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1. Introducere

Arsurile reprezintd o problemd medicald majora, avand un impact semnificativ asupra calitatii
vietii pacientilor [1]. Procesul de vindecare al arsurilor este complex, implicAnd mecanisme
biologice si biochimice ce pot fi influentate pozitiv prin utilizarea unor tratamente eficiente si
sigure. In ultimele decenii, utilizarea plantelor medicinale in tratamentul ranilor si al arsurilor a
atras atentia comunitdtii stiintifice, acestea oferind alternative terapeutice naturale si eficiente,
datorita proprietatilor lor antiinflamatoare, antioxidante si regenerative [2]. Plantele utilizate n
acest studiu au fost alese pe baza inspiratiei din cultura traditionald din sudul Romaniei, unde
utilizarea lor in diverse preparate terapeutice are o istorie indelungatd si bine documentatd in
medicina populara. Lucrarea prezenta isi propune sa investigheze si sd valideze eficienta
terapeutica a oleogelurilor si hidrogelurilor incdrcate cu extracte etanolice din plante medicinale
(Boswellia serrata, Sambucus nigra, Ocimum basilicum, Galium verum) in tratamentul arsurilor

experimentale.

2. Scopul si obiectivele cercetarii

Scopul principal al cercetarii este dezvoltarea, caracterizarea si validarea formuldrilor topice
inovatoare pe bazd de oleogeluri si hidrogeluri incdrcate cu extracte etanolice din plante
medicinale, avind ca tintd reducerea inflamatiei si imbunatdtirea procesului de vindecare a
leziunilor cutanate produse de arsuri, in vederea utilizarii acestor formulari ca tratament eficient
pentru arsuri [3]. Obiectivele specifice includ analiza fitochimica detaliata a extractelor, evaluarea
proprietatilor antioxidante si antiinflamatorii, studiile reologice si fizico-chimice ale formularilor

dezvoltate, precum si evaluarea eficientei terapeutice in vitro si in vivo.

3. Material si metode

Tn aceasti tezd au fost utilizate patru plante medicinale: Boswellia serrata, Sambucus nigra (flori
si scoarta), Ocimum basilicum si Galium verum. Extractele vegetale au fost obtinute prin extractie
cu etanol absolut si etanol hidroalcoolic (70%), urmate de filtrare si evaporare sub vid pana la
obtinerea extractelor uscate. Compusii bioactivi au fost analizati prin metode spectrofotometrice
si cromatografice de nalta performantda (HPLC). Activitatea antioxidanta a fost evaluata prin

metoda DPPH.



Formularile topice studiate au inclus oleogeluri bazate pe excipienti lipofili (ulei de floarea-
soarelui, ulei de masline, izopropil miristat si dietilen glicol monoetil eter) si agent gelifiant
glicerina dibenata (Compritol 888 ATO), precum si hidrogeluri bazate pe poloxamer 407 [4,5].
Toate formularile au fost caracterizate prin evaluarea proprietatilor macroscopice (aspect, culoare,

miros, opacitate), determinarea pH-ului si proprietati reologice (vascozitate, tixotropie).

In cadrul cercetirii s-a dezvoltat si validat un dispozitiv inovator numit RAPID-3D, destinat
inducerii uniforme si reproductibile a arsurilor cutanate experimentale prin contact cu lichide
fierbinti. Evaludrile biologice au inclus studii in vitro pe linii celulare de keratinocite umane
HaCaT pentru determinarea proliferarii si migrarii celulare, utilizand metoda wound healing.
Studiul in vivo a fost efectuat pe sobolani Wistar, folosindu-se dispozitivul RAPID-3D pentru
inducerea controlata si uniforma a arsurilor de tip scald. Eficacitatea formularilor a fost analizata
prin observatii clinice detaliate, evaludri histologice complexe si determinarea parametrilor

microvasculari prin scanarea laser Doppler.

Astfel, metodologia utilizata a integrat tehnici fitochimice avansate, dezvoltarea unor formulari
topice inovatoare, un model experimental bine controlat si evaluari complexe atat in vitro, cét si

in vivo, pentru a asigura o abordare comprehensiva si riguroasa a subiectului de cercetare.

4. Rezultate principale

Analizele fitochimice au relevat prezenta unor compusi bioactivi importanti in extractele vegetale
studiate. Extractul de Boswellia serrata a evidentiat concentratii semnificative de acizi boswellici
cu proprietati antiinflamatorii puternice. Extractele din Sambucus nigra au fost bogate in rutina si
isoquercitrind, compusi recunoscuti pentru activitdtile lor antioxidante si antiinflamatorii.
Extractele de Ocimum basilicum si Galium verum au continut cantitati mari de acid rozmarinic si

acid clorogenic, ambele cu potential antioxidant remarcabil.

Studiile in vitro pe keratinocitele umane HaCaT au demonstrat efecte pozitive ale extractelor din
Ocimum basilicum si Galium verum asupra proliferarii si migrarii celulare, facilitand astfel
regenerarea tesutului afectat. Formularile topice dezvoltate au prezentat o stabilitate fizico-chimica
excelentd, avand pH-uri compatibile cu pielea si proprietati reologice favorabile

(pseudoplasticitate si tixotropie), asigurand astfel aplicarea usoara si eficienta.



