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INTRODUCERE

Studii recente epidemiologice au evidentiat ca plantele medicinale si alimentele de
origine naturald pot fi implicate in prevenirea sau impiedicarea dezvoltarii diferitelor
boli. Interesul in dezvoltarea unor noi antioxidanti alimentari de origine naturald este
astazi in crestere datorita impactului lor recunoscut asupra sanatdtii umane, dar si
datorita faptului ca antioxidantii sintetici au fost incriminati ca perturbatori endocrinieni
sau chiar fiind carcinogenetici. Polifenolii sunt cei mai frecventi antioxidanti in dieta
umana si posedda multiple actiuni biologice, documentarea cu privire la cantitatile si
distributia acestora in diferite plante medicinale sau alimente naturale fiind de mare
actualitate.

L. barbarum (catina de garduri, garduraritda sau mai nou goji) a devenit o planta
foarte populara in ultimii ani, fiind considerat un super-aliment prezentand proprietati
nutritive si antioxidante. Folosirea fructelor de L. barbarum este atestata incepand cu
anul 2800 1.Chr. in medicina traditionald chineza, frunzele acestei specii fiind folosite si
ele in ceaiuri functionale sau ca si condimente.

Printre constituentii descrisi in fructul de L. barbarum, cei mai investigati
compusi au fost polizaharidele, estimate a reprezenta aproximativ 5-8% din greutatea
fructului uscat. O alta clasa de compusi bioactivi, carotenoidele sunt reprezentate de
zeaxantind si esterii acesteia, reprezentand 0,03-0,05% din greutatea fructului uscat.
In general cercetdtorii din spatiul chinez si-au dedicat atentia asupra cercetirii
polizaharidelor din goji, In timp ce alte clase de compusi functionali (alcaloizi,
glicoproteine, tocoferoli) au fost investigate de cercetatorii din afara Chinei. Printre alti
fitocompusi descrisi in frunctul de goji, literatura mentioneaza cantitati mici de
flavonoide, acizi fenolici, steroli si betaine. Studii recente au indicat ca polizaharidele
din fructul de L. barbarum prezinta activitate anti-aging, neuroprotectoare, anti-
oboseal3, hipoglicemica, de stimulare a metabolismului, antiglaucomatoas3, anticancer,
citoprotectoare, imunomodulatoare si antioxidanta.

Schisandra chinensis (Turcz.) Baill. este o specie vegetala medicinala indigena in
estul indepartat al Rusiei, nord-vestul Chinei, peninsula Korea si Insulele Sachalin.
Genul Schisandra (Schisandraceae) cuprinde 25 de specii, dintre care au fost folosite
istoric ca plante medicinale, S. chinensis si S. repanda. Primele studii botanice,
fitochimice si farmacologice asupra speciei vegetale medicinale S. chinensis au fost
derulate in Rusia si dateazi din 1927, 1940 si respectiv 1942. In medicina traditionald
chineza fructele speciei S. chinensis sunt folosite In tratamentul disfunctiilor sexuale,
transpiratiilor nocturne, tusei astmatiforme, oboselii, diabetului, palpitatiilor si
insomniei. In medicina traditionala rus3, frunctele de S. chinensis au fost folosite pentru
imbunatitirea vederii nocturne, ca si tonic si adaptogen dar si pentru reducerea
senzatiei de foame. Principalii compusi activi ai S. chinensis sunt lignanii
dibenzociclooctadienici, intre care se remarca schisandrina (schisandrolul A) si acizii
organici (acid malic, citric, tartaric, si vitamina C). Lignanii se gasesc in principal in
fructul (mai ales semintele) de schizandra desi cercetari mai recente au evidentiat
prezenta acestor compusi si in organele vegetative ale plantei (radacini, frunze si
tulpini). Cercetarile farmacologice moderne au evidentiat faptul ca S. chinensis prezinta
activitate activitate antioxidantd, antitumorald, hepatoprotectoare, detoxifianta si
antiinflamatoare.

