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INTRODUCTION

The many known forms of cancer treatment are feared by their
induced, often, grave side effects as well as chemoresistance.
Phytotherapy stands as an alternative, with clinically tested and
familiar plant-derived bioactive compounds. The present PhD thesis
in structured within two parts. The first, representing the State of the
Art, and the second, which displays the Personal Contributions
offered. The State of the Art encompasses, firstly, a general view of
extraction methods, followed secondly by a discussion over plant
bioactive compounds. The third chapter contains botanical and
historical aspects of the three plant species selected for study:
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Trifolium pratense L., Xanthium spinosum L., and Coffea arabica L.
Thus, the first study included in the Personal Contributions, is focused
on the influence of extraction techniques and parameters over
extracts obtained from Trifolium pratense L: the phytochemical
profile of the extracts, the in vivo assessment of the antioxidant and
anti-inflammatory activities in a rat inflammation model induced by
carrageenan were performed. The second study investigated similar
aspects, only for the species Xanthium spinosum L. The third study
was focused on green coffee beans. The fourth study implied the in
vitro evaluation of the antitumor and antioxidant effect of 3 selected
extract from each of the plant species, in human cancer cell lines. The
in vivo antitumor activity of the extracts was also assessed in a mouse
model with Ehrlich ascites, in order to attempt a comparison
between the respective biological responses. The studies revealed
the importance of the effect of extraction methods and parameters
over the phytochemical profiles and biological activities of plant
extracts.

STATE OF THE ART

Extraction methods serve as a critical part in the processes of
the scientific investigation of any medicinal plant leading up to the
manufacturing of industrialized herbal products. Conventional
extraction methods are based on the extraction of bioactive
compounds from a solid plant material using a selected solvent, while
heat and/or mixing are applied. Over recent decades, attempts have
been made to improve their disadvantages. Innovative extraction
methods present low energy consumption, obtaining biodegradable,
high purity extracts, through simplified processes, the use of green,
alternative solvents. The three main classes of plant bioactive
compounds are principally considered to be polyphenols, alkaloids,
and terpenoids. Polyphenolic compounds, for example, have been
researched for their antioxidant, anti-inflammatory, antibacterial,
antiviral activities, as well as their cardioprotective effect,
antidiabetic, and antitumor activity. The bioactive compounds from
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three plants were studied: Trifolium pratense L., Xanthium spinosum
L., and green coffee beans from the species Coffea arabica L.

PERSONAL CONTRIBUTIONS

The objective of this thesis consisted in studying the influence
of extraction methods and parameters over the phytochemical profile
of the three selected plant species.

Study 1. Red clover and the importance of extraction
processes - ways in which extraction techniques and
parameters affect Trifolium pratense L. extracts’ phytochemical
profile and biological activities

The purpose of this study was to gain an insight into the
manner in which several extraction processes affected bioactive
compound yield, and subsequently to assess several of their
biological activities. Red clover extracts were obtained using
maceration, Soxhlet extraction, turbo-extraction, ultrasound-assisted
extraction, and a combination of the last two. The resulting extracts
were analyzed for total phenolic and flavonoid content. The extracts
presenting the best results were subjected to a phytochemical
assessment by way of HPLC-MS analysis. After a final sorting based
on the phytochemical profiles of the extracts, the samples were
assessed for their antimicrobial activity, anti-inflammatory activity,
and oxidative stress reduction potential, using animal inflammation
models. The Soxhlet extraction yielded the most satisfactory results
both, with the ultrasound-assisted extraction offering comparable
yields. The extracts showed a high potential against Gram-negative
bacteria and induced a modest antioxidant effect on the experimental
inflammation model in Wistar rats.

