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INTRODUCERE

Cancerul reprezintd una din afectiunile care a marcat secolul al XXI-lea,
tratamentul acestuia implicand frecvent utilizarea medicamentelor antitumorale, care
prezinta reactii adverse severe. Diferite strategii de reducere a toxicitatii si crestere a
eficacitatii tratamentului antineoplazic au fost cercetate de-a lungul timpului, dintre
acestea cele mai importante fiind administrarea unor asocieri medicamentoase si
dezvoltarea sistemelor de transport la tinta a medicamentului.

Scopul cercetarii realizate in cadrul tezei a fost elaborarea si optimizarea unor
metode electrochimice de analizd a formelor farmaceutice moderne, aflate in curs de
dezvoltare, in special a sistemelor de transport la tintd a medicamentelor, in vederea
eficientizarii procesului de evaluare al acestora in studiile preclinice. Astfel,
dezvoltarea unor metode rapide, simple si directe de detectie a unor substante active
antitumorale, si anume a gemcitabinei si doxorubicinei, a constituit unul din
obiectivele urmarite de cercetarile de laborator.

Un alt obiectiv 1-a constituit elaborarea unor metode de detectie simultana a
doxorubicinei si simvastatinei, asociere medicamentoasa cu beneficii importante in
tratamentul unor tumori maligne, si aplicarea acestor metode in analiza unor formulari
farmaceutice. Al treilea obiectiv al tezei a fost evaluarea capacititii de Incarcare cu
doxorubicind a unor sisteme de transport la tinta, de tipul microcapsulelor, precum si a
eliberarii agentului antitumoral In diverse conditii.

Nu In ultimul rand, s-a urmarit dezvoltarea unui aptasenzor cu dubla aplicatie in
detectia celulelor tumorale circulante din afectiunile hematologice maligne si in
evaluarea indirectd a functionalizarii sistemelor de transport cu secventa aptamerica
corespunzatoare.

STADIUL ACTUAL AL CUNOASTERII

Una din cele mai frecvente tipuri de interventii in tratamentul cancerului este
reprezentata administrarea chimioterapicelor, scopul chimioterapiei fiind de a elimina
complet tesutul malign cu un impact minor asupra celulelor sanatoase, reactii adverse
reduse, precum si prevenirea aparitiei rezistentei la substantele antitumorale 1.

Diferite strategii au fost abordate de-a lungul timpului pentru personalizarea si,
consecutiv, imbunatatirea terapiei antitumorale, una dintre acestea fiind dezvoltarea
de noi formulari farmaceutice de tipul sistemelor de transport la tintd. Exista o
variabilitate mare in ceea ce priveste materialele utilizate pentru formularea
sistemelor de transport al medicamentului, forma si dimensiunea acestora, sau modul
de incorporare a substantei medicamentoase. Dintre materialele utilizate pentru
producerea sistemelor de transport pot fi amintite: fosfolipidele, materialele pe baza
de carbon, metalele sau oxizii metalici si materialele polimerice 2 3.
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In etapa de cercetare preclinicd, pe 1angi parametrii de obtinere si optimizare a
sistemelor de transport la tinta, este important sa se determine caracteristicile fizice si
chimice ale acestora, parametrii farmacocinetici si aspectele toxicologice. In ceea ce
priveste analiza morfologica a sistemelor de transport al medicamentului, dimensiunea
acestora poate fi determinata prin difractie de lumina laser (LLD), potentialul zeta al
acestora prin dispersie dinamica a luminii (DLS), porozitatea cu ajutorul unui
porozimetru cu mercur, iar forma prin tehnici microscopice precum microscopia de
transmisie electronica (TEM) si microscopia electronica cu baleiaj (SEM). Rezonanta
magnetica nucleara protonica (H-NMR), spectroscopia IR cu Transformantd Fourier
(FT-IR) si difractia de raxe X (XRD) sunt tehnici utilizate pentru determinarea
compozitiei sistemelor de transport, dovedind incarcarea acestora cu substanta
medicamentoas3, precum si eliberarea acesteia din sistemul de transport. Incircarea si
eliberarea substantei medicamentoase poate fi evaluata si prin analiza cu ajutorul
cromatografiei de lichide de finaltd performanta (HPLC) sau spectrofotometriei,
determinindu-se 1in final capacitatea de 1incarcare, eficienta incapsularii
medicamentului si eliberarea cumulativa a acestuia 2.

