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INTRODUCERE

Obiectivul principal al cercetarii a fost diferentierea speciilor genului Fumaria, prin identificarea
caracterelor morfologice, caracterizarea histo-anatomica, fitochimica si farmacologica a speciilor.
Totodata, s-a dorit si caracterizarea individualda a taxonilor din toate aceste puncte de vedere, pentru
identificarea unor noi compusi, respectiv a unor noi activitati farmacologice, dar si pentru identificarea
unor noi caractere morfologice si histo-anatomice care sa permita identificarea lor mai usoara.

STADIUL ACTUAL AL CUNOASTERII

Genul Fumaria (Fam. Fumariaceae) cuprinde aproximativ 50 de specii si subspecii, care sunt
raspandite cu precidere in Europa, partea de Vest a Asiei, America de Nord, Sudul Africii si Australia. in
Romania, speciile genului Fumaria se intdlnesc in Nord-Vestul si Centrul Transilvaniei, Banat, Defileul
Dunirii si mai rar in Moldova. In flora spontani a Romaniei vegeteaza 7 specii, 2 subspecii si 1 hibrid:

e  Fumaria officinalis L. cu subsp. densiflora;
e  Fumaria rostellata Knaf.;
e  Fumaria vaillantii Loisel. cu subsp. laggeri;
e  Fumaria parviflora Lam.;
e  Fumaria schleicheri Soyer-Willemet.;
e  Fumaria thuretii Boiss.;
e  Fumaria kralikii Jord.;
* Fumaria jankae = Fumaria rostellata x Fumaria schleicheri.

Literatura de specialitate oferd date botanice legate de caracterizarea morfologica si histo-
anatomica a acestor specii. Diferentele morfologice dintre speciile genului Fumaria sunt foarte mici, fapt
care atrage dupad sine un risc de substituire mare. Deosebirile se evidentiaza la nivelul florilor, al
pedicelului fructifer, al sepalelor si al bracteolelor. O caracterizare micrografica si histo-anatomica
sumara se regaseste in monografia speciei Fumaria officinalis L. din Farmacopeea European3, editia a VII-
a.

Produsul vegetal medicinal este constituit din partea aeriana inflorita a speciei Fumaria officinalis
L. si poarta numele de Fumariae herba.

Din punct de vedere al compozitiei chimice, speciile genului Fumaria se remarca prin continutul
de alcaloizi izochinolinici, dintre care principalul alcaloid este protopina. Aldturi de acestia, literatura de
specialitate semnaleaza si prezenta acizilor polifenolcarboxilici, a acizilor organici, dar si a flavonoidelor.

Speciile genului Fumaria (Fam. Fumariaceae) sunt cunoscute din cele mai vechi timpuri si
utilizate de medicina traditionald pentru tratamentul diverselor afectiuni, in special de natura hepato-
biliard, gastro-intestinala si genito-urinara.

CONTRIBUTIA PERSONALA

1. Ipoteza de lucru

Contributiile personale sunt orientate pe 4 directii experimentale : primele doud se refera la
caracterizarea morfologica, histologica si histo-anatomica a speciilor luate in lucru, cea de-a treia
cuprinde studiul fitochimic calitativ si cantitativ al principalelor clase de principii active iar ultima
realizeaza corelarea studiului fitochimic cu efectele farmacologice ale principiilor active analizate din
speciile studiate.

Pentru realizarea studiilor, s-a utilizat ca si referintd monografia speciei Fumaria officinalis L.
descrisa de Farmacopeea Europeana Editia a VII-a.



2. Metodologie generala

Materialul vegetal utilizat

Cercetarile au fost realizate pe 20 probe apartinand la 7 taxoni ai genului Fumaria. Dupa identificarea
speciilor, o parte din materialul vegetal uscat a fost pastrat pentru analizele fitochimice si farmacologice,
iar o alta parte a fost conservat in alcool etilic 70%. Materialul vegetal analizat a fost reprezentat de
partile aeriene ce apartin la 7 specii ale genului Fumaria, cu exceptia cercetarilor histo-anatomice si
fitochimice, unde s-au realizat cercetari si asupra radacinilor, chiar daca produsul vegetal medicinal este
reprezentat de partea aeriana (Fumariae herba).

Din flora spontand a Romaniei au fost recolatate cinci specii din zona Transilvaniei: Fumaria
rostellata Knaff., Fumaria parviflora Lam. Fumaria vaillantii Loisel, Fumaria schleicheri Soy.Will,, Fumaria
jankae Hausskn. O specie a fost recoltatd din flora spontana a Belgiei si a Luxembourgului: Fumaria
officinalis L., iar specia Fumaria capreolata L. a fost recoltata din flora spontana a Frantei.

In vederea stabilirii unor eventuale diferente in functie de anul si locul recoltirii s-au folosit mai
multe probe ale aceleasi specii - F. schleicheri Soy. Will. Tot pentru aceasta specie s-au realizat studii
fitochimice separate asupra radacinilor, tulpinilor, frunzelor si fructelor pentru identificarea diferentelor
la nivelul diferitelor organe vegetative.