Study 2. Influences of different extraction techniques and
their respective parameters on the phytochemical profile and
biological activities of Xanthium spinosum L. Extracts

The aim of this study was to identify possible influences of
extraction methods as well as extraction parameters on the
phytochemical and biological profiles of Xanthium spinosum L.
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extracts. The same extraction methods were selected as before. The
phytochemical profile was determined for the best-yielding extracts
using HPLC-MS analysis. The biological activities were evaluated as
in the previous study. Comparable results were achieved with
Soxhlet extraction and ultrasound-assisted extraction, both
surpassing all other tested methods in terms of yields. Bioactive
compound concentrations tended to increase with the increase in
extraction time and temperature. These maximal values lowered
once the degradation points of the bioactive compounds were
reached. Extracts demonstrated good protection against Gram-
negative bacteria. Additionally, they provided good cellular
protection and increased the antioxidant defense in the analyzed rat
plantar tissue.

Study 3. The effect of extraction methods on
phytochemicals and biological activities of green coffee beans
extracts

The objectives of the present study consisted of identifying the
impact of extraction methods and parameters held over the
phytochemistry and biological activities of green coffee beans.
Identical extraction processes were performed. The extracts were
also subjected to the same means of analysis as in the previous study.
In vivo, a model of plantar inflammation in Wistar rats was used to
determine antioxidant activity, by evaluating the oxidative stress
reduction potential, and anti-inflammatory activity. In vitro
antimicrobial activity was also determined. The Soxhlet extraction
and ultrasound-assisted extraction gave the highest bioactive
compound yields. Regarding the antioxidant activity, ultrasound-
assisted extraction reached the highest levels. Chlorogenic acid was
present in the highest concentration in the Soxhlet extracts. Sterolic
compounds were found in high concentrations throughout all the
analyzed extracts. A proportional increase between yields and
extraction parameter values was observed. Increased inhibition of
Gram-negative bacteria was observed. The 60 min Soxhlet extract
presented a significant in vivo antioxidant activity, with a slight anti-
inflammatory activity.
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Study 4. An in vitro and in vivo assessment of antitumor
activity of extracts derived from three well-known plant species

One of the objectives of this study consisted in the assessment
of the antitumor activity of several extracts from three selected plant
species: Xanthium spinosum L., Trifolium pratense L. and Coffea
arabica L., and also offer a comparative study of this biological
activity, with the aim of establishing the superior herbal extract
regarding the antitumor benefits. The selected extracts were
screened in vitro for their antitumor activity and antioxidant
potential on two cancer cell lines. In vivo assessment of antitumor
activity in an Ehrlich ascites mouse model was performed. The X.
spinosum L. extracts presented the strongest anticancerous and
antioxidant effects. Ascites cell viability decreased after T. pratense L.
and green coffee bean extracts administration while the oxidative
stress was important in tumor samples after T. pratense L. or
cyclophosphamide administration associated with X. spinosum L. and
T. pratense L. extracts. These results suggested that T. pratense L. or
X. spinosum L. extracts in combination with chemotherapy can induce
lipid peroxidation in tumor cells and decreased the tumor viability
especially, T. pratense L. extract.

General conclusions and originality of the thesis

By means of the accomplished studies, the importance of
phtyotherapy as an alternative in the integrative oncological therapy
was highlighted, due to the antioxidant, anti-inflammatory, and
cytotoxic activities of the three studied plant species: Trifolium
pratense L., Xanthium spinosum L., and Coffea arabica L.

The originality of the thesis consists in the development of
analytical methods for the qualitative and quantitative determination
of several xanthanolides and cafeoylquinic acids and the
demonstration of their pharmacological properties. The Personal
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compusilor bioactivi din plante. Cel de-al treilea capitol contine
aspecte botanice si istorice asupra celor trei specii de plante selectate
pentru studiu: Trifolium pratense L., Xanthium spinosum L. si Coffea
arabica L. Astfel, primul studiu inclus in Contributiile Personale, este
focalizat asupra influentei metodelor si parametrilor de extractie
asupra extractelor obtinute din specia Trifolium pratense L.: profilul
fitochimic al extractelor, evaluarea in vivo a efectelor antioxidante si
antiinflamatoare Intr-un model de inflamatie indusa de caragenan la
sobolani. Al doilea studiu a investigat aspecte similare, insa pentru
specia Xanthium spinosum L. Al treilea studiu a fost centrat pe
semintele neprdjite de cafea. Al patrulea studiu a implicat evaluarea
in vitro a efectului antitumoral si antioxidant a 3 extracte selectate
provenind de la fiecare specie vegetala asupra unor linii canceroase
umane. Activitatea antitumorald in vivo a extractelor a fost, de
asemenea, evaluata intr-un model murin de ascita Ehrlich, pentru a
stabili o comparatie intre raspunsurile biologice respective. Studiile
au dezvaluit importanta efectului metodelor si parametrilor de
extractie asupra profilului fitochimic si activitatilor biologice ale
extractelor vegetale.