Deoarece tehnicile electrochimice de analiza aduc avantaje precum simplitate si
costuri reduse, avand sensibilitate si specificitate comparabile cu tehnicile analitice
separative, In literatura de specialitate sunt descrise un numar mare de studii ce
descriu aplicatii ale analizei electrochimice in domeniul oncologic. O serie de studii
electrochimice au fost orientate spre dezvoltarea unor senzori pentru detectia
medicamentelor antitumorale 4, precum si spre detectia unor biomarkeri tumorali,
utila in diagnosticul cancerului si monitorizarea recidivelor canceroase 3.
Interactiunea dintre medicamentele antitumorale si secvente de ADN a fost, de
asemenea, studiata electrochimic, in vederea explicarii mecanismului de actiune al
acesora 7. Printre tehnicile electrochimice utilizate cu acest scop se regasesc:
voltametria cu baleiaj liniar (LSV), voltametria ciclica (CV), voltametria puls
diferentialda (DPV), cronoamperometria (CA) si spectroscopia de impedanta
electrochimica (EIS).

CONTRIBUTIA PERSONALA

1. Detectia electrochimica directa a gemcitabinei din formulari
farmaceutice utilizind un electrod de diamant dopat cu bor

1.1. Introducere
Diferite strategii pentru detectia gemcitabinei (GMB), inclusiv electrochimice 82
au fost raportate in literatura de-a lungul timpului. Majoritatea metodelor
electrochimice de detectie a GMB raportate propun strategii indirecte de detectia. In
ciuda limitelor de detectie (LOD) reduse care pot fi atinse folosind aceste metode °,
modificarile suprafetei electrodului necesita procese complexe, iar suprafetele astfel
modificate pot deveni instabile in timp. Dezvoltarea unei metode directe de detectie
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electrochimica a GMB a fost urmarita in acest studiu, folosit un electrod de diamant
dopat cu bor (BDDE) 10.
1.2. Materiale si metode

Analiza electrochimica a GMB a fost centratd pe utilizarea a doua tehnici
electrochimice: DPV si amperometria. Influenta pH-ului solutiei si a vitezei de baleiaj
asupra semnalului analitic au fost investigate folosind voltametria pentru a evalua
comportamentul electrochimic al GMB. Ambele strategii de detectie optimizate au fost
aplicate in analiza unor preparate farmaceutice, rezultatele obtinute pentru analiza
GMB folosind metodele electrochimice elaborate fiind comparate cu cele obtinute prin
spectrofotometrie UV-Vis si HPLC-UV, utilizate ca metode de control.

1.3. Rezultate si discutii

Comportamentul electrochimic al GMB a fost investigat folosind CV si DPV, cu
ajutorul diferitelor materiale electrodice si in diferite conditii experimentale. Un pic de
oxidare anodic a fost observat pentru aceastd substantd, la aproximativ 2,2 V, procesul
de oxidare fiind ireversibil.

Metoda DPV optimizata a demonstrat precizie si acuratete ridicate la
concentratii cuprinse intre 2,5 si 50 pug/mL. Pe baza acestor rezultate a fost, de
asemenea, optimizatd si o metodda amperometricd, obtindndu-se o sensibilitate
crescuta si liniaritate superioara pe domeniul de concentratie 0,5-65 pg/mL. Ambele
metode au fost aplicate pentru analiza unor formulari farmaceutice utilizate n practica
medicald, cu obtinerea unor regasiri corespunzatoare si fara interferente semnificative
ale excipientilor.

Rezultatele obtinute folosind DPV si amperometria au fost comparate cu cele
obtinute prin spectrofotometrie UV-Vis si HPLC-UV, utilizate ca metode de control, iar
analiza statistica a demonstrat o buna concordanta intre rezultatele obtinute cu aceste
metode, precum si o precizie si robustete ridicate.

1.4. Concluzii

Doua strategii electrochimice de detectie a GMB din solutii cu pH fiziologic au
fost optimizate si aplicate pentru analiza unor formulari farmaceutice, rezultatele
corelandu-se cu cele obtinute prin tehnici analitice conventionale. Metodele de detectie
amperometrica si voltametrica prezinta mai multe avantaje, printre care simplitatea
lor, timpul scurt de analiza (30 s folosind DPV si 300 s folosind amperometria) si costul
redus, devenind mai accesibile decat un echipament de analiza HPLC-UV.

2. O noua strategie electrochimica pentru detectia simultana a
doxorubicinei si simvastatinei

2.1. Introducere
De-a lungul timpului au fost descrise si cercetate diferite strategii de crestere a
eficacitatii si reducere a toxicitatii chimioterapiei prin asocierea antitumoralelor cu
molecule din diferite clase terapeutice. O astfel de asociere studiata este asocierea
doxorubicinei (DOX) cu simvastatina (SMV), substanta care datorita efectelor sale
pleiotrope, contribuie la cresterea eficacitatii tratamentului si la imbunatatirea
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profilului de siguranta al DOX 11, Astfel, dezvoltarea unor sisteme de transport capabile
sd livreze atat DOX, cat si SMV la locul de actiune in raportul dorit reprezintd un
subiect de interes 12.

in acest sens, elaborarea unei metode, simple, rapide si care sa utilizeze volume
mici de probad necesare cuantificarii simultane a DOX si SMV, este de o deosebita
importanta stiintificd si practici. In cadrul acestui studiu este descrisd pentru prima
datd detectia simultanda a DOX si SMV folosind tehnici electrochimice si electrozi
serigrafiati (SPE) 13.