Pentru stabilirea autenticitatii speciei F. officinalis L. s-a folosit si specia oficinala provenita din
ierbarul Centrului Interdisciplinar in Analiza Medicamentului (CIRM) al Universitatii din Liege, Belgia, iar
tot pentru aceast taxon s-au mai folosit doud esantioane de ceai provenite fie din Laboratorul de
Farmacognozie din Liege, Belgia, fie dintr-un magazin naturist, Liege, Belgia.

Screeningul fitochimic al principiilor active
Materialul vegetal a fost supus mai multor procedee de extractie astfel:
1. Extractie hidroalcoolica la ultrasunetete prin agitatie magnetica (pentru flavonoide, acizi
polifenolcarboxilici si alcaloizi);
2. Macerare in etanol 70% timp de 72h, urmatd de percolare (pentru flavonoide, acizi
polifenolcarboxilici si alcaloizi);
3. Extractie in mediu alcalin (pentru alcaloizi)
Analizele preliminare pentru identificarea principiilor active au fost realizate prin cromatografie
pe strat subtire analiticd si preparativa, iar identificarea alcaloizilor si a acizilor polifenolcarboxilici s-a
realizat prin metode moderne HPLC-DAD, si respectiv MS-TOF. Determindrile cantitative ale alcalozilor si
acizilor polifenolcarboxilici s-au realizat prin spectrofotometrie iar pentru alcaloizi, si prin HPLC-DAD.

3. Analiza morfologica comparativa a speciilor de Fumaria

Diferentierea morfologica si micromorfologica a fost realizatd prin examinarea atenta a florilor si
fructelor cu ajutorul stereomicroscopului. S-au realizat masuratori la nivelul peduncului floral, pedicelului
fructifer, bracteolelor, sepalelor, petalelor si fructelor.

Studiile morfologice realizate asupra florilor si fructelor pentru cele 7 specii de Fumaria au
demonstrat prezenta caracterelor morfologice specifice. Totodata, prin acest studiu s-au identificat si
asemadnarile morfologice, ceea ce evidentiaza legaturile filogenetice existente intre speciile genului
Fumaria. Chiar daca fiecare specie prezintda caractere morfologice diferentiale, pentru o identificare
precisa trebuie luate in considerare toate aspectele morfologice pentru evitarea eventualelor substituiri a
speciei oficinale.

Pentru specia Fumaria jankae exista putine date morfologice, acest studiu conferind tezei de
doctorat un caracter de noutate.

Astfel, prezenta sau absenta sepalelor, lungimea sepalelor, forma fructului si lungimea pedicelului
fructifer precum si lungimea bracteolei pedicelului fructifer reprezinta caractere morfologice specifice
fiecarui taxon.



4, Studiul microscopic al elementelor histologice din pulberea speciilor genului Fumaria

Pentru identificarea eventualelor diferenfe a produselor vegetale apartinand speciilor genului
Fumaria, s-a realizat caracterizarea microscopica a pulberilor ob{inute din partea aeriana a acestora.
Caracterizarea pulberilor s-a realizat prin comparare cu datele existente pentru specia oficinala, Fumaria
officinalis L. Studiul acestor elemente s-a realizat prin examinarea microscopica a preparatelor obtinute
din pulberea speciilor de Fumaria utilizand ca mediu de includere cloralhidratul 80%.

In urma analizei microscopice a pulberilor pentru cele 7 specii studiate, s-au obtinut date
caracteristice in vederea identificarii si autentificirii speciilor din genul Fumaria fati de alte genuri. insd
nu au fost identificate elemente histologice specifice speciilor din genul Fumaria, pentru evitarea
eventualelor substituiri.

5. Analiza histo-anatomica a organelor vegetative pentru speciille genului Fumaria

In vederea identificirii posibilelor diferente, s-a realizat caracterizarea histo-anatomicd a
organelor vegetative a urmatoarelor specii ale genului Fumaria: Fumaria schleicheri Soy.Will, Fumaria
vaillantii Loisel, Fumaria parviflora Lam., Fumaria rostellata Knaff, Fumaria jankae Hausskn.
Caracterizarea histo-anatomica s-a realizat asupra rddacinilor, tulpinilor si frunzelor dar s-a focalizat
asupra tulpinilor deoarece pentru celelalte organe vegetative nu s-au identificat diferente.

Descrierea histo-anatomica a radacinilor, tulpinilor si frunzelor a fost realizata prin obtinerea de
preparate microscopice prin tehnica histologica de includere in parafina.

Studiul histo-anatomic al celor 5 taxoni apartinand genului Fumaria demonstreaza prezenta de
structuri diferentiale la nivelul tulpinii, neobservandu-se diferente la nivelul radacinii si al frunzelor.
Diferentele histo-anatomice care se evidentiaza la nivelul tulpinilor pot fi considerate criterii de
specificitate. Astfel speciile se pot diferentia dupa marimea muchiilor si dupa numarul si dispozitia
fascicolelor conducatoare.

