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INTRODUCTION

The increasing prevalence of acute and chronic wounds demands the
development of modern therapeutic solutions, as conventional treatments present
limitations. In this context, hervbal extracts have gained growing interest for wound
treatment. However, their topical applicability is limited by the instability of active
compounds and reduced bioavailability. An innovative approach can enable efficient
valorization of these natural resources by incorporating them into modern topical
systems such as film dressings and lipid-based nanosystems. These delivery platforms
can protect active compounds, allow controlled release, and improve therapeutic
efficacy, while ensuring patient comfort throughout treatment. Although the scientific
literature supports the potential of these strategies, the low number of commercial
products highlights the ongoing need for research in this field. Taking this into
consideration, the research conducted in this PhD thesis aimed to optimize and evaluate
the biological effects of herbval extracts for wound treatment and their incorporation
into two optimized topical systems: film-dressings and nanostructured lipid carriers
(NLCs). The development and optimization of both the preparation of herbal extracts
and the formulation of the two topical systems were achieved by applying the Quality
by Design (QbD) approach and Design of Experiments (DoE) tool. This systematic
approach led to formulations with optimized characteristics and promising potential for
wound care applications.

STATE OF THE ART

Herbal extracts have been traditionally used in the treatment of skin conditions
due to their multiple effects, such as antioxidant, anti-inflammatory, antimicrobial, and
wound healing activities. Recent research confirms the therapeutic potential of plant
extracts and aims to enhance their efficacy by incorporating them into modern topical
systems [1,2] Among these, film-dressings containing herbal extracts represent a
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simple, accessible, and cost-effective solution for managing various types of wounds and
are considered highly promising [3,4]. Film-dressings are transparent and flexible
topical systems that efficiently conform to the wound surface, providing good contact
with the wound and increased patient comfort. Being semi-permeable, they protect the
wound from bacteria while allowing the passage of water vapors and oxygen,
maintaining an ideal moist environment for healing [5]. Additionally, natural bioactive
compounds can be incorporated into lipid-based nanosystems, which can improve both
their stability and bioavailability, while also providing prolonged release of the
encapsulated active compounds [6,7]. The new generation of lipid nanoparticles, NLCs,
present high stability and increased encapsulation efficiency of active compounds [8].
By applying the QbD approach and the DoE method, efficient and reproducible finished
products are obtained, allowing systematic optimization of composition and process
parameters, while also contributing to the understanding of factors influencing the
product quality [9]. Thus, for film-dressings loaded with herbal extracts, most
optimization studies published in the literature varied the concentrations of film-
forming polymers and plasticizers, evaluating their influence on the degree of hydration,
mechanical properties, and adhesiveness [3,10-12]. For NLCs loaded with herbal
extracts, mainly the effects of lipid type, solid: liquid lipids ratio, and surfactant
concentration on particle size, polydispersity index, and encapsulation efficiency have
been studied [13-16].

PERSONAL CONTRIBUTIONS

Study 1: Optimization of HEs’ preparation from Sambucus nigra L., Epilobium
hirsutum L., and Lythrum salicaria L. and evaluation of their biological properties
for wound care

Aim / Objectives: The general aim of this study was to optimize and evaluate the
potential to be used in wound care of Sambucus nigra flowers and the aerial parts of
Epilobium hirsutum and Lythrum salicaria through a comprehensive phytochemical and
biological analysis of their optimized HEs (OHEs). The extraction of bioactive
compounds was optimized using the QbD approach, analyzing two extraction methods
(Ultra-Turrax-assisted extraction - UTE and ultrasound-assisted extraction - USE),
different extraction times (3, 5, and 10 minutes), and various ethanol concentrations in
the hydroethanolic extraction solvent (30%, 50%, 70%), with the aim of maximizing
total polyphenol content (TPC) and total flavonoid content (TFC). The optimized
extracts were characterized by LC-MS/MS and evaluated for antioxidant, antibacterial,
anti-inflammatory, and wound healing activity.

Materials and Methods: The experimental design and analysis of formulation factor
influences on extraction were conducted using Modde 13.1 software (Sartorius Stedim,
Gottingen, Germany). UTE was performed using an Ultra-Turrax homogenizer (model T



4 Diana Antonia SAFTA (DRIMBAREAN)

18, IKA Labortechnik, Staufen, Germany) equipped with the W 45MA fixture at 4000
rpm. USE was carried out in an ultrasonic bath (Sonorex Super RK 100 H, Bandelin
Electronic GmbH & Co. KG, Berlin, Germany) TPC was quantified using the Folin-
Ciocalteu assay, following a previously validated method [17,18]. TFC was determined
using a quercetin-based colorimetric method following a previously validated method
[17,19]. Phytochemical profiles (identification and quantification of phytosterols,
tocopherols, and procyanidins) were analyzed by five distinct previously validated
analytical methods using LC-MS/MS (Agilent 1100 Series HPLC system, Agilent, Santa
Clara, CA, USA, coupled with an Ion Trap mass spectrometer, Agilent 1100 SL Ion Trap
VL, Agilent, Santa Clara, CA, USA). Chromatographic data acquisition and interpretation
were performed using DataAnalysis (v5.3) and ChemStation (vB01.03) software from
Agilent [17]. Antioxidant activity was assessed using colorimetric assays according to a
previously described method (DPPH, FRAP, TEAC assays) [17]. Antibacterial properties
were evaluated against the following microbial strains: Escherichia coli ATCC 25922,
Staphylococcus aureus MSSA ATCC 25923, Staphylococcus aureus MRSA ATCC 700699,
and Pseudomonas aeruginosa ATCC 27853. Qualitative antibacterial activity was
determined using the disc diffusion method [20,21]. The Alamar Blue assay [22] was
used to assess cell viability on HaCaT and B]J cell lines, while the MTT assay (3-(4,5-
dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) was applied on RAW264.7
cells [23]. Antioxidant potential in cell cultures was evaluated using the DCFH-DA assay
[24] Anti-inflammatory activity was evaluated by measuring IL-6 and IL-8 levels in B]
cells using ELISA kits (Invitrogen, Thermo Scientific, USA). Nitric oxide production was
determined in RAW264.7 cells using a previously described method [25]. The scratch
assay was used to investigate the in vitro wound healing potential on HaCaT and B]J cells
using a Zeiss Axio Observer Z1 microscope (Zeiss, Jena, Germany) equipped with an
AxioCam Icc Rev.i4 CCD camera (1.4 megapixels, Zeiss), with image processing
performed using ZEN 2.3 lite software. The images were subsequently analyzed with
Image] 1.54d software (National Institutes of Health, Bethesda, MD, USA), and the cell
migration rate and wound closure percentage were calculated [26].