2.2. Materiale si metode

Influenta materialului electrodic, a pH-ului solutiei de electrolit si a vitezei de
baleiaj asupra detectiei celor doua molecule a fost studiata cu ajutorul CV, mecanismul
de oxidare al substantelor fiind analizat pe baza rezultatelor obtinute. Pentru
electroanaliza probelor de DOX si SMV au fost utilizate doua tehnici analitice: LSV si
CA, curbe de calibrare ale DOX si SMV fiind construite prin fiecare din cele doua
metode. Strategiile optimizate au fost utilizate cu succes pentru analiza unor formulari
farmaceutice.

2.3. Rezultate si discutii

Oxidarea celor doua substante a fost inregistrata in LSV, utilizand SPE din grafit,
la un potential de aproximativ 0,5 V pentru DOX si 1 V pentru SMV. S-a propus
mecanismul de oxidare a DOX ca fiind un proces reversibil cu implicarea a doi protoni
si doi electroni, in timp ce oxidarea SMV s-a identificat a fi un proces ireversibil, care
implica, cel mai probabil, tot un schimb de doi protoni si doi electroni.

Domeniul de liniaritate obtinut pentru DOX in prezenta SMV a fost de 0,001 -
0,01 mg/mL in LSV si 0,002 - 0,065 mg/mL in CA, in timp ce domeniul de liniaritate
obtinut pentru SMV in prezenta DOX a fost de 0,02 - 0,1 mg/mL in LSV si 0,002 - 0,45
mg/mL in CA. Dintre cele doua metode electrochimice optimizate, metoda
amperometrica s-a dovedit a fi mai sensibila (valori mai mici ale LOD pentru SMV).

In urma analizei preparatelor farmaceutice ale celor doud substante, s-au
obtinut regasiri ale DOX in prezenta SMV intre 92,0-98,8%, si ale SMV in prezenta DOX
intre 97,7-104,11%.

2.4. Concluzii

Au fost elaborate noi strategii analitice pentru detectia simultand a DOX si SMV,
a cdror asociere aduce beneficii importante in terapia oncologicd. Tehnicile
electroanalitice optimizate au demonstrat rezultate promititoare pentru aplicatii in
domeniul biofarmaceutic, putand fi utilizate cu succes pentru evaluarea concentratiilor
celor doud medicamente In studiile preclinice ale dezvoltarii unor formulari
farmaceutice contindnd ambele substante.
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3. Metoda analitica simpla si rapida pentru evaluarea incapsularii si

eliberarii doxorubicinei din sisteme de transport la tinta

3.1. Introducere

DOX reprezinta unul dintre cele mai utilizate medicamente antitumorale din
clasa antraciclinelor, un numar impresionant de sisteme de transport al
medicamentelor care incapsuleaza acest antitumoral fiind raportate in literatura de
specialitate. In majoritatea cazurilor, performanta acestor sisteme, din punctul de
vedere al eficientei incapsuladrii si al ratei de eliberare, este evaluatd prin
spectrofotometrie UV-Vis, HPLC-UV sau HPLC-MS.

In vederea simplificirii si reducerii perioadei de studiu preclinic al dezvoltirii
unor sisteme de transport contindnd DOX, este de interes dezvoltarea unei metode
electrochimice simple si rapide pentru evaluarea Incapsuldrii si eliberarii acestui
antitumoral din formularile farmaceutice aflate in curs de cercetare.

3.2. Materiale si metode

Caracterizarea electrochimicd a DOX a fost realizata studiind influenta
materialului electrodic, a solutiei de electrolit, a pH-ului acesteia si a vitezei de baleiaj
asupra oxidarii electrochimice a moleculei. O metoda DPV de detectie a DOX folosind
electrozi din mina de grafit (PGE, pencile graphite electrode) a fost optimizata pe baza
rezultatelor obtinute.

Microcapsule (MCPs) de tip “core-shell” cu un nucleu de albumina serica
bovina, la suprafata caruia au fost depuse straturi succesive de acid hialuronic si
chitosan !4, au fost supuse unui proces de incarcare cu DOX, MCPs incarcate fiind
supuse ulterior unul proces de eliberare in diferite conditii de pH (Fig. 1). Probele
prelevate in timpul procesului de eliberare au fost analizate prin metoda
electrochimica optimizata, precum si prin spectrofotometrie UV-Vis, ca metodad de
control. Suplimentar, incarcarea si eliberare DOX din MCPs a fost evaluata folosind
SEM si microscopia confocald de scanare laser (CLSM). In final citotoxicitatea MCPs si a
MCPs incarcate cu DOX a fost evaluata.

ncalsularea DOX Eliberarea DOX

@ Microcapsule de tip core-shell (MCPs) @ Doxorubicin (DOX)

03 0.4 0s 08 07 08
EAQIAQCI(3M KCI) / V

Monitorizarea eliberarii

@ MCPs incarcate cu Dox (MCPs-DOX) Membrans de dializ3 DOX prin DPV

Fig. 1. Scopul studiului si etapele de realizare 15
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3.3. Rezultate si discutii

O intensitate crescutd a semnalului de oxidare a DOX a fost obtinuta prin
utilizarea PGE, in solutii cu valori ale pH-ului mai acide (<5). Curbe de calibrare ale
DOX 1in diferite solutii tampon au fost construite pe douda domenii diferite de
concentratie: 1-25 pg/mL si 0,05-0,75 pg/mL 15.

