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Cuvinte cheie: Glycyrrhiza glabra L., Glycyrrhiza echinata L., Ononis spinosa L.,
Ononis arvensis L., cercetdri anatomice, histochimie, saponine, flavonoide, polifenoli,
glabridina, licviritind, licviritigenind, izolicviritigenind, ononind, formononetina, CSS,
spectrofotometrie, HPLC/MS, antimelanomic, depigmentant, antiinflamator.

Abrevieri:

CSS Cromatografie in strat subtire
HPLC/MS  Cromatografie de lichide de Tnaltd performantd cuplatd cu spectrometrie
de masa
I. INTRODUCERE

Glycyrrhiza glabra L. (lemn dulce) este una dintre cele mai utilizate plante
medicinale pe mapamond. In ultimii ani s-au semnalat substituiri intre radacinile speciei
Glycyrrhiza glabra si Glycyrrhiza echinata L. (cioranglav) in tara noastrd. Calitatea
medicamentului de sursa naturald depinde in mare masura de natura si calitatea materiilor
prime. Ononidis radix, produsul vegetal provenit de la specia Ononis spinosa (osul
iepurelui) este recunoscut ca un eficient diuretic si saluretic. Ambele specii vegeteaza
spontan in Romania, pe zone restranse. Frecvent se initiaza culturi cu aceste specii
medicinale. Raspandire spontand mult mai larga prezintd Glycyrrhiza echinata si Ononis
arvensis (sinonim Ononis hircina Jacq.), salasitoare.

Acest studiu s-a centrat pe analiza comparativa (I.2), din punct de vedere farmaco-
botanic, al speciilor Glycyrrhiza glabra — Glycyrrhiza echinata i Ononis spinosa —
Ononis arvensis, urmarind studiul histologic al radéacinilor celor patru specii, localizarea
histochimica a saponinelor in organele vegetative, 1n ontogenezad, caracterizarea
fitochimica a extractelor din radacinile celor patru specii, caracterizarea produselor
vegetale din punct de vedere al capacitatii de spumefiere si de hemoliza, evaluarea, in
vitro §1 in vivo, a actiunii unor extracte din speciile studiate, in vederea stabilirii
echivalentei cu speciile medicinale, dacd aceasta poate fi doveditd, sau a unui set de
criterii clare de diferentiere a speciilor, a produselor vegetale si a extractelor.

Importanta si actualitatea temei de cercetare este recunoscutd la nivel national,
unele rezultate din cuprinsul tezei de doctorat fiind posibile cu ajutorul finantarii obtinuta
prin Grantul 8850 / 05.10.2009 al Universitatii de Medicina si Farmacie ,,Victor Babes”
din Timisoara, cu titlul ,,Evaluarea, in vitro si in vivo, a eficacitatii antimelanomice si
antitumorale pentru acidul gliciretic si fitocomplexul din radacina de Glycyrrhiza glabra
L.”, al carui director de proiect a fost autoarea tezei.

II. STADIUL CUNOASTERII

Genul Glycyrrhiza (Fabaceae) (IL.1) cuprinde aproximativ 18 specii de subarbusti
(IL.1.1) ce vegeteazd in Europa, Asia si America. G. glabra este specia medicinala
consacrata a genului si este putin raspanditd in flora spontand a Romaniei, fiind semnalata
doar 1n judetele Vrancea, Braila, Galati si Dambovita (II.1.2.1). Radacinile, rizomii si
stolonii speciei constituie produsul vegetal Liquiritiae radix (I11.1.4) si contin, In
principal, 4-20% saponine si 0,4-2% flavonoide, ce confera o culoare galbena radacinilor
(IL.1.5).



Relatari despre utilizarea lemnului dulce dateaza inca din antichitate, fiind
considerat ,,stramosul plantelor medicinale” in literatura chineza, cu documentare din
secolul II 7. Ch.; in medicina ayurvedicad este unul dintre cele mai folosite ingrediente; a
fost utilizat de sciti, greci §i romani ca expectorant, antiinflamator, antiulceros,
edulcorant. Recent au fost semnalate noi actiuni farmacologice ale acestui produs vegetal:
hepatoprotectoare, antispasticd, antioxidantd, antibacteriana, antivirald, antimicotica,
antitumorald, estrogenica, inhibitoare a recaptarii serotoninei, depigmentanta (I1.1.7).

Liguiritiae radix este intdlnitd in compozitia unor ceaiuri, extracte lichide, moi sau
uscate, capsule, comprimate, drajeuri, solutii de uz intern sau extern, creme (IL.1.11).
Pulberea de Liquiritiae radix se adauga pentru aromatizarea preparatelor cu cacao, a
dulcturilor si a tigarilor (I1.1.12).

Glycyrrhiza echinata (cioranglav) (I1.1.2.2) prezinta radacini de culoare alb-cenusie
la interior, ce contin saponine utilizate pentru obtinerea amestecurilor spumante din
extinctoare. G. echinata este mai raspanditd decat G. glabra in flora spontand a tarii
noastre.

