni nadstici s enkapsulovanymdigem.
Na druhou stranu opay jev byl pozorovan vifppad nan@astic PLA a PLGA obsahujicich 2%
|&Civa, jak je uvedeno v tabulce 3.1. Je patrnyisidRs a Ry po enkapsulaci paclitaxelu, coz bylo
potvrzeno i rozptylem rentgenovéhoredi. Kron¢ toho vtomto pipact nebyla pozorovana
Zzadna zmina v hustat nan@astic po enkapsulacid&a. Tyto rozdily mezi polymery PLA a
PLGA ve srovnani s PBS/PBDlLiipisujeme vysSi hydrofobicitPBDL jednotek v kopolyesteru.
Monomer BDL ma v zas&dstrukturu rozétveného uhlovodikovéheetézce a je proto velmi
hydrofobni, proto je kopolymer PBS/PBDL mnohem lojdbrgjSi nezli polyestery PLA a
PLGA. Proto jsou nari@stice PBS/PBDL mnohem kompalii nezli nanoastice PLA a
PLGA.
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3.3 Pokryti PBS/PBDL nandastic polymerem na bazi HPMA: fyzikaéchemické vlastnosti
nano¢astic a jejich zneviditeldni pro imunitni systém
3.3.1Charakterizace nan@stic

Nana:astice PBS/PBDL nelze pouzit v krevnimeébb bez jejich pokryti hurdofilnim
polymerem. Proto byly fipraveny nandéstice PBS/PBDL pokryté hydrofilnim polymerem
poly[(N-(2-hydroxypropyl)methakrylamidem] (pHPMA) prostnictvim hydrofobni interakce
(obr. 3.4) pipojenych jednotek hydrofobniho cholesterolu:

o o o
KO\/\/\ O\/\/\ )J\ )I\]\
H o oP, (] DLA HOH
o

Obr. 3.4 Molekularni struktura kopolyesteru PBS/PBDL (né&é)a PHPMA-chol

Efektivita pokryti nangastic byla zkoumana pragkolik poméra mezi PBS/PBDL a PHMPA-
chol (tabulka 3.2)

Tabulka 3.2Fyzikalre-chemickeé vlastnosti nanastic

b
Systért (r?r:) Disperzita (mZV) (105A§.‘?npérl) (r?ril) (g.r:L'l) (an)
NPO 470 010 370 129 470 049 0.0
NPL20 40.0 010  -40.0  5.78 350 036 18
NP1:10 380 009 -390 425 320 028 22
NP1:6.7 370 008 -390  3.85 280 028 2.3
NP5 400 012 350  4.04 370 0.4 25

2 pomer PHPMA-chol:PBS/PBDL "tlou&’ka adsorbované vrstvy pHPMA
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Na zaklad metody kumularit obvykle pouzivané pro stanoveni disperzity kol@tn
systént jsme zjistili relativie Uzkou distribuci nangstic, v rozsahu 0.08 az 0.12 (tabulka 3.2).
Rozmery nan@astic (pimer 2Ry) pripravenych siznym mnozstvim PHPMA kopolymeru byly
vzdy byly menSi nez 100 nm, coZ §ai vhodnymi pro pouZziti pro dopravucie s vyuZzitim
efektu EPR (,Enhanced Permeability and Retentia®€}a potencial narastic je piblozn¢ — 38
mV a nezavisi na koncentraci PHPMA-chol. Podiek@vani jsme pozorovali zmenséjne) a
Ry nan@éstic v gitomnosti PHPMA-chol. To ukazuje, Zgifmmnost PHPMA omezujeust
nand@astic a poéet PBS/PBDLietzch v nan@astici. Sodasre se s rostoucim podilem pHPMA
shiZzuje hustota nagéstic jako dsledek hydratace, Bs roste zatimcdry je téngt konstantni,
¢imz klesdp az do koncentrace PHPMA-chol 0.75mg/mL. &@a R; v oblasti 0.25 az
0.75mg/mL je dana vlastnostmi kopolymeru PBS/PBRbai PHPMA reprezentuje pouze 13%
hmoty nane¢astice. ProtoZze natastive PBS/PBDL jsou nabotnalé voddidavek pHPMA-chol
vede ktvorl kompaktgjSich nanéastic, coz se projevuje zmenSenim podRg/Ry.