S-a observat o mai buna incarcare a MCPs cu DOX din solutii preparate in
dimetilsulfoxid (DMSO), comparativ cu solutiile apoase cu diferite valori ale pH-ului,
iar cel mai bun profil de eliberare al DOX a fost observat la pH 5. Mai multe tehnici
precum FT-IR, CLSM si SEM au fost aplicate cu succes pentru a evidentia prezenta DOX
in MCPs-DOX. Studiile de citotoxicitate au sugerat lipsa toxicitatii MCPs fnainte de
incarcarea antitumoralului si selectivitatea acestora fata de celulele tumorale.

3.4. Concluzii

0 metoda electrochimica directa, rapida, sensibila si cu costuri reduse a fost
dezvoltata pentru detectia DOX, utilizdnd DPV si PGE. Aceastd metodd a permis
cuantificarea medicamentului antitumoral din medii de eliberare frecvent utilizate in
cercetarea preclinica de dezvoltare a sistemelor de transport.

In urma analizei electrochimice a performantelor MCPs, a fost realizati
optimizarea procesului de incapsulare si evaluarea procesului de eliberare, rezultatele
aratand faptul ca aceste sisteme de transport la tintd pot aduce beneficii semnificative
fata de formularile farmaceutice deja existente pe piatd, beneficii confirmate ulterior si
prin testele de citotoxicitate.

4. Aptasenzor electrochimic pentru detectia celulelelor OFA/iLRP

pozitive cu aplicatii in evaluarea sistemelor de transport la tinta

4.1. Introducere

Afectiunile hematologice maligne reprezinta o categorie vastd de afectiuni
oncologice, unele dintre acestea, precum leucemia acuta mieloida, fiind forme agresive,
cu o rata de supravietuire scazutd. Astfel, un diagnostic precoce este util in tratamentul
bolii si duce la cresterea sperantei de viata.

Antigenul oncofetal, numit si proteina imatura a receptorului lamininei
(OFA/iLRP) reprezinta o proteind imunogenica, identificata In special in membrana
celulelor fetale tinere, precum si In membrana unor celule tumorale, incluzand celulele
tumorale din leucemia acuta mieloidd, leucemia acuta limfoblastica cu celule T,
leucemia limfocitara cronica si limfomul limfoblastic cu celule B 16.

Tinand cont de prezenta OFA/iLRP exclusiv la nivelul suprafetei celulelor
tumorale, s-a urmdrit dezvoltarea unui aptasenzor cu aplicatii in diagnosticarea
afectiunilor oncologice hematologice, folosind aptamerul AB3, singurul aptamer
raportat in literaturda pana in prezent care interactioneaza specific cu proteina
OFA/iLRP 17.

4.2. Materiale si metode

Imobilizarea aptamerului la suprafata electrodului, s-a realizat prin legaturi
amidice intre gruparea NH: a secventei aptamerice modificate si gruparile COOH ale
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unor electrozi serigrafiati modificati cu oxizi de grafena (GO/SPE). Etapele obtinerii
aptasenzorului au fost evaluate folosind CV si EIS, precum si prin SEM, microscopie de
forta atomica (AFM) si microscopie de fluorescenta (FM).

Aptasenzorul optimizat a fost testat pentru detectia celulelor OFA/iLRP-
pozitive (Jurkat), observandu-se o liniaritate intre semnalul analitic oferit de acesta si
concentratia suspensiilor celulare analizate. Selectivitatea aptasenzorului a fost
evaluata prin incubarea acestuia cu o suspensie de celule sanatoase (B]) si prin analiza
unor probe de ser diluate continand celule Jurkat.

S-a urmarit functionalizarea cu aptamerul AB3 a unor lipozomi comerciali
modificati cu grupari carboxilice, In vederea evaluadrii electrochimice a succesului
functionalizarii, prin utilizarea platformei de baza a aptasenzorului. Spectrofotometria
UV-Vis a fost utilizata ca metoda de control in acest caz.

4.3. Rezultate si discutii

Tehnica EIS s-a dovedit a fi mai potrivitd decat CV atat pentru caracterizarea
aptasenzorului, cat si pentru detectia celulara. Variatiei semnalului electrochimic a fost
direct corelata cu numarul de celule imobilizate pe suprafata electrodului, domeniul de
liniaritate obtinut fiind intre 10-300 x 103 celule/mL. Tehnicile microscopice SEM, FM
si AFM au confirmat atat imobilizarea aptamerului la suprafata electrodului, cit si a
celulelor la suprafata aptasenzorului.