In literatura universala existi numeroase date cu privire la actiuni terapeutice recent
evidentiate ale G. glabra, dar se remarcd o lipsd a aprofundarii acestora. Se observa
necesitatea intensificarii studiilor in domeniul morfologiei, anatomiei, formularii unor
forme farmaceutice moderne si explorarii actiunilor farmacologice noi.

Genul Ononis (I1.2) cuprinde 86 de specii pe mapamond, dintre care Tn Romania
sunt semnalate patru. Ononis spinosa (osul iepurelui) prezinta tulpina cu spini duri si
vegeteazd in Oltenia si Moldova, Ononis arvensis (sdlasitoare) nu prezintd spini pe
tulpina si vegeteaza in Transilvania (I1.2.2). Produsul vegetal Ononidis radix, reprezentat
de radacinile speciei O. spinosa (11.2.4), ce contine triterpene si izoflavone (I1.2.5), este
singurul mentionat in fitoterapie in acest moment, fiind utilizat pentru actiunea diuretica,
saluretica, antilitiazica, uricozurica (I1.2.6).

Cercetarile romanesti si internationale asupra speciilor de Omnonis sunt reduse
(IL.2.11), observandu-se lipsa studiilor asupra morfologiei, anatomiei, histochimiei,
compozitiei speciilor si a noilor utilizari terapeutice.

ITII. CONTRIBUTII PROPRII

Partea principala a lucrarii prezintd contributiile proprii la studiul farmaco-botanic
al speciilor Glycyrrhiza glabra, G. echinata, Ononis spinosa si O. arvensis.

In capitolul IIL1 este prezentat materialul vegetal utilizat pentru cercetirile
anatomice, histologice, fitochimice, farmacognostice si farmacologice. Am folosit
exemplare din culturi proprii ale Facultitii de Farmacie din Timisoara si recoltate din
flora spontand, prezentand conditiile de cultivare, respectiv caracteristicile si localizarea
zonei de recoltare. Au fost pastrate exemplare voucher pentru fiecare specie. Radacinile
sau partile aeriene ale speciilor au fost uscate, macinate si utilizate In continuare.

Capitolul IIL.2 prezintd studiul anatomic comparativ asupra radacinilor (structura
primara si structurd secundard) celor patru specii, identificand criterii de diferentiere a
speciilor apartinand aceluiasi gen, in cazul in care se dispune doar de produsul vegetal,
fara a putea compara morfologia organelor vegetale aeriene, ce confera date suplimentare
de identificare (aspectul inflorescentelor si al fructelor). Deosebirile observate la nivelul
sectiunilor transversale prin radacini cu structurd secundard intre Glycyrrhiza echinata $i



G. glabra la nivelul razelor medulare, al numarului de vase lemnoase si a distribuirii
fibrelor sclerenchimatice din lemnul secundar servesc la diferentierea celor doud specii.
Deosebirile la nivelul sectiunilor transversale prin radacini cu structura secundara intre
Ononis arvensis si O. spinosa se observa la nivelul scoartei, al razelor medulare si al
dispunerii metaxilemului.

Capitolul IIL.3 cuprinde identificarea histochimicd a prezentei saponinelor in
organele vegetative ale celor patru specii. Studiul, in ontogeneza (II1.3.1), evidentiaza
saponinele 1n cilindrul central din radacinile cu structurd primara de Ononis spinosa, O.
arvensis, Glycyrrhiza glabra si G. echinata. In structura secundard a radicinilor de
Glycyrrhiza glabra si G. echinata saponinele se acumuleazd in scoartd, parenchimul
liberian si razele medulare. Dintre aceste tesuturi, primele straturi de celule
parenchimatice de la exteriorul scoartei sunt mai bogate in saponine. Radacinile cu
structura secundara de Ononis spinosa si O. arvensis acumuleaza saponine preponderent
in feloderm, scoartd, parenchim liberian si raze medulare. Cantitatea de saponine
acumulata creste proportional cu varsta radacinii.

Partile aeriene ale speciilor Ononis spinosa si O. arvensis (II1.3.2) prezinta
saponine in liber si parenchimul cortical din structura tulpinii si mezofilul palisadic, cel
lacunar si liberul din structura frunzelor. Aceste surse usor regenerabile pot reprezenta o
alternativa la utilizarea radacinilor.

In capitolul IIL.4 sunt prezentate rezultatele analizelor calitative si cantitative
efectuate pentru caracterizarea fitochimica a radacinilor celor patru specii.