Studiile in vivo realizate cu dispozitivul RAPID-3D au aratat ca aplicarea oleogelurilor si
hidrogelurilor incarcate cu extracte vegetale a condus la o reducere semnificativa a suprafetei si
profunzimii arsurilor, accelerand procesul de vindecare. Examinarile histologice au relevat o
regenerare epidermica acceleratd si o diminuare evidentad a procesului inflamator. Analizele
microvasculare efectuate cu ajutorul scandrii laser Doppler au confirmat imbunatatirea
semnificativa a perfuziei sanguine in zonele afectate, favorizand recuperarea rapida si completa a

tesutului.

5. Discutii

Rezultatele studiului sustin potentialul terapeutic al extractelor vegetale datorita continutului bogat
in compusi bioactivi cu activitati antioxidante si antiinflamatorii remarcabile. Eficienta terapeutica
crescutd a formuldrilor dezvoltate poate fi atribuitd combindrii acestor compusi bioactivi cu
excipientii utilizati, care au favorizat o bund permeabilitate cutanatd si o eliberare controlatd a
substantelor active. Studiul confirmd ca stabilitatea fizico-chimicd si proprietdtile reologice
optimizate ale formuldrilor contribuie semnificativ la eficacitatea terapeutica observata.
Dispozitivul RAPID-3D reprezintd un avantaj metodologic major, asigurand reproductibilitatea si

uniformitatea modelului experimental utilizat.

6. Concluzii generale

Cercetarea prezentatd a demonstrat clar potentialul terapeutic al oleogelurilor si hidrogelurilor
incdrcate cu extracte etanolice din Boswellia serrata, Sambucus nigra, Ocimum basilicum si

Galium verum in tratamentul arsurilor cutanate experimentale.

Studiul prezentat este unic prin structura si complexitatea sa, dat fiind ca exploreaza si compara
detaliat efectele terapeutice ale diferitelor combinatii si tipuri de formulari vegetale Intr-o maniera
comprehensiva, inovatoare si interdisciplinara pentru tratamentul arsurilor. Rezultatele cercetarii
au demonstrat eficienta formularilor topice inovatoare, sustinand utilizarea extractelor vegetale
studiate in tratamentul arsurilor si al leziunilor cutanate, evidentiind efecte regenerative si
antiinflamatorii semnificative. Aceasta abordare integrata a permis identificarea unor formulari
optime si a contribuit la dezvoltarea unor posibile terapii alternative eficiente si sigure pentru

gestionarea clinica a arsurilor.



7. Perspective si directii viitoare

Cercetdrile viitoare ar trebui sa includa studii clinice controlate pe populatii umane pentru
validarea eficacitatii si sigurantei formuldrilor dezvoltate. De asemenea, este necesard
monitorizarea extinsa pentru evaluarea cicatricilor pe termen lung, evaluari microbiologice
detaliate, studii comparative ale concentratiilor diferite de extracte si caracterizarea moleculara
avansatd pentru elucidarea mecanismelor fundamentale de vindecare. Studiile ulterioare care
examineaza variabilitatea individuald, terapiile combinate si analiza fezabilitdtii economice ar

putea consolida potentialul aplicatiei clinice a formularilor topice dezvoltate.

Cuvinte cheie: arsuri, plante medicinale, extracte etanolice, oleogeluri, hidrogeluri, analiza fizico-

chimica, proprietati antioxidante, proprietati antiinflamatorii, vindecarea ranilor, model RAPID-

3D.

Teza este structuratd in doud parti principale: Partea generald, si Partea speciald, formatd din 4
capitole fiecare alaturi de Introducere, Concluzii generale, Perspective si directii viitoare si

Bibliografie.
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1. Introduction

Burn injuries represent a significant medical problem with substantial impact on patients'
quality of lifel. The burn wound healing process is complex, involving biological and biochemical
mechanisms that can be positively influenced through effective and safe treatments. In recent
decades, the use of medicinal plants in wound and burn treatment has drawn attention from the
scientific community, offering natural and efficient therapeutic alternatives due to their anti-
inflammatory, antioxidant, and regenerative properties?. The plants selected for this study were
inspired by traditional culture from Southern Romania, where their usage in various therapeutic
preparations has a long and well-documented history in folk medicine. This thesis aims to
investigate and validate the therapeutic efficacy of oleogels and hydrogels loaded with ethanolic
extracts of medicinal plants (Boswellia serrata, Sambucus nigra, Ocimum basilicum, Galium

verum) in experimental burn treatment.
2. Aim and Objectives

The primary aim of this research is to develop, characterize, and validate innovative topical
formulations based on oleogels and hydrogels loaded with ethanolic extracts of medicinal plants,
targeting inflammation reduction and enhancement of skin lesion healing processes caused by
burns, thereby facilitating their use as effective burn treatments 3. Specific objectives include
detailed phytochemical analysis of extracts, evaluation of antioxidant and anti-inflammatory
properties, rheological and physicochemical studies of developed formulations, and assessment of

therapeutic efficacy both in vitro and in vivo.
3. Materials and Methods

This thesis utilized four medicinal plants: Boswellia serrata, Sambucus nigra (flowers and
bark), Ocimum basilicum, and Galium verum. Plant extracts were obtained through extraction
using absolute ethanol and hydroalcoholic ethanol (70%), followed by filtration and vacuum
evaporation until obtaining dry extracts. Bioactive compounds were analyzed using
spectrophotometric and high-performance liquid chromatography (HPLC) methods. Antioxidant
activity was assessed by the DPPH method.