Pana in prezent numeroase studii au avut ca obiect caracterizarea fitochimica si
biologica a fructelor acestor specii vegetale de interest medicinal, totusi au fost
identificate putine date in literatura de specialialitate privind compozitia chimica a



frunzelor acestora sau a partilor aeriene, ca surse alternative de compusi biologic
activi. Mai mult, datorita importantei farmaceutice extinse ale plantelor luate 1n studiu,
acestea au devenit cultivate n diverse areale si in Romania, in scop medicinal si/sau
alimentar, neexistind pana la ora actuald date cu privire la profilul fitochimic sau
biologic al acestora.

CONTRIBUTIA PERSONALA

Astfel, obiectivul general al tezei prezente a fost de a aduce noi date cu privire la
compozitia chimica si profilul biologic al speciilor vegetale de interes medicinal, L.
barbarum si S. chinesis cultivate in Romania. Teza elaborata este structuratd in doua
parti mari, sianume Stadiul cunoasterii, respectiv Contributii personale.

Primul studiu al tezei este intitulat Characterization of bioactive constituents
from L. barbarum L. and L. chinense Mill. leaves and their antioxidant and antimicrobial
activities: a comparative study focusing their phenolic profiles si a analizat profilul
polifenolilor din frunzele speciei vegetale medicinale L. barbarum printr-un studiu
comparativ cu L. chinense, specie a aceluiasi gen mai putin cunoscutd In spatiul
european. Datele fitochimice obtinute au fost completate prin caracterizarea
capacitatii antioxidante a produselor vegetale medicinale luate in studiu, si a
potentialului antimicrobian al acestora. In acest prim capitol, prin rezultatele obtinute,
datele existente in literatura cu privire la fitochimia speciei L. barbarum sunt
completate prin rezultate valoroase, aducand practic prin acest studiu completari
importante la cunostintele actuale in domeniu.

in studiul al doilea este prezentat profilul comparativ al compozitiei in
polifenoli a frunzelor si fructelor de S. chinensis. Utilizand cromatografia de lichide de
inalta performanta cuplata cu spectrometria de masa sunt aduse contributii noi
privind compozitia chimica a speciei S. chinensis, ca element de originalitate absoluta
fiind datele noi privind compozitia chimica a frunzelor. Mai mult, este realizata
testarea activitatii antimicrobiene in vitro, oferind o orientare practica rezultatelor
obtinute.

in studiul al treilea, este analizati compozitia chimici a florilor de L.
barbarum. Acest studiu aduce un mare grad de noutate datoria datelor aproape
inexistente in literatura de specialitate. Acidul clorogenic si rutozida sunt astfel
identificati ca si compusi majoritari ai florilor de L. barbarum prin tehnica HPLC-MS,
alaturi de alti compusi din clasa polifenolilor.

Al patrulea studiu inclus in teza este menit sa aduca noi lamuriri cu privire la
capacitatea antioxidanta a frunzelor si tulpinilor in raport cu fructele de S. chinensis,
considerate pana acum ca resturi de ale procesarii in industria farmaceutica sau
alimentara a S. chiensis. Mai mult, utilizand tehnica “state of the art” a cuplarii HPLC cu
detectia online-TEAC - HPLC-online TEAC, sunt identificati compusii resposabili de
activitatea antioxidanta a matricilor analizate, totodatd calculand contributia
individuala a acestora (lignani si polifenoli) la activitatea antioxidanta totals,
exprimata in echivalenti Trolox. Rezultatele acestui studiu indica acizii clorogenici si
glicozidele cvercetolului ca fiind responsabili de peste 80% din totalul activitatii



antioxidante a frunzelor, in timp ce singurul lignan capabil sa reactioneze cu reactivul
ABTS a fost gomisina D.

Al cincilea studiu din teza aduce noi date cu privire la potentialul antidiabetic
si neuroprotector al extractelor de fructe si frunze de S. chinensis testand in vitro prin
metode micro-titrimetrice activitatea de inhibitie enzimatica a unor enzime cheie
implicate 1n patologia Alzheimer si respectiv a diabetului (colinesterazele si respectiv
a-amilaza si a-glucozidaza). Rezultatele obtinute prin testarile in vitro efectuate au fost
mai apoi confirmate prin studii computationale de andocare moleculara incercand
astfel stabilirea unor relatii intre compusii bioactivi majoritari identificati in studiul
anterior siinhibitia enzimelor testate, respectiv in modularea raspunsului biologic.

