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INTRODUCERE

Cerectarile actuale in domeniul tehnologiei farmaceutice urmaresc realizarea
unor strategii de cedare a agentilor terapeutici la locul specific al actiunii
farmacologice astfel incat sa se obtind o biodisponibilitate crescutd a agentului
terapeutic Tn vecindtatea receptorilor biologici, deci la locul care constituie tinta
medicatiei. Transportul la tintd prezintd o importantd deosebita in cazul administrarii
agentilor terapeutici din clasa peptidelor si proteinelor si se poate realiza cu ajutorul
unor sisteme nanometrice de tipul nanoparticulelor si lipozomilor. Aceste sisteme sunt
capabile sa protejeze proteina Incorporatd de degradarea proteolitica si de captarea de
catre sistemele de aparare ale organismului §i sa asigure cedarea sa in forma activa la
locul actiunii biologice.

Obiectivul general al lucridrii a constat in prepararea §i caracterizarea
nanoparticulelor si lipozomilor, incorporarea in aceste sisteme a unor proteine model
si evidentierea imbunatatirii efectului biologic al acestor proteine de cétre sistemele
de transport alese, comparativ cu efectul obtinut dupa administrarea proteinei sub
forma de solutie, la animale de experienta.

PARTEA GENERALA

1. SISTEME NANOMETRICE UTILIZATE PENTRU TRANSPORTUL LA
TINTA AL PROTEINELOR

Nanoparticulele sunt particule coloidale cu dimensiuni cuprinse intre 10 si
1000 nm. Substanta medicamentoasa este dizolvata, incorporata in reteaua polimerica,
incapsulatd sau adsorbitd la suprafata matritei polimerice, fiind protejata astfel de
degradare hidroliticd sau enzimatica.

Lipozomii sunt vezicule artificiale alcatuite din unul sau mai multe straturi
lipidice concentrice care includ un numar egal de spatii apoase.

Nanoparticulele si lipozomii au fost propuse ca o solutie pentru administrarea
proteinelor si peptidelor, atit pe cale parenterala cat si pe calea mucoaselor, datorita

.....

celulele si tesuturile organismului.

2. UTLIZAREA PROTEINELOR CA AGENTI TERAPEUTICI

Numeroase proteine si peptide sunt utilizate la ora actuald in terapia unor boli
pentru care Incd se mai cautd o farmacoterapie eficienta, datoritd obtinerii proteinelor
pe scard larga prin biotehnologie. Proteinele au un spectru impresionant de indicatii
terapeutice, incluzdnd agenti terapeutici adresati bolilor sistemului cardiovascular,
agenti antivirali, antialergici, analgezici si antiinflamatori, agenti antineoplazici.
Administrate pe cdile conventionale, proteinele si peptidele se caracterizeaza printr-o
biodisponibilitate redusd datoritd mai multor factori: permeabilitatea redusa prin
membrane, instabilitatea fizico-chimica a moleculei si timpul redus de rezidentd la
locul absorbtiei. Administrarea proteinelor pe cdi convenabile si noninvazive ar fi
posibild insa cu ajutorul sistemelor de transport la tinta.



PARTEA EXPERIMENTALA

PARTEA I-a: NANOPARTICULE POLIMERICE

1. INFLUENTA  FACTORILOR DE FORMULARE ASUPRA
PROPRIETATILOR FIZICO-CHIMICE ALE NANOPARTICULELOR
DINTR-UN COPOLIMER AL ETERULUI METILVINILIC CU ANHIDRIDA
MALEICA (GANTREZ® AN) ASOCIATE CU DEXTRAN

Prima parte a cercetarilor a fost dedicata preprarii unor nanoparticule dintr-un
copolimer al metilvinileterului cu anhidrida maleici (Gantrez® AN) prin metoda
deplasarii solventului. Aceste nanoparticule au fost asociate cu dextran cu diferite
mase moleculare (Dex40, GM 40000 si Dex70, GM 70000), prin doud metode:
incubarea copolimerului cu dextran inaintea formarii nanoparticulelor (Metoda A) sau
asocierea dextranului la nanoparticuelele preformate din copolimer (Meroda B). S-a
studiat influenta unor factori de formulare asupra proprietatilor nanoparticulelor, prin
analizd multivariatd. Factorii de formulare studiati au fost masa moleculard a
dextranului utilizat, metoda de asociere a dextranului la nanoparticule, cantitatea de
dextran luatd in lucru si timpul de incubare a polimerului cu dextranul.
Nanoparticulele preparate au fost caracterizate prin marime, potential zeta, randament
de preparare, cantitate de dextran asociata si eficienta asocierii. Cu ajutorul analizei
multivariate, s-au stabilit conditiile optime pentru asocierea dextranului la
nanoparticule, pentru fiecare tip de dextran utilizat.