Results: For all the HEs, the use of UTE led to higher TPC and TFC values compared to
USE. The Lythrum salicaria OHE showed the highest antioxidant activity, followed by the
Epilobium hirsutum OHE. The Lythrum salicaria OHE exhibited an inhibitory effect
comparable to gentamicin against Staphylococcus aureus MSSA and MRSA strains. The
Sambucus nigra OHE significantly inhibited IL-6 secretion in LPS-stimulated BJ]. The
Lythrum salicaria OHE significantly reduced IL-6 levels. Epilobium hirsutum and
Lythrum salicaria OHEs significantly decreased IL-8 levels. Sambucus nigra and
Epilobium hirsutum OHEs reduced nitric oxide levels secreted by LPS-stimulated
RAW264.7 cells, an effect comparable to dexamethasone. The most effective wound
healing activity in HaCaT and B] was observed for the Epilobium hirsutum OHE; a
significant effect was also observed for the Sambucus nigra OHE on HaCaT.
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Conclusions: These OHEs demonstrated high potential for application at various stages
of the wound healing process, due to their anti-inflammatory, antimicrobial, antioxidant,
and wound healing effects. The complementary and synergistic properties observed
support the prospect of incorporating these OHE into future topical formulations
intended for wound care as a complex herbal extract (CHE) composed in equal parts of
the three OHEs.

Study 2: Optimization of CHE-loaded film-dressings for wound care - a QbD
approach

Aim / Objectives: The purpose of this study was to optimize a film dressing containing
the complex herbal extract (CHE) developed in Study 1, using the QbD concept and the
DoE method. The influence of the type and concentration of film-forming agents
(xanthan gum, acacia gum, sodium carboxymethylcellulose) and plasticizers (glycerol,
1,3-propanediol, xylitol) on the critical characteristics of the CHE-containing film
dressing was evaluated. Optimization aimed to obtain film dressings with CHE that have
a high degree of hydration, adequate mechanical strength, flexibility, and high adhesive
properties, to ensure product efficacy and patient comfort throughout treatment. The
optimized formulation was analyzed for pH, water vapor transmission rate (WVTR),
water contact angle (WCA), and morphology by scanning electron microscopy (SEM) to
demonstrate its potential for use in wound treatment. Furthermore, the release profile
of CHE incorporated in the optimized formulation was assessed to observe its potential
for sustained release over 8 hours. Physical stability studies were conducted over 12
months to demonstrate the durability of the optimized formulation. The optimized CHE-
loaded film-dressing was compared both to a control film-dressing (without CHE), to
show that CHE does not alter the film-dressing properties, and to a commercially
available film-dressing, to confirm its potential for topical use in wound treatment.
Materials and Methods: The CHE-loaded film-dressings were fabricated using the
solvent casting technique [3,10]. The thickness of each film was assessed using a digital
micrometer (Mitutoyo, Tokyo, Japan) [10,27]. The swelling degree was determined
using ISO 175:2010 recommendations [28,29] [3]. The mechanical and adhesive
properties of the CHE-loaded film-dressings was assessed using the CT3 Texture
Analyzer (Brookfield Engineering Laboratories, Middleborough, MA, USA), equipped
with a TA-FSF fixture and a cylindrical probe featuring a rounded end (0.8 cm diameter,
6 cm length) for punction test [3], with the TA-AACC36 probe and a gelatin gel as
substrate for evaluation of adhesive properties [30], and with the TA-DGF fixture to
evaluate the elasticity and tensile strength tensile properties [31]. Software-ul Texture
Pro CT V1.9 (Brookfield Engineering Laboratories, Middleborough, MA, SUA) a fost
utilizat pentru inregistrarea valorilor parametrilor. To evaluate the flexibility of the
films, the folding endurance was tested [10,32]. The pH values of the gel before pouring
and of the film-dressing were determined using a pH-meter with an electrode for
semisolid samples (Hanna Instruments, Romania) [33]. The WVTR was determined
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according to ASTM E96 standard using water method [34] and a previously published
method [10]. The WCA was measured using a video contact angle measurement system
(OCA 25, Dataphysics, Filderstadt, Germany) and was calculated via the software
DpiMAX (Dataphysics, Filderstadt, Germany)[10]. The SEM analysis was used to
evaluate the morphology of the film-dressing with SEM Hitachi SU8230 (Hitachi High-
Tech Corporation, Tokyo, Japan), at 30 kV and 11.6 mm working distance, with
magnifications ranging from 40 to 50000x [10]. The release profile of TPC from the
optimized CHE-loaded film-dressing was investigated using an automated Phoenix
diffusion cell system (Teledyne Hanson, Chatsworth, CA, USA). The receptor
compartment was filled with a hydroalcoholic medium consisting of ethanol and water
ina 25:75 (v/v) ratio, kept under constant magnetic stirring at 400 rpm and a controlled
temperature of 32 + 0.5 °C. Aliquots of 500 pL were withdrawn from the receptor
compartment at predetermined time intervals (15, 30, 45 minutes, 1 hour, then hourly
up to 8 hours), using an autosampler. Each collected volume was immediately replaced
with an equal volume of fresh receptor medium. The cumulative release of TPC was
calculated and plotted as a function of time [10,35]. The polyphenols released from CHE-
loaded film-dressing was quantified using the Folin-Ciocalteu assay previously applied
for CHE optimization.

Results: The optimized formulation contained 5% polyvinyl alcohol, 0.25% xanthan
gum, 10% glycerol, 20% CHE, and distilled water. The optimized formulation exhibited
adequate thickness, mechanical properties, and adhesiveness comparable to values
reported in the literature. It demonstrated sustained release of polyphenols from the
incorporated CHE over 8 hours, suggesting high potential for wound care applications.
Additionally, the optimized formulation showed appropriate pH, WVTR, and WCA
suitable for wound treatment, as well as physical stability over 12 months,
demonstrating its practical utility. SEM analysis confirmed a uniform and homogeneous
surface, indicating good integrity of the optimized formula. The characteristics of the
optimized formulation and the blank formulation were similar, indicating that the
incorporation of CHE did not affect film formation. Furthermore, the properties of the
optimized formulation were comparable to those of a commercially available film-
dressing, validating its practical applicability.

