Revista de
Medicina si
Farmacie

Universitatea de Medicin i Farmacie din Targu-Mures

Orvosi és
Gyogyszerészeti
Szemle

Marosvasarhelyi Orvosi és Gyogyszerészeti Egyetem




Revista de Medicina si Farmacie

Orvosi és Gyogyszerészeti Szemle

Publicatie a
Universitatii de Medicina si Farmacie
din Targu Mures
University Press

ISSN 1221-2229

Adresa
Gheorghe Marinescu nr 38, 540133 Tdrgu Mures
Tel. {+40)-265-215551. Fax {+401-265-210407

CONSILIUL STHNTIFIC

Prof. dr. Constantin Copotoiu
Rector

Prof. dr. Ors Nagy
Prof. dc Kiara Brinzaniuc
Prorecton

Prof. dr. loan Nicolsescu
Cancelar

Conf. dr. Virgil Gliga
Prof. dr. Sorin Popsar
Prof. dr. Maria Dogaru

Decani

Prof. dr. Gyangyi Dudutz
Prol. dr. Galatteon Oltean
Prof. dr. Dezso Kovécs
Secretri stiintifics

COLEGIUL DE REDACTIE

Prof. dr. Marius Sabau
Redactor sef

Sef lucr. dr. Carmen Caldiraru
Secretar de redactie

Prof. dr. Francisc Schneider
Prof. dr. Toru Schimizu
Prof. dr. Nicole Berger

Prof. dr. Gyorgy Benedek
Prof. dr. Miklos Kiasler
Prof. dr. Zoltan Szentirmay
Prof. dr. Dan Teodor Simionescu

Prof.dr. Angela Borda
Prot.dr. Carol Csedd
Prof.dr. Radu Deac
Cont.dr. Dan Dobreanu
Conf. dr. Grigore Dogaru
Prot. dr. Imre Egyed
Prof. dr. Stefan Hobai
Sef. fucr. dr. Silvia lmre
Conf. dr. Monica Monea Pop
Prof. dr. loan Muntean
Prof.dr. Monica Sabau
Prof. dr. Béla Szabo
Cont. dr. Tibor Szildgyi
Conf. dr. Camil E. Vari
Redactort

Tehnoredactare Deak Vasile
Coperta MasterDruck Térgu Mures

2007, vol. 53, Supliment 4

Academia Romana
Academia de Stiinte Medicale
Universitatea de Medicina si Farmacie

Targu-Mures

SESIUNEA STIINTIFICA
JUBILIARA

15 ani de cercetare comuna
in domeniul plantelor medicinale

intre Academia Romana si Ungara

Targu-Mures, Romania

23-24. Apr. 2007



SPONSOR PRINCIPAL:

GEDEON RICHTER ROMANIA S.A.

SPONSOR:

FARMACIA VIVA



ROMANIAN ACADEMY
ACADEMY OF MEDICAL SCIENCES
UNIVERSITY OF MEDICINE AND PHARMACY

TARGU-MURES

ANNIVERSARY
SCIENTIFIC SESSION

15 years
of Common Research on Medicinal Plants of the
Romanian and Hungarian Academies

Targu-Mures, Romania
23-24 april 2007



ROMAN AKADEMIA
ROMAN ORVOSTUDOMANYI AKADEMIA
Orvostudomanyi és Gyogyszerészeti Egyetem
Marosvasarhely

JUBLIEUMI
TUDOMANYOS ULESSZAK

15 ¢€év
kozos kutatasa a ROMAN és a MAGY AR
AKADEMIA kozott a gyogynovények szakteriiletén

Marosvasarhely, Romania
2007 aprilis 23-24



Bine ati venit !

Este un prilej de bucurie pentru Comisia de Organizare, si3 avem onoarea de a
aniversa impreuna 15 ani de colaborare dintre Academia Romand, Academia de Stiinte
Medicale din Romania si Academia de Stiinte Ungara.

In cadrul cercetarii stiintifice este un fapt cunoscut, ca munca in echipi este mult
mat fructuoasa, decat activitatea individuala.

Tema de cercetare (Chemotaxonomia fam Lamiaceae), rezultat al colaboririi dintre
cele douda Academii a fost propusd (1991) de Domnul Profesor Dr Mathé Imre, de la
Institutul de Ecologie i Botanica al Acdemiei de Stiinte Ungare din Vacratét. Din partea
Academiei Romane propunerea a fost acceptatd si aprobatd de Prof Dr Nicolae CAJAL,
vicepresedintele Academiei Romane, care, adresandu-se universitatilor din Targu-Mures si
Cluj-Napoca anunta: " . se deschide cooperarea dintre Universitatea dumneavoastra,
Universitatea de Medicind si Farmacie din Cluj Napoca cu Academia de S$tiinte Ungara
incepand cu 1 iunie 19927

La nivelul Universitatii de Medicina si Farmacie din Targu-Mures, Domnul Rector
Prof. Dr lon Pascu s-a declarat de acord cu colabordrile in tema susamintiti. numind ca
responsabil al temei de cercetare pe DI. Prof. Dr. Csedd Carol (nr. 1312/30.03.1992)

Ca responsabil al temei de cercetare din partea Universitatii de Medicina si
Farmacie din Cluj-Napoca a fost numit Domnul Profesor Dr. Honorius Popescu, iar mai tarziu
Domnul Profesor Dr. Mircea Tamas.

De la inceput programele ‘de cercetare elaborate pe baza temel principale
(Chemotaxonomia fam. Lamiaceae) au fost discutate si realizate de echipa comuna (ROHU).
Pentru realizari deosebite, senatul UMF Tg Mures, prin Domnul Rector, Profesor Dr. Marius
Sabdu a conferit titlul de Doctor honoris causa Domnului Profesor Dr. Szendrei Kalman.

In prezent, d-1 Prof Dr. Constantin Copotoiu, rectorul Universitatii de Medicind si
Farmacie Targu — Mures, sustine cu consecventa dezvoltarea medicinei alternative si studiul
plantelor medicinale. Cu sprijinul sau si al conducerii universitatii a fost posibila organizarea
si desfasurarea acestei Intruniri stiintifice jubiliare!

Munca de cercetare din cadrul programelor anuale poate fi caracterizatd prin
seriozitate gi profesionalism. Trebuiesc amintite si Conferintele de perfectionare organizate la
Cluj-Napoca, Targu-Mures si Miercurea-Ciuc. In munca de cerecetare si la cursurile de
perfectionare s-au luat in considerare prevederile OMS si UE in domeniul alimentar si al
plantelor medicinale.

in 1994/1995, echipa de cercetare a fost largitd cu reprzentanti ai Academiei
Bulgare si Sarbe, la care au aderat specialisti din Slovacia, Germania si Marea Britanie.

Pentru a dovedi locul plantelor medicinale din Bazinul Carpatic in terapie, Domnul
Profesor Dr Szendrei Kalman a initiat un ciclu de conferinte $i publicatii pentru selectarea
speciilor medicinale cu actiune certa.

In viitor, colaborarea intre cele 7 Academii trebuie si continue pe baza proiectarii §i

gandirii comune, cu scopul de a rezolva problemele ivite prin integrarea in Comunitatea
Europeana

Tg Mures. la 18.04.2007 Comisia de Organizare



Welcome note

It is a real pleasure for us, the Coordinating Board, to celebrate 15 years of the collaboration
between The Romanian Academy, The Romanian Medical Academy and the The Hungarian Scientific
Academy.

It 1s a well-known fact that the team work 1s more effective than the individual work

The research theme, the Chemotaxonomy of the Lamiaceae family, as a result of the
collaboration between the two Academies was proposed (1991) by Prof. Dr. Mathé Imre, member of
The Institute of Ecology and Botanics, part of the Academy of Hungarian Sciences. Prof Dr. Nicolae
CAJAL, vice president of the Romamian Academy, accepted this proposal and regarding The
University of Medicine and Pharmacy from Targu-Mures and Cluj-Napoca, he said: “ .. starting from
the 1% of July 1992 the cooperation between your University and The University of Medicine and
Pharmacy from Cluj-Napoca with The Hungarian Scientific Academy will begin. ™

Professor Doctor lon Pascu, the rector of our university agreed with this collaboration concerning
the above mentioned theme and appointed Prof. Dr. Csedé Carol as responsible for the research theme
(nr. 1312/30.03.1992).

At The University of Medicine and Pharmacy from Cluj-Napoca, the same responsibility was
given to Prof Dr. Honorius Popescu and later on to Prof Dr. Mircea Tamas.

From the very beginning, the research programmes worked out on the basis of the main theme
(the Chemotaxonomy of the Lamiaceae family) were being discussed and elaborated by ROHU team
For his special achievements, Prof. Dr. Marius Sabau, the rector of The University of Medicine and
Pharmacy from Targu-Mures, rewarded Prof. Dr. Szendrei Kalman with the title of Doctor Honoris
Causa.

At present, Prof. Dr. Constantin Copotoiu, rector of our university, supports with the same
consistency the development of alternative medicine and the study of medical plants. Thanks to his
help and to the university leading board s support, we were able to orgamze and deploy this scientific
Jubilee meeting.

The yearly programmes’ research work may be defined by commitment and professionalism.

We should also mention the training conferences organized at Cluj-Napoca, Targu-Mures and
Miercurea-Ciuc. The research work and the training courses were organized according to WHO and
UE requirements in the food and medical plants industry.

In 1994/1995 the research team extended comprising representatives of the Serbian and
Bulgarian Academies, later also professionals from Slovakia, Germany and the UK.

In order to prove the place of the medical plants from the Carpathian basin in therapy, Prof Dr
Szendrer Kalman initiated a series of conferences and publications for the selection of the medical
species with proved effects.

The collaboration between the seven Academies shall go on for the future, on the basis of
common design and way of thinking, its aim being to meet any challenge that may occur following our
integration in the European Community.

the 18™ of April 2007 Coordinating Board



Koszontjiik Vendégeinket!

Nagy 6rom szamunkra, a szervezd bizottsag szamara, hogy a Roman Akadémia, a Roman
Orvostudomanyi Akadémia és a Magyar Tudomanyos Akadémia egyittmitkodésének 15-ik.
jubilaris ilésszakan koszonthetjuk a résztvevoket, hogy unnepi rendezvényiinket jelenlétiikkel
megtisztelték.

A tudomanyos kutatasban régi felismerés az, hogy a csapatmunka eredményesebb mint az
egyéni torekvesek.

Ezt az egyuttmikodést 1991-ben Mathé Imre professzor kezdeményezte, aki akkor a Magyar
Tudomanyos Akadémia Vacratot-i Okologia és Botanikai Intézetének egyik vezetdje volt.

A javasolt kozos kutatasi témat (A LAMIACEAE CSALAD CHEMOTAXONOMIAJA) a
Roman Akadémia jovahagyta. Prof dr. Nicolae Cajal, az Akadémia alelnoke az kutatasi téma
elfogadasat a marosvasarhelyi és kolozsvari Orvosi €s Gyogyszerészeti Egyetemek felé tovabbitva
bejelentette, hogy "Megkezdddik az egyuttmikodés a marosvasarhelyi, kolozsvari Orvosi é€s
Gyogyszerészeti egyetemek, valamint a Magyar Tudomanyos Akadémia kozott, 1992 junius
elsejétol”.

Prof dr. lon Pascu, az egyetemiink rektora egyetértett a kozos kutatast témaval és Prof. dr.
Csed6 Karolyt nevezte ki a kutatasi téma felelosének. A kolozsvari munkaegyittest Prof Dr.
Honorius Popescu vezette, az utobbi idében pedig Prof. Dr. Mircea Tamas az évi programok
felelose.

Kezdettél az évi kutatasi programokat a fotéma (A LAMIACEE CSALAD
CHEMOTAXONOMIAJA) alapjan, a kutatocsapat (ROHU) allitotta 6ssze. Prof Dr Szendrei
Kalmant évtizedekre kiterjedd, eredményes munkajaért az egyetem Szenatusa, Prof. Dr. Marius
Sabau rektor altal, Doctor Honoris Causa cimmel tiintette ki

Prof. Dr. Constantin Copotoiu rektor elkételezett hive az alternativ medicinanak, a
gyogynovényekkel torténd gyogyitasnak. ~ Személyes  tamogatasaval, valamint az egyetem
vezetoségeének nagylelki segitségével  sikeriilt megszervezni- és lebonyolitani ezt a jubiliaris
rendezvényt és a dolgozatok kotetének kiadasat:

Az évenkénti kutatasi programokat, a tovabbkeépzési eléadasokat a munkaegyiittes tagjai a
legnagyobb komolysaggal és hozzaértéssel valositottak meg. Ugy a kutatd, mint a tovabbképzo
munkaban mindig a figyelem kozéppontjaban alltak az WHO és az EU élelmiszerekkel és
gyogynovenyekkel kapcsolatos javaslatai.

1994/1995-ben a kutatocsoport kiboviilt a Bolgar és a Szerb Akadémiak képviseldivel, késobb
csatlakoztak a Szlovakia-, Németorszag- és az Egyesiilt Kiralysagbeli (UK) szakemberek.

Az utobbi 7 évben, Szendrei professzor javaslatara beindult a “Novényi gyogyszerek helye a
Karpat-medence gyogyszerkincsében” cimii eldadas és kozlési sorozat Ennek f6 célja, hogy
szorgalmazza (tudomanyos bizonyitékok alapjan) a gyogynovények felhasznalasat és értékesitését.

Az (jabb egyuttmikodési megallapodasokban is helyet kell kapjanak a szakmai
allasfogialasok az indokolatlanul szaporodo. elterjedt, csak kereskedelmi hasznot jelentd
gyogyszerkészitményekkel szemben.

Egyuttmikodésunket a jovoben is a kozos gondolkodas, a kézos EU kotelességek felmérése
és azok teljesitése kell jellemezze, amely ujabb eredmények elérésére fogja késztetni a 7 Akadémiat
képviseld kutatok munkajat

18 04. 2007 Szervez) bizottsag
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PROGRAM
23 aprilie 2007

Sala Senatului

Cuvantul de deschidere al rectorului Universitatii de Medicinad si Farmacie Tg.
Mures,

Welcome address of the Rector of the University of Medicine and Pharmacy
Tg. Mures

Marosvasarhelyi Orvosi és Gyogyszerészeti Egyetem rektoranak Unnepi kdszontéje
Prof Dr. Constantin Copotoiu

Salutul oaspetitor invitati
Greetings of the invited guests
Udvozlés a meghivott vendégek részérél

Rezultatele cercetarilor comune si perspectivele lor.
Results of common research and their perspectives
Kozos kutatasi eredmények és azok perspektivai

Dr. Mathé Imre si Prof. Dr. Csedé Carof

Conferirea titlului “Doctor Honoris Causa” a Universitatii de Medicina si Farmacie Tg.
Mures domnului Prof. Dr.. Mathé Imre, directorul Institutului de Farmacognozie,
Universitatea Szeged si consultant’ stiintific la Institutul de Cercetari Ecologice si
Botanice Vacratdt, din cadrul Academiei de Stiinte Ungare

Conferment of the degree “Doctor Honoris Causa” of the University of
Medicine and Pharmacy Tg. Mures to Prof. Dr. Mathé Imre, head of the
Institute of Pharmacognosy, University of Szeged and scientific adviser at the
Research Institute of Ecology and Botany of the Hungarian Academy of
Sciences, Vacratét

A Marosvasarhelyi Orvosi és Gyogyszeré-szeti Egyetem ,Doctor Honoris Causa”
cimmel tunteti ki Prof. Dr. Mathé Imret a Szegedi Tudomanyegyetem
Farmakognozia Intézetének igazgatéjat valamint a Magyar Tudomanyos Akadamia
Okologiai és Botanikai Kutatdintézetének tudomanyos tanacsadojat

Conferirea diplomei “Professor Emeritus” domnului Prof. Dr. Manfred Anke de la
Universitatea Friedrich-Schiller din Jena

Conferment of the diploma “Professor Emeritus” to Prof. Dr. Manfred Anke
from the Friedrich-Schiller-Unversity Jena

A Marosvasarhelyi Orvosi és Gyodgyszerészeti Egyetem ,Professor Emeritus”
diplomajanak atadasa Prof. Dr. Manfred Ankenak a jénar Friedrich-Schiller-
Egyetemrdl

Receptia Rectorului
Rector's reception
Rektori fogadas
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24 aprilie 2007

Sala Senatului
Conferinte - Plenary lectures - Konferenciak

MANFRED ANKE: fodine in the food chain of human beings essentiality and
toxicity

HOHMANN JuDIT, CsuPorR Dezs®, BORCsA B., FORGO PETER, MOLNAR A., CSEDS
KARoOLY, MATHE IMRE: Bioldgiailag aktiv diterpénalkaloidok izolalasa Karpat-
medencében eldforduld Aconitum fajokbdl (Isolation of biologically active diterpene
alkaloids from Aconitum species nativ to the Carpathian Basin)

TYIHAK ERNG, KIRALY-VEGHELY ZsUzsA, KATAY G., M. MORicz AGNes, OTT P.G
BioArena as biodetection system in the study of plant ingredients

BATHORI MARIA, MATHE IMRE: A kromatografia szerepe az anabolikus hatasu
ekdiszteroidokat tartalmazé névenyfajok felfedezésében (The Role of
Chromatography on the Discovery of the Anabolic Ecdysteroids Containing
Species)

Pauza de cafea — Coffee break — Kavészunet
Comunicari stiintifice - Short lectures - Eléadasok bemutatasa

SZENDREI KALMAN: Gyogynévények tradicionalis névényi gyogyszerekben és
étrend-kiegészitdkben. Haladas, vagy visszalépés? (/s it a matter of evolution or
involution using medicinal plants in traditional products and nutritional supplements
?)
ALBERTI A., VUKICS V., HEVESI TOTH B, CSEDG K., SZOKE EvA, KERY AGNES: Afonya
fajok fenoloidjainak ésszehasonlité vizsgalata (Phenolic compounds of Vaccinium
species)

VIORICA ISTUDOR. MARIA LIDIA PoPeEscU, CERASELA ELENA GIRD, LIGIA ELENA DuTU,
MARIANA PAVEL, Lucla PIRvY, GH. TARALUNGA, C.  lonescu-Targoviste: Proces
tehnologic pilot de obtinere a unui extract standardizat din Juglandis folium
(semifabricat) si stabilirea metodologiei de control al calitatii (Pilot technological
process to obtain a standardized extract from Juglandis folium (semimanufactured)
and establishment of the quality control methodology)

TOKES BELA, FERENCZ LASZLO., SiLviA DUSA, GABRIELLA DONATH-NAGY, J. SZAVA,
JULIA BALAN, ERZSEBET BoDO, KATALIN TOTH, J. SZAKACS, ALINA VINTILA: A soft-hard
felfogas kiterjesztési lehetdségei a fitobiolégiaban (Possibilities of extension of the
soft-hard concept on phytobiology)

OROIAN SILVIA: Plante medicinale din flora spontanad a judetului Mures (Medicinal
plants from the flora of Mures County)

Pauza de masa - Lunch break - Ebéd

14%  Vizitarea Gradinii Botanice si a Gradinii de Plante Medicinale

Visitation of the Botanical Garden and the Medicinal Plants Garden
A Botanikuskert €s a Gyogynévénykert meglatdgatasa



1 500

17%

18%

19%

2000

Comunicari stiintifice - Short lectures - El6adasok bemutatasa

10. GAVA A, SIMANDI B, SZARKA Sz, KURSINSZK! L,CSEDO K, PLANDER Sz, SZOKE E, KERY

11

12.

13.

14.

15.

16.

17.

A - Betulin és betulinsav eléfordulasanak vizsgalata Alnus glutinosa, Betula
pendula és Platanus hybrida fajokban (Analysis of Betulin and betulinic acid in
Alnus glutinosa, Betula pendula and Platanus hybrids)

NEGRES SIMONA, REBEGEA OANA, CODREANU MARILENA-VIORICA, DINU MIHAELA:
Cercetari farmacologice privind actiunea antiinflamatoare a uleiului gras de Echium
vulgare L. (Pharmacologic studies on the anti-inflammatory action of the fatty oil
from the seeds of Echium vulgare L.)

PAavEL MARIANA, Voicu MARIA: Studii botanice si fitochimice asupra speciei
Aesculus x carnea Hayne (Hippocastanaceae) (Botanical and phytochemical
studies on Aesculus x carnea — Hippocastanaceae)

Popescu MARIA LIDIA, DINU MIHAELA, TUDOR IOANA: Studiul farmacognostic
comparativ al produselor vegetale Filipendulae hexapetalae flores si Filipendulae
hexapetalae folium (Comparative pharmacognostical study regarding Filipendulae
hexapetalae flores and filipendulae hexapetalae folium)

GALEA CARMEN, VERES KATALIN, MATHE IMRE, Csebd® CARoOL: Analiza
gazcromatografica a uleiurilor - volatile . de Pelargonium roseum (Gas-
chromatographic analysis of volatile-oils from Pelargonium roseum)

GALEA CARMEN, CseDd CaROL, ViAst L.: Continutul in polifenoli al frunzelor si
tuplinilor de Pelargonium roseum Willd, recoltate din Gradina de plante medicinale
a UM.F. Targu Mures (Polyphenol content of leaves and stems of Pelargonium
roseum Willd. harvested from the Medicinal Plants Garden of UMF Tg. Mures)
EcHiM ILE., KLARA BRANZANIUC, Csepd CARoL: Contributii la cunoasterea
etnomedicinei din partea sud-vestica a Muntilor Calimanului (Contributions to the
knowledge of the ethnobotany from the south-western part of the Célimanului
mountains)

OLARIU MARIOARA, OSAN ALEXANDRINA, POP-10ANA: Studiul privind compozitia si
distributia elementelor metalice in planta Taraxacum officinale, fam. Compositae

(Study regarding composition and distribution of metals in Taraxacum officinale,
Compositae)

Sesiune de poster - Poster session - Poszterek bemutatasa
Concluzii i proiecte noi

Conclusions and new projects

Kovetkeztetések és Uj projektek

Ceremonia de inchidere - Closing Ceremony - Zarotlés

Cina - Dinner - Unnepi vacsora



10.

11.

12.

13.

14.

15.

Sesiune de poster - Poster session - Poszterek bemutatasa

ALBERTI A, VUKICS V., HEVESI TOTH B., CSEDO K., SZOKE E., KERY A : Afonya fajok
fenoloidjainak dsszehasonlité vizsgalata (Comparative study of phenolic

compounds from Vaccinium species)

DEHELEAN CRISTINA, PEEV CAMELIA, SIMONA CINTA-PINZARU, SoICA CODRUTA, TATU
C.A ANTAL DIANA: Studii in vitro pe celule stem mezenchimale si celule leucemice a
unui extract uscat de scoartd de mesteacan (/n vitro studies on mesenchymal stem
cells and leukaemia cells of dry birch tree bark extract)

DuTtu Ligia ELENA, GIRD CERASELA ELENA: Farmacopeea europeana si Farmacopeea
romana - referinte de calitate pentru controlul produselor vegetale. Nota |
Evaluarea continutului de principii active prin metode gravimetrice si titrimetrice
(European pharmacopoeia and Romanian pharmacopoeia ~ references for the
quality testing for herbal drugs Note |. The content of active principles determination
by using gravimetric and titrimetric methods)

GIirRD CERASELA ELENA, PAVEL MARIANA, DUTU LIGIA ELENA: Studiul chimic calitativ si
cantitativ al gemoderivatului de muguri de coacaz negru si a materiei prime aferente
(Qualitative and quantitative chemical study for black-currant gemoderivative and
for its raw material)

HAJDU ZSUZSANNA, CSUPOR-LOFFLER BOGLARKA, HOHMANN JuDIT, RETHY BORBALA. .
ZUPKO ISTVAN, FALKAY GYORGY, MATHE IMRE: Magyarorszagon el&fordulo
Asteraceae fajok in vitro antiproliferativ hatdsanak szlrévizsgalata (Sreening of in
vitro” antiproliferative activity of plants from the Asteraceae familiy growing in
Hungary)

HUNYADI ATTILA., TOTH NOEMI, TOTH G., SIMON A., POLGAR L., BATHORI MARIA:
Ecdysteroid isolation using rotation planar chromatography

JANICSAK GABOR, VERES KATALIN, KAKASY ANDRAS ZOLTAN, MATHE IMRE: Az oleanol-
és az urzolsav eléfordulédsa a Lamiaceae csaladban (Oleanolic and ursolic acid in
Lamiaceae family) )

LiIKTOR-BUSA ERIKA, SIMON A., TOTH G., Mathé Imre, Maria Bathori: Uj dimenziék az
ekdiszteroidok izolalasaban (New dimensions in isolation of ecdysteroids)

NEMETH SEBASTIAN, NEMETH TIBOR, VLASE L., PoPEscU H.. Analiza calitativa si
cantitativd a unor compusi sterolici din Salvia officinalis L. (Qualitative and
quantitative analysis of sterols from Salvia officinalis L.)

PEev CAMELIA, ANTAL DIANA, DEHELEAN CRISTINA, KAYCSA ADRIANA: Analiza
continutului de apa in mugurii foliari (The analysis of the water content in foliar
buds)

Rusu MoNICA, MARKUS MARIANNA, CSEDO CAROL. Analiza comparativa a compozitiei
in acizi grasi a diferitelor sortimente de ulei de ricin (Ricini oleum) pentru uz extern
(Comparative analysis of the fatty acids content of different sorts of castor ol (ricini
oleum) for external use)

SABAU MoONICA, TARCEA MONICA, GOLEA CRISTINA, POPA RODICA, ILCUS ROXANA:
Circulatia virusurilor hepatitice si gradul de afectare al populatiei judetului Mures
prin infectii hepatitice

SuLyok EDVARD, REDEI DORA, HOHMANN JuDIT, MATHE IMRE: /solation and structure
elucidation of new diterpenoids from Euphorbia pannonica Host.

SZOKE EVA, BALVANYOS ISTVAN, KRAJEWSKA ANNA, KURSINSZKI LASZLO, MATHE AKOS:
The Alkaloids and Polyacetylenes in Hairy Root Cultures of Lobelia inflata L.

TAMAS MIRCEA, VLASE L, Pop CRISTINA: Analiza flavonoidelor din frunzele de afin
{Myrtilli folium) (The analysis of flavonoids from bilberry leaves (Myrtilli folium))



16. TOTH NOEMI, SIMON A, TOTH G, MIKLOSSY VARY VILMOS, MATHE IMRE, BATHORY
MARIA: Uj 26-hidroxi Ekdiszteroidok izolalasa a Silene viridiflora-bol (Isolation of
new 26-hydroxy — ecdysteroids from Silene viridiflora)

17. VANCEA SZENDE, SzABO JUDIT, VARGA ERZSEBET, DONATH-NAGY GABRIELLA: Fenolos
tipust hatoéanyagok vizsgalata Myrtilli- és Vitis-idaeae foliumbdl. A talaj pH-janak
hatasa a fenolos anyagok mennyiségére. (Study of phenolic compounds from
Myrtilli folium and Vitis-idaeae folium. The influence of soil-pH on the content of
phenolic compounds)

18. VANYOLOS ATTILA, CSEDO KAROLY, BATHORI MARIA, MATHE IMRE: A Telekia speciosa
fitokémiai vizsgalata (Phytochemical analysis of Telekia speciosa)




a ™

L

ety L..,qﬂ S

W oo ! Iﬁ.i—. iy T . |, .
1. Ay W wrg l . -
Py b i

A WO gy -r*‘ K
"0 i 3L, -
- p.ll.i.l

1 .. r'h ' I‘# .
g = Lo oy
Pl T Y M
¢ Tad B el
R Al gl ) e
3 Vs K g bl I
' b T -

J-.I




Chemical differences and similarities in the Family Lamiaceae

| Mathé'?, K. Cseds®

"Institute of Pharmacognosy. University of Szeged, H-6720 Szeged, Etvds Str.6
?|nstitute of ecology and Botany of the Hungarian Academy of Sciences, H-2367 Vécratét, Alkotmany Str. 10.
3 Faculty of Pharmacy, University of Medicine and Pharmacy, Tg. Mures. Rumania

A gyogy — és aromas novényekben gazdag, Lamiaceae csaladot pollenmorfolégiai alapon Erdtman két
alcsaladra, a Nepetordeae és Lamioideae alcsaladokra osztotta. A csaladra jellemzé kémiai tulajdonsagok, a
magas illéolajtartalomt novények, az illdolajosszetétel, iridioidok jelenléte es hianya, diterpének tipusa
(abietan, labdan vazas vegylletek) és az egyszerl triterpénkarbonsavak (oleanolsav, urzolsav), fenolos
vegyuletek, azaz a rozmarinsav és kavésav felhalmozédasi jellegzetességei és a feniletanolidok
eléfordulasa kerll megvitatasra. A két alcsaladban a vegylletcsoportok felhalmozédasi kulonbségei az
elemzés alapjan inkabb mennyiségi és kevésbe kizardlagos jellegieknek mutatkoznak. A bemutatasra
kerild megdllapitasokat magyaroprszagi, elsésorban szegedi vizsgalatokra tamaszkodva igazoljak a
szerzdék. A kutatcsoport altal izolalt (j vegylletek, kémiai markerek felsorolasa, utalas 0j rutin moédszerek
kidolgozasara egésziti ki a kemotaxonémiai megallapitasokat.