Cel mai important factor, care a influentat toate proprietatile nanoparticulelor
a fost masa moleculard a dextranului. In cazul utilizarii Dex70, nanoparticulele
rezultate au fost mai mari, au avut potentialul zeta mai mare §i randamentul de
preparare a fost mai mare decat la utilizarea Dex40. Cantitatea de dextran asociatd si
eficienta asocierii au fost mai mari pentru Dex40. Metoda de preparare a influentat
marimea nanoparticulelor si randamentul de preparare. Astfel, atunci cand asocierea
dextranului s-a facut prin Metoda B s-au obtinut nanoparticule mai mari si cu
randamente mai mari decit in metoda A. Timpul de incubare a influentat marimea
nanoparticulelor, nanoparticulele rezultate fiind mai mari la timp de incubare mai
mare. De asemenea, s-a constatat o crestere a cantitatii de dextran asociate la cresterea
timpului de incubare a polimerului cu dextranul in Metoda A, dar numai la folosirea
unor cantitdti initiale mici de dextran. Cantitatea de dextran utilizata in procesul de
obtinere a nanoparticulelor a influentat cantitatea de dextran asociatd acestora si
dextran dar eficienta asocierii a variat invers proportional cu aceasta.

Formula optima s-a obtinut in cazul Dex40 prin metoda B si a avut un continut
de dextran de 28 pg/mg iar pentru Dex70 prin metoda A si a avut un continut de
dextran de 26 pg/mg.

2. CARACTERIZAREA FIZICO-CHIMICA SI DETERMINAREA
PROPRIETATILOR BIOADEZIVE IN VIVO ALE NANOPARTICULELOR
DIN GANTREZ ASOCIATE CU DEXTRAN

Pe baza rezultatelor analizei multivariate din capitolul precedent s-au selectat
cateva formuldri pentru o caracterizare mai aprofundatd in vitro si studierea
proprietatilor bioadezive in vivo, dupa administrare orald la sobolani. S-au selectat
pentru studiu nanoparticule asociate cu dextran conventional (Dex40 si Dex70)
preparate prin cele doud metode prezentate anterior, precum si nanoparticule asociate



cu dextran cu grupari amino (AmDex70, GM 70000). Deoarece analiza multivariata a
ardtat cd, in general, eficienta de asociere a dextranului este mai mare la un raport mic
(0.1-0.2) intre cantitatea de dextran si cea de copolimer, s-a fixat ca raport de lucru
dextran/copolimer valoarea 0.2, indiferent de metoda de preparare, iar timpul de
incubare a fost 30 de minute. In cazul AmDex, prezenta gruparilor amino a determinat
o reactivitate foarte mare cu grupdrile anhidrida ale polimerului. Drept urmare,
nanoparticulele cu AmDex au fost preparate doar prin Metoda B si, in acest caz,
raportul AmDex/copolimer utilizat a fost 0.003. Pentru studiul de bioadeziune, toate
formularile selectate au fost incarcate cu un marker fluorescent, rodamina B
izotiocianat (RBITC).

Cel mai important obiectiv al studiilor in vitro din acest capitol l-a constituit
evidentierea asocierii dextranului la nanoparticule. In acest sens, pentru dextranii
conventionali s-au aplicat metode spectrale (IR si 'H RMN) iar pentru AmDex s-a
utilizat testul de aglutinare in vitro cu concanavalind A. Spectrele IR au evidentiat
asocierea dextranului la nanoparticule prin prezenta unor benzi de absorbtie
caracteristice dextranului in spectrul nanoparticulelor, insd nu s-a evidentiat formarea
de legaturi covalente intre cele doua componente ci doar formarea unor legaturi de
hidrogen intre polimer si gruparile hidroxil ale dextranului. Prin spectroscopie 'H
RMN s-a evidentiat asocierea dextranului la nanoparticule, datorita prezentei celor
doua picuri caracteristice gruparii metilen si protonilor gruparilor hidroxil ale
dextranului. In cazul AmDex, prezenta acestuia la suprafata nanoparticulelor a cauzat
un fenomen de aglutinare a nanoparticulelor cauzat de interactiunea resturilor de
AmbDex cu concanavalina A.