In studiul al saselea este prezentat un studiu comparativ intre frunzele de L.
barbarum recoltate din flora spontana si respectiv cultivate. Analiza fitochimica a fost
realizatd prin spectrometrie de masa de tip “Time of Flight” - ToF-MS, rezultatele
indicand acidul clorogenic si rutozida ca si compusi majoritari in frunzele de L.
barbarum cultivat. Din punct de vedere cantitativ frunzele celor doua cultivare de L.
barbarum s-au dovedit mult mai bogate in compusi bioactivi decat cele recoltate din
flora spontana. De asemenea, in vederea caracterizarii biologice a matricilor vegetale
studiate, a fost determinata comparativ capacitatea antioxidanta a acestora, activitatea
antimicrobiana, respectiv de inhibitie a cholinesterazelor, a-amilazei si a-glucozidazei
si a tirozinazei. Mai mult, activitatea superioara de inhibitie a tirozinazei a fost mai
departe studiatda prin andocarea moleculara a acidului clorogenic, compusul major
determinat.
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INTRODUCTION

Medicinal plants and natural products represent a source of inspiration in the
design of new therapeutic agents against several diseases. Moreover, they still are
considered a primary source of healthcare in many developing countries. Additionally,
in western societies medicinal plants, herbal extracts, and phytochemicals are broadly
used as food supplements, drugs, and traditional medicine. Many of them have health-
promoting effects and, consequently, are marketed as such. However, there are cases
when herbal remedies that claim health-benefits which are still not scientifically
demonstrated.

In many cases where scientific evidence is needed in order to demonstrate the
efficacy of herbal remedies, the first investigated helth-claims are the ones related to
the traditional usage of the respective plant or folk-remedy, but not exclusively.

Besides the growing interest in medicinal plants and natural products research,
nowadays a competing trend in cultivating different medicinal plants outside of their
geographic area and closer to the places where they will be processed can be observed
resulting in improved traceability and reduced safety concerns.

Lycium barbarum L. (Solanaceae) is a medicinal plant coming from the Chinese
Traditional Medicine and nowadays facing a worldwide recognition as a medicinal
plant and super-food, its fruits, leaves, roots and roots’ bark being consumed today as
fresh or dried (fruits), in teas (fruits, leaves), or in several dietary supplements (all).
Moreover, infusions prepared from the berries, leaves, and roots’ bark have a history
of use as ingredients in various soft or alcoholic drinks (berries) or marketed for their
benefits to anti-aging (berries), vision (berries), kidney (berries), liver functions
(berries, leaves) and anti-inflammatory (roots’ bark).

Schisandra chinensis (Turcz.) Baill. (Schisandraceae) is a widely-known
medicinal and edible plant used in Russian and Chinese Traditional Medicine as an
adaptogenic and hepatoprotective agent. Its fruits, leaves and stems are edible and
used in different pharmaceutical preparations or dietary supplements to treat liver
disorders, chronic cough and insomnia or as flavoring agents.

Due to the increasing popularity of medicinal plants used as Traditional Chinese
medicines in western societies (Europe, North America), many pharmaceutical
preparations or dietary supplements containing different plant parts (organs) from L.
barbarum or S. chinesis can be found in Romanian pharmacies, herbal drug stores or
supermarkets. Moreover, both these medicinal plants are successfully cultivated in
different regions of Romania and further used in the development of herbal drugs or
dietary supplements.
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PERSONAL CONTRIBUTIONS

Considering these aspects, this thesis aimed to bring original data considering
the chemical composition and several biological effects of L. barbarum and S. chinesis
cultivated in Romania. The thesis gathers two main parts, namely the State of the art
and Personal contributions.

The first study of the thesis is entitled Characterization of bioactive constituents
from L. barbarum L. and L. chinense Mill. leaves and their antioxidant and antimicrobial
activities: a comparative study focusing their phenolic profiles and presents the phenolic
profile from the leaves of L. barbarum in comparison with L. chinense, another species
from the genus Lycium. The obtained phytochemical results were further completed by
characterizing the antioxidant capacity of the investigated herbal samples, as well as
their antimicrobial potential. The results of this first study brought new data
concerning the phytochemical profile of L. barbarum leaves, suggesting their uses as
alternative sources of functional constituents for phytopharmaceuticals.