Conclusions: The optimized CHE-loaded film-dressing demonstrated excellent
properties suitable for wound care, with a high potential for therapeutic efficacy.

Study 3: Optimization of CHE-loaded nanostructured lipid carriers (NLCs) for
wound care - a QbD approach

Aim / Objectives: The aim of this study was to optimize the formulation of NLCs
containing CHE developed in Study 1, using the QbD approach and DoE methodology.
The investigation focused on the influence of the type and concentration of solid lipids
(palmitic acid, cetyl alcohol) and liquid lipids (caprylic/capric triglycerides, isopropyl
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myristate), the concentration of Tween® 80 as the main surfactant, and the effect of
adding a co-surfactant (Span® 85) on critical formulation parameters: particle size (PS),
polydispersity index (PDI), zeta potential (ZP), encapsulation efficiency (EE), and
occlusivity factor (OF). For the optimized formulation, pH, viscosity, and texture analysis
were determined to support its suitability for wound treatment. The morphology of the
optimized formulation was examined by electron microscopy to confirm the formation
of NLCs and the homogeneity of the NLCs dispersion. Additionally, the release profile of
CHE incorporated in the optimized formulation was evaluated to assess its potential for
sustained release over 72 hours. The optimized formula was compared to a control NLCs
formulation (without CHE) to observe the effect of CHE on the NLCs properties.
Furthermore, a comparison with a commercially available wound care product was
performed to validate the applicability of the optimized CHE-loaded NLCs for wound
care.

Materials and Methods: CHE-loaded NLCs were prepared using a hot-melt
homogenization method followed by sonication [36,37]. PS PDI, ZP were determined
using a Zetasizer NanoZS analyzer (Malvern Instruments Co., Malvern, UK) after dilution
with distilled water 1:100 (v/v) [38]. The EE was determined by measuring the TPC
through a the colorimetric assay as used for the optimization of HEs preparation. NLCs
dispersions were diluted with methanol 1:10 (v/v) and maintained in an ultrasound
bath (EIma™ Elmasonic Select, Elma Schmidbauer GmbH, Singen, Germany) for 10 min
to disrupt their structure and release the entrapped CHE [38]. The OF of the NLCs was
assessed by spreading of 500 uL. NLCs on qualitative filter paper and used to cover a
vessel containing distilled water. Then, the system was incubated in a laboratory oven
(Venticell® MMM Medcenter Einrichtungen GmbH, Planegg, Germany)at 32 + 2 °C for
24 hours, and water loss through evaporation was measured by weighing the sample
and OF was calculated [39]. The pH values were determined at 22+0.5°C, using a pH-
meter previously calibrated, with an electrode for semisolids samples (Hanna
Instruments, Cluj-Napoca, Romania) [9]. The viscosity of the NLCs was measured using
a CAP 2000+ viscometer (Brookfield Engineering Laboratories, Middleborough, MA,
USA) at 20+0.5°C, using spindle 08, with a hold time of 10 seconds and an analysis time
of 20 seconds, at a speed of 5 rpm. Texture analysis was assessed using the CT3 Texture
Analyzer at 22+0.5 °C with TA-DEC probe and TA-BT-KIT fixture and the results were
recorded on a load vs. time graph. The texture parameters were calculated by using
Texture ProCTSoftware For STEM, the samples were deposited on 400-mesh carbon-
coated copper grids (20-30 nm thickness, Science Services GmbH, Miinchen, Germany)
and then blotted dry, left to air-dry, then were imaged in scanning and transmission
modes in the electron microscopes (Hitachi High-Technologies Corporation, Tokyo,
Japan): Hitachi SU8230 scanning electron microscope (SEM) at 30 kV, 10 uA; and Hitachi
HD2700 scanning transmission electron microscope (STEM) at 200 kV, 10uA. Images
were taken at magnifications ranging from 1000x - 500.000 x in scanning and/or
transmission mode. For in vitro CHE release from the CHE-loaded NLCs, a 1 mL of sample
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was added into the dialysis device Spectra/Por® Float-A-Lyzer® G2, having cellulose
ester membranes with molecular weight cut-off (MWCO) of 50 kDa, no. G235058, 5 mL
(Repligen, Boston, Massachusetts, USA), according to an adapted method from the
literature [40], which was inserted into a dissolution medium of 15 mL distilled water,
maintained at of 32 + 0.5°C and stirred at 200 rpm. The released amount of the TPC from
the CHE-loaded NLCs was determined at specific intervals of time (30 min, 1 h and then
hourly for 8 h and at 24, 48 and 72 h) by collecting 500 pul of medium. The amount of
CHE released was determined by quantification of TPC and the cumulative release (%)
was calculated and graphically represented against time.

Results: The optimized formula contained 5% cetyl alcohol, 5% caprylic/capric
triglycerides, 5% Tween® 80, 1% Span® 85, 20% CHE, and distilled water. The
optimized formulation exhibited PS suitable for dermal efficacy, homogeneity
demonstrated by a low PDI, and potential stability suggested by a negative ZP.
Furthermore, efficient encapsulation of CHE and a high OF of the optimized formula may
contribute to enhanced therapeutic efficacy. STEM confirmed the formation of NLCs
with smooth spherical surfaces and uniform PS distribution, without visible signs of
aggregation or phase separation. The pH values, viscosity, and texture profile of the
optimized formulation were appropriate for wound treatment and comparable to a
commercially available wound care fluid, highlighting its potential for practical
application. The optimized formulation showed sustained release of polyphenols from
the incorporated CHE for up to 72 hours, favoring the maintenance of long-term
therapeutic effects in wound treatment.

Conclusions: The formulation of CHE-loaded NLCs was successfully optimized,
exhibiting excellent properties tailored for wound care use, with high potential for
therapeutic efficacy.

GENERAL CONCLUSIONS

This PhD thesis focused on the development of topical systems for wound
treatment that harness the therapeutic potential of plant extracts from Romania’s
spontaneous flora. To optimize the extraction of active compounds as well as the
development of topical systems, the QbD approach and the DoE method were applied.