Pentru studierea proprietatilor bioadezive in vivo, nanoparticulele incarcate
fluorescent au fost administrate prin gavaj la sobolani Wistar, In doza de 10 mg
nanoparticule/animal. Fiecare tip de nanoparticule a fost administrat unui lot de 12
animale, din care cite 3 animale au fost sacrificate la 0.5, 1, 3 si 8 ore dupa
administrare. S-a determinat cantitatea de nanoparticule aderate la fiecare interval de
timp post-administrare, pe regiuni ale tractului gstro-intestinal. Toate nanoparticulele
testate au dezvoltat interactiuni de bioadeziune cu mucoasa tractului gastro-intestinal,
nanoparticulele asociate cu dextran avand o capacitate de adeziune mai mare decat
nanoparticulele control, preparate doar din Gantrez. Rezultatele au aratat, pentru toate
formuldrile administrate, o tendintd mai mare de asociere cu mucoasa in prima ora
dupa administrare, decat dupa o perioada mai lungd de timp post-administrare. De
asemenea, s-a observat o distributie omogend a nanoparticulelor in tractul gastro-
intestinal, fara sd se remarce o anumita specificitate pentru o regiune particulard a
acestuia. In toate cazurile, indiferent de prezenta dextranului si de tipul acestuia,
nanoparticulele au avut o tendinta de concentrare la nivelul mucoasei gastrice si, intr-
o masurd mai mare decat In stomac, In portiunile superioare ale intestinului subtire, in
duoden si jejun.

Formularile testate s-au incadrat in doud profiluri de bioadeziune: un prim
profil caracterizat printr-un maxim al adeziunii imediat dupa administrare, urmat de
scaderea in timp a proportiei aderate, si al doilea profil caracterizat printr-o prelungire
a fenomenului bioadeziv, cu maxim aproximativ constant intre 1 si 3 ore dupa
administrare. Intensitatea adeziunii a fost semnificativ mai mare pentru toate
nanoparticulele cu dextran decdt pentru nanoparticulele control, iar timpul de
rezidenta 1n contact cu mucoasa a fost similar pentru toate formularile testate.



3. DETERMINAREA PROPRIETATILOR IMUNOADJUVANTE IN
VIVO ALE NANOPARTICULELOR DIN GANTREZ ASOCIATE CU
DEXTRAN

Rezultatele pozitive ale studiului de bioadeziune au orientat in continuare
cercetarile spre folosirea acestor nanoparticule ca vector pentru un antigen model,
ovalbumina (OVA), in vederea testarii efectului lor imunoadjuvant, in special la
administrare orald, dar si pe cale parenterali. Incorporarea ovalbuminei in
nanoparticuelele din Gantrez, asociate sau nu cu dextran, s-a facut in matrita acestora.

Nanoparticulele cu OVA au avut dimensiuni de aproximativ 160 nm iar
continutul de OVA a fost influentat de prezenta dextranului, fiind cuprins intre 30 si
60 pg/mg nanoparticule. Eliberarea in vitro a OVA a fost caracterizatd de o etapa de
cedare cu vitezd mare in primele 8 ore urmata de cedarea cu viteza controlata, lenta,
dupa 7 zile procentul de OVA cedat din toate formularile fiind de aproximativ 40%.

Studiul de imunizare s-a realizat pe soricei BALB/c care au primit antigenul
pe cale orald sau subcutanat, intr-o singurd dozd de 100 si respectiv 20 pg
ovalbumina, sub forma libera sau incorporat in nanoparticule. Efectul imunizant a fost
evaluat prin determinrea titrului anticorpilor serici (IgGi, 1gGz.) §1 a anticorpilor
secretorii (IgA).

Dupa administrarea orald a prepararatelor cu OVA, raspunsul imun a aparut
doar la loturile care au primit antigenul incorporat in nanoparticule asociate cu
dextran conventional §i s-a caracterizat printr-o predominantd a anticorpilor de tip
IgG,. Raspunsul imun a aparut dupd o perioada de latentd de aproximativ 2
saptdmani, maximul s-a atins la 28-35 zile post-imunizare §i s-a mentinut la nivel
maxim pand la sfarsitul experimentului (ziua 49). La animalele care au primit
antigenul sub forma liberd sau in nanoparticule din Gantrez sau Gantrez asociat cu
AmDex nu s-a evidentiat nici un tip de rdspuns imun semnificativ, ceea ce denota
lipsa de protectie a antigenului incorporat in aceste caz.

Imunizarea s.c. a fost caracterizatd prin aparitia anticorpilor IgG; si IgGy, la
toate loturile imunizate. In acest caz, nanoparticulele cu OVA asociate cu Dex40 au
dezvoltat un raspuns imun echilibrat in ceea ce priveste nivelele celor doua tipuri de
anticorpi serici §i comparabil cu raspunsul imun dupd administrarea OVA in
adjuvantul lui Freund.