Keywords: Family Lamiacea, chemotaxonomy, essential oils, iridoids, diterpenes, rosmarinic acid, caffeic
acid, phenylethanolids, Salvia, Stachy, Ballota

In recent years herbal medicines have their renaissance. They have a rapidly
developing economic significance which provides outstanding annual increase in income
for many companies in both in Europe and in the USA. Just to mention one example, in
the USA a dramatic increase can be observed in the herbs’ market: between 1994 to 1996
the retail value of herbs has almost doubled, from $1.6 billion to $3.4 billion, more than half
of it based upon 10 top herbs.[5] Though, Lamiaceae species are not among the most
fashionable piants, their role as medicinal and aromatic plants, ingredients of herbal
products is without any doubt of great value. Lamiaceae belongs to the plant families of
the Carpathian basin, it is one of the richest families in medicinal and aromatic plants. This
circumstance explains, beside some other practical reasons, why the representatives of
this family have become the target of our investigations. The family has some 452 species
(41 genera) in Europe [18] from among them, 90 species (32 genera) in Hungary [64] and
1562 species (41 genera) in the Rumanian Flora [60]. Several representatives of the largest
genera Salvia and Stachys are native in the Mediterranium. Some of them, cultivated in
Hungary, are at or beyond the border of natural area. This point gives additional interest to
their investigation, as, plants at the border of their area, under for them stranger
environmental conditions may behave differently than under the natural conditions, in the
centre of their area. We started our comparative chemotaxonomic studies on the family
some twenty years ago. Ten years ago we summarized our contemporary results in a
compilation. [38] Now, in this paper we focus on our newest results considering their
taxonomic value in the Erdtamn’s systems of the family. Our researches in this field are
too broad to cover all aspects, therefore, we have chosen the two, in species richest
genera, Salvia [3,4] and Stachys and a small one Ballota as the basis of our discussion.
Genera Stachys and Ballota belong to the subfam. Lamioideae and the Salvia to the
subfam. Nepetoideae in Erdtman’s two subfamilial classification. [10]

Although some of the Lamiaceae species like sage, thyme, lemon balm, mint, etc.
have been used for several hundreds years and intensively studied for decades, we



cannot claim that they have been fully discovered, all their chemical ingredients would be
known or all aspects of their efficacy could be explained and correlated with the known
chemical profile of the plants. These circumstances unequivocally reason further
investigations of any species also in the family Lamiaceae.

The family is divided by Bentham into 8 tribes, Briquet reformed it and arranged the
genera into 8 subfamilies. Erdtman partly returned to Bentham’s concepts, though he
amalgamated Bentham's tribes into 2 subfamilies. In 1992 Cantino, Harley and Wagstaff
created a new classification. Their 8 subfamilies are more or less equivalent with
Bentham'’s 8 tribes and Erdtman’ 2 subfamilies. [10,11]

Table I. Central European Lamiaceae genera, classified by Cantino, Harley, Wagstaff (1992) in Erdtman'’s
two subfamilial system

Subfam. Lamioideae

Subfam. Nepetoideae

Family Verbenaceae
Teucrium L.

Tribe Lavanduleae
Lavandula L.

Subfam.Ajugoideae
Ajuga L.

Tribe Nepetae
Agastache Gronov.
Dracocephalum L.
Nepeta L.

Subfam.Scutellarioideae
Scutelleria L.

Tribe Ocimeae
Ocimum.L

Tribe Prunelleae
Prunella L

Subfam.Lamioideae
Ballota L.

Galeopsis L.
(Galeopdolon Huds.)
Lamium L.

Leonurus L.
Marrubium L.
Molucella L.

Phlomis L.
Physostegia Benth.
Sideritis L.

Stachys L.

Tribe Mentheae
(Acinos Mill.)
Calamintha Mill.
(Clinopodium L.)
Glechoma L.
Elsholtzia Wild.
Hyssopus L.
Melissa L.
Mentha L.
Monarda L.
Origanum L.
Perilla L.
Rosmarinus L.
Salvia L.
Satureja L.
Thymus L.

The main classifiers used pollen morphology as the basis of differentiation [59].
Erdtman’s two subfamilial system is a well-accepted classification and simple enough to
correlate the morphological characters of the taxa easily with their chemical features.
Table 1 shows the places of genera native in Hungary in Erdtman’s system. It has turned
out that the species in the subfam. Lamioideae are rich in iridoids [10,31,73] but lack in
rosmarinic acid [10,22,36]. The high essential oil containing species (according to
Hegnauer [17] )0.5 % dry wt) are in the subfam. Nepetoideae [34,35,40-42] and the
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species of which contain rosmarinic acid [10,13,31,73]. This special distribution of the
mentioned and also the newly found ingredients could be regarded as rules which can
orient both taxonomists and phytochemists and, in an indirect way, pharmacologists in
their works with Lamiaceae species or with the drugs from these species. Some ten years
ago we had found as a resuit of our studies that the chemical differences between the two
subfamilies are rather quantitative than qualitative, with other words, the quantitative
differences may be more characteristic of the subfamilies than the ‘presence or absence’
phenomenon [38,39]. In our present approach we reinvestigate the differences that were
found by Contino and Sanders in order to confirm the earlier results and new chemical
traits. In some cases we have tried to evaluate chemotaxonomically some plants that have
never been investigated for those ingredients. Firstly, volatile monoterpenes and
sesquiterpenes (essential oils), iridoids, then di-, triterpenes, some aromatic compounds,
like caffeic-, rosmarinic acids, phenylethanoids and finaly some other constituents will be
discussed.

MATERIALS AND METHODS

Target plants were cultivated at Vacratét, in the experimental field of the Institute of
Ecology and Botany of the Hungarian Academy of Sciences, 30 km North of Budapest.
Plants were grown mainly from seeds obtained via botanical garden seed exchange
program, among others from Rumania. Sampling of plants was done at different times,
very often regarding the organs separately. The volatile oils from freshly harvested or air-
dried plants were obtained predominantly by steam distillation using a Clevenger-type
apparatus, specified by Ph.Hg.VIl. If the volatile oil was present in a small concentration in
the plant, heptane or octane was used as an absorbing agent. GC/MS (Finnigan GCQ with
MS detector and inbuilt database) and HP 8950 series Il with FID detector were used,
Kovats indices were calculated and several authentic samples helped the identification of
constituents. [12, 29, 56]

Routine analyses of non volatile compounds i.e. iridoids [24,26], ursolic/oleanolic
acids [15,16], caffeic and rosmarinic acids [22,25,16) were predominantly carried out by
TLC/densitometry. Ursolic and oleanolic acids were also measured separately, after their
silylation (derivativisation), with gas chromatograph (HP 8950 series Il. instrument). [27,28]
The non-volatile components were isolated and their structure elucidation was carried out
with NMR and MS techniques as it has been described in the particular papers referred to.

RESULTS

Essential oils

Lamiaceae essential oils contain predominantly mono- sesquiterpenes and partly
phenylpropanoids. We have studied species from both subfamilies; from Lamioideae, like
Stachys and from the Nepetoideae, as Salvia. The yield and composition of ocils obviously
depended to a large extent on the method that is used for preparing and thereafter
analysing the samples. E.g., if the most modern extraction method the supercritical fluid
extraction is used, more ‘oil' fractions, often with remarkably different chemical
composition can be obtained unlike in the classic water steam distillation [58]. More
components could be identified, if GC/MS instruments with capillary columns were used
than other methods, like e.g. TLC were used. In our conclusions we refer only to
comparable data, obtained with similar methods.

Our earlier studies [38,40,41] were confirmed by newer data on Stachys species [56]
namely that even if we can not obtain oil in measurable quantity, the volatile components
though in very small concentration will be present in the steam distillates. The so called




non volatile oil containing Salvia species, like S. pratensis, S. transylvanica, S. verticillata,
S. nemorosa etc provided well measurable oils with linalool, nerol, geraniol etc.
monoterpenes and B-caryophyllene, cubeben, etc.content. 132 out of 196 samples of 20
Salvia species we have investigated only 21 samples of 4 species were regarded essential
oil rich species. The others, contain only in traces oil, and only in three samples we could
not measure essential oils at all. [41] As far as Stachys species are concerned in all 11
taxa, each of them, had low volatile oil content were compared. St. officinalis yielded 38,
St. grandiflora 24, St. byzantina 30, St. germanica 29, St. sylvatica 43 components. In
each sample o-ocymene, (3-caryophyllene, 8-cadinene, a-cadinol etc. were present. The
sesquiterpene fractions were higher content and consisted of more compounds than the
monoterpene ones. Their oil components do not differ characteristically from the
composition of the essential oil rich species. There exist low oil containing species like
Salvia nemorosa, S. pratensis, S. transylvanica, etc. also in the genus Salvia which
belongs to the high oil containing Nepetoideae subfamily. On the other hand among
Stachys species of the subfam. Lamioideae there exist species with volatile oils, some
times in high [65] and in medium high concentration [65). We have, studying some 11
species, identified some more than one hundred compounds in the low oil containing
species. The difference between the high and low essential-oil containing taxa was that in
the former the more volatile components e.g. monoterpenes dominated the oils while in
the case of oil poor taxa the proportion of sesquiterpenes was higher. This seemingly
holds true independently of the subfamilies.

As far as the composition of oils is concerned, the same monoterpenes, like linalool,
limonene, camphor, a- pinen, B-pinene, etc. were found-in the oils represented by the two
subfamilies. Some oil constituents, however, concentrate to some smaller groups of taxa,
e.g.. thujone can be found in significant concentration in Salvia officinalis in the subfam.
Nepetoideae. This seems to be a phenomenon less dependent on the subfamily,as even
in the closely related Salvia species of section Salvia of the Salvia genus like S.
tomentosa, S. ringens, S. lavandulifolia its concentration is significantly lower than in S.
officinalis, and what is more it lacks in S. lavandulifolia [12,39,41]. The sesquiterpene
fractions are also different but in quantity. The high oil containing species produce more
sesquiterpenes, but their relative content in - comparison with the monoterpenes is less
than in the case of the low volatile oil. containing samples.

Two interesting findings should also be mentioned, regarding the oil composition:
firstly, the aromatic oil components produced by the terpenoid biosynthetic pathway, like p-
cymol, thymol, carvacrol and y-terpinene are present in higher concentration in the genera
Thymus, Origanum, Monarda, Satureja, Hyptis, Thymbra, Schizonepeta, Zabaria [35].
They all belong to the subfam. Nepetoideae and in its Mentheae tribe of Cantino-Harley-
Wagstaff's system. The other interesting finding is that phenylpropanoids like eugenol (1),
methyl chavicol (2), methyl eugenol (3), myristicin (4), elemicin (5) (Figure 1) accumulate
in the genera Agastache, Orthodon, Ocimum, Mosla, Perilla [35]. In view of the literature,
we dare not state that these compounds may not be present in other genera too, but their
limited distribution is worth further consideration.
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Figure 1. Phenylpropane derivatives

Iridoids

Iriodoids are also characteristic compounds of Lamiaceae family but only of its
Lamioideae subfamily. [8,10,14,15,31,37,73] They occur in many genera of this subfamily
but not in the subfam. Nepeotideae, except the genus Nepeta, in which the nepetalactones
are. closely related to the iridoids [17]). Beside nepetalactones, 1,5,1,9-epideoxyloganin, 6'-
O-methyl-, 4'-O-methyl-, 2'-O methyl-, 6'-O-methyl-1,5,9-epideoxyloganic acid from Nepeta
grandiflora [47) and 1,5,9-epideoxyloganic acid, in N. nuda: 1,5,9-epi-7-deoxyloganic acid,
1.5,7,9-epi-loganin were isolated by Kocsis et al [29,30]). These findings are rather strong
ones so that the Nepeta genus should be grouped somewhat separately from the other
Nepetoideae species. its ranking rests with botanists.

The occurrence of iridoids in the Lamioideae subfamily is not ubiquitous, either. no
irdoids have been obtained either from Ballota nigra or Marrubium vulgare, in contrast with
some data in the special literature. In the case of Stachys species, like St. grandiflora, St.
byzantina, the iridoids harpagide (6), acetyl harpagide (7), aucubin (8), harpagoside (9)
(Figure 2) were isolated No iridoids were found in St. annua.[60, 64]
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Figure 2. Iridoids from Stachys species

Physostegia virginiana is a typical species of the subfam. Lamioideae. From it 7-
hydroxy-myoporozid, 8-O-acetyl-myoporozid, 8-O-acetylharpagid, prokumbid, 58-hydroxy-
myoporosid, SB-hydroxy-8-O-acetyl-myoprosid, 10-desoxy-paulownioside were isolated
[48,49]. Consequently, may the iridoids be dominant in the Lamiocideae subfamily, not in all
species they can be found. In the subfam. Nepetoideae we have not found iridoids at all.

Diterpenes

A great number of diterpenes have been isolated from both subfamilies of the family
Lamiaceae. From the roots of 6 Salvia species tanshinone |, tanshinone 2A, from S. aerea,
S. constanea, S.trijuga, and from S. yunnanensis were isolated, additionally from the first
two species cryptotanshinone, dihydrotanshinone. Przewaquinone A and B were isolated
from S. constanea. S. argentea provided ferruginol, aethiopinone, 1-keto-aethiopinine,
salvipisone and 2,3-dehydrosalvipisone [69]. In S. nutans root 12-deoxyroyleanons: 13-
deoxy-6,7-dehydroroyleanone, 12-deoxy-7,7-dimethoxy-6-ketoroyleanone, 12-deoxy-6-
hydroxy-6,7-dehydroroyleanone as new compounds were identified beside the known 4
compounds.{46]

S. officinalis was also the target of our diterpene studies. In the above-ground parts of
the plant methyl carnosoate, rosmanol methylether, sageone were identified. [20] From S.
glutinosa 15 compounds were obtained; 2 of them i.e. 12-deoxydanshenxinkun B and
dihydroisotanshinone Il proved to be new compounds. S. austriaca, S. tomentosa, S.
verticillata yielded 7a-acetoxyroyleane and 7a-hidroxyroyleanone. In addition to them the
known 6,7-dehydroxyroyleanone and royleanone were isolated. [44,45]



Salvia candelabrum yielded 5 new compounds: candesalvoquinone (10),
candelabroquinone (11), 12-O-methylcandesalvone (12), candesalvone B methyl ester
(13) and candelabrone (14). [19,23]. All the isolated compounds have abietane skeleton
(Figure 3)

Candesalvoquinone (10) Candelabroquinone (11)

OH

OH

0) : O
H

R = CHj;, Ry=H 12-O-Methylcandesalvone (12) Candelabrone (14)
R=H, R;=CH; Candesalvone B methy ester (13)

Figure 3. Diterpenes from Salvia candelabrum

On Ballota nigra 18-hydroxybalionigrine [7] and-on Stachys species St. plumose, 6-
deoxyandalusol, 13-epijabugodiol were reported. [62] These genera, like Marrubium
belong to the subfam. Lamioideae and contain mainly diterpenes of labdane unlikely to
Nepetoideae plants where the compounds- of abietane type seem to be dominant. In the
subfam. Lamioideae labdane derivatives, like marrubiin in Marrubium vulgare and Ballota
nigra are the main diterpenes. [63] Recently, however, we have isolated a diterpene which
no doubt is of royleanone skeleton (royleanone is a subgroup of abietans) from Ballota
nigra. A compilation on the chemistry of Ballota genus has revealed that only 23
diterpenes, all furanolabdans, like marrubiin and their derivatives had been isolated from
the Ballota genus containing 33 species. [63]

Consequently our royleanone type compound is the first such abietane diterpene,
isolated from the Ballota genus. If there were such type of compounds present in other
species of subfam. Lamioideae, their distribution is no doubt much more limited than their
occurrence in the subfam. Nepetoideae. In the subfam. Nepetoideae among others in its
largest genus, in Salvia, compounds with labdane structure occur (e.g. sclareol in Salvia
sclarea). [57,61]

Triterpenes

Triterpenes are rather common compounds in the plant kingdom including Lamiaceae
family. They occur both in the form of saponines and free form, as aglycones. Oleanane
and ursane type of triterpenes are abundant in the Lamiaceae family.




Ursolic acid (15) Oleanolic acid (16)

Figure 4. Triterpene acids from the Family Lamiaceae

Ursolic (15) and oleanolic (16) acids (Figure 4) were isolated a long time ago
predominantly from the representatives of subfamily Nepetoideae. We recognised [39] that
in the quantity of these compounds significant differences can be found. As the
chromatographic (TLC) separation of these compounds (ursolic and oleanolic acids) is
rather difficult, if great number of samples of plants wanted to be studied, a simple and
quick method had to be elaborated [24,26]. We have succeeded in elaborating a TLC
densitometric method which could be used for measuring the two compounds together. On
the basis of a large number of samples we could establish that the ursolic+oleanolic
compounds are in much higher concentrations in the Nepetoideae species than in the
Lamioideae. [41] In recent years Janicsak [28] elaborated a GC method, based upon
silylation of the purified compounds for making them available for GC separation. It has
turned ou that in almost all cases ursolic acid dominated the mixtures of the two
compounds. Oleanolic acid was present in_a lower concentration {27]. Both compounds
were more frequently in the subfamily Nepetoideae. These experiments not only have
confirmed our earlier observations but helped us in getting more information about the
distribution of individual compounds. Now we know that both compounds are present in
higher concentration in the Nepetoideae species. The differences are predominantly
quantitative in their character.

Caffeic (17) and rosmarinic (18) acids

Caffeic, rosmarinic and chlorogenic acids have been known in the Lamiaceae family
for a long time. Rosmarinic acid is abundant in the Nepetoideae subfamily but has not
been described from the Laminoideae. Caffeic and chlorogenic acids occur in both
subfamilies. [25,36,43,73] We carried out a wide range of investigations on the distribution
of rosmarinic and caffeic acids. As a result of some hundred analyses we have confirmed
their typical distribution pattern: namely, caffeic acid occurs in both subfamilies. Its
concentration has proved very low, almost an order of magnitude less than the
concentration of rosmarinic acid. Rosmarinic acid has been detected only in the
Nepetoideae subfamily. {10,22,41,26) We have not found rosmarinic acid in the genera of
Lamioideae subfamily, if we used only TLC/densitometric measurement. More
sophisticated methods can however prove its presence in more species, like it was found
in Stachys macrantha. [70] It seems to us that the segregation of rosmarinic acid may not
be so strict as it has been stated by the scientific literature.
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Figure 5. Caffeic acid and its derivatives

Miscellaneous compounds

Phenylethanoid glycosides are of significance in the antioxidant effects of several
drugs. They are present in plenty of Lamiaceae species. On the basis of scientific literature
they occur in the representatives of subfamily Lamioideae, like Stachys [8], Ballota, [63],
etc. species. In Ballota nigra, e.g.: forsythoside, verbascoside, arenaroside,
ballotetraoside, alyssonoside, lavandulifolioside and angoroside were isolated. [63]. In the
subfam. Lamioideae plenty of papers have been published about their occurrence but not
in the species of subfam. Nepetoideae. We have isolated martynoside (19,30), though in a
very low concentration, from Salvia officinalis [20]. No publication has been found about
the presence of phenylethanoide glycosides in the species of subfam. Nepetoideae.

We have already pulished our results on the betaines and B-ecdysone tests. Among
the betaines, prolinbetaine, 4-hydroxyprolinbetaines, glycinbetaine, trigonelline only
choline was found in all species. Stachydrine and hydroxystachydrine were found only in
the species of subfam. Lamioideae. {6] In a series of preliminary investigation f-ecdysone
has not been found in either Lamioideae or Nepetoideae subfamilies.[41] Ajuga species
were studied for ecdysteroids {71]. Ajuga, however, has been recently transferred from




subfam Lamioideae to subfam. Ajugoideae according to Cantino, Harley, Wagstaff's
classification [9]

DISCUSSION

The morphological differences of pollens of Lamiaceae species [1] provide the bases
of classification of Lamiaceae family. Bentham (1876) introduced a system of 8 Tribes than
Briquet revised (1895-1897) it and divided it into 8 subfamilies which in part follows
Bentham’s system. Erdtman (1984) created a two subfamilial system, which is more or
less adequate with the Bentham'’s classification. We follow the Erdtman’s system which is
the 'simplest’ and corresponds to the newest Cantino, Harley, Wagstaff's classification. At
least in its main features, it is in accordance with both Bentham's and Erdtman’s ones.
Several authors have summarized their analytical results according to the taxonomic
position of plants. The particular data have been gathered and summarized in Cantino-
Sander's frequently cited paper.[10] It has turned out that - in brief - the plants with
tricolpate polien belonging to Erdtman’s Laminoideae subfamily, have iridoid content,
comprise no high essential oil containing species, no rosmarinic acid occurs, while the
plants with hexacolpate pollens (subfamily Nepetoideae) provide the high volatile oil, and
rosmarinic acid containing genera. In this subfamily no iridoids have been found. Qur
broad studies on Lamiaceae species have proved that the free triterpene acids,
characteristic of the family [16,17] have also taxonomic value. We can draw the conclusion
that the chemical differences between Erdtman’s two subfamilies really exist but they are
not exclusive but rather quantitative in their character. It holds true, as our present paper
suggests, of the volatiie oil content, the iridoids, diterpenes, triterpenes, phenylethanoids,
etc. As little work was carried out at our institute on flavonoids and other phenolic
compounds we have not dealt with them, though we are aware of their biological
importance. Recent years the comparative chemical works are completed with biological
assays and more and more adequate information on the chemical ingredients of plants
and their biological effects is available. The discussion of this very important aspect is,
however, beyond our present compilation.

Besides the ingredients we have concentrated to, a lot of works on flavonoids
[51,55,66,68], and other cynnamic —acid derivatives [32,33], polyphenolics [70],
predominantly as antioxydants [13,62,73) or as sources of biologically active ingredients
[50,71] have been published and often they are discussed as chemotaxonomic markers.
[2,54,68]

As far as the application of these plants concerned, the picture is rather divers. E.g.
Salvia officinalis and its close relatives enjoy reputation for being panacea. Sage is
recommended for more than 100 indications [1]. Experimental works need to confirm the
rightness of these indications. Antibacterial, fungistatic, virustatic, astringent, secretion-
promoting and perspiration-inhibiting effects are proved. It is used for gargie, rinses and
other topical application, in the case of inflammations of the mucous membranes,
dyspeptic symptoms is recommended. [2, 61] Its antioxydant effect is used, among others,
for food preservation. This effect belongs to the most intensively studied phenomenon in
the case of Lamiaceae species. [13,21,23]

ACKNOWLEDGEMENT

We express our deepest thanks for the botanical identifications and collection of
plants to the late Dr. Mikléssy Vari Viimos. We are also thankful to the OTKA Hungarian
National Grant { OTKA T43148) for its financial support.

10



REFERENCES

1. ABU-AsAB MS, CAaNTINO PD - Pollen Morphology in Subfamily Lamioideae
(Labiatae) and its Phylogenetic Implicatiosn. In.Herley RM, Reynolds (eds):
Advances in Labiate Science, The Royal Botanic Gardens, Kew, Richmond, Surres,
UK., Whitstable Litho LTD., Whitstable, Kent U.K. 1992, 97-112.

2. ADzeT T, CANIGUERAL S, IGLESIAS J - A Chromatographic Survey of Polyphenols from
Salvia Species, Biochemical Systematics and Ecology, 1983, 16:29-32

3. ALiZAR G - Catalogue Synonymique des Salvia du Monde. (Lamijaceae) VI,
Biocosme Mésogéen, Nice, 1993, 10(3-4):33-117.

4. ALzAR G - Catalogue Synonymique des Salvia du Monde. (Lamiaceae) V.,
Biocosme Mésogéen, Nice, 1992, 9:413-497.

5. BLUMENTHAL M — The Complete guide to Comission E Monographs, Therapeutical
guide to herbal medicines, Amercican Botanical Council, Austin, Texax, 1999.

6. BLUNDEN G, PATEL A, YuAN ZH et al — Betaine distribution in the Labiatae,
Proceedings of the 3rd International Conference on Role of formaldehyde in
biological systems,(Sopron, 18-22 May, 1992) 1992, 188-193.

7. BRUNO M, BonDiI ML, Piozzi F et al — Occurrence of 18-hydroxyballonigrine in Ballota
saxatilis ssp. Saxatilis from Lebanon. Biochemical systematics and ecology 2001,
29:429-431

8. Cauis |, BASARAN AA, SARACOGLU | et al — Iridoid and phenyipropanoid glycosides
from Stachys macrantha, Phytochemistry, 1992, 31:167-169

9. CANTINO PD, HARLEY RM, WAGSTAFF SJ-- Genera of Labiatae: Status and i
Classification, In.Harley R.M., Reynolds T. (eds): Advances in Labiate Science, The
Royal Botanic Gardens, Kew, Richmond, Surres; UK., Whitstable Litho LTD., ‘
Whitstable, Kent U.K., 1992, 511-522.

10. CANTINO PD, SANDERS RW - Subfamiliar Classification of Labiatae, Systematic
Botany, 1986, 11(1):168-185.

11.CaNTINO PD - Toward a Phylogenetic Classification of the Labiatae, In.Harley R M.,
Reynolds T. (eds): Advances in Labiate Science, The Royal Botanic Gardens, Kew,
Richmond, Surres, UK., Whitstable Litho LTD., Whitstable, Kent U K., 1992, 27-37.

12.DoBos A, NAGY G, GENOVA EM et al - Comparative Analysis of Salvia officinalis and
Salvia tomentosa Essential Oils, in Franz Ch, Mathé A, Buchbauer G (eds):
Essential Qils: Basic and Applied Research. Proceedings of the 27th International
Symposium on Essential Qils. Allured Publishing Corp. Vienna, 1997, 241-243.

13. HAZNAGY-RADNAI E, CzIGLE Sz, ZuPKO | et al - Comparison of antioxidant activity in
enzyme-independent system of six Stachys species, Fitoterapia, 2006, 77:521-524.

14. HAZNAGY-RADNAI E, LEBER P, TOTH E et al — Determination of Stachys palustris
iridoids by combined chromatographic methods, Proceedings of the Int. Symp. On
Planar Separations (Visegrad, 2004, 23-25 May) 2004, 369-378.

15.HAZNAGY-RADNAI R, CZIGLE Sz, JANICSAK G et al — Iridoids of Stachys species
growing in Hungary, J. Planar Chromatograpgy 2006, 19:187-190.

16. HEGNAUER R — Chemotaxonomie der Pflanzen, Birkhauser Verlag, Basel, Stuttgart,
1989, 8:579-631.

17.HEGNAUER R, - Chemotaxonomie der Pflanzen, Birkhauser Verlag, Basel, Stuttgart,
1966, 4:290-346.

18 HeywooD VH, RICHARDSON | BK (eds) - Labiatae in Flora Europea,Cambridge Univ.
Press, 1972, 3:126-192.

19. HOHMANN J, JANICSAK G, FORGO P et al - New Diterpenoids from the Areal Parts of
Salvia candelabrum, Planta Med. 2003, 69:254-257.

11




20. HOHMANN J, ReEDEI D, MATHE | et al - Phenylpropanoid glycosides and diterpenoids
from Salvia officinalis, Biochemical Systematics and Ecology, 2003, 31:427-429.

21. HOHMANN J, ZuPkO |, REDEI D et al - Effects of the Aerial Parts of Salvia officinalis,
Melissa officinalis, and Lavandula angustifolia and their Constituents against
Enzyme-Dependent and Enzym-Iindependent Lipid Peroxidation, Planta Med. 1999,
65:576-578.

22.JANICSAK G, MATHE | - Parallel determination of Rosmarinic and Caffeic Acids by
TLC-Densitometry, Chromatographia, 1997, 46:322-324.

23. JANICSAK G, HOHMANN J, ZUPKO | et al - Diterpenes from the Aerial Parts of Salvia
candelabrum and their Protective Effects against Lipid Peroxidation, Planta Med
2003, 69:1156-1159.

24. JANICSAK G, MATHE | - Denzitometria alkalmazéasa neéhany vegydlet mennyiségi
értékelésére, ,Gybdgynovenyek Kutatasa eés Felhasznalasa '95" 9. Magyar
Gydgnoéveény, 4. Magyar Fitoteraids Konvferencia, Szeged, 1995. okt. 18-20. P-53 p.50.

25.JANICSAK G, MATHE |, MikLOSSY-VAR! V et al - Comparative Studies of rosmarinic and
caffeic acid content of Lamiaceae species, Biochemical Systematics and Ecology,
1999, 27:733-738

26. JANICSAK G, MIKLOSSY VV, MATHE | - Hazai Salvia fajok 6sszehasonlité
denzitometrias vizsgalata, Gyégyszerészet. 1996, 40:329.

27. JANICSAK G, VERES K, KAKASY AZ - Study of the oleanolic and ursolic acid contents
of some species of the Lamiaceae, Biochemical Systematics and Ecoloogy, 2006,
34:392-396

28. JANICSAK G, VERES K, KALLAI M et al - Gas chromatographic method for routine
determination of oleanolic and ursolic acids in medicinal plants, Chromatographia,
2003, 58:295-299.

29 Kocsis A, NAGY T, MORVAI M et al — U] iridoidok izol4lasa a Lamiaceae csalédbol.
Gyogyszerészet. Congressus Pharmaceuticus Hungaricus X. (Budapest, 196. m3j
15-17) Elbadasosszefoglalok 1996, 32.