Subcapitolul TII.4.1 este dedicat studiului saponinelor si triterpenelor din
extractele metanolice totale. Am realizat initial cercetari preliminare prin CSS (I11.4.1.1),
utilizdnd ca standarde acidul glicirizic (saponina reprezentativd a specie Glycyrrhiza
glabra), acid gliciretic (agliconul acidului glicirizic) si onocerind (triterpena
reprezentativa a specie Ononis spinosa). Acidul glicirizic poate fi identificat in extractele
metanolice totale din ridicinile si tulpinile de G. glabra si radacinile de O. spinosa. In
radacinile specie G. echinata acidul glicirizic nu este detectat. Acidul gliciretic nu a fost
evidentiat in extractele studiate nehidrolizate. Prezenta acizilor glicirizic si gliciretic
detectatd in extractele de G. glabra, dar nu si in G. echinata constituie un criteriu de
diferentiere a speciilor, permitand identificarea eventualelor substituiri. Onocerina este
identificata atat in extractele de O. spinosa, cat si in extractele de O. arvensis, dar nu se
extrage prin metoda de izolare a saponinelor propusa de Cucu si Grecu. Prezenta acestei
substante este confirmatd prin proba de microsublimare, obtindndu-se, in cazul ambelor
specii de Ononis, cristale aciculare suprapuse, ce formeaza cristale compuse, cu aspect
curbat. Profilul chimic al speciilor Ononis spinosa si Ononis arvensis este asemanator.

In urma determindrii spectrofotometrice a concentratiei acidului glicirizic
(IT1.4.1.2) am obtinut valoarea 0,49 % in produsul vegetal din culturi proprii si 2,3 % acid
glicirizic in produsul Plafar, cote inferioare minimului acceptate de FR X, de cel putin 5%.
Am comparat datele obtinute cu rezultatele metodei HPLC/MS (111.4.1.3): 0,54% acid
glicirizic n produsul vegetal din culturi proprii, respectiv 2,41% acid glicirizic in produsul
Plafar. Cultura proprie nu a atins inca varsta de recoltare recomandata de 3 ani. Produsul
vegetal apartinand Plafar, nu ar trebui comercializat ca atare deoarece nu indeplineste
standardele impuse de farmacopeile in vigoare. Datele obtinute prin cele doud metode sunt
apropiate, validand rezultatele. Se observa superioritatea metodei HPLC/MS ce poate fi
utilizatd pentru determinarea cantitativd concomitentd a mai multor substante in aceeasi



solutie. Am propus cdi de fragmentare posibile pentru acidul glicirizic si acidul gliciretic,
ce explica semnalele obtinute prin spectrometrie de masa.

Rezultatele analizei calitative si cantitative a polifenolilor din probe vegetale sunt
prezentate in subcapitolul I11.4.2.

Am analizat calitativ, prin CSS, flavonoidele in extractele metanolice ale celor patru
specii. (I11.4.2.1). Extractul metanolic total din radacini de Glycyrrhiza glabra contine
cea mai mare cantitate de flavonoide, identificandu-se doua benzi largi, galbene, specifice
acestor substante. Extractele totale din tulpini si frunze de G. glabra contin flavonoide,
dar in cantitafi mai reduse. G. echinata nu contine derivati flavonoidici detectabili prin
metoda utilizata. Absenta flavonoidelor constituie un criteriu suplimentar de diferentiere
intre cele doua specii apartinand genului Glycyrrhiza. Radacinile speciilor Ononis
spinosa si O. arvensis prezintd profil asemanator din punct de vedere al flavonoidelor
continute, ononina, izoflavona caracteristica fiind prezenta in ambele specii si ar putea fi
echivalente in terapie.

in subcapitolul II1.4.2.2 am determinat cantitativ, prin spectrofotometrie, polifenolii
totali, rezultatul a fost exprimat in acid galic: Glycyrrhiza glabra - 4,6849%, G. echinata
0,9071%, Ononis spinosa - 4,1531%, O. arvensis - 2,3833%. Glycyrrhiza echinata nu
poate inlocui G. glabra, continand polifenoli totali in cantitate de zece ori mai redusa
decat specia medicinald. Pentru Ononis spinosa si O. arvensis cantitatea de polifenoli
totali este mai apropiatd, dar si in acest caz specia medicinald este superioara.

Analiza a continuat, in subcapitolul I11.4.2.3, cu determinarea cantitativa, prin
spectrofotometrie, a flavonoidelor totale, rezultatul a fost exprimat in rutozida.
Glycyrrhiza glabra contine cea mai mare cantitate de flavonoide 0,58%. G. echinata
contine doar 0,13% flavonoide in produsul vegetal. Pentru Ononis spinosa si O. arvensis
cantitatea de flavonoide este foarte apropiata 0,45% respectiv 0,41%.

Prin metoda HPLC am investigat prezenta a 18 polifenoli (I11.4.2.4): acidul
caftaric, acidul genistic, acidul cafeic, acidul clorogenic, acidul p-cumaric, acidul ferulic,
acidul sinapic, hiperozida, isocvercitrina, rutina, miricetolul, fisetina, cvercitrina,
cvercetolul, patuletina, luteolina, kampferolul si apigenina in extractele din radacinile
speciilor studiate. Glycyrrhiza glabra contine acizii cumaric, ferulic si clorogenic, iar G.
echinata nu prezintd nici unul dintre compusii analizati. Prezenta rutozidei in Ononis
spinosa (identificatd anterior prin CSS 1n capitolul II1.4.2.1) este confirmatad prin analiza
HPLC. Ononis arvensis contine luteolind, acid p-cumaric, acid ferulic. Cvercetolul si
kampferolul se intalnesc in structura unor glicozide, aceste standarde fiind identificate
doar dupa hidroliza. Caracterizarea extractelor impune si analiza unor substante specifice
genurilor Glycyrrhiza si Ononis.