Prin realizarea de sectiuni transversale la nivelul tupinilor, speciile pot fi diferentiate iar riscul de
substituire scade. Aceste studii pot fi folosite pentru o identificare ulterioara mai usoara a speciilor, iar
structurile histo-anatomice realizate pot fi utilizate ca etaloane pentru viitoarele cercetari. Cercetarile de
fata s-au realizat pentru prima data la noi in tara iar pentru specia Fumaria jankae Hausskn. acest studiu a
fost realizat pentru prima data.

6. Studiul calitativ comparativ al alcaloizilor pentru speciile genului Fumaria prin: TLC,
Prep TLC, HPLC- DAD si HPLC/ MS-TOF

Cercetarea fitochimica a genului Fumaria a avut ca obiectiv principal studiul alcaloizilor de tip
izochinolinic. Cercetdrile au fost realizate fie pe specii diferite, pe aceleasi specii dar recoltate sau detinute
din zone diferite, sau au fost utilizate diferite organe vegetative sau de reproducere ale aceleasi specii.
Screeningul fitochimic al extractelor a fost realizat prin metode clasice de tip TLC, urmat de metode
moderne, precum HPLC-DAD si respectiv MS-TOF. Diversitatea si complexitatea structurala a alcaloizilor
existenti a determinat si Indreptarea studiului catre incercarea izolarii compusilor prin Prep TLC.

Analiza HPLC-DAD asupra speciilor genului Fumaria a demonstrat complexitatea acestor specii
din punctul de vedere al prezentei alcaloizilor. Au fost identificati alcaloizi tertiari, de tipul protopinei,
bicuculinei si cuaternari de tipul chelidoninei si al sanguinarinei. Protopina este alcaloidul intalnit in toate
speciile studiate dar este majoritar doar in specia Fumaria officinalis. Prezenta chelidoninei in specia
oficinala sublineaza relatia chemotaxonomica existenta intre speciile ordinului Papaverales de unde si
posibilitatea de incadrare sistematica initiald, a speciilor genului Fumaria, in familia Papaveraceae.
Fiecare specie prezinta macar un alcaloid caracteristic ce nu se regaseste in celelalte specii. Avem ipoteze
sustinute prin analiza MS-TOF, in ceea ce priveste prezenta N-metilhidrasteinei, in specia Fumaria
schleicheri si a fumaroficinei respectiv a O-metilfumaroficinei in specia oficinala.



7. Determinarea cantitativa a alcaloizilor pentru speciile genului Fumaria prin HPLC-DAD

si spectrofotometrie

Chiar daca se utilizeaza partea aeriand, studiile au aratat prezenta alcaloizilor si la nivelul
radacinilor. Comparand tulpinile, frunzele si florile cu fructe, pentru aceeasi specie, Fumaria schleicheri, s-
a constatat ca fructele impreuna cu florile sunt cele mai bogate in alcaloizi.

In ceea ce priveste analiza cantitativa prin HPLC-DAD, s-a concluzionat ci specia cea mai bogati in
alcaloizi izochinolinici este Fumaria schleicheri si nu specia oficinali. In aceasti specie s-a dozat cea mai
mare cantitate de protoping, stilopina si respectiv sanguinarna. Specia Fumaria parviflora contine cea mai
mare cantitate de stilopina iar hidrastina este cuantificata doar in specia Fumaria jankae. Doar 1n specia
Fumaria officinalis a fost dozatid chelidonina. In ceea ce priveste studiul comparativ al organelor
vegetative si de reproducere pentru specia Fumaria schleicheri putem preciza ca florile si fructele sunt
cele mai bogate 1n alcaloizi si contin cea mai mare cantitate de protopina, stilopina si sanguinarna, dintre
toate probele studiate.

In urma analizei cantitative, pentru totalul alcaloidic, s-au observat mici diferente intre cele doui
specii, Fumaria schleicheri si Fumaria officinalis, si intre probele aceleiasi specii. Farmacopeea Europeana
editia a 7-a, la monografia speciei Fumaria officinalis prevede un procent de minim 0,40% de alcaloizi
totali exprimati in protopina. Valorile obtinute de noi pentru alcaloizii care prezintd grupari metilendioxi
sunt de minim 0,52% de alcaloizi exprimati in chelidonina.

Incd nu s-au gisit date in literaturd despre dozarea comparativd a alcaloizilor izochinolinici in
organele vegetative si de reproducere ale speciilor de Fumaria, si despre dozarea spectrofotometica,
utilizind metoda descrisa de Ph. Eur. ed. a-VII-a, la monografia speciei Chelidonium majus. Aceste
cercetari confera studiului originalitate.

8. Studiul calitativ comparativ a flavonoidelor si al acizilor polifenolcarboxilici pentru

speciile genului Fumaria prin: TLC, Prep TLC si HPLC-DAD

Cercetarea fitochimica a genului Fumaria a vizat si studiul comparativ al flavonoidelor si al acizilor
polifenolcarboxilici, care s-a realizat pentru extractele speciilor Fumaria officinalis si Fumaria schleicheri
cu scopul de a caracteriza cele douad specii din acest punct de vedere, dar si pentru identificarea
eventualelor diferente. In acest sens s-au realizat analize preliminare prin cromatografie pe strat subtire,
utilizdnd metodele prevazute de Ph. Eur. ed. a-VII-a. S-a Incercat izolarea compusilor prin Prep TLC
utilizdnd aceeasi metoda. Compusii rezultati au fost identificati prin HPLC-DAD iar o fractiune din
extractul speciei Fumaria schleicheri a fost analizata prin HPLC/MS-TOF.

