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I. INTRODUCERE

Ruscus aculeatus L. (ghimpe), familia Liliaceae, a fost folosit in etnofarmacie ca diuretic,
diaforetic, laxativ si expectorant. In Europa, utilizarea speciei Ruscus aculeatus L., are o traditie
lunga si de succes In tratamentul bolilor sistemului circulator. Date despre folosirea plantei ca
agent fleboterapeutic dateaza de acum 2000 de ani.

In ultimul timp, R. aculeatus L. a constituit subiectul multor investigatii stiintifice,
cercetdrile fiind orientate asupra proprietatilor venotonice, antiedematoase si antiinflamatoare,
fiind eficient in terapia hemoroizilor si a bolilor venoase.

La noi in tard specia Ruscus aculeatus L. este inclusa pe lista rosie a plantelor vasculare
periclitate, aflate in pericol de extinctie si, ca urmare, nu poate fi exploatata din flora spontana.
Tulpinile aeriene cu filocladii sempervirescente se folosesc pentru decorarea buchetelor si
coroanelor ornamentale, exemplarele femeiesti fiind exploatate mai mult datoritd fructelor sale,
bace rosii, care le maresc efectul decorativ. Daca la acestea se adauga si recoltarea rizomilor in
scopuri diuretice sau pentru combaterea reumatismului se poate spune ca perenitatea speciei este
pusa in pericol.

O alternativa la exploatarea speciei din flora spontana o reprezintd introducerea in cultura
in vitro. Biomasa obtinutd poate reprezenta materia prima in industria medicamentului datorita
continutului in principii active.

Obiectivele studiului au fost urmatoarele:

e Cunoasterea macroscopica si microscopicd a plantei Ruscus aculeatus L. si a

produsului vegetal medicinal Rusci aculeati rhizoma.

e Obtinerea de biomasa prin culturi de tesuturi in vitro (calus, lastari si radacini) ca o

alternativa la exploatarea speciei R. aculeatus L. din flora spontana.

e Analiza calitativa §i cantitativa a principiilor active continute in planta si un studiu

comparativ al acestora cu cele din biomasa obtinuta in vitro.

e Izolarea saponinelor steroidice din rizomii cu radacini si analiza calitativa a acestora.

e Identificarea principalilor agliconi steroidici rezultati in urma hidrolizei si evaluarea

lor calitativa si cantitativa prin tehnica CSS si HPLC-MS.

e Analiza compusilor polifenolici, a sterolilor si mucilagiilor din produsul vegetal

medicinal.

e Obtinerea si caracterizarea unor extracte hidroalcoolice.

e Testarea actiunii antiinflamatoare, diuretice, saluretice si uricozurice a extractului si a

saponinei brute precum si a efectului antifungic.

e Obtinerea si caracterizarea unor forme farmaceutice cu extracte de R. aculeatus L. in

vederea testdrilor clinice.

I1. STADIUL CUNOASTERII

Aceastd parte bibliograficd reprezintd o sintezd a datelor referitoare la specia Ruscus
aculeatus L. existente pana in prezent in literatura de specialitate.

I1.1. Date botanice

In acest capitol am prezentat pozitia speciei Ruscus aculeatus L. in sistemele de
clasificare sistematica, caracterele generale ale familiei Liliaceae, ale genului Ruscus si
descrierea plantei Ruscus aculeatus L. Pe langa acestea ne-am referit la ecologia speciei Ruscus
aculeatus L., la rdspandirea acesteia pe glob si in tara noastra.

11.2. Date fitochimice

Cele mai multe studii s-au concentrat asupra produsului vegetal medicinal, Rusci aculeati
rhizoma, datoritd continutului in saponine steroidice (6%) care au ca agliconi ruscogenina si

3



neoruscogenina, substante responsabile de actiunea antiinflamatoare, venotonica i
antihemoroidala. Pe langa acesti constituenti principali au fost identificati si izolati in partea
subterand a plantei acizi grasi, derivati de benzofuran, triterpene si steroli, in partea aeriana
flavonoide si ulei volatil in cantitati reduse iar in fructe antociani. Mai sunt citate si alte principii
active cum ar fi cumarinele, sparteina, tiramina si acidul glicolic.

11.3. Studii de biotehnologie vegetala aplicate la specia Ruscus aculeatus L.

Interesul privind introducerea speciei Ruscus aculeatus L. in cultura de celule si tesuturi
in vitro este relativ recent, putine fiind studiile care dezvolta aplicarea biotehnologiilor vegetale
la aceastd specie. Culturile in vitro de Ruscus aculeatus L. constituie o alternativd pentru
producerea de saponine steroidice si pot furniza informatii privind biosinteza acestora, cdile
enzimatice si biochimice nefiind insa pe deplin caracterizate.

11.4. Date farmacologice

Produsul vegetal medicinal, Rusci aculeati rhizoma are proprietiti venotonice,
vasoprotectoare, la care se adaugad si actiunea antiinflamatoare, antiexudativa, diuretica
asemanatoare cu cea a corticoizilor.