Pentru prima datd n Romania, am cuantificat licviritina, licviritigenina,
isolicviritigenina, glabridina, daidzeina, daidzina, genisteina, genistina, formononetina,
ononina $i cumestrolul in produsele vegetale autohtone prin HPLC/MS (I11.4.2.5-
I11.4.2.7). Radacinile speciei Glycyrrhyza glabra contin licviritind, licviritigenina,
isolicviritigenina, glabridina, daidzina, genistind, ononind, formononetina si cumestrol, in
concentratii superioare intalnindu-se licviritina (0,051 %) si glabridina (0,109 %).
Glycyrrhiza echinata nu contine glabridind, daidzina, genistina §i cumestrol iar
concentratia licviritinei (0,001 %) si licviritigeninei (0,004 %) sunt mult inferioare celor
din G. glabra. Desi prezenta in extractele de Glycyrrhiza echinata, concentratia ononinei
(0,009 %) este cu un ordin de marime inferioard celei din extractele de G. glabra



(0,068 %). Radacinile de Omnonis spinosa si O. arvensis contin ononind (0,025 %
respectiv 0,017 %) si formononetind (0,006 %, respectiv 0,008 %) 1n concentratii
similare.

Fiind produse vegetale bogate in saponine (IIL.5), am identificat indicele de
spumefiere (IS¢, giusra = 250, IS¢ echinaa = 400, IS0, gpinosa = 125, IS0, arvensis = 333), indicele
hemolitic si am cuantificat prin metoda spectrofotometricd concentratia hemoliticd medie
(CHso . glavra= 12,38 mg/ml, CHso 6. echinaa= 9,15 mg/ml, CHso 0. spinosa= 7,06 mg/ml, CHso
0. anvensis = 10,90 mg/ml). Cele patru produse vegetale testate, saponinele izolate din
radacinile de Ononis spinosa si glicirizatul de amoniu prezintd capacitate hemolitica
scazutd, ce nu constituie un impediment in utilizarea terapeutica.

Capitolul IIL6 prezinta rezultatele studiilor farmacologice ale extractelor sau substantelor
existente in speciile studiate. Initial am obtinut formulari topice inovatoare in care am incorporat
extract total si substante active. Am realizat cresterea solubilitatii acidului gliciretic in apd, cu

Testele, in vitro, efectuate pe liniile celulare A431 (cancer de piele), A2058
(melanom uman) si B16 (melanom la soarece) (II1.6.2) demonstreazd actiunea
inhibitoare asupra proliferdrii celulare a extractului total de Glycyrrhiza glabra, a
complexului acid gliciretic - ciclodextrina si a acidului gliciretic.

Capacitatea respiratorie a mitocondriilor izolate din hepatocite de sobolan (Indice respirator
matr 8,04) este influentatd de extractul total de Glycyrrhiza glabra (Indice respirator 1,92) intr-o
maniera superioara glicirizatului de amoniu (Indice respirator 5,08), flavonele prezente in extract
manifestandu-si puternic caracterul antioxidant (I11.6.3). Indicele respirator desemneaza raportul
intre consumul de oxigen al respiratiei bazale si consumul de oxigen necesar fosforilarii oxidative a
ADP-ului in stadiul III al respiratiei la nivelul complexului I mitocondrial.

Extractul total de Glycyrrhiza glabra, acid gliciretic si complex acid gliciretic —
hidroxipropil-gama ciclodextrind, incorporate in formule topice originale, reduc cu pana
la 20 % pigmentarea si cu pana la 30 % eritemul leziunilor melanomice la soareci
C57BL/6J cu patologie indusa (I11.6.4). Actiunea depigmentantd a extractului de G.
glabra (incorporat in forme farmaceutice cu aplicare topicd ce contin 5-20 % extract) se
manifestd asupra maculelor hipercrome de diverse cauze, dar nu se asociaza cu efectul
antiaging. Avantajul acestui extract comparativ cu un peeling este metoda depigmentanta
non-invaziva, datorita substantelor inhibitoare ale tirozinazei (II11.6.5).

S-a testat actiunea antiinflamatoare a extractului alcoolic 1,4 % si a saponinelor
izolate din Ononidis radix 0,088 %, utilizand modelul experimental al edemului labei de
sobolan indus cu caolin 10 %. Atat extractul alcoolic cat si saponinele izolate din
Ononidis radix au prezentat efecte antiinflamatoare superioare lotului martor, dar
inferioare lotului control, tratat cu diclofenac. Saponinele izolate din Ononidis radix sunt
principalele componente responsabile de efectul antiinflamator (I11.6.6).