30.Kocsis A, Szas0 L, PODANY!I B et al — Ujabb iridoid glikozidok izol4lésa a Lamiaceae
csaladbdl, Magyar Kémikusok Egyestlete Vegyészkonferencia.
Eldadasosszefoglalok (Kaposvar, 1993 jalius 5-7.),1993, 30.

31.KooIMAN P. - The Occurrence of Iridoid Glycosides in the Labiatae. Acta Bot. Neerl.,
1972, 21(4):417-427.

32. LAMAISON JL, PETITJEAN C, DUKE JA et al - Hydroxycinnamic Derivative Levels and
Antioxidant Activity in North Amercican Lamiaceae, Plantes médicinales et
phytothérapie 1993, 26:143-148.

33 LamAISON JL, PETITJEAN-FREYTET C, CARNAT A - Lamiacées médicinales a
antioxydantes, sources potentielles d'acide rosmarinique, Pharm. Acta Helv, 1991,
66:185-188.

34. LANGER R, MECHTLER CH, JURENITSCH J - Composition of the Essential Qils of
Commercial Samples of Salvia officinalis L., and S. fruticosa Miller: A Comparison
of Oils Obtained by Extraction and Steam Distillation, Biotechnical Analysis, 1996,
7:289-293.

35. LawWRENCE BM - Chemical Components of Labiatae Oils and Their exploitation,
In.Harley R.M., Reynolds T. (eds): Advances in Labiate Science, The Royal Botanic
Gardens, Kew, Richmond, Surres, UK., Whitstable Litho LTD., Whitstable, Kent UK
1992, 399-436.

36. LITVINENKO VI, POPOVA TP, SIMONJAN AV et al - ,Gerbstoffe” und
Oxyzimtsdureabkémmlinge in Labiatae, Planta Med, 1975, 27:372-380.



37.Mass HI - Labiatae, in Mansfelds R. (eds): Kulturpflanzen Verzeichis. Akademie-
Verlag, Berlin, 1986, 1127-1178.

38. MATHE | — Some aspects of recent researches on Lamiaceae species in Hungary,
Archiv za Farmaciju, 1997, 47:395-404.

39 MATHE |, HAZNAGYNE-RADNAI E, GENOVA E et al - A Salvia officinalis és a S.
tomentosa illéolajanak stabilitasvizsgalata kiilbnés tekintettel a tujontartalomra,
Elvalasztastudomanyi Vandorgyulés, (Héviz, 2004. szept. 22-24.) Végleges
program Eldadas — és poszterkivonatok, 2004, P-33.

40. MATHE |, NAGY G, DoBos A et al - Comparative Studies of the Essential Oils of some
Species of Sect. Salvia, in. Franz Ch, Mathé A, Buchbauer G. (eds): Essential Oils:
Basic and Applied Research. Proceedings of the 27th International Symposium on
Essential Oils. Allured Publishing Corp. Vienna, 1997, 244-247.

41.MATHE IJR, MIKLOSI VV, MATHE A et al - Essential Oil Content as chemotaxonomic
marker for the genus Salvia with reference to its variation in Salvia officinalis L, Acta
Horticulturae 1993, 330:123-131.

42 MATHE IJR, OLAH L, MATHE A et al - Changes in the Essential Oil Production of
Salvia officinalis under Climatic Conditions of the Temperate Belt, Planta Med,
Supplement, 1992, 58: A 680.

43. MOLGAARD P, RAVN H - Evolutionary aspects of caffeoyl ester distribution in
dicotyledons, Phytochemistry, 1988, 27.2411-2421.

44.NAGY G, DoBos A, GUNTER G et al — Abietane diterpenoids from the roots of Salvia
pratensis, Planta Med, 1998, 64.288-289.

45 NAGY G, GUNTER G, MATHE | - Diterpenoids from Salvia glutinosa, S. austriaca, S.
tomentosa and S. verticillata roots, Phytochemistry, 1999, 52:1105-1109.

46.NAGY G, GUNTHER G. MATHE | et al — 12-Deoxy-6, 7-dehydroroyleanone, 12-deoxy—
hydroxy-6, 7-dehydroroyleanone and 12-deoxy-7,7-dimethoxy-6-ketoroleanone from
Salvia nutans roots, Phytochemistry, 1999, 51:809-812.

47 NAGY T, Kocsis A, MoRvAI et al - New 2%, 4 and 6™-0 substituted 1,5,9-
epydeoxyloganic acids from Nepeta grandifiora, Phytochemistry, 1998, 47:1067-1072.

48.NAGY T, Kocsis A, MoRvAl M et al = A Physoslegia virginiata L. iridoidjainak
izolalasa és szerkezetvizsgéalata, Magyar Kémikusok Egyesulete
Vegyészkonferencia Eldadasosszefoglaldk (Debrecen, 1995, aug. 29-31) 1995, 126

49.NAGY T, Kocsis A, MORVAI M et al - Uj 9 szénatomos iridoidglikozidok izollasa és
Szerkezetvizsgalata, Magyar Kémikusok Egyesulete Vegyészkonferencia
Eldadasossefoglalok (Siéfok, 1997, szept. 1-3) 1997, 112.

50. NAHRSTEDT A, ALBRECHT M, WRAY V et al - Structures of Compounds with
Antigonadotropic Activity Obtained by in vitro Oxidation of Caffeic Acid, Planta Med.
1990, 56:395-398.

51.NikoLOVA M, JANICSAK G, GENOvA E et al - Comparative Analysis of External
Flavonoids of Bulgarian and Hungaria Samples of Salvia Species, Acta Botanica
Hungarica, 2006, 48:361-367

52. PATERNOSTRO MP, MAGGIO AM, Pi0zzI F et al — Labdane diterpenes from Stachys
plumosa, J.Nat. Prod, 2000, 63:1166-1167.

53. PATUDIN A, ROMANOWA A, SokoLow et al - Das Vorkommen von
Phenantrenchinonen in Arten der Gattung Salvia, Planta Med, 1974, 26:201-207.

54 PEDERSEN J - Distribution and taxonomic implications of some phenolics in the
family Lamiaceae determined by ESR spectroscopy, Biochemical systematics and
ecolgy, 2000, 28:229-253.

55 PIETTA PG, - Flavonoids as antioxidants, J.Nat.Prod, 2000, 63:1035-1042.

13




56. RADNAI E, DoBoS A, VERES K et al - Essential oils in some Stachys species growing
in Hungary, Acta Horticulturae 597:37-141.

57. RODRIGEZ-HAHN L, EsQuIVEL B, CARDENAS J - The distribution of Diterpenes in
Salvia, In Harley R.M., Reynolds T. (eds): Advances in Labiate Science, The Royal
Botanic Gardens, Kew, Richmond, Surres, UK., Whitstable Litho LTD., Whitstable,
Kent UK, 1992, 335-347.

58 RONYAI E, SIMANDI B, THEN M et al —- Supercritical fluid extraction of clary sage and
study of sclareol and element content in parts of plant, in. Franz Ch, Mathé A,
Buchbauer G. (eds): Essential Oils: Basic and Applied Research. Proceedings of
the 27th International Symposium on Essential Oils. Allured Publishing Corp.
Vienna, 1997, 152-156.

59.RYDING O. - The distribution and Evolution of Myxocarpy in Lamiaceae, In Harley
R.M., Reynolds T. (eds): Advances in Labiate Science, The Royal Botanic Gardens,
Kew, Richmond, Surres, UK, Whitstable Litho LTD, Whitstable, Kent UK, 1992, 85-96

60. SAvULEScU T, NYARADY El (eds.) - Flora Republicii Populare Romine, Editura
Academiei Republicii Populare Romine, 1952-1972, 8:87-394.

61. SCHILCHER H, KAMMERER S - Leitfaden Phytotherapie, Urban und Fischer, Minchen-
Jena, 2000, 966.

62. ScHWARZ K, TERNES W, SCHMAUDERER E - Antioxidative constituents of Rosmarinus
officinalis and Salvia officinalis, Z. Lebensm. Forsch. 1992, 195:104-107.

63. SEIDEL V, BalLLEu F, TILLEQUIN F — Terpenoids and phenolics in the genus Ballota L.
(Lamiaceae), Recent Res. Devel. Phytochem, 1999, 3:27-39.

64. SIMON T — A magyarorszagi edényes fléra hatarozdja, Tankényvkiadd, Budapest,
1992, 343-369.

65. SkaLTSA HD,DemeTZOS C, LAZARI C et al - Essential oil analysis and antimicrobial
activity of eight Stachys species from Greece, Phytochemistry, 2003, 64:743-752.

66. TOMAS-BARBERAN FA - The Flavonoid Compounds from Labiateae, Fitoterapia,
1986, 57:67-95

67. ToMAS-BARBERAN FA, GIL M! - Chemistry and Natural Distribution of Flavonoids in
the Labiate, In Harley R.M., Reynolds T. (eds.) Advances in Labiate Science, The
Royal Botanic Gardens, Kew, Richmond, Surres, UK, Whitstable Litho LTD,
Whitstable, Kent UK, 1992, 299-305.

68. ToMAS-BARBERAN FA, GRAYER-BARKMEIJER RJ, GiL MI et al - Distribution of 6-
Hydroxy-, 6-Methoxy- and 8-Hydroxyflavonon Glycosides in the Labiatae, the
Scrophulariaceae and Related Families, Phytochemistry, 1988, 27:2631-2645.

69. YANG MH, BUNDEN G, Xu YX et al - Diterpenoids from Salvia Species,
Pharmaceutical Sciences 1996, 2:69-71.

70. YINRONG L, YEAP F - Polyphenolics of Salvia, Phytochemistry, 2002, 59:117-140.

71.YINRONG L, YEAP FL - Rosmarinic acid derivatives from Salvia officinalis,
Phytochemistry, 1999, 51:91-94.

72.Zoz IH, LitviNenko VI - On the Division of the Family Lamiaceae Juss. Into Natural
Groups, Framachestisevski J, 1979, 64:989-997.

73.2UPKO |, HOHMANN J, REDEI D et al - Antioxydant Activity of Leaves of Salvia Species
in Enzym-Dependent and Enzyme-Independent Systems of Lipid Peroxidation and
their Phenolic Constituents, Planta Med, 2001, 67:366-368.



Lithium and rubidium in the food chain, intake by man,

essentiality and toxicity
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The importance of lithium (Li) and rubidium (Rb) as a psychopharmaca where examined in the seventies of
the last century. Up to now, the role of lithium in the psychopathology and industry is well known, but there is
no application of rubidium in medicine and industry. The reasons for this development are unfamiliar.
Presence and responsibility of both alkali elements in the food chain, their essentiality, biological, nutritional
and toxicological importance were compared and depicted.

On average, the Earth's 16 km thick crust contains about 60 mg lithium and 310 mg rubidiumv/kg. Thus,
lithium ranks 27" and rubidium 17" in the frequency list of elements. Rubidium consists of one stable
(72.2%) and one radioactive isotope (27.8%). The geological origin of the soil is reflected by its lithium and
rubidium contents of the flora. The vegetation of slate, Keuper and gneiss weathering soils is rich in lithium,
whereas the vegetation growing on gneiss, granite and Rotliegende weathering soils is rich in rubidium.
Moor, peat, boulder clay and alluvial riverside soils transfer only half as much lithium to plants, compared to
slate, Keuper and gneiss. Extremely poor in rubidium is the vegetation on Triassic weathering soils (Bunter,
Muschelkalk, Keuper weathering soils, diluvial sands).

According to present knowledge, lithium and rubidium are not essential for plants. The lithium and rubidium
contents of the vegetation are species-specific, and influenced by the lithium offer of the biotope. The lithium
content in feed and foodstuffs varies between < 1 -mg/kg dry matter (DM) in oats, bread and bananas, 7
mg/kg DM in tomatoes and 17 mg/kg DM in lettuce. The rubidium amount in food fluctuates between 1
mg/kg DM in bread and wheat flour, 5 to 20 mg/kg DM in potatoes, lettuce, cabbage and cucumber and 70
mg/kg DM in asparagus. The lithium and rubidium contents of the drinking water in Germany are extremely
influenced by the geological origin of the source, varying between 4 and 60 g LilL and 3 and 18 yg Rb/L.
The lithium and rubidium contents of beverages are subject to the most considerable variations (beer 100 —
150 ug LVL, red wine 120 pg Li/l. and 650 pg Rb/L, coffee 440 ug Rb/L).

Vertebral animals represented by mice, voles and shrews incorporate 6 to 7 mg Li/kg body DM and 9 mg
Rb/kg body DM, whereas predatory carnivorous shrew species accumulate less rubidium (4 — 5 mg/kg body
DM) in their bodies. The lithium status of animals is best reflected by their blood serum, hair and milk,
whereas cerebrum, milk and ovary are good indicators of the rubidium status.

Both elements are essential for animals (and man), although their biochemical function in vital components
of the body is not known. Lithium- and rubidium-poor nutrition lowers the feed intake of goats by about >
10%, decreases the intrauterine and postnatal growth by about > 10 % and disturbs the reproductive
performance. Lithium deficiency lowers the conception rate, increases the abortion rate by 14% and changes
the sex ratio of the kids in favour of females. A rubidium-poor nutrition increases the abortion rate by 80%,
decreases the progesterone level of the blood plasma by 7% of the normal amount and lowers the estradiol
concentration of the blood plasma. It seems that the pregnancy-preserving properties of progesterone are
dependent upon a normal rubidium status.

The lithium and rubidium contents of animal foodstuffs vary between 1.2 mg Li’kg DM and 15 to 22 mg Rb/kg
DM in broiler meat, 3.4 mg Li/kg DM and 6.8 mg Rb/kg DM in beef, 9.0 mg Li/kg DM and 6.0 mg Rb/kg DM in
eggs. and 10 mg Li’kg DM and 9.1 mg Rb/kg DM in cow'’s milk. The lithium intake by women and men with
mixed diet in Germany amounted to 700 and 1000 ug/day, and that of rubidium to 1350 and 1500 ug/day,
respectively, on the average of a week. People who get their drinking water from granite and gneiss areas
consume 2000 pg Rb/day.

The postulated normative lithium and rubidium requirements amount to 2.5 mg Li/kg DM in animals and <
200 ug Liiday in man and to > 300 to 400 pug Rb/kg feed DM in animals and < 100 pg Rb/day in man. The
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lithium content of foodstuffs and beverages meets the assumed requirement of the European fauna as well
as of European humans.

Broiler, hens pigs and fattening bulls with a supplementation of 100 mg Li/kg ratio DM gained significantly
less weight, hens laid 14% fewer eggs, pigs supplemented with 500 mg/kg Li feed DM had an enormous
water consumption and fattening bulls significantly decreased in aggressiveness and sexual activity and
increased in adipose deposition. These findings are important in the context of lithium therapy for patients
with manic depression insofar as they illustrate the need to minimize the lithium dose. The danger of
rubidium exposure caused by geological or anthropogenic anomalies hardly exists.

Similar to lithium, the importance of rubidium as a psychopharmaca was experimentally
examined and discussed in the seventies of the last century. In the beginning, only the antimanic
effect of rubidium in manic depressive patient was checked. Later on, schizophrenic patients were
successful treated with 0.2 to 2 g Rb/day (Dunner et al. 1974, Ribas et al. 1979, Acobettro et al
1979, Betts et al. 1978, Jenner et al. 1983). A practical importance of rubidium is today not given,
although oral intakes are, also in high amount are undangerous (Spirtes and Garey 1975).
Rubidium enter quickly the brain (Messiha and Larson 1976).

The effect of rubidium was also experimentally examined in alcoholism (Messiha and Larson
1976). opiat-dependence (Carrol and Sharp 1971, Sanghvi and Gershon 1973).

Animal experimental examination demonstrated, that rubidium the movement activity and
curiosity of rats decreased (Syme and Syme 1979). Rubidium throttle the aggressivity of individual
hold male rats. This effect was not registered in groups of male rats (Weischer 1979).

In summary, rubidium did not prove its worth as a psychopharmaca. The reasons for this
effect were in literature not discussed. In last time the biological and nutritional importance of
rubidium increased. The significance of both alkali-elements. in the food chain of plants, animals
and man were depicted, their essentiality and toxicity and their importance for healthy
development demonstrated.

MATERIAL AND METHODS

All analysed samples were dried at 105°C and ashed at 450°C. Both alkali elements were
estimated with atomic absorption spectroscopy (AAS) and standard addition procedure (SAP)
(Angelow 1994). Accuracy of the measurement was examined with the reference matenals bush
twigs and leaves (GBWO7602) and total diet reference material (ARC(Cl) (Kumpulainen and
Tahvonen 1990).

The “essentiality” of the ultra trace elements lithium and rubidium was examined in goats
(Figure 1). Besides the use of synthetic feeds and intrauterine depletion over generations, the
animal species selected for the study is important. The use of ruminant species (goats) has
allowed researchers to substitute chemically pure urea for a significant proportion of trace
element-containing proteins. Furthermore, an intrauterine depletion over three and more
generations of an animal species has been shown to be highly effective in discovering the
essentiality of several elements (Anke 2004b).

An essential element is one that is required to support adequate growth, reproduction and
health throughout the life cycle if all other nutnents are optmal. Besides the deficiency group,
every mineral deficiency expenment needs a control group with identical conditions, feed, and the
element tested. in addition, the animals should live to their natural death.

The synthetic feed, when tested for the essentiality of one element, must be supplemented
with all elements contained in the normal feed of the animals. The synthetic feed of the ruminants
(goats), in addition to cellulose in the form of purified paper (which was used as litter and nutrient),
contained all essential nutrients and all mineral elements present in the normal feed.



Figure 1. Goats house

The elements Ra, Fr, Ac, Po, At, Re and the rare earth metals Pr, Nd, Pm, Sm, Eu, Gd, Tb,
Dys, Ho, Er, Tm, Yb, and Cp which were delivered as impurities of the lanthanides (Anke and
Groppel 1989). With the help of synthetic feeds it was possible to obtain extensive data
conceming the essentiality of several metals (Cr, W, Cd, Pb, V, Li, Rb, Al, Ti) and also nonmetals
(F, Br, Si, As, B) (Anke 2004b).

The influence of the geological origin of the soil on the ultra trace element contents of the
vegetation was determined for wheat (Trticum sativum), rye (Secale cereale) and red clover
(Trifolium pratense sativum) of the field and meadow varieties (Trifolium pratense spontaneum).
The green plants were harvested when the rye was in blossom, the wheat shooting, the field red
clover in bud, and the meadow red clover in blossom (Anke 2004a).

The ultra trace element intake was determined by the duplicate portions technique over
seven consecutive days in a test comprising seven women and seven men aged between 20 and

69 years in 15 test populations in Genmany. Table 1 inform about the materals used and
analysed.

Table 1. Species, origin and numbers of the investigated samples

| Kind of samples Lithium Rubidium
Table Number Table Number
Indicator plants 345 3209 7 873
Plants,parts, age.species, 8.9.11 814 8,10,12 223
Animals 13,15.16 999 13,14,17 368
Vegetable foodstuffs 18 t0 233 982 18 to 23 1009
Animal foodstuffs 2410 26 432 24 to 26 432
Beverages 27 345 27 236
Li. Rb intake 32 980 32 980 |
Rubidium balance - - 36 588 |
Sum - 7761 - 4709 |




The individual results were analysed with help of the Fox Pro database system (version 2.6
for windows, Microsoft Corporation). The statistical calculation was carried out with SPSS/PC
(version 6.01 for Windows, SPSS Inc.), using the t-test, variance analysis and the smallest limit
difference (SLD).

RESULTS
1. Presence, isotopes, production, uses and distribution lithium and rubidium in the

environment

Lithium consists of two stable isotopes and rubidium of one radioactive isotopes and one
stable isotope (Table 2).

On average the earth crust contains about 60 mg lithium and 310 mg rubidium kg. Thus,
lithium ranks 27" and rubidium 17 in the frequency list of elements. Lithium consist of two stable
isotopes and rubidium of one radioactive isotope and one stable isotope (Table 2).

The mined lithium amounted 25000 to 35000 t/year, the mined rubidium quantity come to 1
or 2 t/year. Rubidium is a forgotten element without major industrial, pharmaceutical and
nutritional importance, whereas lithium is well used by industry and pharmaceutical sciences

{Schafer 2004, Anke and Angelow 2004, Kabata-Pendias and Pendias 2001, Schafer 1998).

Table 2: Presence, isotopes, production and uses of lithium and rubidium

Parameter Lithium Rubidium
Discoverer Arfedson, 1817 Bunsen, Kirchhoff, 1861
Substratum Petalite spodumene Mineral water, Durkheim
Presence Earth crust 60 mg/kg 210 mg/kg
Frequency list 27" rank 17" rank
Minerals > 25 Li-minerals No Rb-minerals
Rocks scales 60, limestone 10 mg/kg scales 150 mg/kg
Soil 1.5 to 60 mg/kg 30 to 120 mg/kg
Isotopes 8L 75%. 'Li92.5% 85 Rb, 72,15%, 87 Rb 27.85%

Industrial uses

25000 to 35000 t/year

1-2 t/year

Nuclear technology, ®Li
deuteride, H-bomb, thermo
nuclear energy
pharmaceuticals
Aluminium alloys, aerospace,
glass, ceramics, dyestuffs,
batteries, cement, coolants for
fusion reactors, catalyst heat

exchange for cars air condition.

In industry, Rb is a forgotten
element.
No major industrial industrial
importance, glass hardening,
paper pigment.

2. Lithium and rubidium in plants and animals

2.1, Plants

2.1.1. Influence of the geological origin of the soil

The geological origin of the soil and anthropogenic emissions of lithium (and rubidium)
influences the levels of the two alkali elements significantly. The lithium concentration of luceme,
field red clover, wheat and rye grown on one m? comelates with r 0.75 to r 0.90 and demonstrate
the suitability of this species to indicate the lithium maintenance of the vegetation (Table 3).
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Table 3: Correlation of the lithium contents of two plant species of the same location (x= first species; y= second

species) (n 114)

Plant species, n p? y r
Lucerne: field red clover,(24,24) <0.001 0.23£0.78x 0.75
Field red clover: wheat,(15,15) <0.001 2.08£1.00x 0.75
[ Field red clover: rye (18,18) <0.001 3.10£1.27x 0.90

The effect of the ongin of the soil on the lithium and rubidium content of the vegetation was
examined with help of rye in blossom, wheat shooting, field red clover in bud and meadow red
clover in blossom. The geological origin of the soil with the highest lithium or rubidium content was
equated with 100 and the other soil origins were related to it (Table 4). The vegetation of the
sandstone weathering soils of the Cretaceous formation, the weathering soil of the slate (Culm,
Devon and Silur), Keuper and gneiss are significantly richer in lithium than those of diluvial and
alluvial formations (Pleistocene sands, bog, peat boulder clay, holocene riverside soils). The
weathering soils of the Trias time (200 to 240 millions year ago) (Keuper, Muschelkalk, Bunter)
produce a vegetation on an average lithium level. The influence of the geological origin is very
strong. It varies the lithium amount of the feed and food about the fivefold (Table 5). The lithium
offer of animal and man is significantly influenced by the geological origin of the habitat.

Table 4. influence of the geological origin of the site on the lithium content of the flora in Central Europe
Site Relative index
Sandstone weathering soils of Cretaceous formation 100
Slate weathering soils 94
Keuper weathering soils 94
Gneiss weathering soiis 92
Muschelkalk weathering soils 83
Bunter weathering soils 83
Rotliegende weathering soils 78
Diluvial sands 72
Granite weathering soils 72
Loess 71
Syenite weathering soils 68
Phyllite weathering soils 65
Moor, peat 58
Boulder clay 54
Alluvial riverside soils 51

The rubidium tender is also fixed by the geological origin of the soil. The indicator plants
meadow red clover, field red clover, wheat and rye grown on soils of the same geological origin
correlate, with r 0.61 to r 0.82 (Table 6) and demonstrate for rubidium the suitability of red clover,

wheat and rye as indicator plants of this ultra trace elements.



Table 5: The lithium content of different feed- and foodstuff on lithium rich and fithium poor sites

(mg/kg dry matter) (n 544)
Species (n) Li-rich Li-poor p %
s X X s

Cabbage(21;11) 7.7 9.9 1.7 1.0 <0.01 17
Kohlrabi (21;8) 12 12 2.8 24 <0.05 23
Rye, grain(16;28) 2.5 4.1 1.0 0.4 <0.001 24
Wheat, grain(35;35) 2.8 29 0.7 04 <0.001 24
Lettuce (13;30) 82 17 45 6.1 <0.001 26
Beets (36;25) 10 14 36 1.4 <0.001 26
Acre red clover(11,16) 31 3.0 14 07 >0.05 47
Qats, grain(34,37) 0.9 1.0 05 0.3 <0.01 50
Tomatoes(20;7) 10 14 7.7 2.3 >0.05 55
Carrots (18;16) 71 10 58 47 >0.05 58
Barley, grain(40,66) 1.1 11 0.7 0.4 <0.01 64

Table 6:The correlations of the rubidium content of two plant species of the same geological origin (x= first species, y=

second species)

| Plant species (n) p y r
Meadow red clover: <0.01 2.290+0.438x 0.66
Field red clover (13)
Meadow red clover: >0.05 4.518+0.184x 0.63
wheat, (13)
Meadow red clover: <0.001 2.003+0.291x 0.79
rye, (13)
Field red clover: wheat, <0.001 4.286+0.332x 0.82
(13)
Field red clover: <0.01 3.997+0.336x 0.66
rye,(13)
Rye: wheat, (13) >0.05 4.463+0.485x 0.61

The high rubidium content of the gneiss rocks and their weathering soils induced the high
rubidium levels in the vegetation of this habitat (Table 7). The weathering soils of granite,
Rotliegende, phyliite, riverside and slate weathering soils deliver on average high amounts of
rubidium in the food chain of animal and man, whereas the organic soails, the formation of the
Pleistocene (Boulder clay, diluvial sands, loess) and especially the Trias sediments (Bunter,
Muschelkalk and Keuper) produce a vegetation with extreme low rubidium levels. The rubidium
concentration of the plants is especially strong influenced by the origin of the site (Anke 20043,
Kosla et al. 2001).
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Table 7 Influence of the geological origin of the site on the rubidium content of the flora in Central Europe (n 873)

| Geological origin of the site Relative index
Eeiss weathering soils 100
Granite weathering soils 78
j Rotliegende weathering soils 65
f Phyllite weathering soils 60
| Alluvial riverside soils 58
i Slate weathering soils (Devonian, Silurian, Culm) 48
| Moor, peat soils 37
'L Loess 33
{ Boulder clay 32
| Bunter weathering soils 30
Muschelkalk weathering soils . 27
! Diluvial sands 26
Keuper weathering soils 21

2.1.2. Plant age, plant part, plant species and winter grazing of game

The age of the annual plant species varies the lithium and rubidium concentration of the
vegetation equal (Table 8). With increasing age the leve! of both alkali elements decreases
significantly The uptake of both elements through the plant hurries on ahead the assimilation. The
assimilated dilutes the concentration of lithium and rubidium later on.

Table 8: Influence of age on the lithium and rubidium content of several plant species (mg/kg dry matter) (n 24 24)

Species (n;n) Lithium Rubidium
End of April Middte of % End of April Middle of %

June June
Green wheat (6,6) 18 7.7 43 8.1 6.8 84
Green rye (6.6) 15 10 67 31 24 77
Fescue grass (6,6) 11 5.1 46 5.6 29 52
\r Field red cloves 10 5.8 58 15 11 73

On average, the decrease of the lithium level amounts to a half, the rubidium concentrations
to a quarter. Young plants are rich in both alkali elements.

The part of the plants influences in the same manner the lithium and rubidium concentration
of the consumed feed- and foodstuffs. Seeds of cereals (Rye, wheat, barley, oat) (Table 9) and
fruits (Bananas, strawberries, oranges, apples) (Table 10) are in comparison to edible bulges and
leaf nich plants poor in lithium and rubidium. The lithium and rubidium concentration of bulges and
tubers is not significant different from leaf rich species. Generally, the rubidium concentration of
the plant parts and plant species is threefold higher than their lithium content.
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Table 9: Lithium content of several plant parts and species (mg/kg dry matter) (n 502)

Grains (n) xt Bulges , tubers (n) xt Leaf rich species (n) x ¢
Rye (16) 4.122.4 | Turnip (36) 14110 | Meadow grass (87) 14111
Wheat (35) 2.9+2.8 | Carrot (18) 10+7,1 | Maize green (32) 13110
Barley (40)  1.1x1.1 | Potato (25) 86494 | Tumnip (38) 1289
Oat (34) 1.0+¢0.9 | Onion (21)  3.3t2.8 | Field red clover (120) 5.915.2

Table 10: Rubidium content of plant parts and species (mg/kg dry matter) (n 160)

Fruits (n) Bulges, tubers (n) Leaf rich species (n)

Bananas (6) 16114 | Asparagus (6) 68149 | Common (8) 62423
bistort

Strawberry (15) 8.0+1.4 | Kohlrabi (15) 28117 | Meadow (22) 29119
grass

Orange (6) 56121 | Carrot (15) 22112 | Raw crow (18) 21x11
foot

Apple (15) 5.0+2.9 | Potato (15) 4.821.6 | Whitedutch  (19) 1545.1
clover

The winter grazing of the game (Table 11, 12) deliver through the absoiutely young rape and
rye of the fields and the old wavy hair grass of the wood much lithium in the food web of the
game. Heather, bark, shoots bushes and twigs are with 3.6 to 2.2 mg Likkg DM, relatively poor in
lithium.