Functionalizarea lipozomilor cu aptamerul AB3 nu a fost confirmata prin analiza
spectrofotometrica, evaluarea electrochimica a succesului functionalizarii ramanand
obiectivul unui studiu viitor.

4.4. Concluzii

Un nou aptasenzor a fost elaborat si folosit cu succes pentru detectia celulelor
OFA-iLRP-pozitive, aptamerul folosit, dovedindu-si specificitatea fata de aceste celule
in comparatie cu fibroblastele sanatoase.

Simplitatea metodei de detectie selectate si optimizate, precum si durata scurta
a protocolului experimental, sunt cele mai importante avantaje ale acestui aptasenzor,
care poate avea aplicatii in diagnosticul cancerelor de sange, dar si in studiul
interactiunii aptamer-receptor celular (OFA/iLRP), aceasta interactiune fiind utila in
dezvoltarea sistemelor de transport la tintd a medicamentelor bazate pe aptameri.

CONCLUZII GENERALE SI ORIGINALITATEA TEZEI

In cadrul acestei teze au fost optimizate si descrise metode electrochimice care
se remarca prin simplitatea si rapiditatea lor, ceea ce permite utilizarea acestora
pentru analiza unui numar mare de probe, aviand o aplicabilitate crescuta in domeniul
biomedical.

In vederea optimizirii unei metode de detectia a gemcitabinei, s-a utilizat
pentru prima data un electrod BDDE, avantajul principal al acestei metode de detectie
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constind in simplitatea si rapiditatea analizei, comparativ cu detectia bazata pe
utilizarea biosenzorilor descrisi in literatura.

Detectia electrochimica simultatda a doxorubicinei si simvastatinei a fost pentru
prima datad descrisa in cadrul acestei lucrari, in contextul unui interes crescut fata de
formularea unor lipozomi care sd incapsuleze ambele substante medicamentoase, a
caror asociere aduce beneficii de eficacitate si siguranta.

Desi in literatura exista numeroase metode electrochimice pentru analiza DOX, a
fost elaboratd prima metoda electroanalitica aplicatd pentru evaluarea eliberarii in
vitro a DOX din sisteme de transport la tinta.

Un alt element de noutate este reprezentat de dubla utilizare a aptamerului AB3,
in optimizarea unui aptasensor pentru detectia celulelor tumorale OFA/iLRP-pozitive,
si in functionalizarea sistemelor de transport, ceea ce ar asigura transportul tintit al
antitumoralelor la nivelul celulelor neoplazice. Un avantaj important al aptasenzorului
dezvoltat il reprezinta timpul scurt de obtinere al acestuia (45 min) si de analizd a
probelor (10 min), intervale semnificativ reduse comparativ cu alti aptasenzori
descrisi in literatura.
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INTRODUCTION

Cancer is one of the diseases that marked the XXIst century, its treatment
frequently involving the use of antitumor drugs, which can have severe side effects.
Different strategies to reduce toxicity and increase the effectiveness of antineoplastic
treatment have been studied over time, some of the most important being the
administration of drug associations and the development of drug delivery systems.

The aim of the research carried out within this thesis was the development and
optimization of new electrochemical methods which could be used in the development
of modern pharmaceutical formulations, such as targeted drug delivery systems, in
order to make their evaluation process more efficient in preclinical studies. Thus, the
development of fast, simple, and direct methods for the detection of some antitumor
drugs was one of the objectives in the laboratory research.

Another objective was the development of electrochemical methods for the
simultaneous detection of doxorubicin and simvastatin, a drug combination with
important benefits in the treatment of malignant tumors, and the application of these
methods in the analysis of pharmaceutical formulations. The third objective of the
thesis was to evaluate the doxorubicin loading capacity of microcapsules drug delivery
systems and the release of the antitumor agent under various conditions.

Finally, the development of an aptasensor with dual application in the detection
of circulating tumor cells from malignant hematological diseases and in the indirect
assessment of the functionalization of drug delivery systems with the corresponding
aptameric sequence was pursued.

STATE OF THE ART

One of the most common types of interventions in the treatment of cancer is the
administration of chemotherapy drugs, the aim of chemotherapy being to eliminate the
malignant tissue with a minor impact on healthy cells and reduced side effects, as well
as to prevent the emergence of resistance to antitumor substances ™.