The second study presents the comparative profile of phenolic compounds
from leaves and fruits of S. chinensis by using HPLC-MS techniques. The originality of
the study comes from the fact that brings new data concerning the chemical profile of
S. chinensis leaves. Moreover, the in vitro antimicrobial activity was tested giving a
further practical orientation to the phytochemical results.

The third study analyses the chemical profile of L. barbarum flowers. The study
brings a high level of novelty due to the fact that up-to-date no further chemical data is
available on this topic. Moreover, chlorogenic acid and rutin were identified by LC-MS
as main compounds, besides other phenolics.

The fourth study aimed to characterize the contribution of single constituents
(lignans and further phenolics) to the overall antioxidant activity using an HPLC-online
TEAC approach. By using LC-DAD/ESI-ToF-MS, twenty-eight lignans and twenty
phenolic compounds were identified. Among the 48 characterized components, twelve
phenolic compounds were identified for the first time in Schisandra. The present study
provided new information about the lignan and phenolic profiles of fruits, leaves, and
stems from S. chinensis grown in Central Europe, i.e. Romania. While the fruits proved
containing high amounts of lignans, leaves and stems also contained significant
amounts of phenolic compounds, especially from the groups of phenolic acids and
flavonoids, a fact that was underestimated before. This demonstrates that besides
dibenzocyclooctadiene lignans, further phenolic compounds are also an important
class of secondary metabolites provided by this plant, and may therefore be considered
as possible markers of authenticity in chemotaxonomic studies and quality control.
The recently developed LC-online TEAC methodology proved to be a suitable and rapid
assessment for the characterization of antioxidant compounds in complex mixtures, in
this case the S. chinensis extracts. Additionally, the assessment of this method in this
study showed for the first time that not only phenolic compounds, but also lignans are
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suitable to be evaluated towards it. However, the only lignan that proved to be a good
radical scavenger was gomisin D suggesting that not its amount but rather its unusual
chemical structure is determinant in this case. This fact may be an important argument
and could serve as an additional quality marker. The high antioxidant activity of the
leaves is generated by the phenolic compounds. Overall, chlorogenic acid isomers and
quercetin glycosides proved to contribute over 80% of the total antioxidant activity.
This is the first report where the antioxidant activity of S. chinensis and the
contribution of its single components (i.e lignans and phenolic compounds) to the total
antioxidant activity are assessed by using an HPLC-online coupling method.

Although S. chinensis fruits have been widely studied, this study reports that distinct
potentials in terms of antioxidant capacity of each individual part of the plant are
linked to different classes of secondary metabolites. Therefore and according to the
target application, leaves, and stems of S. chinensis, to date regarded as a waste from
Schisandra processing, could also be considered as a raw material for obtaining
bioactive formulations and functional foods.

The fifth study aimed to investigate the enzyme inhibitory potential on selected
carbohydrate hydrolases, cholinesterases and tyrosinase of extracts from fruits and
leaves of Schisandra in relation with their main bioactive compounds. Furthermore, the
interactions between dominant compounds (schisandrol A, schisandrol B, schisandrin
B and cinnamic acid) from extracts and selected enzymes were investigated by
molecular modeling and molecular dynamics studies in order to explain at a molecular
level our findings. Computational techniques have been successfully used for the
prediction of ligand-target binding affinity and to better understand the molecular
basis of the biological responses. In silico studies also provided additional insights into
the possible mechanism of action and binding mode of active compounds against
metabolic key enzymes.

The sixth study aimed to investigate the bioactive composition, antioxidant,
enzyme-inhibitory, antimicrobial, and antimutagenic properties of two selected Goji
cultivars in comparison with leaves from wild-growing plants. Phytochemical analysis
was assessed by LC-ESI-ToF-MS techniques, indicating chlorogenic acid and rutin as
main bioactive compounds from leaves of cultivated L. barbarum. The results showed
that leaves from cultivated plants contain higher amounts of chlorogenic acids and
flavonoid glycosides than wild growing plants, but the latter had a more diversified
phenolic profile. Furthermore, for the biological characterization of the analyzed
herbal drugs the antioxidant capacity was determined as well as the inhibitory effects
on a-amylase, a-glucosidase, cholinesterases, and tyrosinase. Furthermore, the
interaction between chlorogenic acid (as main bioactive compound) and tyrosinase
was evaluated by molecular docking and molecular dynamics studies.