The first study optimized the extraction of polyphenols and flavonoids from
Sambucus nigra flowers and aerial parts of Epilobium hirsutum and Lythrum salicaria,
evaluating their phytochemical profile and antioxidant, anti-inflammatory, and wound
healing properties. The results demonstrated complementary and synergistic effects of
the OHEs, supporting their combination into a CHE, which was subsequently
incorporated into two novel topical systems: film-dressings and NLCs.

The second study developed and optimized the formulation of a film-dressing
containing the CHE obtained in the first study. This CHE-loaded film-dressing exhibited
excellent physical properties, ensuring high flexibility and swelling degree, mechanical
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strength, sustained release of polyphenols from the CHE over 8 hours, and physical
stability for 12 months—all essential for supporting wound healing and patient comfort.
Moreover, its properties were comparable to those of a commercially available film
dressing, demonstrating good applicability.

The third study developed and optimized NLCs containing the CHE from the first
study. These NLCs showed appropriate physical properties, sufficient encapsulation of
the CHE, a high OF, and sustained release of polyphenols from the incorporated CHE for
up to 72 hours, which may lead to increased therapeutic efficiency. Additionally, their
rheological and texture properties were adequate and similar to those of a commercially
available wound care fluid, demonstrating practical application potential.

Thus, all these results open promising perspectives that combine the scientifically
demonstrated benefits of traditional natural bioactive compounds with modern topical
systems.

ORIGINALITY AND INNOVATIVE CONTRIBUTIONS
OF THE PHD THESIS

The originality of this doctoral thesis lies in the development of a CHE with an
optimized content of bioactive compounds essential for the wound healing process,
obtained by combining three OHEs. This CHE was subsequently incorporated into novel
optimized topical systems, namely film-dressings and NLCs. A key aspect of this research
was the application of the QbD approach in both the optimization of the preparation of
the three herbal extracts and the formulation of both topical systems. Through the
implementation of DoE, the influences of process and formulation parameters on the
characteristics of the final products were identified, deepening the understanding of the
development of the extracts and these topical systems. Furthermore, this thesis brings
valuable contributions that advance research in this field.

Firstly, this study was the first to report the use of the UTE method for extracting
bioactive compounds from Sambucus nigra flowers and the aerial parts of Lythrum
salicaria. Additionally, it reported the first evaluation of the anti-inflammatory activity
of Sambucus nigra and Lythrum salicaria extracts on B]. Moreover, the effects of Lythrum
salicaria and Epilobium hirsutum extracts on HaCaT and RAW 264.7 cell lines were
reported for the first time, and it was the first research to investigate the wound healing
effect of Epilobium hirsutum extract through an in vitro scratch assay.

This CHE was incorporated for the first time into modern topical systems such as
film dressings and NLCs. Most of the formulation factors selected for the development
of these topical systems containing CHE were studied for the first time within a QbD
concept. Additionally, for the optimization of NLCs with CHE, OF was used for the first
time as a response factor within DoE. There are also no previously published studies
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using cetearyl alcohol for the preparation of NLCs. Moreover, this research is the first to
apply texture analysis for the characterization of NLC dispersions.

The results obtained in this doctoral research provide valuable information on
the use of herbal extracts in wound care and support the development of herbal extract-
loaded film-dressings and NLCs as modern topical systems with promising therapeutic
potential.
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INTRODUCERE

Prevalenta in crestere a ranilor acute si cronice impune dezvoltarea unor solutii
terapeutice moderne, in conditiile in care tratamentele clasice prezinti limitari. In acest
context, extractele vegetale prezinta un interes tot mai crescut pentru tratamentul
ranilor. Aplicabilitatea lor pentru uz topic este limitata de instabilitatea compusilor
activi si de biodisponibilitatea redusa. Printr-o abordare inovatoare se poate obtine o
valorificare eficientd a acestor resurse naturale, realizatd prin incorporarea lor in
sisteme topice moderne, precum pansamentele de tip film si nanosistemele lipidice.
Acestea pot conferi protectie compusilor activi, eliberare controlata si o eficienta
terapeuticd Tmbunatatita, asigurand totodatd confortul pacientului pe parcursul
tratamentului. Desi literatura de specialitate sustine potentialul acestor strategii,
numarul redus de produse comerciale confirma nevoia continua de cercetare in acest
domeniu. In acest context, cercetirile desfasurate in cadrul acestei teze de doctorat au
avut ca scop optimizarea si evaluarea efectelor biologice ale unor extracte vegetale
pentru utilizare in tratamentul ranilor si Incorporarea lor in doua sisteme topice
optimizate, respectiv pansamente de tip film si sisteme lipidice nanostructurate (NLCs).
Dezvoltarea si optimizarea atat a obtinerii extractelor vegetale, cat si a formularii celor
doud sisteme topice s-a realizat prin aplicarea conceptului de Calitate prin Design (QbD)
si utilizarea metodei planurilor experimentale (DoE). Aceasta abordare sistematica a
condus la obtinerea unor produse cu caracteristici optimizate si promitatoare pentru
utilizare in tratamentul ranilor.

STADIUL ACTUAL AL CUNOASTERII

Extractele vegetale sunt utilizate in medicina traditionala in tratarea afectiunilor
cutanate, datorita efectelor lor multiple, precum actiunea antioxidants,
antiinflamatoare, antimicrobiana si cicatrizanta. Cercetarile recente confirma
potentialul terapeutic al extractelor vegetale si urmaresc imbunatatirea eficacitatii lor
prin Incorporarea in sisteme topice moderne [1,2]. Dintre acestea, pansamentele de tip
film 1n care s-au Incorporat extracte vegetale reprezinta o solutie simpl3, accesibila si
rentabild pentru Ingrijirea diverselor tipuri de rani, fiind considerate foarte
promitatoare [3,4,41]. Pansamentele de tip film sunt sisteme topice transparente,
flexibile si elastice, care se pliaza eficient pe suprafata lezata, oferind contact bun cu rana
si un confort sporit pacientului. Fiind semipermeabile, protejeaza rana de bacterii, dar
permit trecerea vaporilor de apa si oxigen, mentinand un mediu umed ideal pentru
cicatrizare [5]. De asemenea, compusii bioactivi naturali pot fi incorporati in
nanoparticule lipidice, ceea ce poate imbunatati atat stabilitatea, cat si
biodisponibilitatea lor [42]. In plus, acestea pot asigura o eliberare prelungiti a
compusilor activi Incapsulati [6,7]. Noua generatie de nanoparticule lipidice, NLCs, sunt
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mai stabile si au o eficienta crescuta de incapsulare a principiilor active [8]. Prin
aplicarea conceptului QbD si a metodei DoE se obtin produse finite eficiente si
reproductibile, permitand optimizarea sistematica a compozitiei si a parametrilor de
proces si contribuind in acelasi timp la Intelegerea factorilor care influenteaza calitatea
produselor obtinute [9]. Astfel, In cazul pansamentelor de tip film cu extracte vegetale,
in majoritatea studiilor de optimizare publicate in literatura s-au variat concentratiile
de polimeri formatori de film si agenti plastifianti si s-a evaluat influenta acestora asupra
gradului de umectare, a proprietatilor mecanice si adezive [3,10-12]. Pentru NLCs cu
extracte vegetale au fost studiate in principal efectele tipului de lipide, raportului lipide
solide:lipide lichide si concentratiei de tensioactiv asupra dimensiunii particulelor,
indicelui de polidispersie si eficientei de incapsulare [13-16].