Efectul imunizant pe mucoasa, evaluat prin determinarea titrului de IgA
secretorii, a fost de intensitate redusd. S-au obtinut nivele de IgA doar in cazul
administrarii OVA sub forma de nanoparticule si in cazul imunizarii pe cale orala, dar
nu s-a mentinut un nivel constant de IgA secretorii.

Studiul de imunizare realizat de noi aratd in general o eficacitate
imunoadjuvantd superioard a nanoparticulelor transportoare de antigen comparativ cu
solutia antigenului la administrare orald si chiar o eficacitate comparabild cu cea a
unui adjuvant cunoscut, adjuvantul lui Freund, la administrare parenterald. in ceea ce
priveste influenta dextranului asupra efectului imunizant obtinut, la administrare orala
prezenta dextranului conventional la suprafata nanoparticulelor cu OVA a influentat
decisiv aparitia raspunsului imun.



PARTEA a II-a: LIPOZOMI

4. PREPARAREA §I CARACTERIZAREA IN VITRO A LIPOZOMILOR
CU SUPEROXIDDISMUTAZA (SOD)

Lipozomii au fost al doilea tip de sistem nanometric propus in aceasta lucrare
pentru administrarea unei proteine. Proteina model aleasd in acest caz a fost
superoxiddismutaza (SOD), o enzima cu proprietdti antioxidante. Lipozomii cu SOD
s-au preparat prin metoda hidratarii filmului lipidic. Lipidele utilizate pentru formarea
peretelui lipozomal au fost lecitina si colesterolul. Eficienta asocierii enzimei a fost
dependentd de concentratia enzimei in lichidul de hidratare si de compozitia filmului
lipidic, fiind de aproximativ 7% in conditiile de lucru selectate.

S. EVALUAREA EFECTULUI ANTIINFLAMATOR AL LIPOZOMILOR
CU SOD IN PERITONITA EXPERIMENTALA LA SOBOLANI

Pentru a evidentia beneficiile terapeutice ale includerii SOD in lipozomi, s-a
utilizat un model experimental in vivo, peritonita acutd indusd cu carrageenan, la
sobolani. Efectul lipozomilor cu SOD a fost comparat cu cel al solutiei de SOD si cu
efectul administrarii unui tratament antiinflamator (diclofenac, N-nitro-L-arginine
methyl ester (NAME)) sau antioxidant (vitamina E). S-au realizat doua seturi separate
de experimente. Primul experiment a constat in urmarirea efectului preventiv al
tratamentului administrat (administrarea s-a facut cu 30 de minute inaintea inducerii
peritonitei), In timp ce al doilea experiment a urmarit efectul curativ (administrarea
tratamentului la 30 de minute dupd inducerea peritonitei). Tratamentul a fost
administrat sub forma unei injectii intraperitoneale, Intr-un volum de 0.5 mL/animal.
La sase ore dupa inducerea peritonitei s-a facut evaluarea efectului antiinflamator prin
raspunsul medular de fazd acuta, testul de fagocitoza in vitro si prin teste serice
globale (capacitatea antioxidanta totald (TAC), statusul oxidativ total (TOS), indicele
de stres oxidativ (OSI)) si specifice (nitriti/nitrati, malondialdehida (MDA) si
glutationul redus (GSH)) de stres oxidativ.

Inducerea peritonitei a fost evidentiata prin activarea raspunsului medular de
faza acuta, stimularea procesului de fagocitoza, cresterea indicatorilor serici de stres
oxidativ (TOS, OSI, nitriti/nitrati, MDA), reducerea nivelului antioxidantilor serici
globali (TAR) si stimularea unor mecanisme specifice de aparare antioxidanta (GSH).

Lipozomii cu SOD, administrati inainte sau dupd inducerea peritonitei, au
determinat scadereca semnificativa a numadrului total de leucocite si reducerea
fagocitozei fatd de lotul cu peritonitd. Lipozomii cu SOD au redus semnificativ
valoarea TOS in ambele studii si OSI in studiul preventiv, dar nu s-a inregistrat o
crestere semnificativi a TAC fatd de lotul peritonitd. De asemenea, lipozomii au
produs o scadere semnificativda a concentratiei metabolitilor oxidului nitric §i au
influentat semnificativ concentratia glutationului redus seric, fara a reduce
semnificativ peroxidarea lipidica.

Administrarea solutiei de SOD a redus semnificativ raspunsul medular de faza
acuta si fagocitoza, in ambele scheme de administrare. Efectul solutiei de SOD asupra
parametrilor de stres oxidativ a fost in general nesemnificativ. Totusi, solutia de SOD
a determinat o scadere semnificativd a TOS fata de peritonitd in studiul preventiv
precum si o influentd semnificativa favorabila asupra nivelelor glutationului redus
seric, in ambele studii.