The studied topical formulations included oleogels based on lipophilic excipients (sunflower
oil, olive oil, isopropyl myristate, and diethylene glycol monoethyl ether) and gelation agent
glyceryl dibehenate (Compritol 888 ATO), as well as hydrogels based on poloxamer 407 [4,5]. All
formulations were characterized by evaluating macroscopic properties (appearance, color, odor,

opacity), pH determination, and rheological properties (viscosity, thixotropy).

Within this research, an innovative device named RAPID-3D was developed and validated
for uniform and reproducible induction of experimental skin burns by contact with hot liquids.
Biological evaluations included in vitro studies using human HaCaT keratinocyte cell lines to
determine cellular proliferation and migration using the wound healing method. The in vivo study
was conducted on Wistar rats using the RAPID-3D device to induce controlled, uniform scald
burns. The efficacy of formulations was analyzed through detailed clinical observations, complex

histological evaluations, and microvascular parameter determination using laser Doppler scanning.

Thus, the methodology employed integrated advanced phytochemical techniques, innovative
topical formulation development, a well-controlled experimental model, and comprehensive in
vitro and in vivo evaluations, ensuring a rigorous and comprehensive approach to the research

topic.

4. Main Results

Phytochemical analyses revealed significant bioactive compounds in the studied plant
extracts. Boswellia serrata extract showed notable concentrations of boswellic acids with strong
anti-inflammatory properties. Sambucus nigra extracts were rich in rutin and isoquercitrin,
compounds recognized for their antioxidant and anti-inflammatory activities. Ocimum basilicum
and Galium verum extracts contained substantial amounts of rosmarinic acid and chlorogenic acid,

both demonstrating remarkable antioxidant potential.

In vitro studies on HaCaT human keratinocytes demonstrated positive effects of Ocimum
basilicum and Galium verum extracts on cellular proliferation and migration, facilitating tissue
regeneration. Developed topical formulations exhibited excellent physicochemical stability, skin-
compatible pH, and favorable rheological properties (pseudoplasticity and thixotropy), ensuring

ease and effectiveness of application.



In vivo studies using the RAPID-3D device showed that application of oleogels and hydrogels
loaded with plant extracts significantly reduced burn surface area and depth, accelerating healing.
Histological examinations revealed accelerated epidermal regeneration and evident reduction of
inflammation. Microvascular analyses via laser Doppler scanning confirmed significant

improvement in blood perfusion in treated areas, facilitating rapid and complete tissue recovery.
5. Discussion

The study results support the therapeutic potential of plant extracts due to their rich bioactive
content with remarkable antioxidant and anti-inflammatory activities. The increased therapeutic
efficiency of developed formulations can be attributed to the combination of these bioactive
compounds with excipients, which promoted good skin permeability and controlled active
substance release. The study confirms that optimized physicochemical stability and rheological
properties of the formulations significantly contribute to observed therapeutic efficacy. The
RAPID-3D device represents a major methodological advantage, ensuring reproducibility and

uniformity of the experimental model.
6. General Conclusions

This research clearly demonstrated the therapeutic potential of oleogels and hydrogels loaded
with ethanolic extracts of Boswellia serrata, Sambucus nigra, Ocimum basilicum, and Galium
verum for experimental burn treatment. The study is unique due to its comprehensive and
interdisciplinary structure, thoroughly exploring and comparing therapeutic effects of various
plant extract combinations and formulations. Results demonstrated the efficacy of innovative
topical formulations, supporting their use in clinical burn management, highlighting significant
regenerative and anti-inflammatory effects. This integrated approach facilitated the identification
of optimal formulations, contributing to the development of potential alternative, efficient, and

safe therapies for burn management.
7. Perspectives and Future Directions

Future research should include controlled clinical studies on human populations to validate

efficacy and safety. Extensive monitoring is necessary for long-term scar evaluation, detailed



microbiological assessments, comparative studies of extract concentrations, and advanced
molecular characterization to elucidate fundamental healing mechanisms. Subsequent studies
examining individual variability, combination therapies, and economic feasibility analyses could

further consolidate clinical applicability potential of developed topical formulations.

Keywords: burns, medicinal plants, ethanolic extracts, oleogels, hydrogels, physicochemical

analysis, antioxidant properties, anti-inflammatory properties, wound healing, RAPID-3D model.

The thesis comprises two main parts: General Part and Special Part, each consisting of 4
chapters, along with Introduction, General Conclusions, Perspectives and Future Directions, and

Bibliography.
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