CONTRIBUTII PERSONALE

Studiul 1: Optimizarea obtinerii extractelor vegetale din Sambucus nigra L.,
Epilobium hirsutum L., si Lythrum salicaria L. si evaluarea proprietatilor lor
biologice in ingrijirea ranilor

Scop / Obiective: Scopul principal al acestui studiu a fost optimizarea si evaluarea
potentialului de utilizare in Ingrijirea ranilor a extractelor din flori de Sambucus nigra L.
sidin parti aeriene din Epilobium hirsutum L. si Lythrum salicaria L. Extractia compusilor
bioactivi s-a realizat utilizand abordarea QbD si metoda DoE, analizand doua metode de
extractie (extractie asistata de Ultra-Turrax - UTE, respectiv extractie asistata de
ultrasunete - USE), timpi de extractie diferiti (3, 5, 10 minute) si concentratii diferite de
etanol in solventul hidroetanolic de extractie (30, 50, 70 %). S-au observat influentele
acestor factori asupra continutul total de polifenoli (TPC) si flavonoide (TFC) din
extractele obtinute, cu scopul de a maximiza acesti parametri. Extractele optimizate
(OHESs) au fost caracterizate din punct de vedere al profilului fitochimic prin LC-MS/MS
si evaluate in vitro pentru activitate antioxidantd, antibacteriang, antiinflamatoare si
cicatrizanta.

Material si metode: Pentru dezvoltarea DoE si analiza influentelor factorilor de
formulare asupra extractiei s-a utilizat software-ul Modde Modde 13.1 (Sartorius
Stedim, Gottingen, Germania). UTE a fost realizata utilizand un homogenizator Ultra-
Turrax (model T 18, IKA Labortechnik, Staufen, Germania) cu accesoriul W 45MA, la
4000 rpm. USE a fost efectuata intr-o baie de ultrasunete (Sonorex Super RK 100 H,
Bandelin Electronic GmbH & Co. KG, Berlin, Germania). TPC a fost cuantificat utilizand
metoda Folin-Ciocalteu, iar TFC a fost determinat printr-o metoda colorimetrica bazata
pe quercetind, conform unor metode validate anterior [17,18]. Profilurile fitochimice
(identificarea si cuantificarea fitosterolilor, tocoferolilor, procianidinelor) au fost
analizate prin cinci metode analitice validate in prealabil, utilizand LC-MS/MS (sistem
HPLC Agilent 1100 Series, Agilent, Santa Clara, CA, SUA, cuplat cu un spectrometru de
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masa tip lon Trap Agilent 1100 SL (LC/MSD Ion Trap VL, Agilent, Santa Clara, CA, SUA).
Achizitia si interpretarea datelor cromatografice au fost realizate utilizand software-
urile DataAnalysis (v5.3) si ChemStation (vB01.03) de la Agilent [17]. Activitatea
antioxidanta a fost evaluata utilizand teste colorimetrice (teste DPPH, FRAP, TEAC) [17].
Proprietdtile antibacteriene au fost evaluate utilizind urmatoarele tulpini microbiene:
Escherichia coli ATCC 25922, Staphylococcus aureus MSSA ATCC 25923, Staphylococcus
aureus MRSA ATCC 700699 si Pseudomonas aeruginosa ATCC 27853 prin metoda
difuzimetrica [20,21]. Testul Alamar Blue [22] a fost utilizat pentru evaluarea viabilitatii
celulare pe liniile celulare HaCaT si BJ, in timp ce testul MTT (3-(4,5-dimetiltiazolil-2)-
2,5-difeniltetrazoliu bromid) a fost aplicat pentru celulele RAW264.7 [23]. Potentialul
antioxidant in culturi celulare a fost evaluat utilizand testul DCFH-DA pe HaCaT si BJ
[24]. Activitatea antiinflamatoare a fost evaluata prin masurarea nivelurilor IL-6 si IL-8
din BJ, utilizand kituri ELISA (Invitrogen, Thermo Scientific, SUA). Masurarea productiei
de oxid nitric a fost determinata in celulele RAW264.7 [25]. Efectul cicatrizant in vitro a
fost testat prin ”scratch assay” pe HaCaT si B] cu un microscop Zeiss Axio Observer Z1
(Zeiss, Jena, Germania) echipat cu o camera CCD AxioCam Icc Rev.4 (1.4 megapixeli,
Zeiss) si procesate cu software-ul ZEN 2.3 lite. Imaginile au fost ulterior analizate
utilizand software-ul Image] 1.54d (National Institutes of Health, Bethesda, MD, SUA), si
s-au calculat rata de migrare celulara si procentul de inchidere a ranii [26].

Rezultate: Pentru toate cele trei extracte, utilizarea metodei UTE a condus la valori mai
ridicate ale TPC si TFC comparativ cu USE. Lythrum salicaria OHE a prezentat cea mai
mare activitate antioxidanta, urmat de Epilobium hirsutum OHE. Lythrum salicaria OHE
a avut un efect inhibitor comparabil cu gentamicina impotriva tulpinilor de
Staphylococcus aureus MSSA si MRSA. Sambucus nigra OHE a inhibat semnificativ
secretia de IL-6 in BJ] stimulate cu lipopolizaharida bacteriana (LPS), iar Lythrum
salicaria OHE a redus nivelul de IL-6. Epilobium hirsutum si Lythrum salicaria OHEs au
redus nivelurile de IL-8. Sambucus nigra si Epilobium hirsutum OHEs au scazut nivelul
de oxid nitric secretat de RAW 264.7 stimulate cu LPS, efect comparabil cu cel al
dexametazonei. Cea mai eficientd activitate cicatrizanta in HaCaT si BJ, a fost observata
pentru Epilobium hirsutum OHE, un efect semnificativ a fost observat si pentru Sambucus
nigra OHE pe linia celulara HaCaT.