Administrarea diclofenacului inainte sau dupa inducerea peritonitei a
determinat reducerea semnificativd a numarului de leucocite si a fagocitozei



comparativ cu grupul peritonitd. Diclofenacul nu a influentat semnificativ valorile
testelor globale de stres oxidativ, cu exceptia valorii TOS in studiul preventiv.
Administrarea diclofenacului nu a influentat semnificativ sinteza de oxid nitric si
peroxidarea lipidica, dar a avut influentd semnificativa asupra nivelelor glutationului
seric.

Vitamina E, antioxidantul de referintd folosit, a redus semnificativ numéarul de
leucocite §i parametri ce caracterizeaza fagocitoza. De asemenea, a influentat
semnificativ parametri nespecifici de stres oxidativ, in special in studiul preventiv si
mai putin In tratamentul peritonitei. Administrarea vitaminei E nu a produs o
modificare semnificativa a sintezei de oxid nitric si a peroxidarii lipidice, dar a
influentat nivelele serice ale glutationului, in ambele studii.

Administrarca  NAME inainte si dupa inducerea peritonitei a redus
semnificativ rispunsul medular de fazi acutd si fagocitoza. In ceea ce priveste
markerii de stres oxidativ, cei nespecifici (TAC, TOS, OSI) au fost influentati
semnificativ doar in studiul preventiv iar dintre cei specifici a avut o influenta
semnificativa numai asupra concentratiei de MDA, 1n studiul preventiv.

Comparand eficienta celor doud forme de administrare a SOD, liberd si
incorporata in lipozomi, s-a observat o influentd favorabild a ambelor forme asupra
parametrilor hematologici si biochimici asociati inducerii peritonitei, activitatea
lipozomilor fiind superioard solutiei, in special in studiul preventiv. Ca urmare putem
afirma cd Incorporarea SOD in lipozomi creste beneficiile terapeutice ale acestei
enzime.

CONCLUZII GENERALE

Cercetarile realizate in aceastd lucrare demonstreaza beneficiile utilizarii unor
sisteme nanometrice de tipul nanoparticulelor polimerice si lipozomilor pentru
administrarea sistemica a proteinelor. Cu ajutorul nanoparticulelor polimerice cu
proprietdti bioadezive s-a imbunatatit efectul imunizant al unui antigen model dupa
administrare orald si s.c. comparativ cu administrarea antigenului sub forma de
solutie. Lipozomii au crescut beneficiile terapeutice ale unei enzime antioxidante intr-
un proces inflamator acut la administrare parenterala.
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INTRODUCTION

The current aim of the researches in the Pharmaceutical Technology field is the
developing of strategies for targeting the therapeutic agents to the specific site of
pharmacologic action in order to obtain a high bioavailability of the active ingredient
close to the biological receptor, at its specific site of action. Targeted delivery is of
major importance in the case of administering peptides or proteins as therapeutic agents
and can be achieved using nanometric systems such as nanoparticles and liposomes.
These systems have the ability to protect the encapsulated protein against proteolytic
degradation and against the intake by the immune system and ensure the release of
protein in its active form at the site of action.

The overall objective of this thesis was to prepare and characterize
nanoparticles and liposomes, to encapsulate model proteins in these delivery systems
and to highlight the improvement of protein’s therapeutic activity by the selected
delivery systems, compared with the adminsitration of protein solution to laboratory
animals.

GENERAL PART

1. NANOMETRIC SYSTEMS FOR PROTEIN TARGETED DELIVERY

Nanoparticles are colloidal particles with size ranging from 10 to 1000 nm. The
active ingredient is either dissolved, incorporated into the polymeric network,
encapsulated or adsorbed on the surface of polymeric matrix, thus being protected by
hydrolytic and enzymatic degradation.

Liposomes are artificial vesicles composed of one or more concentric lipid
layers that include an equal number of aqueous spaces.

Nanoparticles and liposomes have been proposed as a solution for the
administration of proteins and peptides, both for parenteral and mucosal route, due to
their prolonged release properties, their very small size and their compatibility with
cells and body tissues.