Datoritd proprietatilor farmacologice antiinflamatorii §i venotonice, extractele de Ruscus
aculeatus L. sunt utilizate 1n tratamentul varicelor, insuficientei venoase, edemelor limfatice,
hemoroizilor si chiar impotriva celulitei.

Desi manifesta activitate citotoxica si antitumorala, ghimpele nu a fost privit in general ca
un agent antitumoral. Studiile realizate pana in prezent au ardtat ca potentialul actiunii
antitumorale pentru R. aculeatus L. este acelasi ca si la castan: impiedica cresterea activitatii
vasculare si inhiba hialuronidaza, B-glucuronidaza sau elastaza.

1L.5. Produsul vegetal medicinal si forme farmaceutice cu Ruscus aculeatus L.

In terapie, se utilizeazad extractele vegetale standardizate in ruscogenine dar si principiile
active (ruscogenina si neoruscogenina) izolate in stare purd, singure sau asociate cu alte
substante sau extracte cu proprietati similare.

Preparatele farmaceutice obtinute din Rusci aculeati rhizoma sunt conditionate diferit sub
forma de extracte, capsule, tablete, unguente, supozitoare i sunt comercializate sub mai multe
denumiri (Venelbin — producator Biocur, Ruscoven — prod. Aboca, Varixinal — prod. Walmark

s.a.).
III. CONTRIBUTII PROPRII

II1.1. Caracterizarea ecologica si cenologicd a speciei Ruscus aculeatus L. in Dealurile
Lipovei

Cercetdrile efectuate de noi 1n arboretele de pe Dealul Mégura (zona Dealurilor Lipovei,
jud. Arad) au pus in evidenta prezenta unor fitocenoze forestiere bine structurate floristic si
cenotic, care apartin asociatiei Tilia platyphylli-Carpinetum. Specia Ruscus aculeatus L.
realizeaza o acoperire medie de 40% in fitocenozele de tei si carpen situate n partea superioara a
versantilor.

1I1.2. Introducerea in cultura in vitro a speciei Ruscus aculeatus L.

In vederea introducerii speciei Ruscus aculeatus L. in cultura in vitro, ne-am propus
obtinerea, prin germinarea aseptica a semintelor, de plantule care pot constitui sursa de explante.
Este cunoscut faptul ca semintele speciei R. aculeatus L. manifestd dormanta indelungata, insa
nu se cunosc metode intr-adevar eficiente pentru stimularea rapida a germinatiei, studiile fiind in
desfasurare. Dintre factorii de germinare testati, scarificarea mecanica s-a dovedit a fi eficienta,
90% din seminte germinand si dezvoltand ulterior plantule.



Tesuturile calusale primare au fost obtinute pornind de la explante provenite din
radacinita plantulelor, cel mai eficient fiind mediul MS suplimentat cu glutamina 0,04% si
cazeina hidrolizata 0,04% si cu fitohormonii 2,4-D (2 mg/1) si BA (0,3 mg/1).

Pornind de la calusul primar, pe medii de inrddacinare s-a obtinut calus rizogen, cel mai
eficient fiind mediul MS suplimentat cu glutamina 0,04% si cazeind hidrolizata 0,04% si cu
fitohormonii 2,4-D (0,5 mg/l) si ANA (1,5 mg/l), o dezvoltare mai buna avand loc in conditii de
intuneric, la temperatura de 25+1°C.

In vederea obtinerii de lastari s-a pornit de la explante nodale si internodii excizate din
plantulele obtinute prin germinarea asepticd in vitro a semintelor. Din explantele nodale s-a
obtinut cultura de lastari in mediul lichid, iar din internodii calus regenerativ pe care s-au
dezvoltat lastari aerieni. Dintre mediile de multiplicare testate (cu adaos de auxine-citochinine in
raport de 1:5) cel mai eficient a fost mediul MS suplimentat cu glutamina 0,04% si cazeina
hidrolizata 0,04% si cu fitohormonii AIB (0,3 mg/1) si BA (1,5 mg/l).

Cultura de calus a fost obtinuta pe mediul MS suplimentat cu glutamina 0,04% si cazeina
hidrolizata 0,04% si cu fitohormonii: 2,4-D (1 mg/l), AIB (0,5 mg/l), ANA (0,5 mg/l) si BA (0,3
mg/l).

Abrevieri: MS: Murashige Skoog, 2,4-D: acid 2,4-diclorofenoxiacetic; BA: benziladenina;, ANA:
acid a-naftilacetic; AIB: acid f-indolilbutiric.

I11.3.Cercetari botanice

Desi Ruscus aculeatus L. este cunoscuta ca planta medicinala din antichitate, aceasta nu a
mai fost pAnd acum studiata din punct de vedere botanic.