In urma analizei preliminare prin CSS s-a identificat prezenta acizilor polifenolicarboxilici,
respectiv a acidului clorogenic si a compusilor apropiati izocvercitrinei. Daca se compara cele 3 extracte
pentru speciile F. schleicheri, F. officinalis si F. vaillantii, se poate concluziona ca extractul speciei F.
vaillantii contine cei mai multi compusi de tipul acizilor polifenolcarboxilici si a flavonoidelor.

In urma analizei comparative a extractelor speciile Fumaria officinalis si Fumaria schleicherii prin
Prep TLC si HPLC-DAD au fost identificati compusii: acid izoclorogenic, cvercitrina, hiperozida, izovitexina
si rutozida in ambele specii. in specia oficinali s-a identificat in plus si acidul izoclorogenic, acidul ferulic
si cinarina. In specia Fumaria schleicheri a fost identificat compusul camferol 3-o rutinozida.

Studiul flavonoidelor si al acizilor polifenolcarboxilici pentru speciile de Fumaria a fost realizat
pentru prima data pentru speciile recoltate din flora spontand a Romaniei, iar identificarea compusilor
camferol 3-o rutozida pentru specia Fumaria schleicheri si a esterului maleic al acidului cafeic pentru
speciile Fumaria officinalis si Fumaria schleicheri confera studiului noutate.

9. Determinarea cantitativa a flavonoidelor si a acizilor polifenolcarboxilici pentru
speciile genului Fumaria prin spectrofotometrie

Dupa caracterizarea calitativa a flavonoidelor si a acizilor polifenolcarboxilici pentru extractele

speciilor Fumaria schleicheri si Fumaria officinalis, ne-am propus realizarea unei analize cantitative

comparative a acestor compusi pentru speciile de Fumaria. A fost realizatd o dozare cantitativa a

compusilor polifenolcarboxilici, utilizdind metoda descrisd de Ph. Eur. ed. a-VIl-a, dar exprimarea
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compusilor s-a realizat in acid cafeic si nu in acid clorogenic cum specifica monografia. Dozarea s-a
realizat pentru 5 extracte apartinand speciilor: Fumaria vaillantii, Fumaria schleicheri, Fumaria officinalis,
Fumaria rostellata, Fumaria jankae. Dozarea flavonoidelor s-a realizat prin metoda specificata de
Farmacopea Romana editia X, exprimarea compusilor fiind realizata in rutozida.

Prin studiul comparativ a celor 5 extracte provenite din speciile genului Fumaria putem
concluziona ca specia Fumaria vaillantii este cea mai bogata in flavonoide si in acizi polifenolcarboxilici.
Aceasta specie prezintd un continut mediu de flavonoide totale, comparativ cu cel din alte specii de plante
prezentand o valoare medie de 6,260 %.

Specia Fumaria officinalis prezinta un continut mediu de flavonoide totale Insa un continut mare
de acizi polifenolcarboxilici fata de specia Fumaria schleicheri, ceea ce explica prezenta unui numar mai
mare de acizi polifenolcarboxilici identificati prin metodele HPLC-DAD si MS-TOF. Specia Fumaria
schleicheri contine o cantitate mai mare de flavonoide si un continut mediu de acizi polifenolcarboxilici.

Cele mai mici cantitati de acizi polifenolcarboxilici si de flavonoide s-au identificat in specia
Fumaria jankae. Deoarece pentru aceasta specie nu au mai fost realizate cercetari de acest tip, studiul de
fata confera cercetarii caracter inovator.

10. Analiza actiunii antispastice a speciilor de Fumaria

In ceea ce priveste actiunea terapeuticd a extractelor vegetale, s-a determinat actiunea antispastici
si actiunea diureticd, saluretica si uricozurica pentru doua specii apartinand genului Fumaria.

S-a testat potentialul antispastic al unor solutii hidroalcoolice (stilopina, Fumaria schleicheri,
Fumaria officinalis) utilizadnd modelul experimental al ileonului izolat de cobai. Rezultatele ob{inute au
pus in evidenta un efect antispastic moderat in special la solutia hidroalcoolica de stiloping, care a inhibat
cu 40.17% contractiile provocate de agonistul Ach, urmata de solutia hidroalcoolica apartinand speciei
Fumaria officinalis cu un procent de inhibitie de 31.20%, si de solutia hidroalcoolica a speciei Fumaria
schleicheri cu un procent de inhibitie de 27.44%.