Table 11: Lithium content of several winter grazing of game (mg/kg dry matter) (n 288)

Species (n) Species (n)
Rape, green (10) 11 Rasperry shoots (35) 28
Rye; green (40) 7.8 Bilberry (29) 25
Hair grass (39) 58 Spruce twigs (28) 24
Heather (39) 36 Pine twigs (25) 23
Spruce bark (31) 30 Oak twigs (12) 22

The rubidium content of the winter grazing is much higher than their lithium concentration
and vanes in dependence of the geological origin of the habitat extremely (Table 12).

Table 12: Rubidium content in spruce twigs (Picea abies)) and heather (Calluna vulgaris) (mg/kg dry matter) (n 39)

Species Granite Dituvial Diluvial Slate, Devon Slate, Cuim SLD
gneiss sands sands
Spruce twigs 114151 25116 22+3.8 1616.1 7.818.0 50
Heather 59147 2517.8 19+0,60 194 6 9.5¢0.5 -

The spruce twigs and heather of the gneiss-granite habitat accumulate the 15- and six-fold
rubidium amounts which were found in the same species of slate weathering soils of the Culm.
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2.2. Animals

The lithium and rubidium supply of animals were first tested in small animals (mice, voles
and shrews, secondly in herbivores, omnivores and camivores and thirdly in the tissues of famm
animals and games (Table 13, 14, 15).

Table 13. Lithium and Rubidium content of mice, voles and shrews (mg/g dry matter) (n 60,36)
| Omnivores Li Rb Carnivores Li Rb
Wood mouse (11,10) 6.3£1.5 8.8£2.8 | Pygmy shrew (7,7) 5816.7 | 46:1.0
Field mouse(33,10) 71217 9.312.7 | Common shrew (9,9) 64134 | 531214

Omnivores accumulate insignificantly higher lithium and rubidium amounts in their body than
camivores (Table 13). The differences are very small.

The rubidium concentration of the tissues of animal and man is extremely influenced by the
geological origin of the habitat or the rubidium supply (Table 14). The rubidium content of the liver
and kidney of herbivores varied between 95 and 14 to 20 mg/kg DM. The high rubidium level in
liver and kidneys of the red deer results from their rubidium rich grazing of the gneiss weathering
soils. Cattle, sheep and fallow deer consumed a rubidium poorer feed. They accumulated lower
rubidium amounts in both tissues.

Table 14:Rubidium content of liver and kidneys of herbivores, omnivores and camivores (mg/kg dry matter) (n 140)

Tissues Herbivores Omnivores Carnivores
Red Cattle | Sheep | Fallow Pig Man Cat LSD | %
deer deer
Liver 94156 36114 34111 144 4 | 14£3.0 14138 1644 .8 3 15
Kidney 96451 32413 40124 | 21+8.3 | 14239 | 14138 17+3.1 30 15

Omnivores and camivores stored similar -rubidium amounts in liver and kidneys, which
where comparable with the rubidium amounts found in the follow deer.

The form of nutrition is not important for the lithium and rubidium incorporation in the body
and tissues of the body. The amount of both alkali elements in the feed described the
incorporation in the tissues.

Highest lithium amounts were accumulated in the cerebrum, kidneys and liver of several
ruminant species (Table 15). Ribs and hairs incorporate much lower lithium concentrations.

The vanation of the lithium level of the analysed tissues varies about 40 to 60% and shows
the influences of the different lithium intake and/or species effects.

Table 15:Lithium content of several tissues from man, red deer, red deer and domestic goat (mg/kg dry matter) (n 516)
f

Tissues(n) Mouflon | Roe deer | Red deer Goat Fp %Y
! Cerebrum(12,10,33.18) 42122 40115 26%16 26124" >0.05 62
‘LKidney(36,55,38,18) 24116" 33x21 32120 35+25™ >0.05 69
"Liver(43,38,40,19) 18+15% | 32£25% | 2312 2313 <0.01 56
" Ribs(43.,10,19.18) 13187 | 1429.5" 15¢11 24122 | >005 58
! Hair(13,13.18,22) 3.9+4 1 4 1£3.0 1.8¢1.6" 46123 <0.05 39

%" =x = 100%; * = x%
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The lithium status of goats with 10 mg Likg feed DM and 1.7 mg Likg feed DM
demonstrated that the blood serum is one of the best indicators of the lithium status (Table 16).

Table 16 Capacity of different goat tissues to reflect the lithium status (n, 423)

Part of the body, secret Reduction to % p
Blood serum 19 <0.001
Hair 30 <0.001
Lungs 30 <0.01
Mitk 31 <0.001
Spleen 40 <0.01
Carpal bone 40 <0.01
Rib 42 <0.05
Ovary 45 >0.05
Liver 48 <0.05
Kidneys 49 >0.05
Uterus 53 >0.05
Aorta 62 >0.05
Cerebrum 69 >0.05
Skeleton musculature 76 >0.05
Pancreas 86 >0.05
Cardiac muscle 104 >0.05

The goats with the lithium poor semi-synthetic ration reduced the lithium content to 19% of
the lithium amount found in blood serum-of the control goats with 10 mg Likg feed DM. Hair,
lungs and milk indicate the lithium status, too.

The lithium content of spleen, liver, and bones informs significantly about the lithium status of
the goats. The lithium concentrations of kidneys, uterus, aorta, cerebrum muscle and pancreas of
the lithium poor feed goats were lowered but only insignificantly. The cardiac muscle did not
chance their lithium content.

The rubidium status of the goats is very good indicated by the cerebrum and ripe milk
(Amhold and Anke 1988) (Table 17). The cerebrum of intrauterine rubidium depleted kids
contained significantly lower rubidium amounts than the kids of the control goats. The cerebrum of
there mothers were also rubidium depleted, but the difference was insignificant. It needs further
analysis.

The ripe milk of the rubidium deficiency goats deliver ~ 40% lowered rubidium to their kids.
Milk is a good indicator of the rubidium status.
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Table17” Capacity of goats cerebrum and milk to reflect their rubidium status (mg/kg dry matter) (n 192)

Tissues(n,n) Control goats Rubidium deficiency p %
goats
s X X s

Cerebrum Adults(4,7) 1.96 2.13 1.26 0.57 >0.05 59
Kids(7,6) 1.28 344 1.43 0.55 <0.01 42

Percent (%) 162 113 -
Milk Colostrum (19,9) 0.46 1.14 1.14 0.66 >0.05 100
Milk (91,49) 1.25 2.84 1.77 1.02 <0.001 62

Percent (%) 249 155 -

3. Lithium and rubidium content of the human food
3.1. Vegetable foodstuffs

Usually, vegetable foodstuffs contain more rubidium than lithium. Only starch and starch rich
products, sugar, comflakes, table salt and mushrooms with a very low rubidium content, hold a
little of rubidium than lithium. All farinaceous products, flours and pulses (Table 18) deliver < 1 mg
Li’kg DM. Ready to serve soups and blancmange powder chocolate flavoured accumulated 1 to 2
mg Likg DM. Cocoa deliver the fithium in to the chocolate pudding. Vanilla pudding is with 0.150
mg Likg DM extremely poor in lithium.

With exception of starch, blancmange powder and wheat flour all analysed farinaceous
products, and pulses are richer in rubidium than.in lithium. Especially rich in rubidium are rice, oat
flakes, peas and white beans. They contain 3 to 7 mg Rb/kg DM. Blancmange powder chocolate
flavoured accumulate ~ 14 mg Rb/kg DM.

Table 18: Lithium and rubidium content of farinaceous products, flours and pulses (mg/kg dry matter) (n 228,255)

Kind (n,n) Dry matter Lithium Rubidium %
% mg/kg DM mg/kg DM
Starch of wheat(15,15) 88.9 0.990 0.100 10
Starch of maize(15,15) 884 0.560 0.130 23
Blancmange flour (vanilla flavoured)(15,15) 86.4 0.684 0.150 22
Semolina (15,15 87.1 0.433 0.650 150
Wheat flour (15,15) 85.5 0.874 0.760 87
Pasta (15,15) 87.1 0.510 1.13 222
Noodles (15.15) 89.9 0410 1.19 290
Pearl barley (15.15) 88.2 0.990 1.55 157
Flour for dumplings (15,15) 88.1 0.728 1.96 269
Pancake wheat (15,15) 881 0.818 2.05 251
Ready to serve(15,15) soups 89.5 207 263 127
Rice (6,15) 877 0.760 37 488
Oat flakes (6,15) 88.5 1.46 3.88 266
Oat pulp (6,15) 87.8 0.850 399 469
Teas dried (15,15) 89.3 0.807 5.31 658
White beans (15,15) 88.3 0.684 6.83 999
Blancmange flour (choc. flavoured) (15,15) 860 1.80 14.1 783
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On average farinaceous products and pulses contain the threefold amount of rubidium than
lithium. Table 19 summarized sugar, sugar rich products, cocoa and cocoa rich food, coffee and
black tea. Their lithium content varies from 0.2 to 2 mgkg DM, whereas their rubidium
concentration amounted from 0.1 mg/kg DM in sugar to 84 mg/kg DM in black tea. All sugar rich
products are poor in both elements (0.1 to 1.2 mgkg DM). Cocoa, coffee and

Table 19: Lithium and rubidium content of sugar, honey, yam, cocoa, coffee and black tea (mg/kg dry matter) (n

121,121)
Kind (n;n) Dry matter Lithium mg/kg Rubidium %
% mg/kg
Sugar (15,15) 98.1 0.176 0.110 62
Jam (6,6) 55.5 0.380 0.700 184
Candies (15,15) 96.4 0.482 0.700 145
Synthetic honey (9,9) 725 0.380 1.06 279
Bee honey (15,15) 71.0 0.510 1.26 247
Chocolate sweat for bread (6,6) 95.7 1.08 560 519
Chocolate cream 93.4 0.576 6.03 1047
Milk chocolate (15,15) 95.1 0.346 6.94 2006
Cocoa (15,15) 924 1.12 31.1 2777
Coffee (15,15) 96.2 0724 414 5718
Black tea (15,15) 92.3 207 84.1 4063

black tea contain 1 to 2 mg Li’kg DM and 30 to 85 mg Rb/kg DM. Sugar and sugar rich food
deliver the twofold, cocoa the ~ 25-fold, black tea the ~ 40-fold and coffee the 60-fold amount of
rubidium in the food chain than lithium. Cocoa, coffee and tea are important rubidium supplier of
man.

Table 20: Lithium and rubidium content of bread, cake, and pastries (mg/kg dry matter) (n153,153)

Kind (n;n) Dry matter | Lithium | Rubidium | %
% mg/kg mg/kg

Cornflakes (6,6) 96.6 1.16 0.360 31
Biscuits (15,15) 95.7 0.754 0.850 113
Thin topping sponge cake with crumble (15,15) 84.8 0.268 0.910 340
Toasted bread (15,15) 69.7 0.632 1.11 176
Rusk (15,15) 94.0 0.582 1.15 198
White bread (6,6) 63.5 0.560 1.15 205
Rolls (15,15) 758 0.320 1.23 384
Wheat and rye bread (15,15) 62.4 0.476 1.39 292
Sponge cake (15,15) 72.2 0.388 1.84 474
Cake with egg toping (15,15) 34.2 0.466 1.96 421
Coarse-grained whole meal rye bread (6,6) 53.9 0.210 2.07 986
Crisp bread (15,15) 932 0.378 3.35 886
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In accordance with relatively low lithium and rubidium content of the cereals the amounts of
lithium and rubidium in bread, cake and pastries are small (Table 20). Baked goods store 0.2 to
1.2 mg Likg OM and 0.4 to 3.5 mg Rb/kg DM or on average ~ 0.5 mg Likg DM and ~ 1.5 mg
Rb/kg DM. Surprisingly rich in lithium were cornflakes and rich in rubidium course-grained whole
meal rye bread and crisp bread.

Obviously, the bran of the cereals stores much rubidium. Baked goods are poor in both
alkali elements. They contain the threefold rubidium amount in comparison to lithium.

The lithium concentration of spices and herbs varies between 0.8 mg/kg DM in pepper and 6
mg in parsley, their rubidium content fluctuate between 0.05 mg/kg in table salt and 10 mg/kg DM
in marjoram, 14 mg/kg in paprika, 22 mg/kg in pepper, 27 mg/kg in parsley and > 30 mg/kg DM in
cinnamon (Table 21). On average spices and herbs deliver, the eightfold amount of rubidium than
lithium in the food chain of man. Only parsley, chive, mustard seeds and mustard accumulate 3 to
6 mg Li’kg DM. The contribution of spices and herbs to the lithium and rubidium intake of man is
very limited, since the consumed amounts of spices and herbs are extremely low.

Table 21 Lithium and rubidium content of spices and herbs (mg/kg dry matter) (n 180,180)

Kind (n:n) Dry matter Lithium mg/kg Rubidium %
% mg/kg

Table salt (15,15) 100 1.76 0.05 29

Chive (15,15) 10.6 3.08 4.06 132
Mustard seeds (15,15) 92.9 2.96 5.88 199
Mustard (15,15) 25.3 2.93 5.92 202
Caraway(15.15) 90.9 1.04 6.16 592
Dill (15,15) 10.0 1.88 8.49 452
Marjoram (15,15) 871 2.31 9.87 427
Paprika, hot (15,15) 88.2 2.30 13.6 591

Paprika sweet (15,15) 87.6 2.32 14.2 612
Pepper (15,15) 90.7 0.79 22.0 2785
Parsley (15,15) 17.4 6.15 26.6 433
Cinnamon (15,15) 90.7 0.96 323 3365

The lithium levels of fruits are 0.4 mg/kg DM in bananas to 1.3 mg/kg DM in apples and
oranges, 1.6 mg/kg in kiwi, 1.7 mg/kg in pears, 2.8 mg/kg DM in lemons and 6.7 mg/kg DM in
tomatoes (Table 22).

All analysed kinds of fruits deliver more rubidium than lithium. Their rubidium content varies
between 5 and 30 mg/kg DM in apples and kiwis.

Table 22: Lithium and rubidium content of fruits (mg/kg dry matter) (n 108,108)

Kind (n,n) Dry matter Lithium Rubidium %
% mg/kg mg/kg

Apples (15,15) 121 1.26 5.02 398
Apple sauce (15,15) 147 0.81 510 630
Lemons (15,15) 10.1 2.82 563 200
Tomatoes (15,159 58 6.71 8.45 126
Pineapples (15.159 134 1.05 9.85 938
Pears (6,6) 12.2 1.73 10.5 607
Bananas (6.69 184 0.380 16.1 4237
Oranges (15,15) 15.7 1.34 19.5 1455
Kiwis (6.6) 15.9 1.56 29.7 1904
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Richest in lithium are tomatoes with 7 mg /kg DM. On average, fruits accumulate the twelf-
fold rubidium amount of the lithium concentration.

With exception of mixed mushrooms, all vegetables (Table 23) contain more rubidium than
lithium. Lowest lithium levels were found in peas (0.4 mg/kg DM), white cabbage (1.9 mg/kg DM),
kohirabi, asparagus (2.2 mg/kg DM) and potatoes (2.8 mg/kg DM), whereas lettuce (4.0 mg/kg
DM), cucumber (5.0 mg/kg DM), mixed mushrooms (5.8 mg/kg DM) and field mushrooms
(Champignons) (6.6 mg/kg DM), are absolutely rich in lithium. Peas (4.0 mg Rb/kg DM) and
potatoes (4.8 mg/kg DM) incorporate low rubidium concentrations of the vegetables, whereas
white cabbage, lettuce, cucumber, cauliflower, carrots, kohlrabi and especially asparagus store 10
to 68 mg Rb/kg DM. The analysed vegetables accumulate on average the six-fold rubidium
concentration of their lithium level.

Table 23: Lithium and rubidium content of vegetables (mg/kg dry matter) (n 192,192)

Kind (n,n) Dry matter Lithium Rubidium %

‘ % mg/kg DM mg/kg DM

| Mixed mushrooms (15,15) 6.0 5.79 0.57 10
Peas (15,15) 19.9 0.37 3.99 1078
Potatoes (15,15) 18.3 2.82 4.84 172
Red cabbage (15,15) 9.2 3.58 7.39 206
Green beans (15,15) 6.7 3.90 8.96 230
Champignons (6,6) 5.2 6.60 9.49 144
Sauerkraut (15,15) 8.7 3.27 9.68 296
White cabbage (15,15) 9.1 1.87 12.4 663
Lettuce (15,15) 7.3 4.00 13.5 338
Cucumber (15.15) 52 5.02 18.3 365
Cauliflower (6.6) 8.0 346 18.8 543
Carrots (15,15) 7.0 3.81 223 585
Kohlrabi (15,15) 10.4 2.23 28.3 953
Asparagus (15,15) 4.6 222 68.0 3063

In vegetable foodstuffs highest lithium amounts were found in parsley (6.2 mg/kg DM),
champignons (6.6 mg/kg DM) and in tomatoes (6.7 mg/kg DM) and highest rubidium levels
incorporated cocoa (31 mgkg DM), cinnamon (32 mg/kg DM), coffee (41 mg/kg DM), asparagus
(68 mg/kg DM), and black tea (84 mg/kg DM).

3.2. Animal foodstuffs

The lithium content of sausages, hen’s eggs and kidneys of pig varies between 3.0 mg/kg in
liver sausage and 8.5 mg/kg DM in kidneys of pigs (Table 24). Sausages, hen's eggs and kidneys
store more lithium than rubidium. On average, these foodstuffs accumulate 15% more lithium than
rubidium. The reason for this result is the high fat content of the sausages. Fat incorporated
significant more lithium than rubidium (Table 26). Hen's eggs and kidneys can incorporate very
high levels of lithium. On the other hand, meat of cattle, sheep, pig and especially broiler
accumulate between 7 and 20 mg Rb/kg DM and only 2.2 and 4 6 mg Likg DM. On average,
meat of the farm animal accumulated the three-fold amount of rubidium in companson to its
lithium concentration.
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Table 24: Lithium and rubidium content of meat, offals, sausages and hen’s eggs (mg/kg dry matter (n 177,177)

Kind (n,n) Dry matter Lithium Rubidium mg/kg %
% mg/kg DM DM
Black pudding (15,15) 51.8 3.42 1.63 48
Liver sausage (15,15) 51.8 3.05 2.98 98
Salami (15,15) 64.1 3.80 3.18 84
Thick Frankfurter (15,15) 449 3.30 3.53 107
Liver loaf (6,6) 45.8 6.37 3.91 61
Mortatella (6,6) 41.2 3.87 4.20 109
Hen's egg (15.15) 257 6.89 5.99 87
Beef (15.15) 272 3.45 6.84 198
Mutton (15.15) 331 4.60 6.92 150
Pork kidneys 26.6 8.46 7.57 89
Cattle liver 31.3 475 9.37 197
| Pork (15,15) 279 3.51 10.8 308
| Chicken (15,15) 31.2 2.21 19.6 887

The lithium levels in fishes varies between 1 mg/kg DM in salted hering and 3.2 mg/kg DM
in Bismarck herring, whereas their rubidium levels amounted to 0.6 mg/kg DM in Bismarck herring
and 13 mg/kg DM in fresh trout (Table 25). Marine fish accumulated lower rubidium amounts than
freshwater trout. Smoking of the trout’'s lower their rubidium and lithium content, since the trout’s
lost fat and with it a lot of lithium and a smaller amount of rubidium. Heming in tomatoes are
supplied with the lithium and rubidium of these fruits. Fish deliver the man lithium like meat and in
form of marine fish lower rubidium amounts. Trout accumulated rubidium like pork and chicken.

Table 25: Lithium and rubidium content in fish and tined fish (mg/kg dry matter) (n 96,96)

1 Kind (n,n) Dry matter Lithium Rubidium %
% mg/kg DM mg/kg DM

Bismarck herring (6,6) 28.7 3.16 0.59 19

! Fried herring (6.6) 30.1 1.71 1.13 66

. Salted herring (9.9) 376 0.990 1.22 123
Sardines (6,6) 433 2.57 1.45 56
Herring fillet (15,15) 35.3 2.88 1.62 56
Mackerel fillet (15,15) 354 1.29 221 171
Rosefish fillet (6,6) 236 4.10 2.44 60
Herring in tomatoes 31.0 2.15 5.84 272
Trout smoked (9,9) 289 1.10 9.92 902
Trout fresh (9.9) 28.9 3.00 127 423

Milk and dairy products supply humans with abundant lithium (Table 26). Butter and
margarine are with 1 mg Likg DM relatively rich in lithium and poor in rubidium. Highest
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Table 26:Lithium and rubidium content of margarine, butter, milk, and dairy products (mg/kg dry matter) (n159,159)

Kind (n.n) Dry matter Lithium Rubidium %
% mg/kg OM mg/kg DM
Margarine (15,15) 77.0 0.830 0.080 9
Butter (15,15) 61.1 1.07 0.510 48
Edam cheese (9.9) 55.0 2.80 0.680 25
Gouda cheese (9,9) 55.0 2.17 0.938 43
Tollense cheese (9,9) 55.2 1.12 0.990 88
Limburg cheese(15,15) 459 2.69 1.15 43
Camembert (15,15) 45.4 3.65 1.31 36
Altenburg cheese (9,9) 47.9 538 1.35 25
Emmental cheese (6,6) 62.6 1.08 1.37 127
Tilsit cheese (6,6) 56.8 1.19 1.70 143
Soft cheese (15,15) 40.3 2.28 2.81 123
Curd (15,15) 18.3 412 3.51 85
Yoghourt (6.6) 17.7 2.38 379 159
Mitk (15.15) 12.0 7.30 6.15 84

amounts of both elements deliver milk with approximately 7 mg/kg DM. The production of cheese
and curd decreased the concentration of lithium and rubidium in all kinds of cheese. Both
elements are water soluble and leaf partly the cheese and curd through the whey. On average.
milk and dairy products deliver humans, much-lithium. Their rubidium concentration is ~
approximately a quarter lower than their lithium level.

3.3. Beverages

The lithium and rubidium content of the beverages varies extremely (Table 27). In the
drinking water of Germany the lithium content fluctuated between 4 and 60 pg/l. and the

Table 27: The lithium and rubidium content of beverages (ug/L) (n 345,236)

Kind (n.,n) Lithium pg/L Rubidium pg/L %

Schnapps (15,15) 116 2,0 2
Brandy(15,15) 82 53 6
Drinking water (153,44) 15 1 73
Lemonade (15,15) 92 12 13
Coke (15,15) 169 16 9
Vermouth (15,15) 272 112 41
Beer (30,30) 190 201 106
Tea, sweet kinds (7.2 g/L) (15,15) 15 221 1473
White wine (15,15) 184 242 132
Advocaate (15.15) 46 273 593
Sparkling wine (15,15) 167 274 164
Red wine (6,6) 206 689 334
Juice (6,6) 230 990 430
Coffee (40g/L) (15,15) 29 1656 5710

rubidium stock between 3 and 38 pg/L; on average, 15 and 11 ug/L, respectively were measured.
Schnapps, brandy, lemonade and coke are, like drinking water, extremely poor in rubidium,
whereas beer, black tea, wine in all forms, juice and especially coffee are rich in rubidium and
relatively poor in lithium. The beverages get their lithium and rubidium through their supplies.
Beside water, barley (1 mg Li’kg DM and 1 mg Rb/kg DM) and hop deliver both elements. The
black tea and coffee are rich in rubidium and poor in lithium.
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The rubidium of the black tea leaves is transferred to 80% into the beverages (Angelow
1994). Grapes are rich in rubidium, also fruits. The lithium concentration of fruits is much lower
than their rubidium concentration. The content of both alkali elements in the beverages is
proportional to the lithium and rubidium content of their raw material.

4. Essentiality of lithium and rubidium for the flora, fauna and man
4.1. Essentiality of lithium and rubidium for the flora

Although lithium is not known to be an essential plant nutrient, there is same evidence that
lithium can affect plant growth and development. However, stimulating effects of several lithium
salts reported by various authors have never been confirmed (Kabata-Pendias and Pendias
2001).

The essentiality of rubidium in plant has not yet been fully defined. Rubidium appears able to
substitute for potassium in the germination of cereals and legumes (De! Signore et al. 1999).

4.2. Essentiality of lithium for the fauna

Whether lithium is essential for the fauna has been investigated systematically since 1976 in
goats (Anke et al. 1981a, 1981b, 1983, 1991, 1995, Amhold 1989, Schéfer 1997, Szilagyi et al.
1989), sheep (Regius et al. 1993), and rats (Pickett et al. 1983, Ono et al. 1992) in Gemany,
Hungary. the USA, and Japan. The influence of a lithium-poor feed on the pre- and postnatal
growth of goats was tested with 14 repetitions over 15 years (Table 28). It was shown that the
feed intake by the growing young goats was significantly (11%) lower in comparison to the control
goats. The adult lithium-deficient goats compensated-this low feed intake in the second year of
life. The kids of lithium-deficient goats had a 9% lower birth weight than those of control goats.

Table 28 Influence of lithium-poor nutrition on feed intake. growth, reproduction performance, milk production, mortality
and serum enzyme activity of goats

[ Parameter Control | Deficiency p? %
goats goats
Li-content of the ration, mg/kg DM 10 <17 <0.001 | <17
| Feed intake Young goats, pregnant g/day 665 592 <0.001 | 89
| Old goats, pregnant g/day 698 778 <0.001 ] 111
Growth Birth weight, < 2.5 kg % 36 51 <0.05 -
Birth weight, >2.5 kg % 64 49 <0.05 -
Live weight, 1st day kg 2.86 2.60 <0.01 91
Live weight, 91st day kg 17.4 14.8 <0.001 | 85
Live weight, 101-268 day g 98 88 >0.05 | 90
Reproduction Success of first insemination % 77 51 < 0.001 -
performance Conception rate % 86 74 <0.05 -
Abortion rate % 1 14 < 0.001 -
Matings per gravidity 1.3 20 < 0.001 -
Sex ratio (female = 1) 1.6 0.7 < 0.001 -
Milk production ml/day 1107 881 <0.001 | 80
Mortality Kids 7thto91thday % 6.0 14 > 0.05 -
She goats 17 and 2" year % 7.0 41 <0001 | -
Serum Isicitrate dehydrogenase u/L 4.0 1.4 <005 | 35
-enzyme-activity  Glutamate dehydrogenase  U/L 14 57 <0.001 | 41
Creatinine kinase UL 20 35 <0.05 | 175

" Control goats = 100 %, deficiency goats = x%;“Significance level, Student test

Moreover, lithium-poor nutrition caused reproductive disorders in goats and rats. Lithium-

poor feeds of female goats did not have an effect on the intensity of estrus behavior. The first
mating, however, produced a significantly worse rate of conception in these animals. Repeated
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services at the following ovulations improved the conception rate of lithium-deficient goats. The
difference between the groups remained significant. The increased abortion rate of lithium-
deficient goats is also important. Miscarmiages occurred at a rate of 14% between the third and fifth
months of gravidity.

The effect of lithium deficiency on the sex ratio was most surprising. As a rule, hornless
goats give birth to more male than female kids. Lithium-deficient goats, however, gave birth to
significantly more female kids.

The 5-year average showed that lithium-deficient goats produced 20% less milk than the
control animals.

Long-termm lithium deficiency experiments with female goats allowed an analysis of the
influence of lithium-poor nutrition on the life expectancy of the animals. The investigations showed
that 41% of the lithium-deficient goats and 7% of the control animals died during the first year of
the expeniments. Skin lesions occurred in individual animals with lithium-poor feeds (Figure 2). In
the meantme, it was shown that lithium was also effective in the treatment of herpes virus
infections and of seborrheic dermatitis in humans (Horrobin 1991).

Figure 2: Skin lesions of a lithium deficient-she goat

Lithium deficiency did not affect the biochemical blood profile, but it changed the activity of
several serum enzymes. As a rule, lithium deficiency reduced the serum enzyme activity, mainly
the enzymes of the citrate cycle (ICDH, isocitnc acid dehydrogenase; MDH, malate
dehydrogenase), of glycolysis (ALD), and of nitrogen metabolism (GLDH, glutamine
dehydrogenase), for which significant differences between control and lithium-deficient goats were
observed. Only creatine kinase activity, a stress indicator enzyme, was significantly increased in
lithium-deficient goats.

Owing to the particular role of monoamine oxidase (MAQ) in manic-depressive diseases,
chronic schizophrenia, and unipotar depression, this enzyme was also investigated in the liver of
control and lithium-deficient goats. MAQO activity in the hepatic tissue of the latter group was
reduced to 28%. Abnormal behavior was observed in lithium-deficient rats, and this disappeared
after lithium supplementation. This assessment is interesting in so far as the MAO hypothesis is
discussed as a biochemical mechanism of a lithium therapy in humans.
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In brief, the results of lifelong lithium-poor nutrition over > 15 generations of goats show that
lithium may be essential to the fauna, and thus, to humans as well (Birch 1999, Schrauzer 2002).