STADIUL ACTUAL AL CUNOASTERII

Metodele de extractie servesc ca si o componenta critica in
procesele siintifice investigatorii ale oricarei specii vegetale, ducand
pand la productia de produse vegetale industrializate. Metodele
conventionale de extractie au la baza extractia de compusi bioactivi
dintr-o matrita vegetala solida folosind un solvent ales, in timp ce
sunt aplicate caldurasi/sau omogenizarea. Recent, au existat
incercari pentru a imbunatiti dezavantajele acestora. Metodele
inovative de extractie prezintd consum scazut de energie, obtinere de
extracte biodegradabile, de Tnalta puritate, prin procedee simplificate
si solventi alternavi. Cele trei clase principale de compusi bioactivi
sunt considerate a fi polifenolii, alcaloizii si terpenoidele. Compusii
polifenolici, de exemplu, au fost cercetati pentru activtitatile lor
antioxidante, antiinflamatoare, antibacteriene, antivirale, precum si
pentru efectul lor cardioprotector, activitatea antidiabetica si
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antitumorala. Au fost studiati compusii bioactivi apartinand celor trei
specii vegetale: Trifolium pratense L. Xanthium spinosum L. si
semintele neprdjite de cafea de la specia Coffea arabica L.

CONTRIBUTII PERSONALE

Scopul acestei teze a constat in studierea influentei metodelor
si parametrilor de extractie asupra profilului fitochimic a celor trei
specii de plante selectate.

Studiul 1. Trifoiul rosu si importanta proceselor de
extractie - moduri in care metodele si parametrii de extractie
influenteaza profilul fitochimic si activitatile biologice ale
extractelor de Trifolium pratense L.

Scopul acestui studiu a fost de a obtine o perspectiva aspura
modului in care anumite procedee de extractie influenteaza
concentratia de compusi bioactivi si In consecinta de a evalua unele
din activitatile lor biologice. Extractele de trifoi rosu au fost obtinute
folosind macerarea, extractia Soxhlet, turboextractia, extractia
asistata de ultrasunete si o combinatie intre ultimele douda metode.
Continutul total de polifenoli si de flavonoide al extractelor rezultate
a fost analizat. Extractele ce au prezentat cele mai favorabile
rezultate au fost supuse evaluarii fitochimice prin analiza HPLC. Dupa
o selectie finala bazata pe profilul fitochimic, activitatea
antimicrobiand, antiinflamatoare si potentialul de reducere a
stresului oxidativ al extractelor au fost evaluate, folosind modele
animale de inflamatie. Extractele au prezentat un inalt potential
impotriva bacteriilor Gram-negative si au indus un efect antioxidant
asupra modelului de inflamatie la sobolanii Wistar.

Studiul 2. Influenta diferitelor metode si parametri de
extractie asupra profilului fitochimic si activitatilor biologice ale
extractelor de Xanthium spinosum L.

Scopul acestui studiu a fost de a identifica posibilele influente
ale metodelor de extractie, precum si ale parametrilor de extractie
asupra profilelor fitochimice si biologice ale extractelor de Xanthium
spinosum L. Au fost utilizate aceleasi metode extractive mentionate
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anterior. Profilul fitochimic a fost determinat folosind analiza HPLC-
MS pentru extractele cu concentratiile cele mai inalte. Activitatile
biologice au fost evaluate conform studiului anterior. Cu privire la
concentratii, s-au obtinut rezultate comparabile intre extractia
Soxhlet si cea asistata de ultrasunete, ambele iIntreciand toate
celelalte metode testate. Aceste valori maximale au scazut odata ce
au fost atinse punctele de degradare ale compusilor bioactivi.
Extractele au demonstrat protectie fnalta impotriva bacteriilor Gram-
negative. In plus, acestea au oferit o buni protectie celulara si au
crescut apararea antioxidanta in tesutul plantar analizat.