CONCLUZII GENERALE

A. Ononis sp.: Rezultatele cercetarilor fitochimice proprii indicd o concentratie
apropiata de flavonoide si saponine in radacinile de O. spinosa si O. arvensis. Viitoare
cercetdri farmacologice conduse 1n vederea stabilirii echivalentei efectelor diuretic,
saluretic si uricozuric a celor doud produse vegetale, vor putea recomanda in perspectiva
includerea radacinilor de O. arvensis in compozitia produsului vegetal medicinal



Ononidis radix. Cercetarile histochimice indica prezenta saponinelor si in partile aeriene
ale ambelor specii de Ononis studiate. Studii viitoare ar putea confirma utilitatea
terapeutica a partilor aeriene, care au avantajul de a fi regenerabile.

B. Glycyrrhiza sp.: Radacinile speciei G. echinata nu prezintd substantele
caracteristice produsului vegetal consacrat Liquiritiae radix si nu pot fi utilizate in
vederea obtinerii aceluiasi efect terapeutic.

In lucrare sunt prezentate multiple alternative pentru identificarea substituirilor
sau a falsificarilor produsului vegetal Liquiritiae radix: criterii morfologice,
particularitatile din anatomia radacinii, metode spectrofotometrice (identificarea acidului
glicirizic) si metode cromatografice (CSS, HPLC) de identificare si de dozare a
substantelor active reprezentative. Principalele diferente fitochimice evidentiate ce permit
discriminarea radacinilor de G. glabra si G. echinata se referd la prezenta exclusiva a
saponinei acid glicirizic, a izoflavanului glabridina, a chalconei izolicviritigena, a acizilor
fenol-carboxilici clorogenic, cumaric si ferulic, a izoflavonelor daidzind si genistina
respectiv a cumestanului cumestrol in radacina de G. glabra.

Lucrarea cuprinde si determinarea cantitativa prin HPLC/MS a numerosi fitocompusi din
speciile de Glycyrrhiza si Ononis, unele cuantificari fiind facute in premiera pe produse autohtone.

C. Studii farmacologice originale au relevat pentru extractele din radacini de G. glabra,
efectele antimelanomic (in vivo pe soareci C57BL/6J, in vitro pe liniile celulare A431, A2058, B16),
depigmentant si antieritematos (in vivo pe soareci CS7BL/6J). Au fost obtinute forme farmaceutice
modeme de uz topic, pentru care au fost determinate stabilitatea i cedarea substantei active.

Extractul total de G. glabra influenteaza capacitatea respiratorie a mitocondriilor
izolate din hepatocite de sobolani Wistar in maniera superioara glicirizatului de amoniu,
flavonoidele prezente in extract manifestandu-si caracterul antioxidant. Pentru prima
data fost investigat efectul acestora pe complexul I al respiratiei, in conditii de lucru
modificate fatd de cele cunoscute in literatura.

Pentru extractele din radacini de O. spinosa a fost evidentiat pe sobolan prin
pletismometrie efectul antiinflamator, comparabil cu al diclofenacului, pe termen scurt.
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Abbreviations:
TLC thin layer chromatography
HPLC-MS  high performance liquid chromatography coupled with mass spectrometry

I. INTRODUCTION

Glycyrrhiza glabra L. (licorice) is one of the most frequently used herbs in the
world. In recent years several substitutions between Glycyrrhiza glabra and Glycyrrhiza
echinata L. (Russian licorice) roots have been reported in Romania. Quality of drugs
from natural sources depends largely on the nature and quality of raw materials. Ononidis
radix, the plant product derived from Ononis spinosa L. (spiny restharrow), is recognized
as an effective diuretic and saluretic. Both species vegetate spontaneously in Romania, in
restricted areas. Medicinal crops of these species are often initiated. Glycyrrhiza echinata
and Ononis arvensis (synonym Ononis hircina Jacq.) have wider spontaneous
distributions than G. glabra and O. spinosa.

This study focused on comparative pharmaco-botanical analysis of four species
Glycyrrhiza glabra - Glycyrrhiza echinata and Ononis spinosa - Ononis arvensis (1.2),
regarding several levels of interest: histology of the roots; histochemical location of
saponins in different plant organs during ontogenesis; phytochemical characterization of
the root extracts; characterization, in terms of foam index and hemolytic capacity of the
four plant products; in vitro and in vivo evaluation of the pharmacological activity of
extracts, in order to establish the equivalence to the recognized medicinal species, if it
can be proven, or to identify a set of criteria for differentiation of species, plant products
and extracts.

The importance and current interest of the research theme is nationally
recognized, and received funding through Grant 8850 / 05.10.2009 of the University of
Medicine and Pharmacy "Victor Babes" Timisoara, entitled " In vitro and in vivo
evaluation of the antitumor and antimelanoma efficacy of glycyrrhetic acid and
Glycyrrhiza glabra L. root phytocomplex", whose director was the author of this thesis.

II. STATE OF KNOWLEDGE

The genus Glycyrrhiza (Fabaceae) (I1.1) includes approximately 18 species of
shrubs (II.1.1) that vegetate in Europe, Asia and America. Glycyrrhiza glabra (licorice)
is the main medicinal species of the genus; it is less common in Romanian wild flora and
only grows in Vrancea, Braila, Galati and Dambovita counties (II.1.2.1). The roots and
rhizomes are known as the medicinal drug Liguiritiae radix (I11.1.4). It contains mainly
saponins (4-20 %) and flavonoids (0.4 to 2%). The flavonoids give the roots their
characteristic yellow color (II.1.5).