I11.3.1._Caracterizarea morfologica a speciei Ruscus aculeatus L

Ruscus aculeatus L. este un arbust sempervirescent, cu rizom orizontal pe care se gasesc
tulpini metamorfozate cu rol asimilator, numite filocladii. Frunzele sunt reduse la niste bractei
membranoase. Florile alb-verzui sunt solitare §i se insera pe partea inferioarda a filocladiilor.
Fructele sunt bace rosii cu 1-2 seminte sferice.

I11.3.2._Caracterizarea histo-anatomica a speciei Ruscus aculeatus L.

Studiile histo-anatomice comparative realizate asupra plantei mature de R. aculeatus L. si
plantulei obtinuta Tn urma germindrii aseptice a semintelor in vitro au noutate pe plan national si
international, in atlasele de plante medicinale dar si n lucrarile de farmacognozie din tard si
strainatate nefiind prezentate date de microscopie privind caracteristicile anatomice ale acestei
specii.

Organele vegetative (radacina, tulpina si filocladii) ale plantulelor obtinute in vitro
cuprind aceleasi elemente histologice ca si organele vegetative din planta matura, in cazul
plantulelor dimensiunea acestora este mai redusa.

II1.4. Cercetari fitochimice

I11.4.1._Caracterizarea produsului vegetal medicinal Rusci aculeati rhizoma

Prin examinarea la microscopul optic a pulberii de rizomi cu radacini, Rusci aculeati
rhizoma, a fost pusa in evidentd prezenta vaselor lemnoase cu pereti cu ingrosari scalariforme si
punctuatiuni. De asemenea au fost evidentiate grupuri de sclereide §i numeroase granule de
amidon grupate in sub forma de tetrada, precum si numeroase cristale de oxalat de K sub forma
de rafide, acestea din urma fiind elemente comune la multe specii de monocotiledonate.

Reactia pozitiva cu solutia de albastru de toluidina 2% a indicat prezenta mucilagiilor in
produsul vegetal medicinal.

I11.4.2. Studiul saponinelor steroidice

Extractia si izolarea saponinelor steroidice din Ruscus aculeatus L. s-a realizat printr-o
metoda originald bazata pe tehnica de extractie a saponinelor triterpenice elaborata de Cucu si
Grecu. Continutul in saponine steroidice pentru Ruscus aculeatus L. recoltat din Dealurile




Lipovei este mult mai mare decat cel citat in literatura, fiind cuprins intre 15,5-20,3% in produsul
vegetal medicinal si de 8,5% 1n filocladii.

Din Rusci aculeati rhizoma a fost obtinut un extract fluid 1:1 prin tehnica repercolarii a
lui Squibb si o tinctura 1:5 prin macerare conform FR X in vederea caracterizarii fitochimice si
testdrii farmacologice.

Analiza prin cromatografie pe strat subtire (CSS) a aratat cd atat in extractele de R.
aculeatus L. cat si in saponina izolata sunt prezente aceleasi fractiuni saponozidice, identice
pentru probele din partea subterana si aeriana a plantei.

In Rusci aculeati rhizoma au fost evidentiate patru fractiuni saponozidice majore, trei
furostanice (Rf: 0,22 ; 0,29 ; 0,38) si una spirostanica (Rf: 0,16), doua din cele furostanice fiind
prezente si in filocladii (Rf: 0,22 ; 0,29).

Analiza preliminara calitativa prin CSS a probelor provenite din cultura de tesuturi in
vitro a evidentiat existenta saponinelor steroidice in cultura de calus, calus cu radacini si lastari
aerieni de R. aculeatus L. Fractiunile saponozidice din culturile obtinute in vitro sunt identice cu
cele ale produsului vegetal medicinal, Rusci aculeati rhizoma.

Analiza prin CSS a produsului de hidroliza acida pentru extractul fluid (1:1) si saponina
izolatd din Rusci aculeati rhizoma a evidentiat prezenta celor doi agliconi steroidici, ruscogenina
si neoruscogenina, la aceeasi valoare Rf = 0,15.

Pentru determinarea si cuantificarea ruscogeninei si neoruscogeninei a fost elaboratd o
metoda de analiza prin cromatografie de lichide de inalta performantd cuplata cu spectrometrie
de masa (HPLC/MS/MS). Analiza probelor provenite din planta maturd de Ruscus aculeatus L.
(rizomi, radacini si rizomi cu radacini) a evidentiat cea mai mare cantitate de agliconi steroidici
in rizomi (0,2846% - 0,347 g% total sapogenine). In produsul vegetal medicinal Rusci aculeati
rhizoma a fost determinat un continut de 0,0448% - 0,0526% ruscogenind si de 0,0891% -
0,0923% neoruscogenind. In extractele vegetale analizate a fost determinat un continut de
sapogenine usor mai ridicat comparativ cu pulberea de Rusci aculeati rhizoma.