Different strategies have been approached over time to improve antitumor
therapy, one of these strategies being the development of new pharmaceutical
formulations such as targeted drug delivery systems. Various materials can be used to
formulate drug delivery systems of different shapes, sizes, and ways to incorporate the
active substance. The materials used to produce drug delivery systems include:
phospholipids, carbon-based materials, metals or metal oxides and polymeric
materials 23,

In the preclinical research stage, in addition to the determination of the optimal
parameters for the obtaining of targeted drug delivery systems, it is important to
determine their physical and chemical characteristics, pharmacokinetic parameters
and toxicological aspects. Regarding the morphological analysis of drug delivery
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systems, their size can be determined by laser light diffraction (LLD), their zeta
potential by dynamic light scattering (DLS), porosity by mercury porosimeter, and
shape by microscopic techniques such as transmission electron microscopy (TEM) and
scanning electron microscopy (SEM). Proton nuclear magnetic resonance (1H-NMR),
Fourier-transform infrared spectroscopy (FT-IR) and X-ray diffraction (XRD) are
techniques used to determine the composition of transport systems, proving their
loading with the active substance, as well as its release from the delivery system. The
loading and release of the drug can also be evaluated by high performance liquid
chromatography (HPLC) or spectrophotometric analysis, finally determining the
loading capacity, the encapsulation efficiency of the drug as well as its cumulative
release 2.

Since electrochemical analysis techniques bring advantages such as simplicity
and low costs, presenting comparable sensitivity and specificity to other analytical
techniques, a large number of studies describing applications of electrochemical
analysis in cancer research are described in the literature. A series of electrochemical
studies aimed the development of sensors for the detection of antitumor drugs 4, as
well as the detection of tumor biomarkers, useful in cancer diagnosis and monitoring
of cancer recurrences >0, The interaction between antitumor drugs and DNA sequences
has also been analzed using electrochemistry, in order to study the mechanism of
action of some antitumor drugs 7. Among the electrochemical techniques used for this
purpose are: linear sweep voltammetry (LSV), cyclic voltammetry (CV), differential
pulse voltammetry (DPV), chronoamperometry (CA) and spectroscopia electrochimica
de impedanta (EIS).

PERSONAL CONTRIBUTION

1. Direct electrochemical detection of gemcitabine from
pharmaceutical formulations wusing a boron doped diamond
electrode

1.1. Introduction

Different strategies for the detection of gemcitabine (GMB), including
electrochemical methods 8° were reported in the literature over time. Most of the
reported electrochemical methods for the detection of GMB propose indirect strategies
for its detection. Despite the low limit of detection (LOD) that can be achieved using
these methods 9, the electrode surface modifications require complex processes, and
surfaces modified in this way can become unstable over time.

The development of a direct electrochemical detection method for GMB was
pursued in this study, using a boron doped diamond electrode (BDDE) 10.

1.2. Materials and methods

The electrochemical analysis of GMB was centered on the use of two
electrochemical techniques: DPV and amperometry. The influence of solution pH and
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scan rate on the intensity of the analytical signal was investigated using voltammetry

to assess the electrochemical behavior of GMB. Both optimized detection strategies

were applied in the analysis of pharmaceutical formulations containing GMB, the

results obtained using the developed electrochemical methods being compared with

those obtained by HPLC-UV and UV-Vis spectrophotometry, used as control methods.
1.3. Results and discussions

The electrochemical behavior of GMB was investigated using CV and DPV, with
the help of different electrode materials and under different experimental conditions.
An anodic oxidation peak was observed for this substance at about 2.2 V, the oxidation
process being irreversible.

The optimized DPV method demonstrated high precision and accuracy at
concentrations ranging between 2.5-50 pg/mL. Based on these results, an
amperometric method was also optimized, achieving increased sensitivity and
superior linearity over the concentration range 0.5-65 pg/mL. Both methods were
applied to the analysis of pharmaceutical formulations used in medical practice, good
recoveries and without significant interference of excipients.

The results obtained using DPV and amperometry were compared with those
obtained by HPLC-UV and UV-Vis spectrophotometry and statistical analysis
demonstrated a good agreement between the results obtained with these methods, as
well as high precision and robustness.

1.4. Conclusions

Two electrochemical strategies for the detection of GMB from solutions of
physiological pH were optimized and applied for the analysis of some pharmaceutical
formulations; the results obtained having a good correlation with those obtained by
conventional analytical techniques. Amperometric and voltammetric detection
methods have several advantages, including their simplicity, short analysis time (30 s
using DPV and 300 s using amperometry) and low costs, making them more affordable
than HPLC-UV analysis equipment.

2. A new electrochemical strategy for the simultaneous detection of
doxorubicin and simvastatin
2.1. Introduction
Different strategies have been studied and described over time to increase the
efficacy and reduce the toxicity of chemotherapy by combining antitumor drugs with
molecules from different therapeutic classes. One of the studied associations is the
combination of doxorubicin (DOX) with simvastatin (SMV), a molecule that, due to its
pleiotropic effects, increases the effectiveness of the treatment and improves the safety
profile of DOX 11, Thus, the development of drug delivery systems capable of delivering
both DOX and SMV to the tumor in the desired ratio is of great interest 12.
In this context, the development of a detection method for the simultaneous
quantification of DOX and SMV, which is simple, fast and that uses small volume of
samples, is of scientific and practical importance. In this study, the simultaneous
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detection of DOX and SMV using electrochemical techniques and screen-printed
electrodes (SPE) 173 is described for the first time 13.
2.2. Materials and methods

The influence of the electrode material, of the pH of the electrolyte solution and
of the scan on the detection of DOX and SMV was studied using CV, the oxidation
mechanism of the substances being analyzed based on the results obtained. Two
analytical techniques were used for the electroanalysis of DOX and SMV samples: LSV
and CA, calibration curves of both substances being built by using each method. The
optimized strategies were used for the analysis of some pharmaceutical formulations.