Concluzii: Datorita activitatilor antiinflamatoare, antibacteriene, antioxidante si
cicatrizante demonstrate, OHEs prezinta un potential terapeutic important in sustinerea
diferitelor etape ale procesului de vindecare a ranilor. Complementaritatea si posibilele
efecte sinergice sustin utilizarea lor sub formd de amestec In proportii egale, pentru
obtinerea unui extract complex (CHE), care va fi ulterior incorporat in doua sisteme
topice moderne: pansamente de tip film si NLCs, destinate tratamentului ranilor.
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Studiul 2. Optimizarea unor pansamente de tip film cu extractul complex (CHE)
pentru ingrijirea ranilor - o abordare QbD

Scop / Obiective: Scopul acestui studiu a fost optimizarea unui pansament de tip film
continand CHE dezvoltat in studiul 1, utilizind conceptul QbD si metoda DoE. S-au
evaluat influenta tipului si a concentratiei agentilor formatori de film (guma xantan,
guma acacia, carboximetilceluloza sodicad) si respectiv a plastifiantilor (glicerol, 1,3-
propanediol, xilitol) asupra caracteristicilor critice ale pansamentului de tip film cu CHE.
Optimizarea s-a realizat avand ca obiectiv obtinerea unor pansamente de tip film cu CHE
cu grad de umectare ridicat, rezistenta mecanica adecvats, flexibilitate si proprietati
adezive ridicate, pentru a asigura eficienta produsului si confortul pacientului pe
parcursul tratamentului. Formula optimizata s-a analizat din punct de vedere al pH-ului,
aratei de transmisie a vaporilor de apa (WVTR), a unghiului de contact al apei (WCA), a
morfologiei prin microscopie electronicd de scanare (SEM) pentru a demonstra
potentialul acesteia de utilizare in tratamentul ranilor. De asemenea, s-a urmarit
evaluarea profilului de cedare al CHE incorporat in formula optimizata, pentru a observa
potentialul sau de eliberare sustinuta pentru 8 ore. S-au realizat studii de stabilitate
fizicd pentru 12 luni pentru a demonstra durabilitatea formulei optimizate. S-a
comparat formula optimizata atat cu un film martor (fara CHE), pentru a arata ca CHE
nu altereaza proprietatile pansamentului de tip film, cat si cu un pansament comerecial,
pentru a-i confirma potentialul de utilizare topica in tratamentul ranilor.

Material si metode Pentru prepararea pansamentelor de tip film cu CHE s-a utilizat
tehnica de turnare si uscare a gelului [3]. Grosimea filmului obtinut a fost determinata
cu un micrometru digital (Mitutoyo, Tokyo, Japonia) [3]. Gradul de umectare a filmului
a fost determinat conform recomandarilor standardului ISO 175:2010 [28,29] si a fost
calculat conform unei metode descrise anterior [3]. Proprietatile mecanice si adezive ale
filmului au fost evaluate folosind analizorul de textura CT3 (Brookfield Engineering
Laboratories, Middleborough, MA, SUA), echipat cu dispozitivul TA-FSF si o sonda
cilindrica cu capat rotunjit (diametru 0,8 cm, lungime 6 cm) pentru testul de perforare
[3], cu dispozitivul TA-DGF pentru a evalua elasticitatea si comportamentul la tractiune
[31], respectiv cu dispozitivul TA-AACC36 pentru proprietatile adezive folosind un gel
de gelatina ca substrat [30,43]. Pentru inregistrarea valorilor parametrilor a fost utilizat
software-ul Texture Pro CT V1.9 (Brookfield Engineering Laboratories, Middleborough,
MA, SUA). Flexibilitatea a fost testata si prin determinarea rezistentei la pliere repetata
[44]. Valorile pH-ului gelului inainte de turnare si uscare, respectiv ale pansamentului
de tip film obtinut, au fost determinate utilizand un pH-metru cu electrod pentru probe
semisolide (Hanna Instruments, Romania) [33]. WVTR a fost determinata conform
standardului ASTM E96 [10,34]. WCA a fost masurat folosind un sistem video de
masurare a unghiului de contact (OCA 25, Dataphysics, Filderstadt, Germania), fiind
calculat cu ajutorul software-ului DpiMAX (Dataphysics, Filderstadt, Germania) [10].
SEM a fost utilizatda pentru a evalua morfologia formulei optimizate, utilizdnd un
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microscop electronic Hitachi SU8230 (Hitachi High-Tech Corporation, Tokyo, Japonia),
la o tensiune de 30 kV si o distanta de lucru de 11,6 mm, cu mariri intre 40 si 50.000x
[10]. Profilul de eliberare al TPC din formula optimizata a fost investigat utilizand un
sistem automatizat cu celule de difuzie Franz (sistem Phoenix, Teledyne Hanson,
Chatsworth, CA, SUA), in mediu hidroalcoolic format din etanol si apa 25:75 (v/v),1a 400
rpm sila 32 + 0,5 °C. La intervale de timp prestabilite (15, 30, 45 minute, 1 ora, apoi din
ord In ora pana la 8 ore), au fost prelevati 500 pL, iar fiecare volum extras a fost inlocuit
cu un volum egal de mediu proaspat. Eliberarea cumulativa a TPC a fost calculata si
reprezentata grafic in functie de timp [10,35], iar cantitatea de TPC eliberata a fost
determinata utilizand testul Folin-Ciocalteu aplicat anterior pentru optimizarea CHE.
Rezultate: Formula optimizatd a continut 5 % alcool polivinilic, 0,25 % guma xantan, 10
% glicerol, 20 % extract complex si apa distilatd. Formula optimizata a prezentat o
grosime adecvatd, proprietati mecanice si adezivitate corespunzatoare, comparabile cu
valori raportate in literaturd. Formula optimizata a demonstrat o eliberare sustinuta a
polifenolilor din CHE continut pe parcursul a 8 ore, sugerand potentialul ridicat de
utilizare in ingrijirea ranilor. De asemenea, formula optimizatd a prezentat un pH
adecvat, WVTR si WCA corespunzatoare pentru utilizare in tratamentul ranilor, precum
si stabilitate fizica pe 12 luni, demonstrand utilitatea acesteia. SEM a confirmat o
suprafatd uniforma si omogend, indicind o buna integritate a formulei optimizate.
Caracteristicile formulei optimizate si ale formulei martor au fost similare, indicand ca
incorporarea CHE nu a afectat formarea filmului. in plus, caracteristicile formulei
optimizate au fost comparabile cu cele ale unui pansament de tip film disponibil
comercial, validand aplicabilitatea practica a acestuia.