The lithium deficiency influenced also the metabolism of other trace elements, for example
the copper incorporation the organs (Amhold et al. 1991).

4.3. Essentiality of rubidium for the fauna
The rubidium-poor nutrition of she-goats decreased the feed intake significantly, i.e. by 16%
yearly (Table 29). The birth weight of kids from rubidium-deficient goats was 14%

Table 29: Influence of rubidium-poor nutrition on feed intake, growth, reproduction performance, milk production,
mortality and serum content of progesterone and estradiol

Parameter Control deficiency
goats goats p %
s | x x | s
Rb-content of the ration, mg/kg 10 0.280 <0.001 | 2.8
DM
Feedintake  Barren, 84" days g/day 296 | 778 | 565 | 159 | <0.001 | 73
Gravid, 140th days g/day 198 | 613 | 567 | 137 [<0.001 92
Lactating, 84" days g/day 255 | 696 | 590 | 223 | < 0.001 85
Juli 1" = June 1% g/day 228 | 682 | 574 | 176 {<0.001 | 84
Growth Birth kg 08 129 |25 )07 | >005| 86
4Sth day kg 25 {105 80 [ 1.3 |[<0.001 76
91st day kg- 44 11751136 3.1 |<0.01 78
Undepleted /da 25 | 95 | 99 [ 23 | >0.05 | 104
Depleted 9%°ay" 725 1 95 | 41 | 18 | <001 | 43
Reproduction Without heat % 2 11 > (.05 -
performance  Success % 61 46 > 0.05 -
Conception rate % 88 68 <0.01 -
Service per prenyancy % 1.8 2.2 > 0.05 -
Abortion rate Y% 2 80 < 0.001 -
Kid carried to birth n 1.3 1.8 < 0.001 -
Sex ratio (female = 1) 1.4 1.4 >0.05 -
Milk Milik mi/day | 420 927 | 636 | 384 {<0.001 | 69
performance Protein g/day 127 1276 1205|140 (<0.001 | 74
Fat g/day [213)323)286|199[ >005 | 89
Mortality Kids, 7" — 91th day % 2 33 < 0.001 -

lower than that of controls. On the 91st day of life, the weight of kids from both groups
differed significantly by 22%. After weaning (101st — 268th day of life), only the intrauterinely
rubidium-depleted kids grew at a significantly slower rate. Bought-in kids given rubidium-poor feed
developed normally, with their mothers' milk, they had received and stored sufficient rubidium for
normal growth. However, after depletion of the storage during first pregnancy, these kids showed
symptoms of rubidium deficiency.

The rubidium-poor nutrition influenced the number of goats without heat and the number of
unsuccessful first inseminations only insignificantly, though noticeably (Table 29). The conception
rate of rubidium-deficient goats was significantly lower that that of controls, but the most important
point noted was the extremely high abortion rate in the rubidium-deficient animals.

Here, the fetuses were regularly aborted during the 3rd to 5th months. Kids bom after day
125 of pregnancy were occasionally viable if bottle-fed with mother's milk. One-third of the viable
kids died within the first 91 days of life, with a highly significant difference from the number of
control kids that died (Table 29).
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Analyses of 35 blood and blood plasma components showed significant changes only in
creatinine, phosphorus, and progesterone metabolism. Goats that underwent abortion or
miscarriage had a significantly lower plasma progesterone status. Rubidium is likely to play a role
in the preservation of pregnancy, and both control and rubidium-deficient goats that were
pregnant in the 3rd and 4th months had normal plasma progesterone and estradio! levels (Table
30). Rubidium-deficient goats that had either aborted or miscarried had a plasma progesterone
level that was only 7% of the normal value. The plasma estradiol level in goats that aborted
ranged from 37 to 280 nmol L. The pregnancy-preserving properties of progesterone are
dependent upon a normal rubidium status, and in this respect rubidium is avaitable within the food
chain in sufficient amounts to prevent deficiency (Anke et al. 1993, 1997). According to Johanson
et al. (1992), the placenta of humans contain particularty much rubidium.

Table 30:  Plasma progesterone and estradiol levels of control and rubidium deficiency goats (3 to 4 month of
pregnancy, nmoll)

| Groups of goats (n)? Progesterone Estradiol

1 s? x' x s

| Control goats, gravid (7) 3.5 17 221 40
Rb-deficient goats, gravid (3) 4.0 15 209 17
Rb-deficient goats with abortions (3) 0.7 1.2 118 140
Fp' <0.001 >0.05
% 7 54

x' = Arithmetic mean; s* = Standard deviation; n® =Numbers; Fp" = Significance level in one- or multificatorial
variance analysis

Rats receiving 540 pg Rb/kg DM diet showed a reduced rubidium content in all tissues when
compared with rats receiving 8120 pg Rb/kg DM (Yokoi et al. 1994). Hence, rubidium was
designated as an essential element (Yokoi 1997).

The amount of rubidium in the food chain is much higher than that of other well-known
essential trace elements, except for iron, manganese, and zinc. Rubidium deficiency experiments
in six generations of animals showed that a rubidium offer of less than 280 pg/kg semi synthetic
diet resulted in decreased feed intake, lower weight gain and an increased rate of abortion, while
premature births were increased by up to 80%. A rubidium offer which meets the normative
requirements appears important for the -normal development of fetuses. A rubidium offer below
280 pg/kg food DM was apparently insufficient to nommalize the body deposits. In practice, the
rubidium offer to animals and humans is much higher, and consequently rubidium-deficiency
symptoms are of no major concern. Expenments with 1000 ug Rb/kg feed DM resulted in normal
growth and reproductive performance. Hence, it follows that the rubidium requirement of goats
might reach < 400 ug/kg feed DM (Angelow 1994, Anke and Angelow 2004, Anke et al. 1897,
Anke and Angelow 1994).

5. Toxicity of lithium and rubidium for the flora, fauna and man
5.1. Toxicity of lithium and rubidium for the flora

Increased lithium concentration in soils is toxic to some plant species. Citrus trees are known
to be the most susceptible to injury by an excess of lithium, which is reported to be toxic at a
concentration in leaves of 140 to 220 mg/kg DM. Threshold concentrations of lithium in plants are
highly variable, and moderate to severe toxic effect of 4 to 40 mg Likg DM in citrus leaves have
been observed. In high-lithium soils damage to root tips of com as well as necrotic spots in the
intervenal leaf tissues and other nonspecific injury symptoms have been observed (Kabata-
Pendias and Pendias 2001). Calcium inhibits lithium uptake by plants, therefore the addition of
lime to high-lithium soils may reduce toxic effects of this alkali-element.

Symptoms of rubidium toxicity are not registered.
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5.2. Toxicity of lithium and rubidium for the fauna and man
5.2.1. Lithium

The consumption of > 50 mg Li’kg feed DM induced in all tested species (Table 31) side
effects in form of reduced feed intake, decreased growth, increased netto energy effort for the
production of 1 kg body weight or egg-production, raising the water consumption, weakness,
anorexia, muscle trembling, lacrimation, lowered body temperature, increased mortality, which
appears after giving 500 to 1000 mg Likg feed DM. Aggressivity and sexual activity of bulls with
100 and 200 mg Likg feed DM decreased. The amount of fat in the surroundings of the kidneys
increased significantly. Their growth rate decreased. Lithium application to rodents induced like in
piglets tremor and spasms (Anke et al. 1984, Regius et al. 1993, Drebickas et al. 1983, Sikora et
al 1994, Kosla 1988, Szilagyi et al. 1996, 1991, Anke et al. 1985, 1997).

In psychiatric diseases 140 to > 280 mg Li/day were administered. This lithium dosis
corresponds to 400 to > 800 mg Likg food DM and exceeds the nutritional lithium intake of
peoples in Germany with mixed diets five to thousand fold.

Table 31: Effects of increasing amounts of lithium in the feed of farm animals

| Species Li concentration in the feed (mg/kg dry Effects

| matter)

| Cattle, growing 10 to100mg Li/kg feed dry matter (DM) Insignificant lowering of the feed
100 to200 mg Li/kg feed DM intake and of the growth,

significant decrease of the netto
energy intake, growth rate libido

| sexualis and aggressiveness of bulls
| Sheep, lamb 50 mg Li/kg feed DM Decrease of the feed in take, growth
‘ 25 mg Li/kg feed DM rate and feed efficiency, no influence,
birth weight of the lambs and their

‘ mortality

' Rabbit 5 to 25 mg Li/kg feed DM No effect on growth, negative and

| positive influences on immune
systems

Piglet 30 and 60mg Li’kg body weight Decrease of growth, anorexia,
trembling of the muscles, burst into
tears, lowered body temperature

. Pig 125 to 1000 mg Li’kg feed DM Significant lowering of the feed intake

: 500 to 1000 Li/kg feed DM and growth, increase of the water

I consumption,

i exitus in 92 days

; Chicken 25 mg Li/kg feed DM No effect on feed intake and growth

‘ Decrease of feed intake, increase of

l Hen 50 to 150 mg Li’kg feed DM feed effect for the productions of one
kg egg, no increase of mortality

| Horse 2 to 8g Li,Co; about 7 days Increase of the lithium concentration

‘ in the serum, with symptoms of
| Iithium intoxication

in Germany, the maximal imission dosis of lithium for cattle, sheep, pig, rabbit, horse and
hens are 50 mg Likg feed DM (Anonymous 2005). Side effects of lithium are nausea, vomiting,
anorexia, diamhea, diabetes insipidus, hand tremor, muscle weakness, drowsiness, confusion,
shurred speech, stupar, coma, goiter, hyperthyroidism, myocarditis (Weiner 1991).
5.2.2. Rubidium

The main problem of rubidium intoxication is to draw boundaries between the
pharmacological and toxic effect of rubidium. For example rubidium was successfully used as a
potential anti-depressant agent based on its ability to potential morphine — induced motor activity,
drug for depressed manic depressive, and shizophrenic patients, but the side effects of the high
rubidium intake as feed consume, growth rate, reproduction performance, mortality in animals
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were not determined. Threshold values for a nutritional essential intake, a beneficial and a toxic
effect of rubidium are need to distinguish beneficial and toxic effect of this alkali element. Like
lithium, the three faces of rubidium must be identified.

The danger of rubidium exposure caused by geological or anthropogenic anomalies hardly
exists. The occurrence of the naturally radioactive *’Rb isotope (27.8%) is interesting at least
(Anke and Angelow 2004). Kvicala et al. (1992) registered, that rubidium is concentrated in the
intracellular space of cells during pathological and functional alternations of the thyroid. The
addition of 2 to 5 mM RbCL significantly inhibited the N*, K ATPase in guinea pigs (Ku et al.
1974, Knight and Nosek 1981).

In monkeys, very “large oral” doses of rubidium did not influence wellness. They took the
drug without difficulties. Possible extra cellular (metabolic) acidosis and intracellular alkalosis may
be potential causes for toxicity.

Purified diet containing up to 200 mg Rb/kg food DM were nontoxic, but levels 1000 mg/kg
or more depressed growth, reproductive performance, and survival time in rats (Nielsen 1986).
Reported LDsg values in rats in two studies were 586 or 300 mg/kg, respectively, for rubidium
hydroxide, and 4708 or 3800 mg/kg, respectively, for rubidium iodide (Johnson et al. 1975).

6. Lithium and rubidium intake of man

The lithium intake of adult humans with mixed diets was systematically investigated in 10
test populations of 7 women and 7 men, each from different regions of Germany and aged
between 20 and 69 years.

Table 32 Lithium and rubidium intake of adult Germans with mixed diets depending on time and gender (pg/day) on the

overage of a week (n 980,980)
, Time Lithium Rubidium
I Women Men Fp % Women Men Fp %
A 374 419 112 1300 1384 106
B 713 990 <0.01 139 1623 1742 <0.05 107
Fp <0.001 <0.001
% 191 ] 236 ) 125 [ 126 )

The lithium intakes of peoples with-mixed diet were significantly influenced by gender and
time of estimation (Table 32). Since men consume 24% more dry matter than women (Anke et al.
1997b), they take in significantly more lithium than women (Table 32). After reunification of
Germany (Time B), the lithium consumption doubled in East-Gemmany through the worldwide
trade. Regional influences of the geological ongin of the side disappeared partly. The individual
lithium consumption of women on the average of a week (7 successive days) varied between 128
pg/day and 1802 pg/day and in men 139 and 3242 ug/day (Figures 1 and 2). Worldwide, lithium
intakes were reported between 4 and 2392 ug/day on the average of populations (Schrauzer
2002, Anke et al. 2003, Van Couwenbergh et al. 1999, Schafer 1997).

The rubidium intake of 10 test populations increased after reunification about a quarter. This
finding is in good agreement with the significantly higher rubidium content in foodstuffs.
Furthermore, it was registered that men consume only ~ 6% more rubidium than women although
they eat ~ 24% more dry matter, than women. The reason for this result is, women prefer a
rubidium richer diet, which contained 15% more rubidium in the consumed dry matter, most likely
because women apparently prefer rubidium-richer foodstuffs (Cocoa products, coffee, fruits,
vegetable). Men consume more animal foodstuffs with lower rubidium levels.

Despite the availability of apparently similar foodstuffs at all supermarkets, the location
affected rubidium intake because of the different rubidium contents of drinking water. Notably,
people who drank rubidium-rich drinking water from rubidium-rich gneiss regions took in
significantly more rubidium than those in other areas. In Belgium, people with mixed diets took in
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2.2 + 0.3 mg Rb/day (Hendrix et al. 1997), which is similar to the Rb intake by German omnivores
(Anke and Angelow 1995).

On average, the rubidium intake by both sexes decreased by about 15% from age 20 to age
60 years, but body weight had no effect on rubidium intake. It was also surprisingly that both
sexes took in significantly more rubidium in winter than in summer, but this may have been due to
a higher consumption of chocolate and coffee in winter than in summer (Anke and Angelow 1995,
Anke et al. 1997, 1997a).
The local lithium intake of women varied between 220 and 1370 pg Li/day and in men bet-ween
180 and 2400 pg/day (Table 33). The reasons for this are variableness quite different. Beside
individual eating habits, the different lithium content of the foodstuffs and beverages, gender
(Table 32, 33), age (Table 34), and season (Table 35) varies the rubidium consumption.

Table 33:  Lithium and rubidium intake of German adults with mixed diets depending on the location (ug/day)

I Location Lithium Rubidium

‘ Women Men p % Women Men p %
Langensalza A 220" 182" >0.05 | 83 990% 1199 <0.01 | 121
Wusterhausen B 1369° 2392 <0.001 175 1331 1104" <0.05 83

[ Wusterhausen A 442 545 <0.05 123 1300 1522 <0.05 117

"Vetschau A 532 519 >0.05 98 1419 1368 >0.05 96

| Langensalza B 1119 1370 >0.05 82 1358 1962 | <0.001 | 144
Jena A 300 430 <0.01 143 1486 1445 >0.05 97

. Greifswald B 330 473 <0.01 143 1819 1545 >0.05 85

" Liebenstein B 615 641 >0.05 104 1672 1623 >0.05 103
Chemnitz B 390 522 <0.05 134 1633 2038~ | <0.001 125
Freiberg B 457 545 >0.05 119 2290~ 1967 >0.05 86
SLD 302 381 340 415

' % 622 1314 / 231 185 i

*=100% " =x %

On average of the 10 test populations, the lithium intake comesponds with the different dry
matter consumption of women and men (men _consume 20% more lithium than women). The
differences are mostly significant. Men eat, an average only 6% more rubidium than women. The
consumption of rubidium-rich beverages  (juice, coffee, cocoa) and especially chocolate
transferred much more rubidium to the women.

Table 34 Lithium and rubidium intake with mixed diets depending an age (ug/day) (n 980,980)
"Age, Lithium Rubidium
years Women Men Fp % Women Men Fp %
20 to29 511 654 128 1586 1754 11
30 to39 516 112
0 572 <0.01 11 1518 1697 <0.001
40 to49 630 806 128 1397 1501 107
. 50 1069 663 955 144 1464 1462 100
Fp <0.01 <0.001
% 130 [ 146 ) 2 | 83 )

The age of women and men varies the lithium and rubidium intake quite different (Table 34).
Older people consume approximately one third more lithium and 10% few rubidium. Younger
people prefer lithium poorer vegetable foodstuffs and older lithium-rich animal products. The
decreased rubidium intake could be the lower consumption of coffee and chocolate by the older
one.
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Table 35:  Rubidium intake of German adults with mixed diets depending on the season (ug/day) (n 294,294)
Season Women Men Fp % Women Men Fp Men
Summer 538 614 <0 001 114 1355 1520 <0.05 112
Winter 637 983 154 1702 1717 101
Fp <0.001 <0.001
% 118 [ 160 i 126 | 113

The body weight did not significantly varies the lithium and rubidium intake, but the season
(Table 35). During winter, cold season, the consumption of both alkali elements increased
significantly. The rise of the intake lithium and rubidium intake is more voluminous than the
seasonal increase of the dry matter and energy intake of 5to 10 % (Anke et al. 1997, 1997¢).

7. Apparent absorption, excretion and balance of lithium and rubidium

The apparent absorption rate and the balance of the alkali element were only determined in
three test-teams (Chemnitz, Freiberg, Bad Langensalza). Both gender excreted ~ 30% of
rubidium intake faecaly and ~ 70% renally (Table 36). The apparent absorption rate of rubidium
amounted to 62% in women 67% in men.

Table 36:Rubidium intake, excretion, apparent absorption rate and balance of German peoples with mixed diet (n 588)

Parameter Women Men p %
s X X s

Intake, pg/day 774 1764 1989 816 <0.05 113

urine pg/day 764 1594 1638 736 >0.05 103

Excretion fa(eceg/ Hg/day 755 679 660 523 | >0.05 97

rine %

;’aeces % 701 71.3
299 28.7
Apparent absorption rate, % 61.5 66.8
Balance pg/day -509 -309
% -28.9 -15.5

The rubidium balance of both sexes was negative. Generally, the alkali elements were
extensively absorbed and renally excreted. Women and men with mixed diet excrete ~ 98.5 the
ingested sodium and 85% of the potassium renally (Anke 2006c¢). Their apparent absorption rate
amounted 98 and 83%, respectively. Rubidium follows both macro elements with ~ 60 and ~
65%.

Discussion

The transfer of lithium and rubidium in the food chain of animal and man is unproblematic
and supply plants, animals and man with abundant amounts of both elements (Ko$la et al. 2001).
Generally, the lithium intake of man can be estimated through the chemically analyses of both
alkali elements in food duplicates (duplicate portion technique) or calculated through the basket
method with registration of any consumption in written reports which enable to calculate the
dietary intake. In our experiments, we used both methods (Table 37). Comparison of chemical
assays with calculations of lithium and rubidium intake showed that the basket method
overestimate the intake by lithium about 240% and rubidium by 166% (Anke 2004c). Hence, the
basket method should no longer used.
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Table 37: Lithium and rubidium intake of adults with mixed diet determined by the duplicate portion technique and

calculated by the basket method
Element Duplicate Basket Duplicate Basket %
| Li pyg/day 313 733 383 941 240
. Rb pg/day 1657 2613 1699 2950 166

The maintenance of humans with both alkali elements happen trough different foodstuffs
(Table 38). Lithium is supplied to two-third by animal foodstuffs (dairy products and meat) a
quarter by vegetable food and only ~ 10% by beverages, whereas rubidium is delivered to ~ a
quarter by animal foodstuffs, one third by vegetable foodstuffs and approxnmately ~ a half by
beverages (coffee, tea, cocoa, juice) (Anke 2004c).

Table 38:Intake of fithium and rubidium through animal and vegetable foodstuffs respectively and beverages by people
with mixed diets in percent

Element Animal foodstuff Vegetable foodstuff Beverages
Lithium, % 62 25 13
Rubidium, % 23 32 45

The normative human requirement of lithium, is postulated to < 100 pg/day. in Germany, all
70 tested women and 70 men consumed > 100 pg Li/day on the average of a week (Figure 3 and
4). The results suggested that lithium supplementation in nutritional levels to humans with low
lithium intake can have a beneficial effect on-human behavior (Dawson 1971, Schrauzer and
Shrestha 1991).
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Figure 3: Frequency distribution of the daily lithium intake by women
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Figure 5: Frequency distribution of the daily rubidium intake by women

The delineate crossing of nutntional to beneficial lithium effects is not given, may be the
beneficial role of lithium is a part of its nutritional importance. The pharmacotherapeutic effect of
lithium (140 mg to > 280 mg Li/day) is associated with unpleasant side effects, including tremor of
the hands, hypothyreosis, polyuria, polydipsia, acne psonasis, edema, gastrointestinal problems,
psychodynamic processes and malformations in newbom babies (Schafer 2004, Muller-
Oerlinghausen et al. 1997, Weiner 1991). All this symptoms demonstrate in animals toxic effects
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and guided to the maximal imissions of 50 mg Likg feed DM for farm and wild animals. In
humans, an acute intoxication risk existst when serum lithium concentration exceed 2.0 mmol/L
(Muller-Oerlinghausen et al. 1997). In fact, with serum levels > 3.5 mmol/L there is danger to life
(Kaschka 1997). Even serum levels > 1.0 mmol/L involve the risk of lithium poisoning, which
manifests an imeversible damage of the kidneys and brain (Schou 1998, Schéfer 2004). The
pharmacotherapeutic effects of lithium in humans are far from the nutritional needs and overlap
with a lot of toxicological relevant “side effects” (Birch et al. 1995, Birch 1999, Emmidou-Pollet and
Pollet 2002, Gallichio 1990a, b, Ribas et al. 1979, Xiong et al. 2004).

The pharmacotherapeutic effect of rubidium was interpreted as a potential antidepressant
agent based on its ability to potentate morphine-induced motor activity.
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Figure 6: Frequency distribution of the daily rubidium intake by men

Rubidium was also successfully used as a drug for depressed, manic depressive and
schizophrenic patients in amounts of 200 to 2000 mg/day. This rubidium concentration induced
possibly toxic side effects, like lithium 200 mg Rb/kg feed DM were in rats nontoxic, but levels of
1000 mg/kg feed DM depressed growth reproductive performance and survival time in rats
(Glendening et al. 1956). Possibly rubidium achieves, like lithium, similar pharmacotherapeutic
effects, with fewer toxic side effects.

REFERENCES
1. ACOBETTRO RI, RiBAS, B, ORTiZ, T, TORRES, J.T. (1979) Role of monoamine oxidase isoenzymes in
rat motor activity after rubidium chlor/de treatment. Biochem. Soc. Transactions 7, 534-540.
2. ANGELOW, L. (1994) Rubidium in der Nahrungskette Qualification for Iectureship Friedrich Schiller
University, Faculty of Biology and Pharmacy, Jena, Germany.
3. ANGELOW, L., ANKE, M. (1994) Rubidium in der Nahrungskefte. Mengen- und Spurenelemente 14,
285-300.

4]



© @

10.

1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24

25.

ANKE, M. (2004a) Transfer of macro, trace and ultratrace elements in the food chain. In. Merian E,
Anke M, thnat M, Stoeppler M, editors. Elements and their Compounds in the Environment. Wiley —
VCH Verlag GmbH and Co. KgaA, pp. 101-126.

ANKE, M. (2004b) Essential and toxic effects of macro, trace and ultratrace elements in the nutrion of
animal. in: Merian E, Anke M, |hnat M, Stoeppler M, editors. Elements and their Compounds in the
Environment. Wiley Verlag GmbH and Co. KgaA, pp. 305-341.

ANKE, M. (2004c) Essential and toxic effects of macro, trace and ultratrace elements in the nutrition
of man. In: Merian E, Anke M, lhnat M, Stoeppler M, editors. Elements and their Compounds in the
Environment. Wiley-VCH Verlag GmbH and KgaA pp. 343-367.

ANKE. M., ANGELOW, L. (1994) The biological importance of rubidium. In: Paris, |. editor. International
Trace Element Symposium, Budapest, Hungary, pp. 241-262.

ANKE, M., ANGELOW, L. (1995) Rubidium in the food chain. Fresenius J. Anal. Chem. 352, 236-239.
ANKE, M., ANGELOW, L. (2004) Rubidium In: Merian, E., Anke M. lhnat, M, Stoeppler, M. editors.
Wiley-VHC Verlag GmbH and Co KgaA, Weinheim, Germany: pp. 547-563.

ANKE, M., ANGELOW, L., GLEI, M., ANKE, S., LOSCH, E., GUNSTHEIMER, G. (1997) The biological
essentiality of rubidium. In: Ermidou-Pollet, S. (editor): International Symposium on Trace Elements
in Human: New Perspectives, G. Morogianni: Acharnai, Athens, Greece, pp. 245-263.

ANKE, M., ANGELOW, L., GLEI, M., MULLER, M., GUNSTHEIMER, U., ROHRIG, B., ROTHER, C., SCHMIDT, P.
(1997a) Rubidium in the food chain of humans: Origins and intakes. In: Fischer, PWF., L' Abbe,
MR., Cockell, KA., Gibson, R.S., editors. Trace Elements in Man and Animals-9, NRC Research
Press. Ottawa, pp.186-188.

ANKE, M., ANGELOW, L., SCHMIDT, A., GURTLER, H. (1993) Rubidium an essential element for animals
and man? In. Anke, M., Meissner, D. and Mills, C.F. editors. Trace Elements in Man and Animals
TEMA - 8, Verlag Media Touristik, Gersdorf, Germany, pp. 719-723.

ANKE, M., ARNHOLD, W., GLEI, M., MULLER, M., ILLING, H., SCHAFER, U., JARITZ, M. (1995) Essentiality
and toxicity of lithium. In: Kosla, T. (editor): Lithium-in the Trophic Chain Soil - Plant — Animal- Man.
Fundacia Rozwoj SGgW Warszawa, Poland, pp. 17-42.

ANKE, M., ARNHOLD, W., GROPPEL, B., KrRAUSE, U. (1991) The biological importance of lithium. In:
Schrauzer, G.H., Klippel, G.H., editors. Lithium in Biology and Medicine, VHC, pp. 149-167.

ANKE, M., ARNHOLD, W., GROPPEL, B., RICHTER, G., MEIXNER, B, ANGELOW, L. (1987) Influence of
lithium on feed- intake, growth and egg production of broilers and laying hens. In: Pais, |. (editor)
New Results in the Research of Hardly Known Trace Elements and the Analytical Problems of Trace
Elements Research, University of Horticulare and Food Research, Budapest, Hungary, pp. 41-54.
ANKE, M., DORN, W., MULLER, M., ROHRIG, B., GLEI, M., GONZALES, D., ARNHOLD, W., ILLING-GUNTHER,
H., WoLF, S., HOLZINGER, S., JARITZ, M. (1997b) Der Chromtransfer in der Nahrungskette. 4.
Mitteilung: Der Chromverzehr Erwachsener -in Abhdngigkeit von Zeit ,Geschlecht, Alter,
Korpermasse, Jahreszeit, Lebensraum, Leistung, Mengen- und Spurenelemente 17, 912-927.

ANKE, M., GRoOPPEL, B. (1989) Fluormangelerscheinungen bei der Ziege. Mengen- und
Spurenelemente 9, 346-364.

ANKE, M., GROPPEL, B., GRUN, M., KRONEMANN, H., RIEDEL, E. (1981a) Effects of Li-poor rations in
ruminants. In. Szentmihalyi S. editor. Conference on Feed Additives, Budapest, Hungary, pp. 245-
248.

ANKE, M., GROPPEL, B., KRONEMANN, H., GRUN, M. (1983) Evidence for the essentiality of lithium in
goats. In: Anke, M., Baumann, W. Braunlich, H. Briuckner, Ch, editors. 4
Spurenelementsymposium - Lithium, Universitat Leipzig, Universitat Jena, pp. 58-65.

ANKE, M., GROPPEL, B., KUHNERT, E., ANGELOW, L. (1984) Der Einflul des Lithiums auf Futterverzehr,
Wachstum und Verhalten von Schwein und Rind. Mengen- und Spurenelemente, 4, 537-544.

ANKE, M., GRUN, M., GROPPEL, B., KRONEMANN, H. (1981b) The biological importance of lithium.
Mengen- und Spurenelemente 1, 217-239.

ANKE, M., GURTLER, H., ANGELOW, L. GOTTSCHALK, J., DROBNER, C., ANKE, S., ILLING-GUNTHER, H.,
MUOLLER, M., ARNHOLD,W. SCHAFER, U. (1997¢) Rubidium- an essential element for animals and
humans. In: Fischer, PW.F, L'Abbé, M.R., Cockell, K.A,, Gibson, R.S., editors. Trace Elements in
Man and Animals, TEMA- 9, NRC Research Press: Ottawa, Canada, pp. 189-191.

ANKE, M., RICHTER, G., MEIXNER, B., ARNHOLD, W., ANGELOW, L. (1985) Der Einflull des Lithiums auf
den Futterverzehr, das Wachstum bzw. die Eiproduktion des Broilers und der Legehenne. Mengen-
und Spurenelemente 5, 412-419.

ANKE, M., SCHAFER, U., ARNHOLD, W. (2003) In: Caballero, B., Trugo, L., Fringlas, P. editors.
Encyclopedia of Food, Sciences and Nutrition. Elsevier Science Ltd., pp. 3589-3593.

ANONYMOUS (2005) Maximale Immissionswerte fir Lithium zum Schutz der landwirtschaftlichen
Nutztiere. VDI Richtlinie 2310 VDI/DIN, VDI/DIN- Handbuch Reinhaltung der Luft.