2. PROTEINS AS THERAEUTIC DRUGS

Many proteins and peptides are currently used in therapy for diseases that still
need an effective pharmacotherapy, because proteins are extensively obtained by
biotechnology. Proteins have a wide range of therapeutic indications, including
therapeutic agents for the cardiovascular system diseases, antiviral agents, antiallergic,
analgesic, anti-inflammatory and antineoplastic agents. Administered by conventional
routes, proteins and peptides are characterized by a reduced bioavailability due to
several factors: reduced membrane permeability, physico-chemical instability of the
molecule and reduced residence time at the site of absorption. The administration of
proteins through convenient and non-invasive routes would be possible using targeted
delivery systems.
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EXPERIMENTAL PART

PART I: POLYMERIC NANOPARTICLES

1. THE INFLUENCE OF THE FORMULATION FACTORS ON PHYSICO-
CHEMICAL PROPERTIES OF DEXTRAN ASSOCIATED POLY(METHYL
VINYL ETHER-CO-MALEIC ANHYDRIDE) (GANTREZ® AN)
NANOPARTICLES

The first part of the research was devoted to preparation of poly(methyl vinyl
ether-co-maleic anhydride) (Gantrez® AN) nanoparticles by the solvent displacement
method. These nanoparticles were associated with different molecular weights dextran
(Dex40, MW 40000 and Dex70, MW 70000), using two different methods: incubation
of the copolymer with dextran before the formation of the nanoparticles (Method A) or
association of dextran to preformed polymeric particles (Method B). The influence of
some formulation factors on nanoparticle properties was studied using multivariate
analysis. The studied formulation factors were dextran molecular weight, the method
used for dextran association, the amount of dextran used in the preparation process and
the incubation time of dextran with the copolymer. The resulted nanoparticles were
characterized in terms of size, zeta potential, yield of the preparation process, the
amount of associated dextran and the association efficiency. Using multivariate
analysis the optimal conditions for dextran association were established, for each type
of dextran used.

The major factor which influenced all nanoparticles’ properties was the
molecular weight of dextran. When Dex70 was used, the resulted nanoparticles had
larger size, bigger zeta potential values and the yield of the preparation process was
higher than in the case of using Dex40. The amount of associated dextran and the
association efficiency were greater for Dex40. The preparation method influenced
nanoparticle size and the yield of the preparation process. Thus, when the association of
dextran was made by Method B, the obtained nanoparticles had larger size and the
yields were better than in the case of Method A. The incubation time influenced
nanoparticle size, the resulted nanoparticles being larger when the incubation time was
longer. Also, there was an increase in the amount of dextran associated with increased
incubation time of dextran with the copolymer in Method A, but only using small initial
amount of dextran. The quantity of dextran used in nanoparticles preparation process
influenced the amount of dextran associated to the nanoparticles and the association
efficiency. Thus, the associated amount increased when the initial dextran quantity
increased but the association efficiency was higher when lower dextran quantities were
used in the preparation process.

The optimum formulation for Dex 40 was obtained by Method B and had a
dextran content of 28ug/mg, while for Dex 70 the optimum formula was obtained by
Method A, and had a dextran content of 261g/mg.
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2. PHYSICO-CHEMICAL CHARACTERIZATION AND IN VIVO
BIOADHESIVE  PROPERTIES DETERMINATION OF DEXTRAN
ASSOCIATED GANTREZ® AN NANOPARTICLES

Based on the results of multivariate analysis in the previous chapter, several
formulations were selected for further in vitro characterization and for studying their in
vivo bioadhezive properties after oral administration in rats. The selected formulations
were nanoparticles associated with conventional dextran (Dex40 and Dex70), prepared
by the two methods described above, and nanoparticles associated with aminated
dextran (AmDex70, MW 70000). Since the multivariate analysis shown that dextran
association efficiency was higher for smaller ratio (0.1-0.2) between the amounts of
dextran and copolymer, the ratio between the two components was set at 0.2 by weight,
irrespective of preparation method, and the incubation time was 30 minutes. In the case
of AmDex, the presence of amino functional groups resulted in a high reactivity with
the acid anhydride residues of the copolymer. Therefore, nanoparticles with AmDex
were prepared only by Method B and in this case the ratio AmDex/copolymer was set
at 0.003. For the bioadhesion study, all the selected formulations were fluorescently
labeled with rhodamine B isothiocyanate (RBITC).

The most important goal of the in vitro studies in this chapter was to evidence
the association of dextran to the nanopaticles. For this purpose, spectral methods were
applied in the case of conventional dextrans (IR and 'H NMR) while for AmDex the
concanavalin A agglutination test was performed. The IR spectra demonstrated the
association of dextran to the nanoparticles as indicated by the presence of typical
absorption bands of dextran in the spectrum of nanoparticles. However, no apparent
chemical covalent bonds between the two compounds, only the formation of hydrogen
bonds between the copolymer and hydroxyl groups of dextran were detected in the
spectra. '"H NMR analysis also evidenced the association of dextran by the presence of
the two peaks characteristics for protons of methylene units and hydroxylic protons of
dextran. In the case of AmDex, it’s presence at nanoparticle surface caused an
agglutination phenomenon explained by the interaction of AmDex residues with
concanavalin A.