Concluzii: S-a optimizat formularea unui pansament de tip film cu CHE cu proprietati
excelente, adaptate pentru utilizarea in ingrijirea ranilor, cu un potential ridicat de
eficienta terapeutica.

Studiul 3. Optimizarea unor sisteme lipidice nanostructurate (NLCs) cu CHE
pentru ingrijirea ranilor - o abordare QbD

Scop / Obiective: Scopul acestui studiu a fost optimizarea formularii unor NLCs
continand CHE dezvoltat in studiul 1, utilizand conceptul QbD si metoda DoE. S-a dorit
investigarea influentei tipului si concentratiei de lipide solide (acid palmitic, alcool
cetearilic) si lichide (trigliceride caprilice/caprice, miristat de iopropil), a concentratiei
de Tween® 80 ca tensioactiv principal si efectul adaugarii de co-tensioactiv (Span® 85)
asupra parametrilor critici ai formularii (dimensiunea particulelor - PS, indice de
polidispersie - PDI, potential zeta - ZP, eficienta Incapularii - EE si factorul de
ocluzivitate -OF). Pe formula optimizata s-a urmarit determinarea pH-ului, vascozitatii
si analizei de textura, pentru a sustine utilitatea acesteia pentru utilizare in tratamentul
ranilor. S-a efectuat analiza morfologiei formuldrii optimizate prin microscopie
electronica pentru confirmarea formarii NLCs si omogenitatii dispersiei de NLCs. De
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asemenea, s-a evaluat profilul de cedare al CHE incorporat in formula optimizata, pentru
a observa potentialul sdu de eliberare sustinuta pentru 72 ore. Formula optimizata s-a
comparat cu NLCs martor (fara CHE), pentru a observa efectul CHE asupra proprietatilor
NLCs. De asemenea, s-a realizat compararea cu un produs comercial pentru ingrijirea
ranilor pentru a valida aplicabilitatea formulei optimizate de NLCs cu CHE in
tratamentul ranilor.

Material si metode: NLCs cu CHE au fost preparate utilizind metoda de omogenizare la
cald urmata de sonicare pentru reducerea PS [36,37]. PS, PDI, ZP au fost determinate
folosind Zetasizer NanoZS (Malvern Instruments Co., Malvern, UK), dupa diluarea
dispersiei cu apa distilata in raport 1:100 (v/v) [38]. EE a fost determinata prin
cuantificarea TPC, utilizand testul colorimetric aplicat si In optimizarea extractelor
vegetale. NLCs cu CHE au fost diluate cu metanol 1:10 (v/v) si mentinute timp de 10
minute intr-o baie ultrasonica (Elma™ Elmasonic Select, Elma Schmidbauer GmbH,
Singen, Germania) pentru a le destructura si a elibera CHE incapsulat [38]. OF a fost
evaluat prin aplicarea a 500 pL de dispersie NLC pe hartie de filtru calitativa, utilizata
pentru a acoperi un vas care continea apa distilata. Ulterior, sistemul a fost incubat intr-
un etuva de laborator (Venticell®, MMM Medcenter Einrichtungen GmbH, Planegg,
Germania) la 32 + 2 °C timp de 24 de ore, iar pierderea de apa prin evaporare a fost
determinatd prin cantarire, iar OF a fost apoi calulat [39].Valorile pH-ului au fost
determinate la 22%0,5°C, folosind un pH-metru dotat cu un electrod pentru probe
semisolide (Hanna Instruments, Cluj-Napoca, Romania) [9]. Vascozitatea a fost
mdsurata cu ajutorul unui viscozimetru CAP 2000+ (Brookfield Engineering
Laboratories, Middleborough, MA, SUA) la 20+0,5°C, folosind axul 08, la 5 rpm, cu un
timp de asteptare de 10 secunde si un timp de analiza de 20 secunde. Analiza de textura
a fost efectuati cu analizorul CT3 Texture Analyzer la 22+0,5°C, cu sonda TA-DEC si
dispozitivul TA-BT-KIT, iar parametrii de textura au fost calculati cu ajutorul software-
ului Texture ProCT 1.9. Pentru microscopia electronica probele au fost depuse pe retele
de cupru acoperite cu carbon (400 mesh, grosime 20-30 nm, Science Services GmbH,
Miinchen, Germania), uscate la aer si analizate In microscoapele electronice Hitachi
(Hitachi High-Technologies Corporation, Tokyo, Japonia): SU8230 (microscopie
electronica de scanare - SEM) la 30 kV, 10 pA si HD2700 (microscopie electronica de
transmisie in modul de scanare - STEM) la 200 kV, 10 pA. Imaginile au fost obtinute prin
mariri cuprinse intre 1000x si 500.000%, in mod scanare si/sau transmisie. Studiul de
cedare in vitro al TPC din CHE din NLCs a fost realizat utilizand dispozitive de dializa
Spectra/Por® Float-A-Lyzer® G2 cu membrana de esteri de celuloza (MWCO 50 kDa,
nr. G235058, 5 mL, Repligen, Boston, Massachusetts, SUA), conform unei metode
adaptate din literatura de specialitate [40]. Un volum de 1 mL din proba a fost introdus
in dispozitivul de dializa, apoi acesta a fost plasat in 15 mL de apa distilata, la 32 + 0,5°C
si 200 rpm. Concentratia totala de polifenoli cedata a fost determinata la 30 min, 1 h,
apoi din ord in ora pana la 8 h si ulterior la 24, 48 si 72 h, prin colectarea a 500 pL din
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mediu. Continutul de CHE eliberat a fost determinat prin cuantificarea TPC, iar
eliberarea cumulativa (%) a fost calculata si reprezentata grafic in functie de timp.
Rezultate: Formula optimizatd a continut 5 % alcool cetearilic, 5 % trigliceride
caprilice/caprice, 5 % Tween® 80, 1 % Span® 85, 20 % CHE si apa distilata. Formula
optimizata a prezentat PS potrivita pentru efect la nivelul dermului, omogenitate
demonstrati de un PDI scizut si potentiali stabilitate sugerata prin ZP negativ. In plus,
incapsularea eficienta a CHE si OF ridicat ale formulei optimizate pot conduce la o
eficienta terapeutica crescutda. STEM a confirmat formarea NLCs cu suprafete sferice,
netede si distributie uniforma a PS, fara semne vizibile de agregare sau separare de faza.
Valorile pH-ului, vascozitatii si profilul de textura ale formulei optimizate au fost
adecvate pentru utilizarea in tratamentul ranilor si similare unui fluid pentru ingrijirea
ranilor disponibil comercial, evidentiind potentialul acesteia de utilizare practica.
Formula optimizata a prezentat o eliberare sustinuta a polifenolilor din CHE Incorporat
pana la 72 de ore, aspect favorabil pentru mentinerea efectelor terapeutice pe termen
lung in tratamentul ranilor.