Tesuturile si organele de R. aculeatus L. sintetizeaza saponine steroidice si in conditii de
cultivare in vitro. In urma hidrolizei acide, in probele provenite din cultura in vitro fost
determinat un continut mai scazut de sapogenine comparativ cu cel din Rusci aculeati rhizoma.
Tesuturile nediferentiate au o capacitate mai redusd de a sintetiza saponine steroidice, in
organogenezad aceasta crescand semnificativ. Astfel, lastarii de R. aculeatus L. au cea mai mare
capacitate de a biosintetiza si acumula saponine steroidice comparativ cu calusul rizogen si
tesuturile calusale, continutul total de sapogenine fiind de 0,0931%, de pana la doud ori mai mare
decat in calusul rizogen (0,0232% - 0,0401%) si de patru ori mai mare comparativ cu calusul
(0,0236%). A fost realizat si un experiment prin care s-a urmarit actiunea precursorilor
(diosgenina si colesterol) asupra sintezei saponinelor steroidice.

I11.4.3.Analiza compusilor polifenolici

Profilul compusilor polifenolici din probele provenite din partea subterand respectiv
aeriana speciei R. aculeatus L. este diferit. Se inregistreaza de asemenea diferente si in ceea ce
priveste compusii existenti in probele provenite din planta matura si lastarii proveniti din cultura
de tesuturi in vitro. In pulberea de Rusci aculeati rhizoma au fost identificate hiperozida,
izoquercitrina, quercitrina si rutozida. In filocladiile plantei, rutozida constituie compusul
majoritar fiind in cantitate de 91,56 mg%. In lastarii proveniti din cultura in vitro, continutul de
rutozida este foarte scazut, de numai 1,600 mg%.

Prin spectrofotometrie UV-VIS, in filocladiile plantei a fost determinat un continut de
flavonoide totale exprimat in rutozida de 1,244%. In lastarii proveniti din cultura in vitro a fost
determinat un continut foarte scazut de flavonoide totale, de numai 0,014%, sinteza acestor
compusi fiind influentata de lipsa radiatiilor UV-B.




I11.4.4. Determinarea cantitativa a antocianilor si proantocianilor

Plecand de la faptul ca antocianii sunt responsabili de coloratia rosie a bacelor de R.
aculeatus L. am analizat prin metoda spectrofotometricad si aceastd clasda de compusi. Prin
urmare, in fructele de R. aculeatus L. a fost determinat un continut de 11,4 mg% antociani si
respectiv de 364 mg% proantociani.

I11.4.5. Izolarea si determinarea cantitativd a mucilagiilor brute

Prezenta mucilagiilor in rizomul plantei a fost evidentiata atat In sectiune cat si in pulbere
prin reactia cu albastru de toluidina.

Prin tehnica gravimetrica, in Rusci aculeati rhizoma a fost determinat un continut in
mucilagii de 4,07%.

I11.4.6._Analiza compusilor sterolici

Prin analiza HPLC-MS a unor extracte din Rusci aculeati rhizoma au fost identificati si
cuantificati urmatorii compusi sterolici: p-sitosterolul, stigmasterolul si colesterolul. In urma
extractiei produsului vegetal medicinal cu alcool etilic 70°, au fost identificati si cuantificati -
sitosterolul (7,41 mg%), stigmasterolul (1,351 mg%) si colesterolul (0,524 mg%). Prin extractia
cu hexan a fost determinat un continut in colesterol de 206,9 mg% si B-sitosterol de 17,1 mg%,
stigmasterolul fiind absent.

IIL.5. Cercetdiri farmacologice

I11.5.1. Determinarea actiunii antiinflamatoare a speciei Ruscus aculeatus L.

Extractul fluid 1:1 si saponina izolatd din Ruscus aculeatus L. au prezentat efecte
antiinflamatoare semnificative statistic in testul edemului labei de sobolan indus cu caolin 10%.
Saponina izolatd a produs un efect antiinflamator superior prednisonului la 2h si 24h de la
producerea inflamatiei in timp ce extractul fluid a produs efecte antiinflamatoare superioare
prednisonului la 2h si 4h de la producerea inflamatiei.

Saponina izolatd din Ruscus aculeatus L. are efect antiinflamator pentru cd scade
numarul de leucocite prin scaderea fagocitelor neutrofile si monocitelor si are efect antioxidativ
pentru ca determind cresterea capacitatii oxidative si scade speciile active ale oxigenului prin
scaderea sintezei de NO.

I11.5.2._Actiunea diuretica, saluretica si uricozurica a extractului si saponinei izolate din
Ruscus aculeatus L.

Prin studiul intreprins am demonstrat si confirmat actiunea diureticd, saluretica si
uricozurica a speciei Ruscus aculeatus L. explicand astfel utilizarea plantei ca diuretic in
medicina traditionala.