11. Analiza actiunii diuretice, saluretice si uricozurice a speciilor de Fumaria

S-a testat actiunea diureticd, saluretica si uricozurica a extractelor uscate din Fumaria officinalis,
respectiv Fumaria schleicheri, administrate In doza de 250 mg/kg la sobolani Wistar masculi, cu greutatea
medie de 200g. Rezultatele au demonstrat un efect diuretic intens, semnificativ statistic si asemanator
furosemidului la ambele extracte uscate din Fumaria officinalis, respectiv Fumaria schleicheri, indicii
diuretici fiind 2,24, respectiv 1,97.

Salureza ionului de sodiu a fost crescuta in cazul ambelor extracte uscate, indicele saluretic al Na*
fiind 1,91 in cazul extractului uscat din Fumaria officinalis si 2,13 1n cazul extractului uscat din Fumaria
schleicheri. Salureza ionului de potasiu a fost superioara chiar fata de lotul control, tratat cu furosemid,
indicele saluretic al K* fiind 2,42 in cazul extractului uscat din Fumaria officinalis si 2,53 in cazul
extractului uscat din Fumaria schleicheri. In ceea ce priveste eliminarea acidului uric, doar lotul tratat cu
extractul uscat din Fumaria officinalis a prezentat efecte uricozurice semnificative statistic.

Aceste studii au fost realizat pentru prima datd pentru speciile Fumaria schleicheri si Fumaria
officinalis, conferind astfel studiului originalitate si noutate.



CONCLUZII GENERALE

Complexitatea morfologica si fitochimica a speciilor genului Fumaria fac ca acestea sa reprezinte
un domeniu vast de cercetare, de la nivelul morfologic, anatomic, fitochimic, farmacologic pana la nivel
filogenetic.

Cercetarea experimentald a dus la identificarea principalelor modalitdti de evitare a substuirilor
speciei oficinale cu alte specii apartinand genului. Totodatd, studiile Intreprinse au dus la demonstrarea
existentei principiilor active si in continutul altor specii in afard de specia oficinald. In ceea ce priveste
activitatea farmacologica, s-a putut realiza o corelatie Intre continutul in principii active al speciilor luate
in lucru si activitatea antispastica si cea diuretica, saluretica si uricozurica.

Cercetarile cuprinse in acestd teza de doctorat aduc contributii noi in ceea ce priveste
caracterizarea botanica, farmacognostica si farmacologica a speciilor genului Fumaria (Fumariaceae).
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Main parts of the thesis

INTRODUCTION

The main objective of the research was the differentiation of the species belonging to Fumaria
genus, by the identification of the morphological characters, histo-anatomical, phytochemical and
pharmacological characterization of the species. At the same time, the aim of the research was the
characterization of individual taxa from all these points of view, for the identification of new compounds,
namely new pharmacological activities, but also for the identification of new morphological and histo-
anatomical characters, in order to facilitate their identification.
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CURRENT STATE OF THE ART

Fumaria genus (Fumariaceae family) comprises about 50 species and subspecies, which can be
found mainly in West Asia, North America, South Africa and Australia. In Romania, species belonging to
Fumaria genus can be found in North-west and Central Transylvania, Banat, Danube Gorge and rarely in
Moldova. In the spontaneous flora of Romania, the following 7 species, 2 subspecies and 1 hybrid
vegetate:

e  Fumaria officinalis L. cu subsp. densiflora;
e  Fumaria rostellata Knaf.;
e  Fumaria vaillantii Loisel. cu subsp. laggeri;
e  Fumaria parviflora Lam.;
e  Fumaria schleicheri Soyer-Willemet.;
e  Fumaria thuretii Boiss.;
e  Fumaria kralikii Jord.;
* Fumaria jankae = Fumaria rostellata x Fumaria schleicheri.

Specialized literature provides botanical data related to morphological and histo-anatomical
characterization of these species. Morphological differences between the species of Fumaria species are
few, which entails a higher risk of substitution. Differences stand out in the flowers, the fruit pedicel, the
sepals and bracteols. A summary micrographic and histo-anatomical characterization is found in the
monography of the species Fumaria officinalis L., from the European Pharmacopoeia, VII* edition.

Vegetal medicinal product consists of flowering aerial part of the species Fumaria officinalis L.
and it is called Fumariae herba.

Regarding their chemical composition, species of the Fumaria genus are characterized by the
content of isoquinolinic alkaloids, of which the principal is protopine. Besides these, the literature
indicates the presence of polyphenolcarboxylic acids, organic acids, but also of the flavonoids.

Species of Fumaria genus (Fumariaceae Fam.) are known from ancient times and used by
traditional medicine in order to treat various diseases, especially hepato-biliary, gastrointestinal and
genitourinary ones.

PERSONAL CONTRIBUTIONS

12. Hypothesis

Personal contributions are oriented on 4 experimental directions : the first two refer to the
morphological, histological and histo-anatomical characterization of the studied species, the third
comprises the phytochemical qualitative and quantitative study of the main classes of active principles
and the last one performs the corelation between the phytochemical study with the pharmacological
effects of the analyzed active principles from the studied species.

In order to achieve the results, the reference used was the monography of the species Fumaria
officinalis L., described by the European Pharmacopoeia, VII*" edition.