42



26.

27.

28.

29.

30.
31.

32.

33.

34,

35.

36.

37.

38.

39.

40.

41

42

43.

44,

45.

46.

47.

48.

49.

50.

ARNHOLD, W. (1989) Die Versorgung von Tier und Mensch mit dem lebensnotwendigen
Spurenelement Lithium. Doctoral thesis, University of Leipzig, Faculty of Animal Production and
Veterinary Medicine.

ARNHOLD, W., ANKE, M. (1988) Moglichkeiten der Identifizierung des Lithiumstatus. Zentralblatt fir
Pharmazie, Pharmacotherapeutik und Labordiagnostik 127, 243-244.

ARNHOLD, W., ANKE, M., KRAUTER, U. (1991) Der Einfluf des Lithiummangels auf den
Spurenelementstatus des Tieres. Mengen- und Spurenelemente 11, 627-634.

BETTS, R.P., PASCHALIS, C., JARRATT, J.A., JENNER, F.A. (1978) Nerve fibre refractory period in
patients treated with rubidium and lithium. J. Neur. Neurosurgery, Psychiatry 41, 971.

BIRCH, N.J. (1999) Inorganic pharmacology of lithium. Chem. Rev. 99, 2659-2682.

BIRCH, N.J., DAviE, RJ., PapGHAM, C., GaLLicclo, V.S. (1995) Lithium therapy in practice:
formulation, absorption and the pharmacokinetics of lithium. J Trace Microprobe Techn 13, 27-41.
BIRCH, N.J., ROBINSON, D., INIE, R.A., HULLIN, R.P. (1978) Lithium-6 stable isotope determination by
atomic adsorption spectroscopy and its application to pharmacokinetic studies in man. J. Pharm.
Pharmacol. 30, 683-685.

CARROL, B.J., SHARP, P.T. (1971) Rubidium and lithium opposite effects of amine-mediated
excitement. Science 172, 1355.

DAWSON, E B. (1991) The relationship of tap water and physiological levels of lithium to mental
hospital admission and homicide in Texas. In: Schrauzer, G.H, Klippel KF., editors. Lithium in
Biology and Medicine, VHC Weinheim pp. 171-187.

DEL SIGNORE, A., DI GIacoMo, F., GIAcCIO, M. (1999) Some biological properties of rubidium studied
by means of the germinability tests. Mengen- und Spurenelemente 19, 470-479.

DREBICKAS, V., DOROFEJEVAITE, V. ZALINAITE, M., MISKINIENE, M., AIDUKONIENE, B. (1989) Die
Bedeutung des Lithiums fiir Labortiere. In: Anke, M., Baumann, W., Braunlich, H. Brickner, Chr.
Editors. Lithium, 4. Spurenelementsymposium. Universitat Leipzig und Jena. Wissenschaftliche
Publikation der Friedrich-Schiller Universitat Jena, pp. 76-77.

DUNNER, D.L., MELTZER, H.L., FIEVE, R.R. (1974) Cerebrospinal fluid rubidium metabolism in
depression. Psychopharmacologia 37, 7.

ERMIDOU-POLLET, S., POLLET, S. (2002) Neuroprotective effects of lithium. A review. Mengen- und
Spurenelemente 21, 1194-1201.

GALLICCHIO, V.S. (1990a) Lithium and granulopoisis: Mechanism of action. In: Bach, R.O., Gallicchio,
V.S.. editors. Lithium and Cell Physiology, Springer-Verlag, New York, pp.82-93.

GALLICCHIO, V.S. (1990b) Transport of the lithium ion. In: Bach, R.O., Gallicchio, V.S., editors.
Lithium and Cell Physiology, Springer-Verlag, New York, pp.47-57.

. GLENDENING, B.L., SCHRENK, W.G., PARRISH, D.B. (1956) Effects of rubidium in purified diets fed rats.

J. Nutr. 60, 563-569.

HENDRIX, P., VAN CAUWENBERGH, R, ROBBERECHT, H., DeeLSKA, H. (1997) Daily dietary rubidium
intake in Belgium using duplicate portion sampling. Z. Lebensm. Unters. Forsch. A. 204, 165-167.
HoRROBIN, D.F. (1991) Lithium effects on fatty acid metabolism and their role in therapy of
seborrhoeic dermatitis and herpes infections. \n: Schrauzer, G H., Klippel, K.F. editors. Lithium in
Biclogy and Medicine. VHC Weinheim, pp. 67-72.

JENNER, F.A., LEE, C.R., PASCHAUS, C., HILL, S.E., BURKINSHAW, L., JENNINGS, G. (1983) Electrolyte
metabolism in patients with periodic affective disorders during treatment with rubidium.
Psychopharm. 81, 301.

JOHANSSON, B., DOBROWOLSKI, J., OSMAN, K. LILJEFOTS, T. (1992) Determination of some elements in
erythrocytes and placenta in Upper Silesia (Poland) using ICP-MS. J. Trace Elements Med. 5, 117-
119.

JOHNSON, G.T., LEwis, T.R., WAGNER, W.D. (1975) Acute toxicity of caesium and rubidium
compounds. Toxicol Pharmacol 32, 239-245.

KABATA-PENDIAS, A, PENDIAS, H. (2001) Trace Elements in Soils and Plants. 3™ edition, CRC Press,
Boca Raton, pp. 89-92.

KASCHKA, W:P. (1997) Die Lithiumintoxikation. In: Muller-Oelinghausen, B., Greii, W., Berghdfer, A.
editors. Die Lithiumtherapie. Nutzen, Risiken, Alternativen, 2. Edition, Springer Verlag, Berlin-
Heidelberg, pp. 424-434.

KNIGHT, R.B., NOSEK, T.M. (1981) Effects of rubidium contractility and sodium pump activity in
guinea-pig ventricle. J. Pharmacol. Exp. Ther. 219, 573-579.

KOSLA, T. (1988) Mengen- und Spurenelementstatus, -bedarf und -versorgung des Pferdes.
Habilitationsschrift Universitat Leipzig, Sektion Tierproduktion und Veterinarmedizin Leipzig.

43



51.

52.

53.
54.
55.

56.

57.
58.
59.

60.

61.
62.
63.

64,
65.

66.

67.

68

69.

70.
71
72.

73.

74

75

76.

KOSLA, T., SKIBNIEWSKA, E., DEBSK!, B., URBANSKA-SLANKA, G. (2001) Rubidium in the trophic chain
soil-plants-animals. In: Ermidou-Polliet, S., Pollet, S. editors. 3" International Symposium on Trance
Elements in Humans: New Perspectives. G. Moroganis, Achamai, Greece, pp. 150-203.

Ku. D., AKERA, T., TOBIN, T.. BRODY, T.M. (1974) Effects of rubidium on cardiac tissue: Inhibition of
Na“K' - ATPase and stimulation of contractile force. Res. Commun. Chem. Path. Pharm. 9, 431-
440.

KUMPULAINEN, J., TAHVONEN, R. (1990). Characterization of a total diet reference material (ARC/CL
HDP) for contents of essential and toxic elements. Fresenius J. Anal. Chem. 338, 461-465.

KviCaLA, J., HAVELKA, J., NEMEC, T., ZEMAN, V. Selenium and rubidium changes in subjects with
pathologically altered thyroid. Biological Trace Element Research 32, 253-258.

MESSIHA, F.S., LARSON, J W (1976) A pharmacokinetic study of rubidium and cesium salts. Proc.
West. Pharmacol. Soc. 19, 108.

MULLER-OELINGHAUSEN, B., GREIL, W., BERGHOFER, A. (1997) Praktische Ratschldge zur
Durchfiihrung und Kontrolle einer Lithiumbehandlung. In. Muller-Oelinghausen, B., Greil, W.,
Berghofer, A. editors. Die Lithiumtherapie. Nutzen, Risiken, Alternativen, 2. Edition. Springer Verlag,
Berlin-Heidelberg, pp. 547-569.

NIELSEN, F.H. (1986) Rubidium. In: Mertz W., editor. Trace Elements in Human and Animal Nutrition,
Academy Press, Inc. Orlando, pp. 431-434.

ONO, T., WADA, O, YAMAMOTO, M (1992) Study on the essentiality of lithium. Biomedical Research on
Trace Elements, 3, 41-47.

PICKETT, E.E. (1983) Evidence for the essentiality of lithium in the rat. In: Anke, M., Baumann, W.,
Braunlich, H., Bruckner, Ch., editors. 4. Spurenelementsymposium ~ Lithium, Universitat Leipzig,
Universitat Jena, pp. 66-70.

REGIUS, A., ANKE, M., SARDI, J., Mucsy, |. (1993) Effect of lithium supplementation on performance of
ewes and growing lambs. In: Anke, M., Meissner, D., Mills, C.F., editors. Trace Elements in Man and
Animals TEMA - 8, pp. 603-604.

RiBAS, B., ACOBETTRO, R.I., MATE, C., SANTOS, A.(1979) Role of monoamine oxidase isoenzymes in
rat motor activity, after rubidium chloride treatment. Biochem. Soc. Trans 7, 533-536.

RiBAS, B., ACOBETTRO, R.l., MATE,C., Ruiz, A.S. (1979) Some effects of rubidium chioride on the
motor activity and brain serotonin concentration of rats. Biochem. Soc. Transactions 7, 533-536.
SANGHVI, |., GERSHON, S. (1973) Rubidium and lithium: Evaluation as antidepressant and anti-manic
agents. Res. Comm. Chem. Path. Pharm. 6,293

SCHAFER, U. (1997) Essentiality and toxicity of lithium. J. Trace Microprobe Techn. 15, 341-349.
SCHAFER, U. (1998) Past and present conceptions concerming the use of lithium in medicine J. Trace
and Microprobe Techn. 16, 535-556.

SCHAFER, U. (2004) Lithium. in: Merian,.E., Anke, M., lhnat, M., Stoeppler, M. editors. Eiements and
their Compounds in the Environment. Wiley-VCH Verlag GmbH and Co. KGA, pp. 479-496.

ScHou, M. (1998) Lithium treatment-of manic-depressive iliness: a practical guide, 6™ edition,
Karger, Basel.

SCHRAUZER, G.N. (2002) Lithium: occurence, dietary intakes, nutritional essentiality. J. Amer. Coll.
Nutrition, 21, 14-21.

SCHRAUZER, G.N , SHRESTHA, K.P. (1991) Lithium in drinking water and the incidences of crimes,
suicides, and arrest related to drug addictions. In: Schrauzer, G.H., Klippel, K.F., editors. Lithium in
Biology and Medicine, VHC Weinheim, pp. 191-203.

SIKORA, J., KLUCINSKI, W., KLECZKOWSKI, M., WINNICKA, A., DEMBELE, K. (1994) Initial studies of the
pharmacokinetics of lithium in horses. Mengen- und Spurenelemente 14, 659-661.

SPIRTES, M.A., GAREY, R.E. (1975) Serum erythrocyte and CNC levels in rhesus monkeys of orally
and intravenously administred rubidium salts. Biol. Psych. 10, 219.

SYME, G.J., SYME, L.A. (1979) Inhibition of activity in rats by rubidium chloride. Psychopharmacology
61, 227.

SZILAGYI, M., SURI, A., BALOGH, |., ANKE, M., BORKA, G. (1996) Lithiumdagolast kbvets biokemiai es
morofologiai valtozasok malcokon, Magyar Allatorvosok Lapja 45, 231-236.

SZILAGYI, M, ANKE, M., BALOGH, |., REGIUS-MOCSENY!, A., SURI, A. (1989) Lithium status and animal
metabolism. In: Anke, M. et al. editors. 6™ International Trace Element Symposium, Vol.4, University
Leipzig, University Jena, pp. 1249-1261.

SZILAGYI, M., ANKE, M., BALOGH, I., REGIUA-MOCSENYL, A., SURI, A. (1991) Lithium status and animal
metabolism. In: Yuregir, G.T. et al. (eds) Trace'89. Cukurova University, Medical Faculty, Adama,
Turkey, pp. 107-118.

VAN CAUWENBERGH, R., HENDRIX, P, ROBBERECHT, H., DEELSTAR, H. (1999) Daily dietary lithium
intake in Belgium using duplicate portion sampling. Z. Lebensm. Unters. Forsch. A, 208, 253-155.

44



77.

78.

79.

80.

81.

WEINER, M.L. (1991) Overview of lithium toxicology. In: Schrauzer, G.N., Klippel, K.F. (editors) VCH,
Weinheim, Germany, pp. 87-99.

WEISCHER, M.-L. (1979) Einflul von Lithium und Rubidium auf Neugierverhalten und lokomotorische
Aktivitét isoliert gehaltener ménnlicher M&use. Psychopharmacology 61, 263.

XIONG, S., LOVELL, M.A., ASHFORD, J.W. GORMAN, L.S., MARKESBERY,W.R., XIE, C., WANG, J. SMITH,
J.L., GALLICCHIO, V.S. (2004) Lithium inhibits tau hyperphosorylation mediated by glycogen synthase
kinase 3 and protein phosphatase 2A in the hippocampus of eight week and twelve month old
starved mice. Mengen- und Spurenelemente 22, 1763-1799

Yoxol, K. (1997) A study on possible essentiality nature of tin and rubidium. J. Jpn. Soc. Nutr. Food
Sci. 50, 15-20.

Yokol, K. KIMURA, M., ITOKAWA, Y. (1994) Effect of low- rubidium diet on macro— mineral levels in rat
tissues. J. Jpn. Soc. Nutr. Food Sci 50, 295-299.

45



Bioldgiailag aktiv diterpénalkaloidok izolalasa Karpat-medencében

eléfordulé Aconitum fajokbal

Hohmann Judit', Csupor Dezsé', Borcsa Botond', Forgd Péter?, Molnar Attila®
Csedd Karoly*, Mathé Imre'

! Szegedi Tudomanyegyetem, Farmakognéziai Intézet, 6720 Szeged, E6tvos u. 6.

? 5zegedi Tudomanyegyetem, Szerves Kémia Tanszék, Szeged

® Debreceni Egyetem, NOvénytani Tanszék, Debrecen

* Marosvasarhelyi Orvosi Gyobgyszerészeti Egyetem, Farmakognézia Intézet, Marosvasarhely

Piants of the family Ranunculaceae are known to produce a high variety of diterpene and norditerpene
alkaloids. Many compounds exhibit high toxicity and a broad spectrum of pharmacological activities. In the
course of our study the diterpene alkaloids of Aconitum anthora, A. vulparia, A. toxicum and A. moldavicum
were investigated. The compounds were isolated from the alkaloid-containing fractions by means of
multistep chromatographic purification, using CC, VLC, PLC, CPC and geichromatography. The structures
were determined with the aid of mass spectromelry and advanced NMR techniques. Several new
norditerpene alkaloids were identified from A. vulparia and A. toxicum. With except of isothalatisidine,
delcosine and lycoctonine all alkaloids were reported for the first time from the investigated plants. Some of
the isolated alkaloids are structurally very similar to compounds, which were active in different in vitro and in
vivo experiments, thus the pharmacological investigation of the alkaloids reported here seems to be
reasonable.

Keywords: Aconitum anthora, Aconitum vulparia, Aconitum moldavicum, Aconitum toxicum, Ranunculaceae,
diterpenealkaloids.

BEVEZETES

Aconitum fajokat és hatéanyagaikat évezredeken at alkalmaztak a gyégyaszatban
kaldnb6zd civilizaciokban. Az eurbpai hivatalos orvoslds a XIX. szdzadban az Aconiti
tubert, ennek tinkturajat, extraktumat és tiszta hatéanyagat, az akonitint hasznalta
neuralgias koérképek kezelésére, majd ezek a készitmények toxicitdsuk és az
alkaloidtartalom nagyfoku ingadozasa miatt fokozatosan kiszorultak a terapiab6l. Ma az
egyre népszerlbbé valé homeopatias gydgyaszat termékeiben talalkozhatunk Aconitum
kivonatokkal, ilyen készitmények egyre novekvd szamban jelennek meg az eurdpai
gyogyszerpiacon.

A tavol-keleti medicina (Kina, India, Japan, Kérea) szamdra az Aconitum drogok
nemcsak térténeti jelentéséguek, alkalmazasuk kilénbozéképpen feldolgozott
készitmények formajaban mind a mai napig fennall. Fajdalomcsillapité, antireumatikus és
kardiotonikus hatasu termékek és kilséleg helyi érzéstelenitéként alkalmazott
készitmények ma is a medicina fontos részét képezik [Hou 2005). Az Aconitum fajok mint
erds fiziologiai aktivitasi vegylletek forrasai mas szempontbdl is érdekesek a
gyogyszerészet, a gydgyszerkutatds szamara. F& hatdanyagaik, a diterpén- és
norditerpénalkaloidok markans kardiovaszkularis és kézponti idegrendszeri hatassal
rendelkeznek, ezért gyodgyszerfejlesztések vezérmolekulai vagy 6tletadé vegylletei. A
diterpénalkaloidok erés fiziologiai aktivitdésa leggyakrabban a feszlltségfuggd Na-
csatornara kifejtett, a vegyiletek szerkezetétdl fuggden aktivalé vagy gatlé hatasnak
tulajdonithaté, amelynek kévetkeztében antinociceptiv, antiaritmias vagy antiepileptikus
hatast fejtenek ki [Ameri 1998, Frise 1997). Az 1980-as évek végén forgalomba hoztak egy
tiszta alkaloidot (lappakonitin) tartalmazé gyégyszert, melyet antiaritmids szerként
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alkalmaznak a gyogyaszatban. Tovabbi igéretes gy6gyszerjellt molekula a metil-
likakonitin, amely mar nanomolaris koncentraciéban kompetitiv antagonista hatast fejt ki
az a-bungarotoxin-érzékeny nikotinos acetilkolinreceptorokon. Ez a vegyulet a Parkinson-
kor, a szkizofrénia, a Tourette-szindréma gybgyitasara kifejlesztendé gyoégyszerek
kutatasaban jatszik szerepet [Caroll 2007, Hardick 1996]. Tovabbi Aconitum-alkaloidok a
GABAs-receptoron kifejtett hatasuk kovetkeztében kiemelt érdeklédésre tartanak szamot
{Zhao 2003).

Az Aconitum-alkaloidok érdekes farmakoldégiajuknak, magas aktivitasuknak
kdszonhetden intenziven kutatott vegylletek, ma egyre névekvd igény mutatkozik Ujabb, a
gyogyszerfejlesztés szamara perspektivikus vegylletek megismerésére, a vegyuletcsoport
farmakologiajanak, toxikolégiajanak mélyebb értékelésére. Munkacsoportunk 2002-ben
inditotta el kutatdsi programjat, amelynek célja a Karpat-medencében honos Aconitum
fajok diterpénalkaloidjainak izolalasa, szerkezet-azonositasa és farmakologiai vizsgalata.

ANYAGOK ES MODSZEREK

Néveényi nyersanyagok: Az Aconitum vulparia Rchb. fold feletti részét Nagyvazsony
térségében, az A. toxicum Rchb. gySkerét Maroshéviz mellett, az A. anthorat L. a Fuzéri
varhegyrél és Tar-kérél, az A. moldavicumot L. Karpataljan gydjtéttuk be.

Extrakcio, kromatogréfia: A ndvényi nyersanyagok kivonasat metanollal perkolalassal
végeztuk. A folyadék-folyadék kozti megosztas kilonbozé pH-értéken kloroformos
kirazassal tortént. Oszlopkromatografidhoz -szilikagél (Silica gel 60, 0,063-0,200 mm,
Merck), poliamid (ICN) és aluminium-oxid (Aluminiumoxide Neutral, Brockmann Il, Reanal)
alléfazist hasznaltunk. A vakuum-folyadékkromatografias elvalasztdsok soran aluminium-
oxid (Aluminiumoxide G, Type E, Merck) és forditott fazisu szilikagél (LiChroprep RP-18,
25-40 ym, Merck) all6fazist alkalmaztunk. A preparativ rétegkromatografias elvalasztast
szilikagél (20x20 cm Silica Gel 60 Fgsq, Merck) és  aluminium-oxid (20x20 cm
Aluminiumoxide 60 Fzs4) TLC-lemezen végeztik. A gélkromatografias elvalasztas soran
Sephadex LH-20 (Pharmacia Fine Chemicals) all6fazist alkalmaztunk. A centrifugalis
rétegkromatografias elvalasztast Chromatotron tipusu készulékkel (Model 8924, Harrison
Research) sajat készités aluminiumoxid- és szilikagél-rétegen végeztuk.

Szerkezetmeghatarozds: Az izolalt vegylletek szerkezetét NMR spektroszkopias
modszerek [Bruker Avance DRX 500 spektrométer, 500 ('H), illetve 125 MHz (°C); 'H-
NMR, JMOD, 'H,'H-COSY, NOESY, HSQC és HMBC spektrumok] és nagyfelbontasu
tomegspektrometrias mérések (Finnigan MAT 65 S és VG ZAB SEQ hibrid
tomegspektrométer) segitségével hataroztuk meg.

EREDMENYEK, MEGBESZELES

Az Aconitum fajok diterpénalkaloidjainak izolalasat megelézéen kildnbozd leléhelyrél
szarmazo novénymintdk és kulonb6zé novényrészek alkaloidosszetételének és
alkaloidtartalmanak rétegkromatografias szlrévizsgalatat végeztuk el. A klasszikus
alkaloid izolalasi moddszerrel készitett extraktumokat szilikagél rétegen teszteltik
Dragendorff-reagenssel végezve a detektalast. Magas alkaloidtartalom és gazdag
alkaloiddsszetétel mutatkozott négy faj, az A. vulparia, A. anthora, A. toxicum és A.
moldavicum esetén, igy ezeket valasztottuk ki részletesebb névénykémiai vizsgalatok
céljara.

Az egyes fajok preparativ feldolgozasa kulonbozéképpen tortént a jelenlévd
alkaloidok és kisérbanyagok eltér fizikai, kémiai tulajdonsagai miatt. Az A. anthora esetén
az altaldnosan alkalmazott alkaloidizolalasi technika, amely metanolos extrakciét, majd a
kivonat savas és lugos pH-értéken torténd folyadék-folyadék kézti megosztasat foglalja
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magaba, eredményes elvalasztasat eredményezett. A savas kozegbdl kirazott lipofil
frakcid a ballasztanyagokat tartalmazta, a lugos kbzegbdl ezt kovetéen nyert lipofil
frakcioban pedig az alkaloidok dusultak fel. Az A. vulparia alkaloidjainak kinyerése esetén
ez a klasszikus eljaras csak bizonyos modositasokkal volt alkalmazhaté, ugyanis a savas
pH-értéken kapott kloroformos frakcié is tartalmazott alkaloidokat. Ezeket a
komponenseket ismételt faziscserével sikerllt a nagy mennyiségli kiorofilltol
elvalasztanunk. Az A. foxicum esetén egy uj, pH-valtoztatas nélkili, az esetleges bomlas,
mutermékképzédés esélyét csdkkentd elvalasztasi médszert dolgoztunk ki. A metanolos
kivonatot oszlopkromatografiaval, poliamid szorbensen tisztitottuk 20%-0s és 40%-0s
MeOH-lal végezve az eludlast a klorofill és a fenolos vegylletek eltavolitasa céljabol. A
20%-0s MeOH-lal nyert eluatumban halmozddtak fel az alkaloidok, ezen kivil klorofill és
mas kiséréanyagok csak kis mennyiségben voltak jelen. Az A. moldavicum esetén
ugyancsak egy tovabbfejlesztett, modositott izolalasi eljarast alkalmaztuk, amelyre azért
volt szilkség, mert a pH-gradiens alkaloidkinyerés (faziscsere) nem biztositotta az
alkaloidok és ballasztanyagok elvalasztasat. A kidolgozott Uj eljaras nemcsak megfeleléen
szelektiv, de egyuttal kiméletes is, az észtertipusu diterpénalkaloidok bomlasnélkiili
kinyerését tette lehetéve. Az A. moldavicum guméjabdl metanolos kivonatot készitettink,
majd ezt aluminium-oxid oszlopkromatografiaval gradiens eluciéval frakcionaltuk.

A kllonbozd kisérletekben nyert alkaloidfrakcidkat tébblépéses

kromatografias [vakuum-folyadékkromatografia (VLC), centrifugalis
rétegkromatografia (CPC), oszlopkromatografia (CC), gélkromatografia (GC), preparativ
rétegkromatografia (PLC)] elvalasztassal tisztitva nyertik a tiszta vegytleteket. Az izolalas
soran normal és kémiailag médositott szilikagél és aluminium-oxid alléfazist valamint
kiulénbozé osszetétell mozgofazisokat hasznaltunk, a gelfitraciét metanollal, acetonnal
vagy kloroform-metanol 1:1 eleggyel végeztuk Sephadex LH-20 gélen.

Az izolalt anyagokat spektroszképiai modszerek segitségével azonositottuk,
elsésorban egy- és kétdimenziés NMR modszereket ('H-NMR, JMOD, 'H,'H-COSY,
NOESY, HSQC és HMBC) és tomegspektroszkopiat (HREIMS, HRESIMS) alkalmaztunk.
Meghataroztuk a vegyuletek jellemzésére szolgalé spektralis adatokat (‘H-, *C-NMR
kémiai eltolodasertékek, csatolasi allandék, ultraibolya elnyelés) és fizikai jellemzéket
(olvadésPont, optikai forgatdképesség).

Az 'H-NMR és JMOD spektrumok adatait irodalmi adatokkal 6sszevetve elészér arrél
tajékozddtunk, hogy ismert vagy U vegyuletrl van-e sz6, majd az Ujnak mutatkozé
vegylletekkel teljes szerkezetanalizist végeztunk. Ennek keretében a JMOD és HSQC
spektrumok alapjan azonositottuk a molekulat felépité metil-, metilén- metincsoportokat,
kvaterner szénatomokat és szubsztituenseket, majd a skalaris proton-proton
kolcsonhatasokat értékeltuk, s igy molekula-részszerkezeteket vezettink le. Ezek
kapcsolédasat heteronuklearis tavolhatd korrelaciok segitségével bizonyitottuk. A
molekulakonstitucié azonositdsa utan vizsgaltuk az alkaloidok térbeli szerkezetét a
NOESY spektrumokban detektalt Overhauser-effektusok felhasznalasaval, és
részletességi NMR vizsgdlatot végeztink korabban mar ismert vegylletekkel is
irodalomban még nem k6z6lt spektralis adataik meghatarozasa céljabél.

Munkank eredményeként Uj norditerpénalkaloidokat azonositottunk, igy a vulparint,
akovulparint és akotoxinint (1. Abra), valamint korabban mar ismert vegyuleteket
(izotalatizidin, izotalatizidin-8,14-dimetiléter, hetizinon, szeptentriodin, delkozin, likoktonin,
antranoil-likoktonin, N-dezetil-N-metil-likoktonin, finetiadin, delektinin, akonitin, szongorin,
szongoramin) nyertunk.
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akovulparin vulparin akotoxinin

1. Abra Uj norditerpénalkaloidok az Aconitum vuipariabél (akovulparin, vulparin) és az A. toxicumbo6l
(akotoxinin)

Harom komponens (izotalatizidin, delkozin, likoktonin) kivételével valamennyi
diterpén- és norditerpénalkaloidot eiséként mutattunk ki az adott novényfajbél.

Az izolalt diterpénalkaloidok farmakolégiai vizsgalata a szerkezetek ismeretében igen
perspektivikusnak tinik. Tébb vegyulet natriumcsatorna blokkolé és aktivald, nikotinos
acetilkolinreceptoron és GABA receptoron haté molekuldkkal szoros szerkezeti rokonsagot
mutat. Az altalunk nyert anyagok kdzponti idegrendszeri hatasanak elektrofiziologiai
vizsgélata a Pécsi Tudomanyegyetem Kisérletes Allattani és Neurobiolégiai Intézetében
megkezd6dott. Patkanyagy neokortikalis, hippokampalis és talamikus neuronokon in vivo
vizsgalatuk folyik.
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The BioArena system, which integrates the up-to-date methodology and biological results of conventional
bioautography with planar layer chromatographic techniques (advantageously with linear off-line OPLC), is
especially suitable for investigating biochemical interactions in an adsorbent layer after chromatographic
separation. The results from BioArena show that formaldehyde (HCHQO) which can originate from pathogen
cells in some situations or from methylation-demethylation-oxidation processes in the spots, can play a
special role in the antibiotic activity of trans-resveratrol and other antibiotic-like compounds. However, when
L-arginine and glutathione were used as endogenous HCHO-capturing molecules in the culture medium the
antimicrobial activity of the antibiotic compounds on the adsorbent layer decreased substantially. Cu(ll) ion
as HCHO mobilizing and coordinating molecule could increase dramatically the antibioc effect of trans-
resveratrol . HCHO and H,0, as normal endogenous components are present in different cells so there is a
possibility for their interaction in which singlet oygen can be formed This very reactive oxygen derivate can
oxidize the water molecules and so H,O; forms from which with disproportion — among others — ozone can
be formed in the chromatographic spots as well. The elimination of ozone from the chromatographic spots
results in the decrease of the antibiotic effect of antibiotics.