Extractul fluid 1:1 si saponina brutd au produs o diureza superioard lotului martor dar
inferioara furosemidului; efectul maxim apare la lotul tratat cu extractul de Ruscus aculeatus L.
(I.LD.=1,541). Sub aspectul actiunii saluretice, atat extractul cat si saponina izolatd prezintd o
excretie urinard crescutd pentru Na™ prezentdnd indici saluretici cuprinsi intre 1,390-1,468,
precum si o eliminare crescutd a K, indicii saluretici ai acestuia fiind cuprinsi intre 1,928-2,448.
De asemenea loturile de animale tratate cu extract §i saponind de Ruscus aculeatus L. au
prezentat efecte uricozurice semnificative statistic.

I11.5.3. Actiunea antifungica a speciei Ruscus aculeatus L.

Tinctura de Ruscus aculeatus L. manifestd activitate antifungica asupra speciilor
Aspergillus niger, Botritis cynerea, Fusarium oxysporum f. sp. gladioli, Penicillium expansum si
Sclerotia sclerotiorum mult superioard Fluconazolului, concentratia minima inhibitorie fiind
cuprinsa intre 60 pl/ml si 100 pl/ml.




I11.6. Realizarea unor forme farmaceutice cu extract de Ruscus aculeatus L. destinate
testarilor clinice

In colaborare cu Catedra de Tehnologie farmaceutica au fost realizate si caracterizate trei
forme farmaceutice (gel, crema si supozitoare) cu extract fluid 1:1 de Ruscus aculeatus L. 1n
vederea testarii clinice.

IV. CONCLUZII FINALE

Aceastd tezd de doctorat reprezintd prima abordare stiintifica realizatd la noi in tara
asupra speciei Ruscus aculeatus L. Caracterizarea histo-anatomica a organelor vegetative ale
plantei, precum si studiile privind actiunea diuretica, saluretica si uricozurica au caracter de
noutate pe plan national si international, iar studiile de fitochimie aduc un aport deosebit la datele
deja existente in literatura de specialitate. Urmare a studiilor de biotehnologie vegetala efectuate,
putem afirma ca exista posibilitatea introducerii in cultura in vitro a speciei R. aculeatus L. in
vederea obtinerii culturilor de radacini si lastari cu principii active (in principal saponine
steroidice) ca alternativa la exploatarea din flora spontana.
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I. INTRODUCTION

Ruscus aculeatus L. (Butcher’s broom), Liliaceae family, has extensively been used in
ethno-pharmacy as diuretic, diaphoretic, laxative and expectorant. A long and successful
tradition is documented in Europe, where the Ruscus aculeatus L. species has been used for the
treatment of circulatory system diseases. Information about the use of this plant as
phlebotherapeutic agent is documented as 2000 years old.

R. aculeatus L. is the subject of an increasing number of scientific investigations during
the past years, the studies being mainly focused over the venotonic, anti-edema and anti-
inflammatory proprieties, with high efficiency in the hemorrhoids and venom diseases therapy.

In Romania, R. aculeatus L. is included on the red list of vascular endangered plants, and
therefore it cannot be harvested from the wild flora. The aerial stems with evergreen phylloclade
are used bouquet and ornamental coronas decoration. The female samples appear to be more
extensively harvested due to their fruits, red berries, which enhance the decorative effect. If
rhizomes harvesting for traditional medicine (i.e. diuretics or anti-rheumatic therapy) is added to
all of these, the perenity of the species is seriously put in danger.

An alternative to the wild harvesting is given by the introduction of the in vitro culture.
The resulted biomass could represent the raw material for the pharmaceutical industry due to its
content of active principles.

The objectives of the present study are:

e Macroscopic and microscopic knowledge of Ruscus aculeatus L. plant and its

medicinal vegetal product Rusci aculeati rhizoma.

e Biomass acquirement by in vitro tissue cultures (callus, shoots and roots) as an

alternative to wild harvesting R. aculeatus L. species.

e (Quantitative and qualitative analysis of the plant active principles, and a comparative

study of these principles and those contained by in vitro biomass.

e Steroidal saponins isolation from roots rhizomes and qualitative analysis.

e Identification of the main steroidal aglicons resulted by hydrolyze and their CSS and

HPLC-MS quantitative and qualitative assessment.

e Poliphenolic compounds, sterols and mucilage from the medicinal vegetal product

analysis.

e Acquirement and characterization of hydro alcoholic extracts.

e Testing of the anti-inflammatory, diuretic, saluretic, uricosuric and anti-fungal effect

the extract and saponin.

e Acquirement and characterization of some pharmaceutical forms with R. aculeatus

extracts for clinical trials.

II. PRESENT STAGE OF KNOWLEDGE

11.1. Botanical data

The chapter presents the position of Ruscus aculeatus L. species in different systematic
classification schemes, general characteristics of Liliaceae family and Ruscus genus and a
detailed description of Ruscus aculeatus L. species. In addition to that, a biogeographic
distribution of the plant is also presented.