Data about the use of licorice go back to antiquity. Licorice is considered the
"grandfather of medicinal plants" in Chinese materia medica, documented from the
second century b. Chr. It is as well one of the most frequently used ingredients of
Ayurvedic medicine. Licorice was used by Scythians, Greeks and Romans as an
expectorant, inflammation, anti-ulcer, and sweetener. New pharmacological actions have
been recently reported: hepatoprotector, antispasmodic, antioxidant, antibacterial,



antiviral, antimycotic, anti-tumor, estrogen, serotonin reuptake inhibiting, depigmenting
(IL.1.7).

Liquiritiae radix is present in the composition of teas, dried or liquid extracts,
capsules, tablets, dragees, solutions for internal and external use, ointments (IL.1.11).
Liquiritiae radix powder is added in order to flavor products containing cocoa, sweets
and cigarettes (I1.1.12).

Glycyrrhiza echinata roots have white-gray interior; they contain saponins which
are used to obtain foaming mixtures for fire extinguishers. Glycyrrhiza echinata is more
widespread than G. glabra in the wild flora of our country.

Although the current literature provides data on numerous newly identified
therapeutic actions of G. glabra, more profound researches are needed in order to
document them. More data are as well required in the fields of plant anatomy,
pharmaceutical formulation and modern pharmacological exploration.

The genus Ononis (I1.2) includes 86 species worldwide, of which four are reported
in Romania. Ononis spinosa (spiny restharrow) has thorns and vegetates in Oltenia and
Moldova, Ononis arvensis (field restharrow) does not have thorns on the stem and
vegetates in Transylvania (I1.2.2). Ononidis radix, the plant drug, is currently represented
by the roots of Ononis spinosa only (I1.2.4). They contain triterpenes and isoflavones
(IL.2.5), and are currently used for their diuretic, saluretic and uricosuric actions (I1.2.6).

Romanian and international research on Ononis species are reduced (IL.2.11). The
lack of studies on plant anatomy, histochemistry, chemical composition and new
therapeutic uses is observed.

III. PERSONAL CONTRIBUTIONS

The main part of the present thesis presents personal pharmaco-botanical research
on Glycyrrhiza glabra, Glycyrrhiza echinata, Ononis spinosa and Ononis arvensis.

The plant material used for anatomical, histological, phytochemical and
pharmacological research is presented in chapter III.1. Specimens from the cultures of
the Botanical garden of the Faculty of Pharmacy Timisoara and plants harvested from the
spontaneous flora were used. Voucher specimens were kept for each species. Roots and
aerial parts were dried, ground and then used.

Chapter IIL.2 presents the comparative anatomical study on the roots (primary
structure and secondary structure) of the four species, identifying criteria for the
differentiation of species within the same genus if the only available product is the drug.
The differences observed between Glycyrrhiza glabra and G. echinata in transverse
sections through roots with secondary structure concern: the aspect of medullar rays, the
number of xylem vessels and the distribution of sclerenchyma fibers in the secondary
wood. These characteristics allow the differentiation of the two species. Significant
differences between Ononis arvensis and O. spinosa secondary root structure could be
noted in the cortex, medullar rays and the arrangement of metaxylem vessels.

Chapter I11.3 includes the histochemical identification of saponins in the vegetative
organs of the four species. Investigations during ontogenesis show that saponins are
present in the central cylinder of roots with primary structure of Ononis spinosa, O.
arvensis, Glycyrrhiza glabra and G. echinata. In the roots of Glycyrrhiza glabra and G.
echinata with secondary structure, saponins are accumulated in the cortex, phloem



parenchyma and medullar rays. Of these tissues, the first layers of parenchymatous cells
on the outside of the cortex are the richest in saponins. The roots of Ononis spinosa and
O. arvensis accumulated saponins mainly in phelloderm, bark, medullar ray parenchyma
and phloem. Accumulated amount of saponins increases with root age.

Histochemical identification of saponins was as well performed in aerial parts of
Ononis spinosa and O. arvensis (I11.3.2). Phloem and cortical parenchyma stem tissues
are rich in saponins. The leaves contain saponins in the phloem aerea of the mixt bundels
and in both the palisade and the spongy tissue. These rapidly renewable sources can
provide an alternative to the use of roots.

Chapter II1.4 presents the results of qualitative and quantitative analysis performed
for the phytochemical characterization of the roots of the four species.

Subchapter II1.4.1 presents the study of saponins and triterpenes of total methanolic
extracts. Preliminary research was initially conducted by TLC (II1.4.1.1), using as
standards glycyrrhizic acid (the representative saponin for Glycyrrhiza glabra),
glycyrretic acid (the aglycon of glycyrrhizic acid) and onocerin (the representative
triterpene of Omnonis spinosa). Glycyrrhizic acid can be identified in total methanolic
extracts of roots and stems of Glycyrrhiza glabra and Ononis spinosa. Glycyrrhizic acid
is not detected in G. echinata roots. Glycyrrhetic acid has not been identified in
unhydrolyzed extracts. The absence of glycyrrhizic acid from Glycyrrhiza echinata roots
is a criterion for the differentiation of species, and allows identification of possible
substitutes. Onocerin is well represented in O. arvensis roots, but it is not extracted
through the isolation method for saponins proposed by Cucu and Grecu. The presence of
this substance is confirmed by microsublimation; this procedure afforded in both Ononis
species the obtainment of acicular superposed crystals, forming curved compound
crystals. The chemical profiles of Ononis spinosa and O. arvensis are similar.