2.3. Results and discussions

The oxidation of the two substances was recorded in LSV using graphite SPE at a
potential of approximately 0.5 V for DOX and 1 V for SMV. The mechanism of DOX
oxidation was proposed to be a reversible process involving two protons and two
electrons, while the oxidation of SMV was identified to be an irreversible process, most
likely also involving an exchange of two protons and two electrons.

The linearity range obtained for DOX in the presence of SMV was 0.001 - 0.01
mg/mL in LSV and 0.002 - 0.065 mg/mL in CA, while the linearity range obtained for
SMV in the presence of DOX was 0.02 - 0.1 mg/mL in LSV and 0.002 - 0.45 mg/mL in
CA. Of the two optimized electrochemical methods, the amperometric method was
found to be more sensitive (lower limit of detection (LOD) values for SMV).

Following the analysis of pharmaceutical formulations of the two substances,
recoveries of DOX in the presence of SMV between 92.0-98.8% and of SMV in the
presence of DOX between 97.7-104.11% were obtained.

2.4. Conclusions

New analytical strategies were developed for the simultaneous detection of DOX
and SMV, combination which brings important benefits in antitumor treatment. The
optimized electroanalytical techniques have shown promising results for applications
in the biopharmaceutical field, and can be successfully used to evaluate the
concentrations of the two drugs in the preclinical phase of the development of
pharmaceutical formulations containing both substances.

3. Simple and fast analytical method for the evaluation of the
encapsulation and release of doxorubicin from drug delivery
systems

3.1. Introduction

DOX is one of the widely used antitumor drugs from the anthracycline class, an
impressive number of drug delivery systems encapsulating this antitumor being
reported in the literature. In most cases, the performance of these systems, in terms of
encapsulation efficiency and release rate, is evaluated by HPLC-UV, HPLC-MS or UV-Vis
spectrophotometry.

To simplify and reduce the preclinical study phase of the development of drug
delivery systems containing DOX, it is important to develop a simple and fast
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electrochemical method for evaluating the encapsulation and release of this antitumor
from pharmaceutical formulations.

3.2. Materials and methods

The electrochemical characterization of DOX was performed by studying the
influence of the electrode material, the electrolyte solution, its pH and the scan rate on
the electrochemical oxidation of the molecule. A DPV method for DOX detection using
pencil graphite electrodes (PGE) was optimized based on the obtained results.

Core-shell microcapsules (MCPs) with a bovine serum albumin core and
successive layers of hyaluronic acid and chitosan 14, were subjected to a DOX loading
process, the loaded MCPs being subsequently subjected to a release process under
different pH conditions (Fig. 1). The samples collected during the release process were
analyzed by the optimized electrochemical method, as well as by UV-Vis
spectrophotometry as control method. Additionally, DOX loading and release from
MCPs was evaluated using SEM and confocal laser scanning microscopy (CLSM).
Finally, the cytotoxicity of MCPs and MCPs loaded with DOX was evaluated.

Tncalsularea DOX Eliberarea DOX

@ Microcapsule de tip core-shell (MCPs) @ Doxorubicin (DOX)
@ MCPs incarcate cu Dox (MCPs-DOX)

0.3 0.4 05 06 o7 0.8
E/Ag/AgCI{3M KCI) / V

Monitorizarea eliberarii
Membrana de dializa DOX prin DPV

Fig. 1. A schematic representation of DOX encapsulation and release processes 15

3.3. Results and discussions

An increased intensity of DOX oxidation peak was obtained by using PGE, in
solutions with pH values <5. Calibration curves of DOX in different buffer solutions, on
two different linearity domains (1-25 pg/mL and 0.05-0.75 pg/mL), were obtained 15.

A better loading of MCPs with DOX was observed from solutions prepared in
dimethylsulfoxide (DMSO) compared to buffer solutions of different values of pH, and
the best release profile of DOX was registered at pH 5. Several techniques such as FT-
IR, CLSM and SEM were successfully applied to highlight the presence of DOX in MCPs-
DOX. Cytotoxicity studies suggested the lack of toxicity of MCPs before antitumor
encapsulation and a selectivity of the particles towards tumor cells.

3.4. Conclusions
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A direct, rapid, sensitive, and low-cost electrochemical method was developed
for DOX detection using DPV and PGE. This method allowed the quantification of the
antitumor drug from release media frequently used in the preclinical research of new
drug delivery systems.