11.2. Phytochemicals data

Most of the studies realized up to now are focused over the medicinal vegetal product,
Rusci aculeati rhizoma, due to its content of steroidal saponins (6%) whose aglicons ruscogenin
and neoruscogenin as substances responsible for the anti-inflammatory, venotonic and anti-
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hemorrhoid effects. Among these main compounds, fat acids, benzofuran derivates, triterpenes
and sterols had been identified and isolated in the subterranean parts of the plant, flavonoids and
small quantities of volatile oils in the aerial parts, and antocians in the fruits. Some other active
principles, such as cumarins, sparteine, tiramine and glycolic acid are also reported.

11.3. Plant biotechnology applied on the Ruscus aculeatus L.

The interest concerning the introduction of in vitro cells and tissues cultures of the
Ruscus aculeatus L. species came only recently, studies on the vegetal biotechnologies
applications development being very scarce. In vitro cultures of R. aculeatus L. species represent
an alternative to steroidal saponins production, and at the same time can give information
concerning their biosynthesis, yet the enzymatic and biochemical paths being insufficiently
constrained.

11.4. Pharmacological data

The medicinal vegetal product, Rusci aculeati rhizoma has both venotonic, vessel
protective proprieties and anti-inflammatory, anti-exudative and diuretic effects, similar to the
corticoids action.

Due to its anti-inflammatory and venotonic properties, the R. aculeatus extracts are used
in the venous insufficiency, lymphatic edema, hemorrhoids and even anti-cellulitic prophylaxis
and care.

Although it manifests cytotoxic and antitumour activity, R. aculeatus L. was not widely
regarded as an antitumor agent. Studies to date have shown that the potential antitumour for R.
aculeatus L. is the same as the chestnut: prevent increased vascular activity and inhibits
hialuronidase, B-glucuronidase or elastase.

11.5. Medicinal drugs and pharmaceutical forms with Ruscus aculeatus L.

Standardized herbal extracts and active principles (ruscogenin and neoruscogenin)
isolated or associated with other substances that have similar properties are used in therapy.

Pharmaceutical preparations obtained from Rusci aculeati rhizoma are found in different
forms such as capsules, tablets, unguents, suppositories and are marketed under several names:
(Venelbin — manufacturing company Biocur, Ruscoven — manufacturing company Aboca,
Varixinal — manufacturing company Walmark etc.).

ITII. PERSONAL CONTRIBUTIONS

1I1.1. Ecological and cenological characterization of Ruscus aculeatus L. species from
Lipovei Hills

Our research on the new forest stands on the Magura Hill (Lipovei Hills area, Arad
County) highlighted the presence of some well structured floral and cenotic forest phytocenosis,
belonging to Tilia platyphylli-Carpinetum association. Ruscus aculeatus L. species made an
average coverage of 40% within the lime and hornbeam phytocenosis in the top of the slope.

II1.2. Introducing the in vitro culture of species Ruscus aculeatus L.

In order to introduce species Ruscus aculeatus L. to in vitro culture, we intend to obtain,
plantlets by aseptic seed germination, which can be a source of explants. It is known that seeds
of R. aculeatus L. manifest long dormant, but there is no really effective ways to stimulate rapid
germination, although studies are in progress. Among the germination test factors, mechanical
scarification proved to be effective, 90% of the seeds subsequently germinating and developing
plantlets.

The primary callus tissues were obtained excised from explants from plantlet roots, the
most effective culture medium being the MS supplemented with 0.04% glutamine and 0.04%
hydrolyzed casein and with growth regulators 2,4-D (2 mg/l) and BA (0.3 mg/l).
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Starting from the primary callus on rooting medium, callus with roots were obtained, the
most effective medium being the MS supplemented with 0.04% glutamine and 0.04%
hydrolyzed casein and 2,4-D (0.5 mg/l) and ANA (1.5 mg /1). In the dark at a temperature of 25
+ 1°C a better development takes place.

In order to obtain shoots we started from nodal explants and internodes excised from
plantlets obtained by aseptic in vitro germination of seeds. Shoot cultures were obtained from the
nodal explants in liquid medium and regenerative callus that developed aerial shoots from the
internodes on media with agar. From the tested multiplication media (with added auxines-
citochinine in 1:5 ratio) the most effective was the MS medium supplemented with 0.04%
glutamine and 0.04% hydrolyzed casein and AIB (0.3 mg/l) and BA (1.5 mg/l).

Callus culture was obtained on MS medium supplemented with glutamine 0.04% and
0.04% hydrolyzed casein and growth regulators: 2,4-D (1 mg/1), AIB (0.5 mg/l), ANA (0.5 m/l)
and BA (0.3 mg/l)

Abbreviations: MS: Murashige Skoog; 2,4-D: 2,4-diclorofenoxiacetic acid; BA: benziladenine;
ANA: a-naftilacetic acid; AIB: p-indolilbutiric acid.

111.3. Botanical studies

Although Ruscus aculeatus L. is known as a medicinal plant since ancient times, it was
not botanically studied until recently.