Key words: antibiosis, antibiotics, BioArena, bioautography, formaldehyde cycle, formaldehydome, OPLC,
ozone, TLC

The infectious agents can be the causes or risk factors for various human diseases,
which are one of the most changeable and exciting areas of clinical practice [10,11]. It is
especially important fact that e.g. 98% of death of children in developing countries is
resulted from infectious diseases [3].

Among the cell proliferation promoting and retarding factors antibiotics are the most
important molecules, which are originating from the antibiosis processes [4]. The word
antibiotic is very broad and includes widely disparate mechanisms. Although the ,antibiotic
era” is barely five decades old, mankind is now faced with the global problem of emerging
resistance in virtually all pathogens. Surveys have revealed that almost no group of
antibiotics was introduced to which resistance has not been observed [5]. The resistance
of microbial strains to antibiotics is a big problem in the field of antimicrobial animal and
human therapy [25]. Due to increasing microbial resistance in medicine and agriculture,
discovery of new antibiotics is an especially important research objective.

The biological systems as microbes or plants contain thousands of constituents and
are a valuable source of new and biologically active molecules e.g. antibiotics,
antineoplastics, herbicides and insecticides [3,24]. Medicinal plants have been used for
centuries as remedies for different human diseases: they contain substances of
therapeutic value. For their investigation, it is important to have suitable biological assays
and chemical screening methods. Modern aspects of the biological detection mean the
discovery of new antimicrobial agents with novel modes of action through mechanism of
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action investigations to bioactivity-guided fractionation/isolation and development of animal
experimental model.

In this paper we summarize the advantages of BioArena as a complex bioautographic
system in the study of plant ingredients.

TECHNICAL AND BIOCHEMICAL BACKGROUND OF THE INVESTIGATIONS

Technical background

The biological potential of the direct bioautography is much bigger than it seems from
excellent up-to-date results. The exploitation of this potential occurs in the so-called
BioArena system [20,21], which is the first further development of the original direct
bioautography.

chromatoplate
change of conditions

OPLC<—1—> Bioautography

BioArena

i evaluation spectroscopic
visual (FTIR, MS, NMR etc )

Tb

Figure 1. The main steps of the BioArena
(From Tyihak E etal J Planar Chromatogr, 2005,18. 67. With permission).

Figure 1. shows the basic elements of the BioArena [20,21]. It has to be pointed out
that BioArena is based on the direct bioautography with exploitation of its all advantages. It
is a system which integrates the advantages of planar layer liquid chromatography (ideally,
versions of linear off-line OPLC [15,19]) and basic direct bioautography [1,2] as well as
visual and spectroscopic evaluation of spots before and after inoculation. This integration
utilizes the possibilities of interactions of microbes with dye substances and with other
small and large co-factor molecules in the planar layer adsorbent bed after a
chromatographic separation. These endogenous and/or exogenous molecules are
available unlimitidly for the cells of the indicator organism from the culture medium on the
adsorbent layer [20,21).

Occurrence and role of HCHO in biological systems - formaldehydome system

Study of the interactions between microbes or other living cells and antibiotic-like
(more exactly, cell proliferation influencing) compounds and key endogenous and
characteristic exogenous molecules on a planar layer adsorbent bed promises to furnish
new information about the function and role of formaldehyde (HCHO) as a small,
indispensable, endogenous molecule during the cell proliferation, differentiation and
disease resistance in general [17].

HCHO - similarly to hydrogen peroxide (H.O,) another small molecule - is an
endogenous component, mainly in the form of hydroxymethyl groups, of all biological
systems [17,18]. It is typically formed during enzymatic methylation and demethylation
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processes, but there are other origins of this simplest aliphatic aldehyde in biological
systems [8,17,18]. It has become increasingly evident that there is a primary HCHO cycle
in biological systems in which the S-methyl group of L-methionine can be formed from
HCHO originating from natural HCHO generators and that the HCHO-yielding function of
S-adenosy!-L-methionine (SAM) is an essential component of this fundamental biological
pathway [17,18].

The term “formaldehydome” means the complete set of HCHO-cycle-mediated and
non-mediated HCHO pathways of a given biological unit (Figure 2). The quality of the
distribution of HCHO molecules in methyl and/or hydroxymethyl/formyl groups (e.g. hypo-
or hypermethytated regions in DNA or methyl groups in histones) and at the same time the
demethylation of the different methylated/hydroxymethylated compounds (e.g.
demethylation of N-methylated L-lysine molecules in histones [9]) fundamentally affect the
composition of the formaldehydome and give a characteristic profile for a biological unit.

e Interactions Acceptors
Ondahon H CH Alkytation
+
Hydrolysus ORIGIN Reduction
Methylated
= o)
DEMETHYLATION METHYLATION

and other origins

Figure 2. Basic elements of the formaldehydome
(From Tyihak E et al, J Planar Chromatogr, 2005, 18: 67. With permission)

Although the role of HCHO in the induction of neoplasia and atherosclerosis has
been widely discussed [12], the real function of HCHO in these processes is unknown. The
unknown reactions of HCHO demand a new approach to analyse parts of the
formaldehydome with special emphasis on the detailed mechanisms of different means of
endogenous and exogenous HCHO capture, donation, and transfer, etc. Although
conventional bioautography [1] can be used for biological detection of the antibiotic effect it
is not suitable for studying and understanding all the complicated reactions involved. It is
supposed that these HCHO reactions in cells occur among other chemical reactions.
Model experiments are necessary with complex separation and detection systems. One
solution is the BioArena system. HCHO is practically present in all “-ome” systems: all big
biological units as the genome, proteome, metabolome etc. are interlaced by dynamic
methylation-demethylation processes [22].

Interactions between HCHO and H,0,
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HCHO - simitar to H,O,— is an endogenous, indispensable component of all
biological systems. These small molecules can be continuously formed by almost all celis,
both intraceliularly and extracellularly [17,18]. The inhibiting-killing activity of HCHO
released

can be further increased by means of the interaction with H,O,, that is, HCHO and
H,O, can meet in different regions of cells and so they can interact endogenously. In this
interaction the very reactive singlet oxygen (‘O,) and excited HCHO can be formed
{14,16].

It is a recent observation that antibodies can catalyze the generation of very reactive
biological oxidants including dihydrogen trioxide (H,O3) with a ring skeleton and ozone
(O3) in the interaction of 'O, with H,O [26,27]. It is supposed that HCHO, originating from
the formaldehydome system, is also present in the activity process of antibodies and it
may be in general one basis of the formation of 'O, in this complicated system. (Figure 3)
ilustrates the reaction series supposedly, taking into account the earlier and more recent
observations [13,16,23,26,27]. It is probable that the mechanism of bacterial kiling by
antibodies and antibiotics is based on similar or the same principle. These very reactive
small molecules - from HCHO to O; — may be crucial factors of the innate (natural)
resistance and form a common bridge between the innate (natural) and adaptive (induced)
resistance in plant and animal organisms, alike [22).

Biological unit

methylation-demethylation
processes
and other searches

HCHO + H,0
‘_/"/ ‘ \..\'b

v v
10, H*CHO
l+ HO 2

H,0,

g

0; H,0,+3%,

Figure 3. Possibilities of formation of different reactive oxidants in the interactions of HCHO and H,0,.

These reactive small molecules can also be formed in the chromatographic spots
after inoculation and so they can be studied in a relatively separated form from the
biological system. -
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MATERIALS AND METHODS

Chemicals

The test substances were purchased from Sigma-Aldrich Ltd., Budapest, Hungary.
Dye reagent: 3-[4,5-dimethylthiazol-2-yl}-2,5-diphenyltetrazolium bromide (MTT) (Sigma-
Aldrich Ltd., Budapest, Hungary) was used to visualize the antimicrobial activity. MTT was
dissolved in distilled water and the solution was used immediately after preparation.

Other chemicals

All solvents and other chemicals were of analytical grade and were purchased from
Merck Co., Ltd. (Darmstadt, Germany) and REANAL Co., Ltd., (Budapest, Hungary).

Separation methods

TLC: TLC chromatoplates covered with silica gel 60 F,s4 (Merck Co., Ltd., Darmstadt,
Germany) were used.

The test substances were spotted onto the adsorbent layer (after a precondition at T
=120°C, t = 3 h [1,2]) with micrometer syringe and automatic sample applicator (CAMAG
Co., Ltd., Muttenz, Switzerland). The chromatograms were developed in TLC chamber
using different eluent systems (e.g. chloroform-methanol 80+8 (v/v)), next the
chromatoplates were dried and after that were ready for bioautographic detection.

OPLC: Sample application was carried out onto the dry adsorbent layer (after a
precondition at T = 120°C, t = 3 h [1,2,21]) using micrometer syringe or Nanomat sample
applicator (CAMAG Co., Ltd., Muttenz, Switzerland).

An automatic OPLC instrument was used which consisted of the liquid delivery
system and the separation chamber (OPLC-NIT Co., Ltd., Budapest, Hungary). Cassette
containing the chromatoplate with samples can be inserted into the chamber [19]. After the
separation process the cassette can be pulled out and the chromatoplate is dried and it
can be used to bioautographic detection.

Chromatographic conditions in OPLC instrument were as follows: chromatoplate,
silica gel 60F 254 (Merck Co., Darmstadt, Germany) with all edges sealed. Chromatographic
conditions: e.g. chloroform-methanol 80+4 (v/v), external pressure, 5.0 MPa; flow rate, 250
pi/min; eluent volume, 8700 pl. Separation time, 2680 sec.

Bioautography

For the bacterial biotest, the ~phytopathogen  Pseudomonas savastanoi pv.
phaseolicola race 6, causing halo blight on bean was used. Bacterial cells were grown on
a rich medium (King's B broth) [21] at 28°C, at 200 rpm on centrifugal shaker, until they
reached late exponential phase (OD560 nm = 0.7), corresponding to 1.5 x 10° cells.mL

" Just before use, 50 % vol. of fresh medium was added to the culture and different
co-factors were added to medium as well. Having completed the development, dried
chromatoplates were immersed into the bacterial suspension of Pseudomonas savastanoi
for 20s. Visualisation of the chromatograms with MTT was performed either after a short
draining period or after an overnight incubation [21].

RESULTS AND DISCUSSION

Effect of deprivation and mobilization of HCHO on the antibacterial activity

Interaction and double effect of trans-resveratrol [20,21). It has been established that
trans-resveratrol (TR), a common food component in grapes, wines etc. can interact with
HCHO in model chemical experiments and in biological systems (e.g. pig heart tissue)
[18]. The mobilization of HCHO from a biological unit by TR is a totally new approach to
the ,red wine” topic and so is its double effect : first, the elimination of HCHO by TR may
cause a chemopreventive effect, second, the reaction products between TR and HCHO
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may act as killing/inhibiting factors e.g. against pathogens or cancer cells. This double
effect of TR may be one basis of its most diverse beneficial activities.

: ; : ] e g - EERES
01 05 1ug 0.1 05 1pg 0.1 05 1ug 01 05 1ug 01 05 1ug
trans-resveratrol trans-resveratrol trans-resveratrol trans-resveratrol  trans-resveratrol
Figure 4. Effect of endogenous and exogenous substances on the antibacterial activity of trans-resveratrol

Chromatographic conditions: silica gel 60F,s, (Merck after preconditioning at 120°C for 3 h), chloroform —
methanol, 80 + 8 (v/v); automatic OPLC instrument: external pressure 5.0 MPa, flow - rate 250 ml min™,
mobile phase volume 9700 ul, eluent flush 450 ul, and separation time 2375 s.

Biological conditions: A: Pseudomonas savastanoi bacterial suspension (Psm), B: Psm + 2 mg L-arginine in
1 mL Psm; C: Psm + 2 mg glutathione in'1 mL Psm; as well as E: 2 mg CuSO,.5H,0 in 100 mL bacterial
suspension. A and D are controls.

The BioArena system gives a good possibility for studying the microchemical
reactions of TR with HCHO using endogenous HCHO capturer and mobilizing molecules
in the culture medium. (Figure 4) illustrates that TR really behaves as an antibacterial
antibiotic against Pseudomonas savastanoi pv. phaseolicola. The control (bacterial cell
suspension only) sheet shows this clearly. Adding endogenous HCHO-capturing
molecules such as L-arginine and glutathione to the culture medium with bacterial cells,
the antibacterial activity of TR decreases dose-dependently. TR can mobilize the HCHO
from the bacterial cells to TR spots as well.

The second part of the figure shows the effect of Cu (Il) ions on the antibacterial
activity of TR Cu(ll) ions mobilize, and coordinate the HCHO molecules in hydroxymethyl
groups [23] and so they can transport HCHO molecules to TR spots. The antibacterial
activity of TR can be increased dramatically using a higher amount of Cu (ll) ions in the
culture medium [21] (Figure 5).
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g
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trans-resveratrol  frans-resveratrol trans-resveratrol  frans-resveratrol

Figure 5. The effect of copper (ll) ions on the antibacterial activity of trans-resveratrol — non linear effect!
(From Tyihak E et al, J Planar Chromatogr, 2005, 18. 67. With permission).

Salicylic acid is a well known ,old plant medicine”. The antimicrobial activity of this
phenolic acid has also written. Figure 6 demonstrates the antibacterial activity of salicylic
acid and when using HCHO capturer molecules similarly to earlier investigations, this
activity is also characteristically decreased. It follows from these results that salicylic acid
acts through HCHO and its reaction products. This statement is supported by the last
chromatogram sheet where the effect of vitamin C is shown. The L-ascorbic acid as
reducing agent reduced the HCHO molecules so the antibacterial activity of the salicylic
acid is decreased appreciably.

05 1 2ug 05 1 2ug 05 1 2pg 05 1 2ug
salicylic acid salicylic acid salicylic acid salicylic acid
Figure 6. Effect of endogenous and exogenous substances on the antibacterial activity of salicylic acid.

Chromatographic conditions: silica gel 60F,s, (Merck), mobile phase: chioroform-methanol 80+ 8 (v/v);
Desaga glass TLC chamber.

Biological conditions: A: Pseudomonas sp., Psm, control; B: A + 2 mg L-arginine in 1mL Psm; C: 2 mg
glutathione in 1 mL Psm. D: A + 1mg L-ascorbic acid in 1 mL Psm. Incubation at optimum temperature and
detection with MTT.
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Elimination of O3 from the chromatographic spots and its effect on the antibacterial
activity of antibiotics

it follows from the essence of BioArena system [20,21] that there is an unlimited
possibility for the interactions between microbes and biologically active small and big
compounds in the adsorbent layer bed of a chromatoplate. We exploited this possibility
using cinnamic acid as an antibiotic-like compound. Figure 7 shows the antibacterial
activity of the cinnamic acid (Figure 7 a). It is supposed that O; can be formed in the
chromatographic spots of cinnamic acid, which is responsible mainly for this antibacterial
effect. O; can orniginate from the interaction between HCHO and H;O; in which in the first
time singlet oxygen can be formed, which can oxidize the water molecules and so H,0,
can be formed. From H,O3 with disproportion — among others — O3 a super killing factor
forms (see Figure 3). Using Indigo Carmine for elimination of O; molecules from the
chromatographic spots of cinnamic acid it has been established that in the presence of
Indigo Carmine decreased really dose-dependently the antibacterial activity of cinnamic
acid as it can be seen on Figure 7. Modifying the light and contrast conditions on the
picture of chromatogram in computer the effect of Indigo Carmine on the antibacterial
activity of cinnamic acid seems more attractive as it can be observed on Figure 8.

A B C D

pvy <

05 1 2ug 05 1 72ug 05 ¥ 2ug 05 1 2pg
cinnamic acid cinnamic-acid cinnamic acid cinnamic acid
Figure 7. Effect of Indigo Carmine on the antibacterial activity of cinnamic acid.

Chromatographic conditions: silica gel 60Fzs, (Merck); mobile phase: chloroform-methanol 80+8; (v/v);
Desaga glass TLC chamber.

Biological conditions: A: 100 mL Pseudomonas savastanoi suspension, Psm, B- A +10 mg Indigo Carmine;
C: A + 20 mg Indigo Carmine; D: A + 40 mg Indigo Carmine. Incubation and detection with MTT

The animal experiments are very expensive and sometimes raise severe moral
issues. Therefore, searching for new solutions is both useful and actual. In this complex
system there is a possibility for isolation of potential medicinal products as antibiotics or
antineoplastic substances. It may be a BioArena-guided isolation procedure and at the
same time an evaluating system, which leads to production of new pure ingredients
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cinnamic acid cinnamic acid cinnamic acid cinnamic acid

Figure 8. as figure 7 after special balance of light and contrast conditions of chromatogram picture.(in
computer).

The combination of chemical and biological screening has been proved to be very
efficient for the survey of a number of extracts and for the isolation of new plant
ingredients. Plant active components of biologically interest are usually isolated following a
bioactivity-guided fractionation procedure which can include conventional and modern
(BioArena system) biological detection, as well. The parallel development and application
of different biological detection methods is also crucial for exact and efficient localization of
the active components [7]. However, the development of BioArena system (eg.
coordination of operating steps, using aimed series of endogenous and/or endogenous
molecules [21]) opens new horizons in the bioassay-guided fractionation and isolation
works.

CONCLUSIONS

The use of the potentialities of the TLC/OPLC techniques for the separation, isolation
and identification of the constituents of plant and other extracts [7] as well as complicated
reaction mixtures (e.g. in combinatorial chemistry) (6] is an especially actual task. The
possibilities of the biological detection also include the application of the conventional
versions of bioautography to new antimicrobial agents with novel modes of action.
However, these conventional solutions are not suitable for studying and understanding all
the complicated biochemical reactions involved. Model experiments are necessary with
complex separation and detection systems in micro- and ultramicroassay level. One
solution is the BioArena system, which integrates the advantages of the layer
chromatographic separation (ideally linear OPLC (15,19]), and e.g. direct bioautography
[1]. This integration exploits the possibilities of interaction of microbes with dye substances
and with other small and large co-factor molecules in the layer adsorbent bed of layer
arrangement after chromatographic separation that makes these endogenous and/or
exogenous co-factor molecules available as a culture medium for pathogenic cells. In
these interactions HCHO and its reaction products appear as key molecules of the
formaldehydome. Thus, in the biological world, they participate in a series of practically
unknown interactions in different tissues (cells). Although, HCHO as a key molecule and
its reaction products can generate surprising and new reactions in model experiments,
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further biochemical key motecules can hopefully also be studied in BioArena or in similar
new model systems.
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A kromatografia szerepe az anabolikus hatasu ekdiszteroidokat

tartalmazé novényfajok felfedezésében
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Magyarorszag
e-mail: bathori@pharm.u-szeged.hu

The aim of the present work was to study the ecdysteroid occurrence and distribution within the plant
flora.

Mainly randomly selected plant species were examined and compared for the presence of
ecdysteroids. A fast, rapid, robust and economical screening strategy was elaborated for the analysis
of this compounds in the plants to select new suitable sources of ecdysteroids. This strategy based on
TLC utilized the special advantages of this method.

The results proved the erratic distribution of ecdysteroids in the plant word. The occurrence of
ecdysteroids within some particular family was also- screened.in detail from taxonomic point of view.
The most widespread data were assessed for Caryophyllaceae, Asteraceae and Lamiaceae family.
The most frequent occurrence was observed in the members of Caryophyllaceae family (69%) and
the highest concentration of ecdysteroids was demonstrated in the species of Asteraceae (= 2 %).
The results revealed that —the ecdysteroids can be considered as taxonomic
markers in the Silene genus of Caryophyllaceae.

Keywords: Ecdysteroid distribution in the plant species, Asteraceae, Caryophyllaceae, Silene
species, Taxonomic markers

Bevezetés

A szteroid hormonok az élévilagban igen elterjedtek. Mig a gerincesekre
jellemzé szteroid hormonok mellett a brasszinolidok a novények noévekedési
hormonjai, addig a gerinctelenek szteroid hormonjait az ekdiszteroidok alkotjak. Ezek
a vegyuletek igen elterjedtek a nagyszamu rovarvilagon kival mas allatfajokban és a
ndvenyekben is.

Az ekdiszteroidok a rovarokban fejlédésszabdlyozé hormon szerepet toltenek
be, a rovar embriogenezist, vedlést, diapauzat specidlisan iranyitdé, a pete- és a
spermiumérést befolyasolé anyagok [9]. Exogén ekdiszteroid bejuttatdsaval a rovar
szervezetébe fejlédési rendellenességet, torzalakusagot, életképtelen formak
letrejottét lehet eléidézni.

A rovarfejlédési hormonokkal szerkezetileg rokon vegyulleteket véletlenszerten
fedezték fel a novényekben. A noévények gazdag nyersanyagforrdsai az
ekdiszteroidoknak, gyakran tébb nagysagrenddel nagyobb mennyiségben (50 ng/g-
30 mg/g) szintetizaljak ezeket a vegyuileteket, mint a rovarok [13]. A névényekben az
ekdiszteroidok védeimi szerepet toltenek be, védik a névényt a nem adaptalédott
rovarkartevéktél, talajférgektdl.

A névényekbdl nyert ekdiszteroidokkal megindulhatott ezeknek a vegyuleteknek
a farmakolégiai vizsgdlata, mely vizsgdlatok szamos jelentés farmakolégiai hatasat
bizonyitottak az ekdiszteroidoknak emlfés6kén [10,12]. Igazolt farmakoldgiai hatasaik
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kozil legkifejezettebb a fehérjeszintézist fokozé hatas, amely hatas nem jar egyutt
androgén, 6sztrogén és timolitikus mellékhatasokkal. [gy felhasznalasuk a terapiaban
vagy a sportban biztonsagos, szemben a tiltott anabolikumokkal. Mivel emlésdkdn
magas dézisban sem toxikusak (6 g/kg), megindult ezeknek a vegyuleteknek és
készitményeiknek alkalmazasa eisésorban, mint izomtémeg néveld és
teljesitményfokozé anyagoknak [10, 12].

Az anabolikus hatason kivl! adaptogén hatasuk miatt és fajdalomcesillapitoként is
alkalmazzak az ekdiszteroidokat és készitményeiket. Igéretes jeldltiei a jové terapias
felhasznalasnak neuroprotektiv, antiarrhythmias hatasuk miatt. Antihyperglykaemias
hatasuk alapjan oralisan alkalmazhat6 diabetikumok lehetnek [10, 12].

Szamos potencialis lehetdséget igér az ekdiszteroidok alkalmazasa a
géntechnolégia terlletén. A biotechnologiai ipar mar ma is széleskériien hasznalja
ezeket a vegyuleteket az ekdiszteroid indukalta génexpresszids rendszerekben [10, 12].

Az ekdiszteroidok, mint rovar hormonok mezégazdasagi szempontbdl a
természetbarat, kornyezetkiméld inszekticid (Insect Development and Reproduction
Disrupter) fejlesztések igénye miatt fontosak [8].

Az  ekdiszteroidok ipart méretekben is alkalmazott legalkaimasabb
nyersanyagforrasai a Leuzea carthamoides, Ipomoea fajok, Polypodium vuligare,
Achyranhtes és Cyathula fajok hazankban nem honosak vagy nehezen hozzaférhetéek.
Vilagméretekben is korlatozottan alinak rendelkezésre, gyakran kipusztuldban vannak
[12]. A begyiijtési korlatok mellett ezeknek 'a névényi nyersanyagoknak alacsony
hatéanyagszintje és az izolalasi nehézsegek jelentenek akadalyt az elényds ekdiszteroid
kinyerésre. A novények termesztésbe vonasaval lényegesen csokken a hatéanyag
szint. Ezek a nehézségek motivaltak az Uj novényi nyersanyagforrasok felkutatasara
iranyulé munkank.

Szerkezetiket tekintve az ekdiszteroidok, a szteranvazas vegyuletek egyik, jol
korulhatarolhaté csoportjat alkotjak [11). “A ‘szteran vazon a C-17-es helyzetben
altalaban Cg-C1o alkil vagy alkenil oldallancot viselnek (1. abra).

1. dbra. Az ekdiszteroidok altalanos szerkezeti vaza
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Altalanos jellemzojuk a 14a, a 3B hidroxilezédés, valamint a B gyliriiben a 7-én-6-
on kromofor csoport jelenléte. Tobbszérésen hidroxilezett (3-8 hidroxil), tobbnyire 5§-
androsztan sorba tartoz6 szteroidok.

Munkank célja

Egyszerli, sorozatvizsgalatokra  alkalmas, rétegkromatografidn  alapuléd
szUrévizsgalati stratégia kidolgozasa az ekdiszteroidok névényekben valé kimutatasara,
amely kis mennyiségl ekdiszteroid kimutatasat is lehetévé teszi.

Az ekdiszteroidok szlrévizsgalata, elterjedésik tanuimanyozasa a névényvilagban;

a megfeleld ekdiszteroid nyersanyagforrasok felkutatasa, melyek magas
koncentracioban tartalmazzak a fé ekdiszteroidot a 20-hidroxiekdizont vagy a
farmakolégiailag aktiv ekdiszteroidoknak alkalmas forrasai

A noévények ekdiszteroid profiljanak feltérképezése.

Az ekdiszteroidok sziirvizsgalatara hasznalt anyagok és mddszerek
Novényi nyersanyag
A szlrbvizsgalatra hasznalt novényfajok sajat gydijtésinkbdl és kilonbozd
botanikus kerti magtételbél felnevelt allomanybdl szarmaztak. Az egyes névényfajok
rendszertani meghatarozasat az MTA Okologiai és Botanikai Kutatéintézetben
(Vacratot), a Kertészeti Egyetem Gyogyndvény termesztési Intézetben (Budapest) és a
Szegedi Tudomanyegyetem Farmakognoéziai Intézetében végezték.

Szurbvizsgalatoknal hasznalt médszerek

Rétegkromatografia (TLC)

TLC-nél alkalmazott all6  fazisok: TLC silica 'plates 60 F254, 20x20 cm,
rétegvastagsag 02 mm (10-12 ‘um), TLC plates RP-18 WF254, 20x20 cm,
rétegvastagsag 0,25 mm , TLC aluminium sheets silica gel 60 F254, 20x20 cm (E.
Merck, Darmstadt, Németorszag), és Whatman KC18F (Whatman, Clifton, NJ, USA).
HPTLC plates CN F254 10x20 cm (5-7 pm) (E. Merck, Darmstadt, Németorszag).

NP-TLC-nél alkalmazott mozgé fazisok:

1. diklér-metan - etano! (96%) (8: 2, v/v),
2. etilacetat — metanol — ammaéna oldat (25%) (85: 15: 5, viviv),
3. toluol — aceton — etanol (96%) — ammonia oldat (25%) (100: 140: 32:9,
VvIVIVIV),
4 kloroform — metanol — benzol (25: 5: 3, vivi),
5. etilacetat — etanol (96%) — viz (16: 2: 1, VAWV),
RP-TLC-nél altaldban alkalmazott mozgo fémsok
6. metanol - viz (4: 6, v\),
7. acetonitni — viz (35: 65, viv),
8. acetonitril — 0,1%-os trifluorecetsav (35: 65, viv)
9. tetrahidrofuran — viz (45: 55, viv)
CN-TLC-nél alkalmazott mozgé fazisok:
10.  n-hexan - aceton (6: 4, ViV)
11.  acetonitril - viz (2: 8, viv)



A detektalast UV-fényben 254 nm-en (CAMAG UV-lampa, CAMAG, Muttenz,
Svajc) és vanillin-kénsav reagenssel térténd bepermetezés utan természetes fényen és
UV-fényben 366 nm-en végeztik. A detektalasra Shimadzu Ce¢-931 PC Scannert
(Shimadzu, Japan) és CAMAG TLC Scannert Il (CAMAG, Muttenz, Svajc) hasznaltunk.

Kényszeraramlasos kromatografianal kifejlesztési sebességek 0, 3; 0,4; 0,45; 0,5;
0,6 és 0,7 ml/perc voltak

Eredmeények és az eredmények értékelése

Az ekdiszteroidok sztirbvizsgélata

Az ekdiszteroidokban gazdag novényforras kivalasztasara, novényfajok
ekdiszteroid profiljanak feltérképezésére rétegkromatografids analiziseket hasznaltunk,
kihasznalva a rétegkromatografia sokoldalisagat. Kiterjedt szUrévizsgalatainkkal
lehetéségunk volt az ekdiszteroidok eloszlasanak tanulmanyozasara a novényvilagban s
egy-egy kisebb rendszertani egységben (nemzetség, sectio), valamint a kivalasztott
névények ekdiszteroid profiljanak feltérképezését is sikeresen oldottuk meg.

Vizsgalati modszeriink értékelése

Szlrévizsgalatainknal nem az érzékeny kimutatasokra, hanem a gyors, egyszer,
sorozatvizsgalatokra alkaimas analizisekre térekedtunk. Vizsgalati modszerunk szamos
eldnnyel rendelkezett az egyéb tesztelési moédszerekkel szemben. Igazi értéke
elsésorban multikomponensd keverékek analizisében és sorozatvizsgalatokra valo
alkalmazhatosagaban van. A TLC-vel szamos allé és mozgéd fazis parhuzamos
hasznalatara, tobb minta szimultan vizsgalatara vagy multidimenzionalis analizisére van
lehetdség. Minden komponens lathatéva teheté a lemezen, ellentétben a HPLC-vel. Egy
kifejlesztéssel vizsgalhaté az ekdiszteroidok széles polaritasi skaldja. Csekély
miszerezettséget kivané, egyszerl, gyors, gazdasagos médszer. Mintaelokészitést
nem igényel, szemben a HPLC-vel, amely sorozatvizsgalatoknal id6 és oldészerigényes
eliaras, az oszlop egyensulyi viszonyainak-bealldsahoz, az oszlop mosdsahoz nagy
mennyiségu olddszer szukséges, igy sorozatmérésekre nem gazdasagos a médszer.