In order to study their in vivo bioadhesive properties, fluorescently labeled
nanoparticles were orally administered to Wistar rats, 10 mg nanoparticles/animal.
Each type of nanoparticle was administered to a group of 12 animals and from each
group 3 animals were sacrificed at 0.5, 1, 3 and 8 h post-administration. The amount of
nanoparticles adhered at each time after administration and for each region of the
gastrointestinal tract was determined. All types of nanoparticles tested in our
experiment were able to develop bioadhesive interactions with the gastrointestinal tract
of animals and dextran associated nanoparticles had a higher adhesion capacity than
control, Gantrez nanoparticles. For all the administered formulations, the results
showed a higher degree of association with the gut mucosa during the first one hour
than after a long time post-administration. In addition, it was observed a homogeneous
distribution in the whole gut for all the formulations tested, without any marked
specificity for a particular region of the gut. In any case, all the nanoparticle
formulations, irrespective of the presence and type of dextran, displayed a tendency to
concentrate in the stomach mucosa and, in a high degree, in the upper regions of the
small intestine (duodenum and jejunum).

The tested formulations could be ascribed to one of the two different profiles of
bioadhesion observed: the first profile was characterized by an initial maximum of
bioadhesion followed by a decline of the amount of the adhered particles to the whole
gut mucosa and the second profile was characterized by a prolonged bioadhesive
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interaction, which reach the maximum in the period ranged from 1 and 3 h post-
administration. The adhesion intensity was significantly higher for all dextran
associated nanoparticles than for control nanoparticles while the residence time in
contact with the gut mucosa was similar for all the formulations tested.

3. DETERMINATION OF IN VIvO IMMUNOADJUVANT PROPERTIES OF
DEXTRAN ASSOCIATED GANTREZ® AN NANOPARTICLES

The encouraging results of the bioadhesion study have guided the following
researches to the use of these nanoparticles as a targeting system for a model antigen,
ovalbumin (OVA), in order to test their immunoadjuvant effect, after oral and
parenteral administration. The incorporation of ovalbumin in Gantrez nanoparticles,
with or without dextran, was made in their matrix.

OVA loaded nanoparticles had size around 160 nm and OVA content was
influenced by the presence of dextran, ranging from 30 to 60 pg/mg nanoparticles.
OVA release was characterized by a bulk release in the first 8 hours followed by a
controlled, slow release period, the percent of OVA released after 7 days being
approximately 40% for all formulations.

The immunization study has been performed on BALB/c mice that have
received the antigen orally or by s.c. route, as a single dose of 100 or 20 pg OVA, free
or encapsulated in nanoparticles. The immune response has been evaluated through
serum antibody titers (IgGj, IgG,,) and mucosal antibody titer (IgA).

When OVA was orally administered, the immune response occurred only in the
groups that received the antigen encapsulated in nanoparticles associated with
conventional dextran, and was characterized by a predominant IgG; response. The
immune response appeared after a lag-time of about 2 weeks, the maximum was
reached between the 28" and the 35™ day post-immunization and was maintained until
the end of the experiment (day 49™). The animals that received the antigen in the free
form, encapsulated in Gantrez nanoparticles or in AmDex associated nanoparticles did
not develop any type of significant immune response, which shows lack of antigen
protection in this case.

The s.c. immunization was followed by IgG; and IgG», antibody secretion in all
groups. In this case, Dex40 associated nanoparticles showed a balanced immune
response in terms of levels of the two types of serum antibodies, the immune response
being similar to that obtained after administration of OVA in complete Freund’s
adjuvant.

The mucosal immune response, assessed by mucosal IgA titer, was very low.
Detectable IgA levels were obtained only after administration of OVA in nanoparticles
by oral route, but the antibody level was not constant.

The immunization study performed by us shows a higher immunoadjuvant
capacity for antigen loaded nanoparticles compared with antigen solution after oral
administration and even a performance comparable to that of a known adjuvant,
Freund’s adjuvant, after s.c. administration. Regarding the influence of dextran on the
observed immune response, after oral administration the presence of dextran at the
surface of OVA-loaded nanoparticles decisively influenced the development of the
immune response.
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PART II: LIPOSOMES

4. PREPARATION AND IN VITRO CHARACTERIZATION OF
SUPEROXIDE DISMUTASE (SOD)-LOADED LIPOSOMES

Liposomes were the second nanometric system proposed as protein delivery
system in this thesis. The model protein chosen in this case was superoxide dismutase
(SOD), an antioxidant enzyme. SOD-loaded liposomes were prepared by the film
hydration method. The lipids used for the formation of lipid layers were lecithin and
cholesterol. SOD encapsulation efficiency was dependent on it’s concentration in the
hydration liquid and on the composition of the lipid layer, being approximately 7% in
the selected preparation conditions.