I11.3.1. Morphological characterization of Ruscus aculeatus L

Ruscus aculeatus L. is a small evergreen shrub, with horizontal rhizomes and though
leaf-like branches having assimilative role, know as phylloclade. Leaves are reduced to
membranous scales. The white-greenish solitary flowers appear on the lower side of the
phylloclade. The fruit is reddish berry, each with 1-2 spherical seeds.

I11.3.2. Histochemical characterization of Ruscus aculeatus L.

Histo-anatomical comparative studies performed on mature plant of R. aculeatus L. and
the plantlet obtained from aseptic in vitro seed germination represent a novelty at the national
and international scale, the atlas of medicinal plants and also the Pharmacognosy works in the
country and abroad presenting no microscopy data on the anatomical characteristics of this
species

The vegetative organs (root, stem and phylloclade) of the plantlets obtained by in vitro
technique include the same histological elements as the vegetative organs of the mature plant,
although the size of histological elements for plantlets is smaller.

I11.4. Phytochemical studies

I11.4.1._Characterization of Rusci aculeati rhizoma medicinal plant drug

By optical microscope examination of the Rusci aculeati rhizome powder the presence of
wood-walled vessels with scalariform and punctuation thickening was highlighted. There have
also been highlighted sclereides groups and numerous starch granules grouped in the form of
tetrad, as well as numerous bundles of K oxalate crystals, the latter being common elements in
many monocotyledonous species.

The positive reaction with 2% toluidine blue reagent indicated the presence of mucilage
in the medicinal plant product.

I11.4.2. Steroidal saponins study

Extraction and isolation of steroidal saponins from Ruscus aculeatus L. was performed
by an original method based on triterpenic saponins extraction technique developed by Cucu and
Grecu. Steroidal saponins content of Ruscus aculeatus L. harvested from Lipovei Hills is much
higher than that mentioned in literature, ranging from 15.5-20.3% in medicinal plant product and
8.5% in phylloclade.
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Out of Rusci aculeati rhizoma a 1:1 fluid extract was obtained by Squibb's repercolation
technique and a 1:5 tincture by maceration, according to FR X, for phytochemicals
characterization and pharmacological testing.

Analysis by thin layer chromatography (CSS) showed that both in the extracts of R.
aculeatus L. and in the isolated saponin, the same saponozidic fractions are present, identical for
the samples from the underground and aerial plant part.

In the Rusci aculeati rhizoma four major saponozidic fractions were highlighted, three of
furostanol type (Rf: 0.22, 0.29, 0.38) and one of spirostanol type (Rf: 0.16), two fractions out of
the three furostanol fractions being identified in phylloclade (Rf: 0.22, 0.29).

CSS preliminary qualitative analysis of samples from in vitro tissue culture revealed the
existence of steroidal saponins in sample of callus, callus with roots and aerial shoots of R.
aculeatus L. Saponozidic fractions from in vitro cultures are identical to those of plant medicinal
product, Rusci aculeati rhizoma.

CSS analysis of acid hydrolysis product of fluid extract (1:1) and isolated saponin from
the Rusci aculeati rhizoma revealed the presence of the two steroid aglicons, ruscogenin and
neoruscogenin, at the same Rf= 0.15 value

In order to determine and quantify the ruscogenin and neoruscogenin, an analysis method
of high performance liquid chromatography coupled with mass spectrometry (HPLC- MS) was
developed. An comparative analysis of the samples hydrolyzed from the mature plant Ruscus
aculeatus L. (rhizomes, roots and rhizomes with roots) showed the largest amount of steroidal
aglicons in rhizomes (0.2846% - 0.347 g% total sapogenines). In the medicinal plant product
Rusci aculeati rhizoma a concentration of 0.0448% - 0.0526% ruscogenin and 0.0891% -
0.0923% neoruscogenin was determined. In extracts a higher content of sapogenins was
determinate comparated with Rusci aculeati rhizoma.

R. aculeatus L. tissues and organs synthesize steroidal saponins while in vitro cultivation
conditions. Following the acid hydrolysis, for the samples resulted from in vitro culture, a lower
sapogenin content was determined as compared to that of Rusci aculeati rhizoma. The
undifferentiated tissues have a lower capacity to synthesize the steroidal saponins, which
increases significantly in organogenesis. Thus, the R. aculeatus L. shoots have the highest
capacity to biosynthesize and accumulate steroidal saponins compared with the callus with roots
and tissues, the total sapogenins content being of 0.0931%, approximately 2 times higher than
those of the callus with roots (0.0232% - 0.0401%) and 4 times higher compared to those of the
callus (0.0236%). An experiment regarding the actions of the precursors (diosgenin and
cholesterol) on steroidal saponins synthesis was developed.