13. General Methodology

Vegetal materialul

The researches were performed on 20 samples, belonging to 7 taxa of the Fumaria genus. After the
identification of the species, part of the dried vegetal material was preserved for phytochemical and
pharmacological analysis and another part was preserved in 70% ethylic alcohol. Analyzed vegetal
material consisted in the aerial parts of 7 species of the Fumaria genus, excepting histo-anatomical and
phytochemical researches, which were performed also on roots, even though the vegetal medicinal
product consists in the aerial part (Fumariae herba).

From the Romanian spontaneous flora, five species were harvested from the Transilvanian area:
Fumaria rostellata Knaff., Fumaria parviflora Lam. Fumaria vaillantii Loisel., Fumaria schleicheri Soy.Will,

15



Fumaria jankae Hausskn. One species was harvested from the spontaneous flora of Belgium and
Luxembourg: Fumaria officinalis L. and the species Fumaria capreolata L. was harvested from the
spontaneous flora of France.

In order to establish any possible differences, depending on the year and place of harvesting, more
samples of the same species were used - F. schleicheri Soy. Will. For this species, phyotchemical separate
studies on roots, stems, leaves and fruits were performed in order to identify the differences on the
vegetative organs.

In order to establish the authenticity of the species F. officinalis L., the officinal species from the
herbarium of the Interdisciplinary Center of Drug Analysis (ICDA) of the Liege University, Belgium, was
also used and for this same taxa, two more tea samples belonging to the Pharmacognosy Laboratory
inLiege, Belgium, or to a herbal shop in Liege, Belgium.

Phytochemical screening of active principles

Vegetal material was subjected to several extraction procedures:

4. Hydroalcoholic extraction, ultrasound assisted, by magnetic stirring (for the flavonoids,
polyphenolcarboxylic acids and alkaloids);

5. 70& ethanol maceration, for 72h, followed by percolation (for the flavonoids,
polyphenolcarboxylic acids and alkaloids);

6. Extraction in an alkaline mediu (for the alkaloids).

Preliminary analysis in order to identify active principles were performed by analytical and
preparative thin layer chromatography and identification for the alkaloids and ployphenolcarboxylic
acids was performed by HPLC-DAD and MS-TOF modern methods. Quantitative determination of
alkaloids and polyphenolcarboxylic acids were performed by spectrophotometry and for the alkaloids,
also by HPLC-DAD.

14. Comparative morphological analysis of the Fumaria species

Morphological and micromorphological differentiation was performed by an attentive examination
of the flowere and fruits, with a stereomicroscope. Measurements on the floral peduncle, fruit pedicel,
bracteols, sepals, petals and fruits were perfromed.

Morphological studies on the flowers and fruits for the 7 Fumaria species showed the presence of
specific morphological characters. At the same time, this study allowed the identification of
morphological similarities, which highlights the phylogenetic links existing between the species of
Fumaria genus.

Even though each species presents differential morphological characters, for a precise
identification all morphological aspects must be taken into consideration in order to avoid possible
substitution of the officinal species.

For the species Fumaria jankae, few morphological data exist, this study bringing originality and
novelty to the thesis.

Thus, the presence and absence of sepals, lenght of sepals, form of the fruit and lenght of the fruit
pedicel and lenght of the bracteole of the fruit pedicel represent morphological specific characters for
each taxa.

15. Microscopic study of the histological elements from the powder of the species belonging
to Fumaria species

In order to identify possible differences of the vegetal products belonging to the species of the
Fumaria genus, microscopic characterization of the powder obtained from the aerial parts of the species
was performed. The characterization of the powder was performed by comparing with the existing data
on the officinal species, Fumaria officinalis L. the study of these elements was performed by microscopic
examination of the specimens obtained from the powder of the Fumaria species, using 80%
chloralhydrate as an including medium.
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Following the microscopic analysis of the powder, for the 7 studied species, characteristical data
were obtained, in order to identify and certify the identity of the species of Fumaria genus from other
genres. No specific histological elements, specific for the Fumaria genus were identified, in order to avoid
possible substitutions.

16. Histo-anatomical analysis of the vegetative organs for the species of Fumaria genus

In order to identify the possible differences, histo-anatomical characterization of vegetative organs
was performed on the following species of the Fumaria genus: Fumaria schleicheri Soy.Will, Fumaria
vaillantii Loisel, Fumaria parviflora Lam, Fumaria rostellata Knaff, Fumaria jankae Hausskn. Histo-
anatomical characterization was performed on roots, stems and leaves but was focused on stems, because
for the other vegetative organs no differences were identified.

Histo-anatomical description of roots, stems and leaves was performed by the study of specimens
achieved by the histological technique of including into paraffin.

Histo-anatomical study of the 5 taxa belonging to Fumaria genus proves the presence of differential
stuctures in the stems. No differences were observed for the roots and leaves. Histo-anatomical
differences on the stems can be considered specificity criteria. So, the species can be differentiated by the
size of the edges and by the number and disposition of the vascular bundles.