V pocatetnich fazich nukleace jsou tgainostovany kontakty mezi kopolyesterem PBS/PBDL a
fettzci PHPMA-chol. Podobh jako jsme ukazali vifpact hydrofobniho paclitaxelu i zde
v pripact hydrofobnich jednotek cholesterolu dochazi k hiabnoi interakci s PBS/PBDL a
k vytésiovani vody a shlukovani segmé&nPBS/PBDL pevazié v centralnicasti nanoastic.
Zaroveh hydrofilini a hydratované segmenty PHPMA jsou lad@any grednosts v okrajovych
¢astech nantastic coz vede ke snizeniiperné hustoty nan@stic.

3.3.2Cytostaticka aktivita in vitro

Cytostatickad aktivita doxorubicinu enkapsulovanédo nangéastic (NPDOX) byla
porovnana s aktivitou volného doxorubicinu na nagérburené linii EL4 (Obr. 3.5). Urovie
cytotoxicity NPDOX byla srovnatelna s arovni profiwdjSi konjugaty PHPMA-DOX
studovanymi na stejné b&meé linii. Nicmeérg toxicita volného léiva (ICso = 0.006ug.mL-1)
byla asi 100 krat silnéjSi v porovnani s NPDOX. TmiZze byt vys¥étleno pomalejSim
vsttebavanim NPDOX do bk endocyt6zou ve srovnani s rychlejsSi dufazi voinBIOX a také
pomalejSim uvaiovanim DOX z nangastic po jejich vsebani.

100+ 91:?‘5”9"3\9%\‘ see .
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(1 o)
804 \ \
[ ]
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40-
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0-—O— NPDOX u I—I—I—I—I>O
T T T T T

10* 10° 10? 10" 10° 10
Dox (pg/mL)

Cell viability (%)

Obr. 3.5 Zivotnost bugk lymfomové bugéné linie EL4 po inkubaci 48 hod s volnym DG(
NPO(A), NP1:6.7¢), NPDOX (0) a burgenym médiemt)
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4. Zawry

V této disertani praci byl podrob& prostudovan vliv nejilezitéjSich fyzikalre-chemickych
parameti na rozndr nand@astic gipravenych metodou nanoprecipitace, ifldpd vliv
koncentrace polymeru, sloZeni rozp&d#, typ organického rozpowsia. Variaci &chto
parameth byly cilerg pripraveny nangastice s hydrodynamickym pol@érem v rozmezi 28 az
128 nm. Podstatny vliv na rogmma, kron¢ koncentrace polymerujgdevsim typ organického
rozpoustdla, nebd jejich pouzitim lze fesre a linearg fidit rozmer aniz by se zarowemenil
zeta potencial nagéstic nebo jejich polydisperzita.

Byly pripraveny nové biodegradovatelné a biokompatibilopdyestery PBS/PBDL,
které byly syntetizovany z mononteptipravenych z obnovitelnych zdfojDynamicky rozptyl
swtla ukazuje, Ze narastice z nich vytviené maji rozrér priblizné 120 nm, coz j&ini velmi
vhodnymi pro pouziti P cilené dopra¥ protinddorovych I&v. Informace o jejich hustéta
vnitini struktde ziskané statickym a dynamickym rozptylendtlsv (p = Rs/Ry) ukazuji, Zze
nand@astice jsou nabotnalé vodou a maji charaktékkych kouli. Nanoéastice vytvéené
z kopolymeru PBS/PBDL jsou schopny enkapsulovatk3ah vice hyrdofobniho téva PTX ve
srovhani se standardnimi n&aeticemi schvalenymi FDA vytwenymi z polymek PLA a
PLGA. Enkapsulace #va vede ke zrné vnitini struktury nan®astic, ke zmenseni jejich
rozméru a vySSi kompaktnosti, coZ je tgwbeno hydrofobni interakci mezi polymerem a
lecivem.

Vlastnosti vejSi hydrofilni vrstvy nan®astic, vytvdené z polymeru pHPMA byly
studovany metodami statického a dynamického roaswitla, elektroforetického rozptylu stta
a malothlového rozptylu rentgenovéhorerd. (Einek biologického zneviditetmi pokrytim
PHPMA byl studovanin vitro za fyziologickych podminek. Experimenty s Zivotiiosunsk
ukazaly, Zze samotné naféstice nejsou cytotoxické zatimco naastice s enkapsulovanym
lécivem DOX vykézaly cytostaticky efekt na nadorovéiiliEL4. Vzhledem k vynikajicim
vlastnostem polymeru pHPMA jako hydrofilicita, olmelst, nizk& imunogenicita, schopnost
prodlouzit cirkulaci nan&stic v krevnimieCisti a snizit jejich toxicitu je PHPMA velmi
perspektivni alternativou k polymeru PEO jako pokmana@astic pro biolékeské aplikace.
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