I11.4.3. Polyphenolic compounds analysis

The profile of the polyphenolic compounds of underground and aerial samples of R.
aculeatus L. species, respectively, differ. It is also recorded differences in terms of the existing
compounds of mature plant samples and of shoots derived from in vitro tissue culture samples.
Within the powder of Rusci aculeati rhizoma hyperozide, izoquercitrin, quercitrin and rutoside
were identified. In the plant phylloclade, the rutoside constitutes the major compound in the
amount of 91.56 mg%. In the shoots derived from in vitro culture, the rutoside content is very
low, of only 1.600 mg%

By UV-VIS spectrophotometry, a total flavonoid content of 1.244% expressed as
rutozide in the plant phylloclade has been determined. In the shoots derived from the in vitro
culture, a very low content of total flavonoids of only 0.014% was determined; the synthesis of
these compounds is influenced by the lack of UV-B.

I11.4.4._Anthocyanins and proanthocyanins quantitative determination

Starting from the fact that anthocyanins are responsible for the red color of the R.
aculeatus L. berries, we also analyzed by spectrophotometric method this class of compounds.
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Therefore, in the fruit of R. aculeatus L., a concentration of 11.4 mg% anthocyanins and 364
mg% proantocyanins was determined

I11.4.5. Isolation and quantitative determination of raw mucilages

The presence of the mucilages was highlighted in cross-section of rthizome and medicinal
product powder by toluidin blue reaction.

Mucilage content of 4.07% was determined for Rusci aculeati rhizoma by gravimetric
technique.

I11.4.6._Analysis of sterol compounds

By HPLC-MS analysis of Rusci aculeati rhizoma extracts the following sterol
compounds were identified and quantified: B-sitosterol, stigmasterol and cholesterol. As a result
of medicinal plant products extraction with 70° alcohol, B-sitosterol (7.41 mg%), stigmasterol
(1.351 mg%) and cholesterol (0.524 mg%) were identified and quantified. By hexane extraction
a cholesterol content of 206.9 mg% and B-sitosterol of 17.1 mg% was determined, while the
stigmasterol was absent.

I11.5. Pharmacological studies

I11.5.1. Determination of anti-inflammatory action of Ruscus aculeatus L. species

The 1:1 fluid extract and the isolated saponin from Ruscus aculeatus L. have shown
statistically significant anti-inflammatory effects in rat paw edema induced with kaolin 10%. The
isolated saponin produced a higher anti-inflammatory effect than that of prednisone at 2h and
24h after the inflammation while the fluid extract produced higher anti-inflammatory effects than
those of prednisone at 2h and 4h after the inflammation.

Since it reduce the total leukocytes count by decreasing the number of phagocites and
monocytes, the isolated saponin from Ruscus aculeatus L. has anti-inflammatory effect, while
the anti-oxidative effect is determined by the increment of the oxidative capacity and lowering
the active oxygen species by decreasing NO synthesis.

I11.5.2._Diuretic, saluretic and uricosuric action of the extract and saponin isolated from
Ruscus aculeatus L.

The study demonstrated and confirmed the diuretic, saluretic and uricosuric action of the
Ruscus aculeatus L. species, thereby explaining the use of the plant as a diuretic in the traditional
medicine.

The 1:1 fluid extract and the raw saponin caused a greater diuresis of the control group
but inferior to furosemide; peak effect occurs in the batch treated with the extract of Ruscus
aculeatus L. (ID = 1.541). In terms of saluretic action, both the extract and isolated saponin
present an increased urinary excretion for Na' showing saluretic indices between 1.390-1.468, as
well as an increased removal of K', its saluretic indices ranging between 1.928-2.448. Also the
animal groups treated with Ruscus aculeatus L. saponin extract have shown statistically
significant uricosuric effect.

I11.5.3. Fungicidal activity of Ruscus aculeatus L. species

Ruscus aculeatus L. tincture has shown antifungal activity on the species Aspergillus
niger, Botritis cynerea, Fusarium oxysporum f. sp. gladioli, Penicillium expansum and Sclerotia
sclerotiorum, higher than fluconazole, at a MIC between 60 pl/ml and 100 pl/ml.

I11.6. Implementation of pharmaceutical forms of Ruscus aculeatus L. for clinical
trials

In collaboration with the Department of Pharmaceutical Technology three pharmaceutical
forms (gels, creams and suppositories) with 1:1 fluid extract of Ruscus aculeatus L. were made
and characterized in order to the clinical testing.

18



IV. CONCLUSIONS

This doctoral thesis is the first scientific approach to the species Ruscus aculeatus L.

made in our country. Histo-anatomical characterization of vegetative organs of the plant, and
studies on the diuretic, saluretic and uricosuric action represent a major breakthrough at national
and international level while the phytochemical studies make a great contribution to the existing
data in the literature. As a result of these studies of plant biotechnology, we can say that there is
a good potential for introducing the in vitro culture of the R. aculeatus L. species to obtain roots
and shoots cultures with active principles (mainly steroidal saponins) as an alternative to the
harvesting of the wild flora.
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