Spectrophotometric determination of glycyrrhizic acid content (I11.4.1.2) showed
0.49 % in our own plant product and 2.3 % glycyrrhizic acid in the Plafar product, both
values lower than the minimum acceptable rate of FR X of at least 5 % glycyrrhizic acid.
These results were compared the data obtained by HPLC/MS (111.4.1.3): 0.54 %
glycyrrhizic acid in plant product of our own culture, and 2.41 % glycyrrhizic acid in
Plafar product. Our own culture has not yet reached the age of 3 years recommended for
harvesting. Plafar plant product should not be marketed as such because it does not meet
the standards imposed by the current pharmacopoeia. Data obtained by the two methods
are close, validating the results. The superiority of the HPLC/MS is observed, as this
method is suitable for the quantitative determination of multiple substances in the same
solution. Possible fragmentation ways were proposed for glycyrrhetic acid and
glycyrrhizic acid, explaining the signals obtained by mass spectrometry.

The results of qualitative and quantitative analysis of polyphenols in plants are
presented in section 111.4.2.

The presence of flavonoids in methanolic root extracts was analyzed by TLC
(I1.4.2.1). The methanolic extract of Glycyrrhiza glabra roots contains the highest
amount of flavonoids, two broad, yellow bands, specific to these substances were
detected. Total extracts of stems and leaves of Glycyrrhiza glabra contain flavonoids, but
in smaller quantities. G. echinata dose not contain flavonoids detectable through this
method. The absence of flavonoids is another criterion used for distinguishing between
the two species belonging to Glycyrrhiza genus. Ononis spinosa and O. arvensis roots



have similar profile in terms of flavonoid content; ononin, the major isoflavone is
present in both species.

In section 1I1.4.2.2 total polyphenols were determined quantitatively by
spectrophotometry. The result was expressed as gallic acid equivalents: Glycyrrhiza
glabra — 4.6849 %, G. echinata 0.9071 %, Ononis spinosa — 4.1531%, O. arvensis —
2.3833%. G. echinata is no substitute, in terms of polyphenols, for Glycyrrhiza glabra, as
it contains tenfold lower quantities than the medicinal species. For Ononis spinosa and
O. arvensis the amount of total polyphenols is similar, in this case the medicinal species
is also slightly superior.

The analysis continued in subchapter I111.4.2.3, with quantitative determination of
total flavonoids by spectrophotometry. Results were expressed in rutoside equivalents.
Glycyrrhiza glabra contains the highest amount of flavonoids 0.58 %, while G. echinata
only contains 0.13 % flavonoids. Amounts of flavonoids in Ononis spinosa and O.
arvensis are almost identical (0.45 % and 0.41 %, respectively); the two species can be
considered equivalent in terms of flavonoid content.

By HPLC, 18 polyphenols have been quantified (I11.4.2.4): caftaric acid, genistic
acid, caffeic acid, chlorogenic acid, p-cumaric acid, ferulic acid, sinapic acid,
hyperoside, isoquercitrin, rutin, miricetin, fisetin, quercitrin, quercetol, patuletin, luteolin,
kaempferol and apigenin. Glycyrrhiza glabra contains cumaric, ferulic and chlorogenic
acid and G. echinata showed none of the analyzed compounds. The presence of rutoside
in Ononis spinosa (previously identified by TLC) is confirmed by HPLC analysis.
Ononis arvensis contains luteolin, p-cumaric acid and ferulic acid. Kaempferol and
quercetol are identified only after hydrolysis, when they are released from various
glycosides. In order to have a relevant chemical characterization of the extracts, further
investigations on specific substances of Glycyrrhiza and Ononis genus are required.

For the first time in Romania, liquiritin, liquiritigenin, isoliquiritigenin, glabridin,
daidzein, daidzin, genistein, genistin, formononetin, ononin and cumestrol were
quantified by HPLC/MS in autochthonous plant material (IIL.4.2.5, 1I1.4.2.7).
Glycyrrhyza glabra roots contain all the analyzed substances, glabridin (0.109 %) and
liquiritin (0.051 %) present higher concentrations. G. echinata does not contain glabridin,
daidzin, genistin and cumestrol; liquiritin (0.001 %) and liquiritigenin (0.004 %)
contents are below those in Glycyrrhyza glabra Although ononin is present in G.
echinata, its concentration (0.009 %) is significantly lower than that of G. glabra root
extracts (0.068 %). Ononis spinosa and O. arvensis roots contain similar amounts of
formononetin (0.006 %, respectively 0.008 %) and ononin (0.025 %, respectively
0.017%).