5. EVALUATION OF ANTIINFLAMATORY ACTIVITY OF LIPOSOME
ENCAPSULATED SUPEROXIDE DISMUTASE IN RATS PERITONITIS

In order to highlight the therapeutic benefits of including SOD in liposomes, we
used an in vivo experimental model carrageenan induced acute peritonitis in rats. The
effect of SOD liposomes was compared with that of SOD solution and with the effect
of administering an anti-inflammatory (diclofenac, N-nitro-L-arginine methyl ester
(NAME)) or antioxidant (vitamin E) treatment. For this purpose, two separate
experiments were done. The aim of the first experiment was to determine the
preventive effect of the treatment (the administration was done 30 minutes before
peritonitis induction) while in the second experiment the curative effect was intended
(the administration was done 30 minutes after peritonitis induction). The treatment
consisted in a single intra peritoneal injection of 0.5 mL/animal. Six hours after the
induction of peritonitis we assessed the anti-inflammatory activity through the
evaluation of bone marrow acute phase response, in vitro phagocytosis test and through
global oxidative stress tests (total antioxidant capacity (TAC), total oxidant status
(TOS), oxidative stress index (OSI)) and specific oxidative stress tests (nitrite and
nitrate, malonaldehyde (MDA), plasma reduced glutathione (GSH)).

The induction of peritonitis was associated with the activation of bone marrow
acute phase response, stimulation of phagocytosis, increasing levels of serum indicators
of oxidative stress (TOS, OSI, nitrite and nitrate, MDA), reduced serum levels of global
antioxidants (TAR) and stimulation of specific mechanisms of antioxidant defense
(GSH).

The administration of SOD liposomes, either before or after peritonitis
induction, lead to a significantly decrease of total leukocyte count and a reduction of
phagocytosis compared with peritonitis group. SOD liposomes significantly reduced
TOS level in both studies and OSI value in the preventive study, but the TAC level did
not significantly increased compared with peritonitis group. Also, liposomes caused a
significant decrease in the concentration of nitric oxide metabolites and significantly
influenced the serum concentration of reduced glutathione without a significant
decrease of lipid peroxidation.

SOD solution significantly reduced the bone marrow acute phase response and
the phagocytosis, in both experiments. The effect of SOD solution on oxidative stress
parameters was generally insignificant. However, SOD solution caused a significant
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reduction of TOS compared with peritonitis group in the preventive study and a
significant favorable effect on serum reduced glutathione levels in both studies.

Diclofenac administration before or after the induction of peritonitis resulted in
significant reduction of total leukocytes and reduction of phagocytosis versus
peritonitis group. Diclofenac did not significantly affect the levels of oxidative stress
tests, except the TOS value in the preventive study. Administration of diclofenac did
not significantly affect the synthesis of nitric oxide and lipid peroxidation, but had
significant influence on serum glutathione levels.

Vitamin E, the reference antioxidant used, significantly reduced total leukocyte
count and the parameters characterizing the phagocytosis. Also vitamin E significantly
influenced the non-specific parameters of oxidative stress, particularly in the preventive
study and less in the treatment of peritonitis. Vitamin E did not produce a significant
change of nitric oxide synthesis and lipid peroxidation but influenced glutathione serum
levels, in both studies.

The administration of NAME before and after induction of peritonitis
significantly reduced bone marrow acute phase response and phagocytosis. Regarding
the oxidative stress markers, the non-specific ones (TAC, TOS, OSI) were influenced
significantly only in the preventive study while among the specific parameters NAME
significantly reduced only the concentration of MDA in the preventive study.

Comparing the effectiveness of two forms of administration of SOD, free and
encapsulated in liposomes, there was a positive influence of both forms on
hematological and biochemical parameters associated with induction of peritonitis.
Liposomes had higher activity than the solution, particularly in the preventive study.
Therefore we can conclude that the encapsulation of SOD in liposomes increases the
therapeutic benefits of this enzyme.

GENERAL CONCLUSIONS

The researches done in this thesis demonstrate the benefits of using nanometric
systems such as polymeric nanoparticles and liposomes for systemic administration of
proteins. Using polymeric nanoparticles with bioadhezive properties the immunized
effect of a model antigen after oral and s.c. administration was improved compared
with antigen administration as a solution. Liposomes increased the therapeutic benefits
of an antioxidant enzyme in an acute inflammatory process after parenteral
administration.
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