Following the electrochemical analysis of MCPs’ performances, an
optimization of the encapsulation process and the evaluation of the release profile
were carried out, the results showing that these drug delivery systems can bring
significant benefits compared to traditional pharmaceutical formulations, benefits
confirmed by cytotoxicity tests.

4. Electrochemical aptasensor for OFA/iLRP positive cells detection

with applications in the evaluation of drug delivery systems

4.1. Introduction

Hematologic malignancies represent a vast category of oncological diseases,
which include aggressive forms, such as acute myeloid leukemia, with a low survival
rate. Therefore, an early diagnosis is important in the treatment of the disease and
leads to increased life expectancy.

Oncofetal antigen, also called immature laminin receptor protein (OFA/iLRP)
is an immunogenic protein, identified especially in the membrane of young fetal cells,
as well as in the membrane of some tumor cells, including tumor cells from acute
myeloid leukemia, acute lymphoblastic leukemia T, chronic lymphocytic leukemia and
B-cell lymphoblastic lymphoma 16.

Considering the presence of OFA/iLRP exclusively at the surface of tumor
cells, the aim of this study was to develop an aptasensor, using the AB3 aptamer, the
only aptamer reported in the literature for specifically binding OFA/iLRP protein, with
applications in the diagnosis of hematologic malignancies but also in the evaluation of
targeted drug delivery systems functionalized with this aptamer 17.

4.2. Materials and methods

The immobilization of the aptamer on the electrode surface was achieved by
amide bonds between the amino group of the modified aptamer sequence and the
carboxyl groups from the surface of SPE modified with graphene oxides (GO/SPE). The
aptasensor’s development steps were evaluated using CV and EIS, as well as SEM,
atomic force microscopy (AFM) and fluorescence microscopy (FM).

The optimized aptasensor was tested for the detection of OFA/iLRP-positive
cells (Jurkat cells), observing a linearity between the analytical signal provided by EIS
and the concentrations of the analyzed cell suspensions. The selectivity of the
aptasensor was evaluated by incubating the aptasensor with a suspension of healthy
cells and analyzing diluted serum samples containing Jurkat cells.

The functionalization of commercial liposomes modified with carboxylic
groups with the AB3 aptamer was followed, in order to electrochemically evaluate the
success of the functionalization, by using the basic platform of the aptasensor. UV-Vis
spectrophotometry was used as a control method in this case.
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4.3. Results and discussions

The EIS technique proved to be better than CV for the characterization of the
aptasensor, as well as for the cellular detection. The variation of the electrochemical
signal was directly correlated with the number of immobilized cells at the electrode
surface, the linearity domain being between 10-300 x 103 cells/mL. SEM, FM, and AFM
microscopic techniques confirmed both aptamer immobilization at the electrode’s
surface and cells immobilization at the aptasensor’s surface.

The functionalization of liposomes with the AB3 aptamer was not confirmed by
spectrophotometric analysis, and the electrochemical evaluation of the
functionalization remained the objective of a future study.

4.4. Conclusions

A new aptasensor was developed and successfully used for the detection of OFA-
iLRP-positive cells, the aptamer used, proving its specificity towards these cells
compared to healthy fibroblasts.

The simplicity of the selected and optimized detection method, as well as the
short duration of the experimental protocol, are the most important advantages of this
aptasensor, which may have applications in the diagnosis of blood cancers, but also in
the study of aptamer-cell receptor interaction (OFA/iLRP), this interaction being useful
in the development of aptamer-based drug delivery systems.

THE ORIGINALITY AND THE INNOVATIONS OF THE THESIS

The electrochemical methods optimized and described within this thesis, stand
out for their simplicity and efficiency, which allows their use for the analysis of a large
number of samples, having an increased applicability in the biomedical field.

In order to optimize a gemcitabine detection method, a BDDE electrode was
used for the first time, the main advantage of this detection method being the
simplicity and rapidity of the analysis, compared to the detection based on the use of
biosensors.

The simultaneous electrochemical detection of doxorubicin and simvastatin was
described for the first time in this paper, in the context of increased interest in the
formulation of liposomes that encapsulate both drug substances, association which
brings efficacy and safety benefits in cancer therapy.

Although there are numerous electrochemical methods for the analysis of DOX
described in the literature, the first electroanalytical method applied to the evaluation
of the in vitro release of DOX from targeted drug delivery systems was developed
within this thesis.

Another novelty element is represented by the double use of the AB3 aptamer,
in the optimization of an aptasensor for the detection of OFA/iLRP-positive tumor
cells, and in the functionalization of transport systems, which would ensure the
targeted transport of antitumor drugs to tumor cells. An important advantage of the
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developed aptasensor is the short time of its obtaining (45 min) and sample analysis
(10 min), significantly reduced intervals compared to other aptasensors described in
the literature.
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