Being plant products rich in saponins, the foam index (FI ¢ giusre = 250, FI 6. coninara =
400, FI 6. gpinosa = 125, FI 0 arvensis = 333) and the haemolytic index were identified and the
mean haemolytic concentration (HCso g, giarre = 12.38 mg/ml, HCso 6. cohinae = 9.15 mg/ml,
HCso 0 spinosa = 7.06 mg/ml, HCsy 0 awrensis = 10.90 mg/ml) was quantified by a
spectrophotometric method (II1.5). The four tested vegetal drugs, as well as the saponins
isolated from Omnonis spinosa roots and ammonium glycyrrhizate have a very low
haemolytic capacity which does not create an obstacle to therapeutic use.

Chapter III.6 presents the results of pharmacological studies on extracts or
substances existing in the studied species. Innovative topical formulations, which have
incorporated total extract and active substances, were used. The increasing of water



solubility of glycyrrhetic acid was obtained using hydroxy-propyl-gamma-cyclodextrin,
in order to improve the bioavailability

In vitro tests were performed on cell lines A431 (skin cancer), A2058 (human
melanoma) and B16 (mouse melanoma) (I11.6.2). Glycyrrhiza glabra total extract, the
complex glycyrrhetic acid — cyclodextrin and glycyrrhetic acid showed inhibitory action
on cellular proliferation.

Respiratory capacity of mitochondria isolated from rat hepatocytes was influenced
by the total extract of Glycyrrhiza glabra (Index 1,92) in a higher way to ammonia
glycyrrhizin (Index 5,08). As such, flavonoids present in the extract show their strong
antioxidant character (II1.6.3). The index represents the ratio between basal respiration
oxygen consumption and consumption of oxygen during ADP oxidation in stage III of
complex I mitochondrial respiration.

Glycyrrhiza glabra total extract, glycyrrhetic acid alone, and the complex of
glycyrretic acid with hydroxypropyl-gamma cyclodextrin were incorporated in original
topical formulations. Products reduced by up to 20 % the pigmentation and by up to 30 %
the erythema in C57BL/6J mice with melanoma lesions (II1.6.4). The depigmenting
action of Glycyrrhiza glabra extract (in topical farmaceutical forms containing 5-20 %
active ingredients) on hyperchrome macules of different causes is not associated with
anti-aging effect. The tested extract (containing tyrosinase inhibitory substances) offer
the advantage of being non-invasive when compared to peeling procedures (II1.6.5).

Total dry methanolic extract of Ononidis radix displayed in vivo anti-inflammatory
action. Saponins isolated from Ononidis radix are the main components responsible for
the anti-inflammatory effect (I11.6.6).

GENERAL CONCLUSIONS

A. Ononis sp.: Results of phytochemical researches indicate a similar concentration
of flavonoids and saponins in the roots of O. spinosa and O. arvensis. In perspective,
future pharmacological researches are needed to establish the equivalence of diuretic and
uricosuric effects of O. spinosa and O. arvensis roots. Positive results may recommend
the inclusion of O. spinosa roots in the medicinal drug Ononidis radix. Histochemical
investigations indicate the presence of saponins in aerial parts of both Ononis species.
Future studies could confirm the therapeutic usefulness of aerial parts, which have the
advantage of being renewable.

B. Glycyrrhiza sp.: G. echinata roots do not contain several characteristic
substances for Liquiritiae radix and cannot be used to obtain the same therapeutic effect.

The thesis presents multiple alternatives to identify product substitutions or
counterfeit Liquiritiae radix: morphological criteria, features of root anatomy,
spectrophotometric methods (identification of glycyrrhizic acid) and chromatographic
methods (TLC, HPLC) used for identification and quantification of representative active
substances. The main phytochemical differences identified which allow discrimination
between G. glabra and G. echinata roots refer to the exclusive presence of the saponin
glycyrrhizic acid, the isoflavan glabridin, the chalcone isoliquiritigenin, the phenol-
carboxylic acids chlorogenic, ferrulic and cumaric, the isoflavones genistin and daidzin,
and the coumestan coumestrol in the root of G. glabra.
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The thesis includes quantitative determination by HPLC/MS of various
phytocomplexes of Glycyrrhiza and Ononis species, some quantification being made for
the first time on autochthon products.

C. Pharmacological studies revealed anti melanoma effects (in vivo - C57BL/6J
mice, in vitro - A431, A2058, B16 cell lines), anti-erythematous and depigmenting
effects (in vivo - CS57BL/6J) for extracts from G. glabra roots. Modern topical
formulations were obtained, and the release of the active substance was determined.

Total extract of G. glabra affects the respiratory capacity of mitochondria isolated
from Wistar rat hepatocytes; its effect is stronger than that of ammonium glycyrrhizate.
This effect can probably be attributed to flavonoids with antioxidant effects present in the
extract. This is the first research of G. glabra extract and compound on the complex I of
mitochondrial respiration in new experimental conditions.

Plethysmometric studies of O. spinosa extracts on rat paws highlighted their anti-
inflammatory effect comparable to that of diclofenac.
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