By achieving transversal sections for the stems, the species can be differentiated and the risk of
substitution decreases. These studies can be used for a subsequent easier identification of the species and
achieved histo-anatomical structures can be used as standards for future researches. The present
researches were achieved for the first time in our country and for the species Fumaria jankae Hausskn.,
this study was made for the first time.

17. Qualitative comparative study of the alkaloids for the species of the Fumaria genus by:
TLC, Prep TLC, HPLC- DAD and HPLC/ MS-TOF
Phytochemical research of the Fumaria genus had as a main purpose the study of the isoquinolinic
alkaloids. Researches were performed either on different species, either on the same species but
harvested on different areas, either different vegetative and reproductory organs of the same species was
used. Phytochemical screening was performed on extracts by classical methods, as TLC, followed by
modern methods as HPLC-DAD and MS-TOF. The structural diversity and complexity of the existing
alkaloids led to the orientation of the study towards the try of isolating compounds by Prep TLC.
HPLC-DAD analysis on the species of the Fumaria genus demonstrated the complexity of these
species regarding the presence of alkaloids. Tertiary alkaloids, as protopine and bicuculine and
quaternary alkaloids as chelidonine and sanguinarine were identified. Protopine is the alkaloid found in
all studied species, but it is majoritarily found in the species Fumaria officinalis. The presence of
chelidonine in the officinal species highlights the chemotaxonomic relationship between the species of
the Papaverales order, which initially brought the systematic classification for the species of the Fumaria
genus in the Papaveraceae family. Each species presents at least one characteristis alkaloid, which cannot
be found in the other species. Hypothesis for the presence of N-methylhydrasteine in the species Fumaria
schleicheri and for the presence of fumaroficin and 0-methylfumaroficin and fumaroficin in the officinal
species exist and are sustained by the MS-TOF analysis.

18. Quantitative determination of the alkaloids for the species of the Fumaria genus by
HPLC-DAD and spectrophotometry

Even if the aerial part is the one that is used, the studies have shown the presence of the alkaloids
also in the roots. Comparing the stems, leaves and the flowers with fruits, for the same species, Fumaria
schleicheri, it was noticed that the fruits with flowers are the richest in alkaloids.

Regarding the quantitative HPLC-DAD analysis, it was concluded that the species that is the richest
in isoquinolinic alkaloids is Fumaria schleicheri, not the officinal species. In this species, the highest
quantity of protopine, stilopine and sanguinarine was found. The species Fumaria parviflora contains the
highest quantity of stilopine and hydrastine is quantified only in the species Fumaria jankae. Chelidonine
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was found only in the species Fumaria officinalis. Regarding the comparative study of the vegetative and
reproductory organs for the species Fumaria schleicheri, it was found that the flowers and fruits contain
the highest quantity of protopine, stilopine and sanguinarine, from all the studied species.

Following the quantitative analysis for the alkaloidic total, small differences between the two
species, Fumaria schleicheri and Fumaria officinalis, were found, even in the samples of the same species.
European Pharmacopoeia, VII* edition, in the monography of the species Fumaria officinalis, a minimum
percent of 0,40% is stated for the alkaloidic total, expressed in protopine. The values obtained in this
study for the alkaloids presenting methylendioxy groups are of minimum 0,52% alkaloids expressed in
chelidonine.

No data was yet found in the scientific literature about the comparative analysis of the
isoquinolinic alkaloids from the vegetative and reproductory organs of the Fumaria species and about the
spectrophotometric analysis, using the method described by the European Pharmacopoeia, VII™ edition,
in the monography of the species Chelidonium majus. These researches confer originality to our study.

19. Qualitative comparative study of the flavonoids and polyphenolcarboxylic acids for the

species of the Fumaria genus by: TLC, Prep TLC si HPLC-DAD

Phytochemical research on the Fumaria genus was oriented also on the comparative study of the
flavonoids and of the polyphenolcarboxylic acids, which was performed for the extracts of the species
Fumaria officinalis and Fumaria schleicheri with the purpose of characterizing these two species from this
point of view, but also fo identifying possible differences. In this consent, preliminary analysis by thin
layer cromatography, using methods from the European Pharmacopoeia, VIt edition were performed.
Isolation of the compounds by Prep TLC, using the same method, was also performed. The resulted
compounds were HPLC-DAD identified and one fraction resulted from the preparative chromatography,
obtained from the extract of Fumaria schleicheri was HPLC/MS-TOF analysed.

Following the preliminary analysis by TLC, polyphenolcarboxylic acids, as chlorogenic acid and
isoquercetrin-related compounds, were found. If the three extracts for the species F. schleicheri, F.
officinalis and F. Vaillantii are compared, it can be concluded thatthe extract obtained from the species F.
vaillantii contains the largest number of flavonoids and polyphenolcarboxylic acids.

The comparative analysis of the ectracts for the species Fumaria officinalis and Fumaria
schleicherii by Prep TLC and HPLC-DAD allowed the identification of the following compounds:
isochlorogenic acid, cvercitrin, hyperosid, isovitexin and rutoside in both species. In the officinal species,
isochlorogenic acid, ferulic acid and cinarin were identified suplimentary. In the species Fumaria
schleicheri, kaempherol-3-o rutinoside was identified.