Concluzii: S-a optimizat formularea unor NLCs cu CHE cu proprietati excelente, adaptate
pentru utilizarea 1n Ingrijirea ranilor, cu un potential ridicat de eficienta terapeutica.

CONCLUZII GENERALE

Aceastd teza de doctorat s-a concentrat pe dezvoltarea unor sisteme topice
pentru tratamentul ranilor, care sa valorifice potentialul terapeutic al unor extracte
vegetale din flora spontand a Romaniei. Pentru optimizarea extractiei principiilor active,
cat si pentru dezvoltarea sistemelor topice s-a aplicat conceptul QbD si metoda DoE.

Primul studiu a optimizat extractia polifenolilor si flavonoidelor din florile de
Sambucus nigra si din partile aeriene ale Epilobium hirsutum si Lythrum salicaria,
evaluand profilul fitochimic si proprietatile antioxidante, antiinflamatoare si de
stimulare a vindecarii ranilor. Rezultatele au demonstrat efecte complementare si
sinergice ale OHEs, care sustin ideea combindrii lor Intr-un CHE care ulterior a fost
incorporat in noi sisteme topice.

Al doilea studiu a dezvoltat si optimizat formularea unui pansament de tip film cu
CHE obtinut in primul studiu. Acesta a prezentat caracteristici fizice excelente,
asigurand atat flexibilitate si umectare ridicate, cat si rezistenta mecanica, eliberare
sustinuta a polifenolilor din CHE pe parcursul a 8 ore, precum si stabilitate fizica pe 12
luni, toate esentiale pentru sustinerea vindecarii ranilor si confortul pacientului. Mai
mult, proprietatile lui fost comparabile cu cele ale unui pansament de tip film disponibil
comercial, demonstrand o buna aplicabilitate a acestuia.

Al treilea studiu a dezvoltat si optimizat formularea unor NLCs cu CHE obtinut in
studiul 1. Acestea au prezentat proprietati fizice adecvate, incapsulare suficienta a CHE,
OF ridicat si eliberarea sustinuta a polifenolilor din CHE incorporat pana la 72 de ore,
care pot conduce la o eficientd terapeutici crescuti. In plus, proprietitile lor reologice
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si de textura au fost adecvate si asemanatoare unui fluid pentru ingrijirea ranilor
disponibil comercial, demonstrand potentialul de aplicabilitate practica. Astfel, toate
aceste rezultate deschid perspective promitatoare ce combina beneficiile demonstrate
stiintific ale compusilor bioactivi naturali traditionali cu sisteme topice moderne.

ORIGINALITATEA SI CONTRIBUTIILE INOVATIVE ALE
CERCETARII DOCTORALE

Originalitatea acestei teze de doctorat consta in obtinerea unui extract vegetal
complex (CHE), cu un continut optimizat de compusi bioactivi esentiali pentru procesul
de vindecare a ranilor, obtinut prin combinarea a trei extracte vegetale optimizate. Acest
CHE a fost ulterior incorporat in noi sisteme topice optimizate, respectiv pansamente de
tip film si NLCs. Un aspect esential al acestei cercetari a fost aplicarea metodei QbD atat
in optimizarea obtinerii a trei extracte vegetale, cat si in formularea ambelor sisteme
topice. Prin implementarea DoE, s-au identificat influente ale parametrilor de extractie
si formulare asupra caracteristicilor produselor finale, care aprofundeaza intelegerea
dezvoltirii extractelor si acestor sisteme topice. In plus, aceasti tezi aduce contributii
valoroase care determina avansarea cercetarii in acest domeniu.

In primul rand, acest studiu a fost prima raportare a utilizirii metodei UTE pentru
extractia compusilor bioactivi din florile de Sambucus nigra si partile aeriene de Lythrum
salicaria, din cadrul primului studiu. De asemenea, in acest studiu s-a publicat prima
evaluare a activitatii antiinflamatoare a extractelor de Sambucus nigra si Lythrum
salicaria pe BJ. In plus, s-au raportat pentru prima dati efectele extractelor din Lythrum
salicaria si Epilobium hirsutum asupra HaCaT si RAW 264.7, si a fost prima cercetare
care a investigat efectul extractului de Epilobium hirsutum prin testul in vitro de
cicatrizare.

Acest CHE a fost inclus pentru prima data in sisteme topice moderne, precum
pansamente de tip film si NLCs. Majoritatea factorilor de formulare alesi pentru
dezvoltarea acestor sisteme topice cu CHE au fost studiati pentru prima data in cadrul
unui concept QbD. In plus, pentru optimizarea NLCs cu CHE, OF a fost folosit pentru
prima data ca factor de raspuns in cadrul DoE. De asemenea, nu exista studii publicate
anterior care sa utilizeze alcoolul cetearilic pentru prepararea NLCs. Totodat3, aceasta
cercetare este prima care a aplicat analiza de texturd pentru caracterizarea dispersiei de
NLCs.

Rezultatele obtinute in urma cercetarii doctorale aduc informatii valoroase
despre utilizarea extractelor vegetale in ingrijirea ranilor si sustin dezvoltarea
pansamentelor de tip film si a NLCs ca sisteme topice moderne, cu potential terapeutic
promitator.
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