Studiul 3. Efectul metodelor de extractie asupra profilului
fitochimic si activitatilor biologice ale extractelor de seminte
neprajite de cafea

Acest studiu a constat in identificarea impactului metodelor si
parametrilor de extractie asupra fitochimiei si activtitatilor biologice
ale semintelor neprajite de cafea. Au fost utilizate procedee identice
de extractie. Extractele au fost, de asemenea, supuse acelorasi
metode de analiza precum in studiul anterior. In vivo, un model de
inflamatie plantard la sobolanii Wistar a fost utilizat pentru a
determina activitatea antioxidanta, prin evaluarea potentialului de
reducere a stresului oxidativ si a efectului antiinflamator. Extractia
Soxhlet si extractia asistata de ultrasunete au dat concentratiile cele
mai fnalte de compusi bioactivi. In privinta activititii antioxidante,
extractia asistatd de ultrasunete a atins cele mai inalte concentratii.
Acidul clorogenic a fost prezent In cea mai mare concentratie in
extractele Soxhlet. Compusii sterolici s-au gasit In concentratii Tnalte
in toate extractele analizate. S-a observat o crestere proportionala
intre concentratii si parametrii de extractie. A fost observatd o
inhibitie crescutd a bacteriilor Gram-negative. Extractul Soxhlet de
60 minute a prezentat o activitate antioxidanta seminificativa in vivo,
cu o usoara activitate antiinflamatoare.

Studiul 4. Evaluarea in vitro si in vivo a activitatii
antitumorale a unor extracte derivate din trei specii de plante
bine cunoscute
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Unul dintre obiectivele acestui studiu a fost evaluarea
activitatii antitumorale a unor extracte derivate din cele trei specii
vegetale selectate: Xanthium spinosum L., Trifolium pratense L. si
Coffea arabica L., precum si de a oferi un studiu comparativ al acestei
activitatii biologice, cu scopul de a determina extractul vegetal
superior cu privire la beneficiile antitumorale. Activitatea
antitumorald si potentialul antioxidant in vitro au fost evaluate pe
doua linii celulare pentru extractele selectate. S-a efectuat evaluarea
activitatii antitumorale in vivo intr-un model murin de ascita Ehrlich.
Extractele de Xanthii spinosi herba au prezentat cel mai inalt efect
antitumoral. Viabilitatea celulelor de ascita a scazut dupa
administrarea extractelor de T. pratense L. si de seminte neprajite de
cafea, in timp ce efectul antioxidant a fost important in probele de
celule tumorale dupa administrarea de T. pratense L. De asemenea,
viablitatea a fost scazuta si dupa ciclofosfamida asociata cu extracte
de X. spinsosum L., respectiv T. pratense L. Aceste rezultate sugereaza
ca extractele de T. pratense L. sau de X. spinosum L. In combinatie cu
chimioterapia pot induce peroxidarea lipidica in celulele tumorale si
au scazut viabilitatea tumoralg, in special extractul de T. pratense L.

Concluzii generale si originalitatea tezei

Prin studiile intreprinse, am reusit sa evidentiem importanta
fitoterapiei ca adjuvant in terapia integrativa oncologica, datorita
proprietatilor antioxidante, antiinflamatoare si citotoxice ale celor
trei specii vegetale studiate: Trifolium pratense L., Xanthium spinosum
L. si Coffea arabica L.

Originalitatea tezei consta In dezvoltarea unor metode analitice
pentru determinarea calitativa si cantitativa a unor xanthanolide si
acizi cafeoil- chinici si demonstrarea proprietatilor farmacologice.
Contributiile Personale au fost publicate in lucrari stiintifice originale
din tema cercetarii, in reviste indexate ISI din quartilele Q1 si Q2, cu
un factor de impact cumulat de 21,187.