The study of the flavonoids and polyphenolcarboxylic acids for the Fumaria species was performed
for the first time for the species harvested from the spontaneous Romanian flora and the identification of
the compound kaempherol-3-o rutinoside for the species Fumaria schleicheri and of the maleic esther of
the caffeic acid for the species Fumaria officinalis and Fumaria schleicheri confer novelty to the present
study.

20. Quantitative determination of the flavonoids and of the polyphenolcarboxylic acids for
the species of the Fumaria genus bt spectrophotometry

After the qualitative characterization of the flavonoids and of the polyphenolcarboxylic acids for
the extracts of the species Fumaria schleicheri and Fumaria officinalis, the quantitative analysis of these
compounds was intended. A quantitative comparative analysis of these compounds was performed for
the Fumaria species. The quantitative determination of the polyphenolcarboxylic compounds was
performed, by a method described by the European Pharmacopoeia, VIIth edition, but the expression of
the copounds was made in caffeic acid, not in chlorogenic acid, as specified by the monography. The
analysis was performed for 5 extracts belonging to the species: Fumaria vaillantii, Fumaria schleicheri,
Fumaria officinalis, Fumaria rostellata, Fumaria jankae. Flavonoid determination was performed by the
method specified in the Romanian Pharmacopoeia, Xt edition, expressing of the compounds was made in
rutoside.
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By the comparative study of the 5 extracts belonging to the species of the Fumaria genus, we can
conclude tha the species Fumaria vaillantii is the richest in flavonoids and polyphenolcarboxylic acids.
This species also presents a medium content of total flavonoids, in comparison with the other species, the
medium value being situated around 6, 260 %.

The species Fumaria officinalis presents a medium content of total flavonoids, but a high content
of polyphenolcarboxylic acids, comparing to the species Fumaria schleicheri, which explains the presence
of a large number of polyphenolcarboxylic compounds identified by HPLC-DAD and MS-TOF. The species
Fumaria schleicheri contains a medium content of polyphenolcarboxylic acids.

the smallest content of polyphenolcarboxylic acids and flavonoids was identified in the species
Fumaria jankae. Because for this species, these type of researches were not performed before, the present
study confers to this reaserch an innovative character.

21. The analysis of the antispasmodic action for the Fumaria species

Regarding the therapeutical activity of the vegetal extracts, antispasmodic activity was determined
for two species belonging to the Fumaria genus.

Antispasmodic potential of some hydro-alcoholoc sollutions was tested (stylopine, Fumaria
schleicheri, Fumaria officinalis), using the experimental model of the isolated ileum in Guinea pigs. The
obtained results showed a medium antispasmodic effect, especially for the hydro-alcoholic sollution of
stylopine, which inhibited by 40.17% the contractions made by the Ach agonsit, followed by the hydro-
alcoholic sollution of the species Fumaria officinalis, with a percent of inhibition of 31.20% and by the
hydro-alcoholic sollution of the species Fumaria schleicheri with a percent of inhibition of 27.44%.

22. The analysis of the diuretic, saluretic an uricosuric activity of the Fumaria species

Diurectic, saluretic and uricosuric activity of the dried extracts of Fumaria officinalis and Fumaria
schleicheri was performed, by their administration in a dose of 250 mg/kg in Wistar male rast, with a
medium weight of 200g. The results demonstrated an intense diuretic effect, statistically semnificant and
similar to the one of furosemide, for both the dried extracts of Fumaria officinalis and Fumaria schleicheri,
diuretical indexes being of 2,24 and 1,97.

Salurese of the sodium ion was increased for both the dries extracts, the saluretic index of Na*
being 1,91 for the dried extract of Fumaria officinalis and 2,13 for the dried extract of Fumaria schleicheri.
Salurese of the potassium ion was superior even compared to the controle croft, which was treates with
furosemide, the saluretic index of K*being 2,42 for the dried extract of Fumaria officinalis and 2,53 for the
dried extract of Fumaria schleicheri. Regarding the elimination of the uric acid, only the croft treated with
the dried extract of Fumaria officinalis showed statistically semnificant uricosuric effect.

These studies were made for the fisrt time for the species Fumaria schleicheri and Fumaria
officinalis, bringing this study originality and novelty.

GENERAL CONCLUSIONS

Morphologic and phytochemical complexity of the species belonging to Fumaria genus determine
this to be a large research domain, starting from a morphological, anatomical, phytochemical,
pharmacological and ending with the phylogenetic point of view.

Experimental research led to the identification of the main modalities of avoiding the substitutions
of the officinal species with other species. At the same time, the studies led to demonstrating the presence
of the active principles also in the content of other species, besides the officinal species. Regarding the
pharmacological activity, a corelation between the contents of active principles of the studied species and
the antispasmodic, diuretic, saluretic and uricosuric activity.

The researches in this thesis bring new contributions to the botanical, pharmacognostical and
pharmacological characterization of the species of the Fumaria (Fumariaceae) genus.
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