A TLC felbontéképessége, specificitdsa egyértelmien megfelelt ezekre az
osszehasonlitd sorozatvizsgalatokra.

A sziirbvizsgélatok osszetettségét, a megbizhatd analizishez szilkséges lépések
szamat

- a minta ekdiszteroid tartalma és ekdiszteroid dsszetételének komplexitasa,

- az ekdiszteroidokkal interferald egyéb anyagok mennyisége hatarozta meg.

Az 2. abra az ekdiszteroidok szlrévizsgdlati stratégidjat mutatjia kilénbozd
mennyiségl ekdiszteroidot tartalmazé minta esetén, illetve, ha a minta nagy
mennyiségul ekdiszteroidokkal interferalé egyéb tipusu komponenseket tartaimazott.

Az eljaras elsd lépésében klasszikus adszorpcios TLC analiziseket végeztunk a
nyers névényi kivonatbdl szilikagél all6 fazison, 4 optimalizalt oldészer-rendszerinkkel,
parhuzamos kifejlesztésekkel, haromszoros detektalassal. Mozgd fazisaink egyszeri
kifejlesztésset kuldon-kilon is lehetévé tették a karakterisztikus ekdiszteroid azonositasat
(I. tablazat és 3. abra).
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2 abra. Az ekdiszteroidok sziirbvizsgalatanak stratégiaja ndvényekben
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nem
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nem
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sZtanyagéval

igen

Uj ekdiszteroid
?)

nem

Végezziik el az
izolalast és
szerkezet-

meghatarozast!
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I. tablazat. Az ekdiszteroidok TLC kromatografias jellemzoi (Re értékei (R ¢x100))

"OH- | " Afoltok szine vanillin- NP-TLC I RP-TLC [ CNTLC )

Ekdiszteroid csoporto kénsav reagensre mozgé fazisok
k UV/366 nm és lathatd 1. 2. 3. 4. 5. 6. 7. 8. 9. 10. 1.
. szdma | fényen

Ajugaszteron C 1 6 s.piros S.piros 35 - 34 35 45 29 34 - 47 35 24
Dakrihainanszteron 25 5 piros piros 48 - 55 63 71 10 21 - 34 50 15
24(28)-Dehidromakiszteron A 2 6 lila lila 39 - 32 36 48 30 36 31 52 29 35
2-Dezoxi-20-hidroxiekdizon 4 5 ibolya turkiz 43 42 49 46 53 29 33 31 52 44 32
2-Dezoxi-20E 22-glikozid 4e 4 ibolya tarkiz 10 7 8 14 17 46 53 51 69 7 50
5a-2-Dezoxi-integriszteron A § 6 ibolya turkiz 16 24 30 21 21 58 61 53 | 70 24 57
2-Dezoxi-integriszteron A 6 6 ibolya tarkiz 32 21 36 38 39 44 52 47 58 32 43
2-Dezoxi-polipodin B 7 6 ibolya tarkiz 60 - 46 49 60 24 32 30 46 - -
22-Dezoxi-20E 8 5 narancs narancs 26 23 30 34 47 30 34 32 58 31 3N
22-Dezoxi-integriszteron A 8 6 narancs narancs 22 16 18 25 36 39 42 39 61 21 57
9,20-Dihidroxiekdizon 10 7 ibolya kanarisarga 39 - 35 38 47 38 53 46 62 23 53 |
9p,20-Dihidroxiekdizon 11 7 ibolya okker - - 29 38 38 34 - - - 18 48
Ekdizon 12 5 ibolya v.sarga 33 27 35 40 41 33 38 35 61 30 30
Herkeszteron 26 7 piros piros 26 - - - - 57 54 - 68 21 51
5a-20-Hidroxiekdizon 13 6 ibolya tarkiz 28 23 32 38 38 | 49 54 50 | 65 21 46
20-Hidroxiekdizon (20E) 14 6 ibolya tarkiz 24 21 27 30 37 47 56 46 | 66 26 48
20-Hidroxiekdizon 22-acetat 14¢ 5 barnas kék barna 34 24 32 40 44 39 38 34 56 34 28
20-Hidroxiekdizon 22-benzoat 14e 5 ibolya tarkiz 32 37 27 39 42 30 - - - - -
26-Hidroxipolipodin B 15 8 ibolya rézsaszin 12 10 11 15 16 59 69 61 78 8 65
Integriszteron A 16 7 ibolya turkiz 18 15 16 24 29 55 63 56 70 11 54
1zovitexiron 17 6 ibolya s. z6ld 32 - 37 37 43 39 41 - 50 33 23
Makiszteron A 18 6 ibolya lita - - 31 38 40 57 49 41 - 28 37
Makiszteron C 19 6 ibolya ibolya 50 - 41 40 57 26 33 30 45 30 27
Muriszteron A 20 7 ibolya tlrkiz 38 24 28 39 57 36 36 32 42 40 36
25-Hidroxi-dakrihainanszteron 27 6 piros piros 21 - 27 28 37 52 54 - 68 24 46
Polipodin B 21 7 ibolya tarkiz 32 20 25 35 38 | 48 55 49 66 33 50
Posztszteron 22 3 ibolya barna 46 27 37 49 58 44 40 35 56 - -
Rubroszteron 23 3 ibolya sarga 46 27 37 47 55 59 52 47 66 46 48
Turkeszteron 24 7 S.piros S.piros 10 - 12 14 19 99 68 - 77 8 62
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3 abra. A Silene otites nyers kivonatanak (a) és a referencia anyagoknak (b) a denzitogramja. A TLC
elvalasztasoknal alkalmazott all6 fazis TLC silica plates 60 F254, 20x20 cm, a mozg6 fazis
diklormetan—etanol, 82 : 18 v/v volt. A karakterisztikus ekdiszteroidok elucids sorrendje a kévetkezd
volt: 1: integriszteron A, 2: 20-hidroxiekdizon, 3. 20-hidroxiekdizon 22-acetat, 4. 2-dezoxi-20-
hidroxiekdizon, 5: 2-dezoxi-ekdizon.

Tébb rendszerben (4 mozgofazis) parhuzamos kifejlesztéseket végezve altalaban
sikeresen végrehajtottuk a névényi mintak ekdiszteroid spektrumanak szlrévizsgalatat
(ecdysteroid profiling) [5, 6], referencia anyagok segitségével.

Az ekdiszteroidok szirévizsgalatanal a hamrmas detektalas gyakran nagy segitséget
jelentett a kimutatasokban. Igy a vanillin-kénsav reagens hatasara keletkezd szinek
tobbnyire specifikusak, virtudlis elvalasztas tettek lehetévé, amit az egydtt migralédé
ekdiszteroidok megkulonbdztetésére j6l fel lehetett hasznaini. Erre mutat néhany példat
a |. tablazat Néhany mozgd fazisban egyes ekdiszteroidok kdzel kromatografalédnak
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egymashoz. Foltjaik eltéré szine, a kromatogramok értékelésénél igen hasznos
informacidkat nyujtottak.

Ha a parhuzamos kifejlesztésekkel szilikagél allé fazison nem kaptunk megfeleld
felbontast, a szelektivitas javitasat az allé és mozgé fazis valtoztatasaval, a "3 all6 / 4
mozg6 fazis" elv alkalmazasaval értuk el [3). A "3 4llé / 4 mozg6 fazis" elv szerint, melyet
munkacsoportunk dolgozott ki, ha ket ekdiszteroid szilikagél all6 fazison harom mozgo
fazisunkban azonosan viselkedett, optimalizalt rendszereink kdzil egy tovabbi mozgd
fazisban altaldban elvélaszthaté volt, valtoztatva az allé fazisokat is (1. tablazat). A 3 &llo
és 11 mozgdéfazisunkkal, parhuzamos kifejlesztéseket végrehajtva az ekdiszteroidok
széles polaritasi skalaja ertekelhetd a relative apolaris dezoxi-ekdiszteroidoktdl a polaris
tobbszorosen hidroxilezett ekdiszteroidokig, ekdiszteroid glikozidokig. A "3 all6 / 4
mozgé fazis" elv alkalmazasaval altalaban el tudtuk végezni novényfajok ekdiszteroid
profijanak teljes adekvat feltérképezését.

Ha a minta ekdiszteroid tartalma 0,01%-nal kisebb volt, vagy nagy mennyiségu (>1
%) ekdiszteroidokkal interferalé egyéb anyagot tartalmazott, mintaelékészitést, in situ
UV spektrum felvételeket alkalmaztunk {7, 1]. A mintaelékészités novelte a felbontast és
az érzékenységet, in situ UV spektrumok felvétele a kimutatas biztonsagat.

A mintaelbkészitésnél a ndvényekben altaldban jelen levé fenolos hidroxil
csoportot tartalmazd anyagok ekdiszteroidoktd! vald elkilnitésére poliamid szilard
fazish extrakciét (4. dbra) alkalmaztunk. A fenolos karakterl anyagok vizes eltciénal
kotve maradtak az alléfazison, mig az ekdiszteroidok elualhatok voltak. Igy jelentés
tisztitast éntink el (4/b. abra) s megoldottuk a két anyagcsoport elkulénitését, amit
adekvat kromatografias elvalasztas kévetett [7].

tart

b

l > start
A I

4. abra. A Serratula tinctoria nyers kivonatanak (a) és poliamid szilard fazisu extrakciéval elbtisztitott
kivonatanak (b} denzitogramja.
Allg fazis TLC silica plates 60 Fsq, 20x20 cm, kétszeres kifejlesztés a 1. és 4. szamu
mozg6fazisokban A szamokkal jelzett csucsok a kovetkezd ekdiszteroidokat reprezentaljak: 1:
polipodin B, 2: 20-hidroxiekdizon.
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Ha a minta igen kis mennyiségl (<0,0001%) ekdiszteroidot tartalmazott (algak:
Fucus serratus, Dilsea camosa) tobb lépéses mintaelékészitést kovetéen in situ UV
spektrumok feivételével (5. abra) tudtuk igazolni biztonsagosan a minta ekdiszteroid
pozitivitasat.
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5. abra. A Dilsea carnosa tisztitott kivonatanak denzitogramja a 20-hidroxiekdizon UV spektrumaval
(a), és az 1 jelzésl ekdiszteroid cstics maximumanal felvett UV spektrummal (b). A TLC
elvalasztasnal alkalmazott alié fazis TLC silica plates 60 Fzsq, 20x20 cm, a mozgé fazis 1. szamu
olddszerrendszer.

Ha vizsgalatainknal a parhuzamos-TLC analizisek, a "3 allé / 4 mozgd fazis elv
alkalmazasa, mintaelSkészitések végrehajtasa sem vezetett eredményre (komplex
ekdiszteroid spektrum), a hatékonysag fokozasat szeszkvidimenzionalis, kétdimenzios
kifejlesztéssel, kiszoritasos és tulnyomasos kromatografia alkalmazasaval (OPLC)
oldottuk meg [2, 4]. Ezeknek a médszereknek a kifejlesztésével gyakran célszerubb,
alternativ elvalasztasokat nyertiink a szdrévizsgalatokhoz, melyeket mas névényeknél is
alkalmazni lehet.

OPLC-nél a klasszikus TLC-hez viszonyitva tovabbi paraméterek valtozasaval
tudtuk optimalizalni az elvalasztast, és a reprodukalhatosag is fokozddott. gy példaul
szebb elvalasztast értlink el a kifejlesztési sebesség optimalizalasaval (6. abra), mint
klasszikus TLC-nél.

Az ekdiszteroidok ndévényvilagban vald eloszldsanak tanulmanyozasa, egy-egy
kisebb rendszertani egység vizsgalata ekdiszteroidokra

A szlrbvizsgalatokat egyrészt véletlenszerlien kivalasztott fajokkal végeztik,
masrészt a "pozitiv tribus” elv alapjan minden hozzaférhetd fajt vizsgaltunk egy
ekdiszteroidokban gazdag, kisebb rendszertani egységen (torzs, nemzetség, sectio)
belll. Szerteagazo6 mintavételezésekkel tébb szaz (364) faj szurbvizsgalatat végeztik el.
Szlrévizsgalataink eredményeit a Zarvatermék térzsében a 7. abra mutatja.

70



3 1+2 3+4
25 | TLC-
2
1.5 4
1 4
0.5
0 A " y e M
<5 [ 50 100 150 200
25 2 3
. OPLC,
1,5
14 Kifejlesztési sebesség:
0,6 ml/perc
0,5 1
oL e, M
50 100 150 200
0.5

6. abra A konvencionalis TLC és az OPLC szeparalas 6sszehasonlitasa ugyanazon ekdiszteroid
tartalmd minta analizisénél. Az elvalasztasoknal alkalmazott 4llé fazis TLC silica plates 60 Fzs¢, 20x20
cm, a mozg6 fazis mindkét esetben diklérmetan - etanol (79:21, v/v) olddszerrendszer volt. Az OPLC-

nél 0,6 mi/perc atfolyasi sebességet alkalmaztunk. A szamokkal jelzett csucsok a kdvetkez®

ekdiszteroidokat reprezentéljak: 1: 9a.,20-dihidroxiekdizon, 2: 24(28)-dehidromakiszteron A, 3: 2-

dezoxi-20-hidroxiekdizon, 4. vitikoszteron E.

e “Myrtales -

Orchidales

7. 4bra Szlrbvizsgalataink eredményei a Zarvatermék térzsében
(Az ekdiszteroidra pozitiv ndvényrendszertani egységeket sétét mezével jeloitik)
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Célunk alkalmas novényforras, érdekes ekdiszteroidokat tartalmazoé faj felfedezése
volt, ezért vizsgaltuk a mar ismert, ekdiszteroidokra pozitiv fajoktol rendszertanilag tavol
est taxonokat is (algak) [2]. Ezek varhatbéan Uj ekdiszteroid szerkezeteket kell
tartalmazzanak taxondémiai meggondolasbél.  Szisztematikus  vizsgalatainkkal
nagyszaml, magas ekdiszteroid tartalmi és széles ekdiszteroid spektrummal
rendelkezd, illetve specialis ekdiszteroid dsszetétell fajt fedeztiink fel a hazai floraban
vadon eléforduld, vagy termesztett és kulfdldi magtételbdl felnevelt fajok kodzétt.
Csaknem 80 ekdiszteroidra pozitiv fajt emeltink ki a névényvilagbal, és kivalasztottunk
néhany (10), az ekdiszteroidok izolalasara megfelelé nyersanyagjelélt fajt. Ez utdbbiak a
Silene, Serratula és Ajuga nemzetségbdl kerultek ki.

A Caryophyllales renden belll a Phytolaccaceae, Chenopodiaceae,
Amaranthaceae és Caryophyliaceae csaladra korlatozédik az ekdiszteroidok jelenléte
(8. abra).

Basellacece
Didiereacece

Aizoaceae

Cactaceae

Nyctoginaceae

8. abra Az ekdiszteroidok eléfordulasa a Caryophyllales rendben szirévizsgalataink alapjan (Az
ekdiszteroidra pozitiv névénycsaladokat sétét mezével jel6itiik)

A Caryophyllaceae csaladban az ekdiszteroidok gyakorisagat 40 %-osnak talaltuk.
A csaladban a Silene, Melandrium, Viscaria és Lychnis nemzetségben ftalaltunk
ekdiszteroidokban pozitiv fajokat. A Sifene fajok kiemelkedtek ekdiszteroid szintetizald
készségukkel. Eddig 55 Silene faj tesztelését végeztik el, és ezek tébb mint fele (69 %)
mutatott ekdiszteroid pozitivitast (Il. tablazat).

A kulonbozd Silene fajok ekdiszteroid produkcidjarél kaptunk képet, amikor
szervenkénti bontasban mintegy 30 botanikus kerti magtételbél felnevelt allomany fajait
vizsgaltuk meg. Kulonosen a Silene otities (L.) Wib., a Silene nutans (L.), a Silene
catholica (Aiton), Silene tatarica (L.) Pers. és a Silene flavescens Waldst et Kit fajok
bizonyultak kedvez ekdiszteroid forrasnak.

Vizsgalataink szerint az Asteraceae csalad fajaiban az ekdiszteroidok gyakorisaga
nem magas (31 %), s itt is csupan néhany nemzetségre korlatozodott az ekdiszteroidok
jelenléte (Rapontiacum, Serratula, Leuzea). Viszont kifejezetten erételies az
ekdiszteroidok feldisuldsa néhany Serratula fajban (Serratula coronata, S. wolfffi, S.
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tinctoria): Az ekdiszteroid tartalom és az ekdiszteroid gyakorisaga kézott nem talalhaté

korrelacio.
Il. Tablazat Az ekdiszteroidok eléfordulasa a Silene genusban
Sectio Faj

Siphonomorpha Otth. S. catholica L. Aiton + S. longifiora Ehrh. +
S. fruticosa L. - S. mellifera Boiss.& Reuter +
S. italica L Pers. + S. nutans L +
S. italica ssp.nemoralis Walds. and Kit. + S. rutans L. ssp. dubia (Herbich) +

S. viridiflora L. +

Sclerocalycinae (Boiss.) | S. bupleuroides L. + S. multiflora (Waldst. & Kit.)

Schischkin. S. chiorantha (Willd). Ehrh. + Pers. +
S. chiorfolia cordifolia All. - S. tatarica (L.) Pers. +
S. fivaldszkyana Hampe. + S. radicosa Boiss. & Heidr. +

Otites Otth. S. densifiora D' Urv. - S. roemen Friv. +
S. otites (L.) Wib. + S. sendtneri Boiss. +

Odontopetalae S. requienii Otth. - S. zawadzkii Herbich +

Schischkin ex Chowdhuri

Inflatae (Boiss.) S. cucubalus Wibel. + S. inflata Sm. +

Chowdhuri S. fabarioides Hausskn. + S mantima (With.) +
S. fabaria (L ) Sibth. & Sm. + S. vulgaris (Moench) Garcke +

Brachypodae S. flavescens Walds. & Kit. +

Auriculata S. vallesia L. +

Suffruticosae S. altaica Pers. - S. saxifraga L. +
S. muiticaulis Guss. - S. schmucken Wettst -

Fruticulosae Rohrb. S. ciliata Pourret -

Rupifraga Otth. S. rupestris L. +

Compactae Borss. S. armeria L. + S. compacta Fischer -

Elisanthe (Fenzl) Fenz! S. dioica (L.) Clairv. + S. noctiflora L +

Atocion Otth. S. bergiana Lindman -

Behenantha Otth. S. cretica L. +

Lasiocalycinae S. echinata Otth. + S. linicola C. Gmelin -

Chowdhuri

Eudianthe (Reichenb.) A. | S. coeli-rosa (L.) Godronin Gren.

Braun

Erectorefractae S. pendula L. +

Dichotoma (Rohrb.) S. dichotoma Ehrh. - S. micropetala Lag. -

Chowdhuri

Silene S. bellidifolia Juss. ex Jacq. - S. gallica L. +

Dipterospermae (Rohrb.) | S. apetala Willd. - S. colorata Poiret -

Chowdhuri

Conomorpha Otth. S. conica L. - S. conoidea L. -

Heliosperma Reichenb. S. pusilla Waldst & Kit. +

Szeleskoru szlirdvizsgalataink alapjan lehetéségunk volt néhany taxondmiai
kovetkeztetés levonasara az ekdiszteroidok novényekben valé eléfordulasara
vonatkozdan, Tovabbi vizsgalatok szukségesek azonban ezek végsé bizonyitasara.
Eredményeink igazoltak az ekdiszteroidok sporadikus eléfordulasat a novényvilagban.
Az ekdiszteroidok megjelenése a kulénbozé rendszertani egységekben nem mindig
tukrozott filogenetikai kapcsolatokat. Ha megfigyeljuk az ekdiszteroidok eléfordulasat az
egyes rendszertani egységekben, nem tudtuk értelmezni, miért szakad meg
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eléfordulasuk egy-egy csaladnal? Miért jelennek meg az ekdiszteroidok ismét magasabb
fejlettségi fokon levé csaladoknal [14]? Miért nem szintetizalodik ekdiszteroid a csalad
minden nemzetségében? Ugyanakkor bizonyitott, hogy a rizs névény, amelyet
ekdiszteroid negativ fajnak ismertunk, ekdiszteroidot képes szintetizalni az ekdiszteroid
szintézist gatlé enzimek mukodésének feloldasaval (negativ "feedback” mechanizmus).
Az ekdiszteroidok bioszintéziséhez szikséges gén jelen van a ndvényben, hogy
torténik-e bioszintézis, az a regulacio szintjen kereshetd [11] .

Szisztematikus szlirdvizsgalataink a “pozitiv tribus” elvét is igazoltak, amely szerint
az ekdiszteroid tartalmu fajok tribus-ba, nemzetségbe, vagy sectio-ba csoportosuinak.
Korabbi vizsgalataink és mas szerzék eredményei is ezt bizonyitottak [15, 16]. A Silene
nemzetség néhany sectio-jara jellemzé, hogy szinte csak ekdiszteroid tartalmua fajokat
foglal magaban (ll. tablazat). llyen fajcsoportnak taldltuk a Siphonomorpha,
Sclerocalycinae, Inflatae, Otites sectio-t. Mas sectio-k negativnak mondhatok
ekdiszteroidokra. Fontos azonban megjegyezni, hogy az ekdiszteroidra pozitiv
taxonémiai egységen belll eléfordul negativ faj is, és forditva is igaz a megallapitas.
Ennek értelmezése tovabbi vizsgalatra szorul.
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Gyoégynovények tradicionalis névényi gyogyszerekben és

étrend-kiegészitékben. Haladas, vagy visszalépés?

Szendrei Kalman

Farmakognoziai Intézet
Szegedi Tudomanyegyetem

Az Eurdpai Unidhoz tortént csatlakozas fontos kiséréje a gydgyndvények
vonatkozasaban a Gydgyszerkényvben hivatalos drogok szamanak jelentds névekedése,
tovabba két uj termékkategdria jogilag szabalyozott megjelenése a nemzeti
forgalmazasban: a hagyomanyos novényi gyogyszereké és az étrend-kiegészitdké.
Gyogyszerkonyvinkben elészér jelentek meg olyan drogok, amelyek felvételét nem
elsésorban a hazai forgalmazasi igények indokoltdk, hanem az Unié, a tébbi tagorszag
igényei. Ezeket megkozelitéleg 90-100 olyan 0j drogcikkely jelzi, amelyek korabban nem
voltak hivatalosak Magyarorszdgon (1. abra). Jelentésen megnétt a hivatalos ill6- és
zsirosolajok szama, valasztéka is. A drogok tébbsége kulféldi eredetl, s6t mas
kontinenseken honos novényektdl szarmazik. Kevés kivétellel a drogokat ott gyuijtik, vagy
termesztik és készitik el6 a késdbbi feldolgozashoz. Ezideig csak kevés ilyen faj
honositasa tértént meg az eurépai kontinensen. Kis tulzédssal allithatjuk, hogy a nagy
utazasok és az Ujvilag felfedezése ota nem volt ilyen gyors és jelentdés atalakulas a hazai
gyoégynévénykincsben

A ndvekedési folyamatban a korabbi idékhoz képest két jelentds kuidnbség
észleihetd: 1. Ma els6sorban gydgyhatastnak tartott novényekrél van sz6 és nem
faszerekrél, éleimiszerekrél;, 2. Ezeknek a novényeknek a tobbsége mar feldolgozott
termékek formajaban keril a fogyasztéhoz €s nem drog-, flszer-, zéldség-, gyumélcsként.
Ugyanakkor a gyogynévényekbdl készlilt, vagy azokat is tartalmazd gyogyszerkényvi
galenikumok szama tovabbra is alacsony, a VI. és VII. Gyégyszerkonyv szintjén maradt.
Ennek fontos kévetkezményei vannak a fogyasztéra, és jelentds Uj feladatokat jelent az
oktatasban és a tovabbképzésben, szakmai tajékoztatasban.

A 2004-ben elfogadott két eurépai direktiva (2004/24/EC és 2004/46/EC) és kotelezd
atlltetesik a nemzeti szabalyozasba a fentieknél is fontosabb valtozasokat hozott.
Jogszabalyi szinten kerlit régzitésre két (j termékcsoport. Az egyik, a hagyomanyos
ndvényi gydgyszerek (traditional herbal medicines) termékcsoport. A nyilvanvalé ujitason
tal — ami a tradiciénak, mint a termék mindségét, terapias értékét igazolé kategérianak az
Ujrafelfedezését jelenti - a direktiva f6 célia a nagyon heterogén eurdpai
termékszabalyozas osszehangolasa, s ezaltal a kolcsonds termékaramlas elbsegitése
volt. A kéz6s nevezdt Eurdpa hosszas egyeztetések utan a tradicio” fogaimaban, ilietve
Ujrafogalmazasaban véite megtalaini, az engedélyezés feltételeinek egységesitésével. A
telijes gyogyszerregisztracional kénnyebb, de sok tagallam aktualis szabalyozasanal — igy
a magyar u.n. ,gyogyhatasu termékek” engedélyezésénél is - nehezebb feltételeket
szabott. A forgalomban lévé készitmények ,atmindsitésére” 2011-ig adott haladékot. Nem
ellenérzott informaciok szerint ilyen kérelemmel egyetien termékre vonatkoz6éan sem kerult
eddig sor Magyarorszagon, pedig mar 2,5 év eltelt a rendelet életbelépése 6ta. Ehelyett

75



korabban ,gyégyhatasu”’ (s6t egyes esetekben OTC gyogyszer) termékeket a
gyartok/forgalmazok étrend-kiegészitévé ,minésitik at” (jelentik be).

Az étrend-kiegésziték szabalyozasaban hasonlo, de ellentétes iranyd célok vezették
az Unid megfelelé bizottsagait, azonban a tagallamok kézétti harmonizalas és ezaltal
termékek szabad piaci dramldsanak biztositasat ebben az esetben az engedélyezés
gyakorlati  felszamoldsaval és csak minimalis  bizonylati,  dokumentaltsagi
kovetelményekkel vélték elémi. A termékeket a cégek bejelentik (notifikaljak), az
engedélyezés nagyon leegyszerusitett formalis procedurabdl all. A késébbi forgalmazas
soran is korlatozott az ellenérzé hatdsagok mozgastere es jogkore.

Etrend-kiegészito
(37/2004. (IV. 26.) ESzCsM rendelet)

A hagyomianyos étrend kiegészitését szolgalo olyan élelmiszer, amely
o koncentralt formaban tartalmaz tdpanyagokat (vitaminok, asvanyi anyagok), egyéb

taplalkozasi és élettani hatassal rendelkezé anyagokat, egyenként vagy kombindltan;
e adagolt vagy adagolhaté formaban keriil forgalomba
o elbre csomagolt formaban keriil forgalomba a végsd fogyasztd

szamara
o A termék minéségét, dsszetételét ma nem ellendrzi a hatésag a forgalomba hozatal

elott (alatta is csak ritkan, ha panasz van)

Osszetevik

o Eredeti termékpaletta: vitaminok és asvanyi anyagok
14 vitamin, 33 szarmazék formajaban (sok, észterek)
17 asvanyi anyag, 79 szarmazék formajaban (foleg sok)

Ma is ezek a leggyakoribb dsszetevok, komplex §sszetételek

o A termékpaletta atalakul: egyre tobb “egyéb taplalkozasi vagy élettani hatdssal
rendelkez6 anyag”, elsdsorban gyogynovények jelenik meg az étrend-
kiegészitékben

Jelentos iparag alakul ki, egyre jelentdsebb gydgyszergyartdk is megjelennek
Consumer Health Sector pl. Cetebe (GlaxoSmithKline)
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Az U} jogi szabalyozas kétségtelenll elérte eredeti célkitizéseinek egy részét a
nagyobb és gyorsan tovabb ndvekvd termékvaiasztékot és a termékforgalom jelentds
szabadsagat egész Eurdpaban. Ebben kéveti az Egyesiit Allamok példajat. Részben
pozitivumként értékelhetjik a gyorsan névekvé fogyasztéi igények szabad kielégitését is.
Az (j termékcsoport forgalmi mutatéi minden eddigi rekordot megdéntdttek és a trend
toretlentl tovabb tart. Két-harom év alatt kb. 1500 ) étrend-kiegészité készitmeény keruit
forgalomba Magyarorszagon.

Az étrend-kiegészitdk rendeletileg régzitett definicidjabdl érthetd, hogy az eredetileg
vitaminokb6!, asvanyi anyagokbdl és néhany mas taplatkozasi céla anyagbol allé étrend-
kiegészitbkben hamarosan témegesen jelenetek meg a gyarték és forgalmazok altal
Ltaplalkozéasi vagy élettani” értékiinek mindsitett 6sszetevodk, elsésorban a legkilonbzébb
novényi osszetevék, gydgyndvények; hazaiak és egzotikumok. Olyanok, amelyeknek
gyakran sem a gyégynévényes irodalomban, sem a taplalkozastudomanyban nincs kellé
szakmai megalapozottsaga. Ma ezek szama tébb szadz, s nalunk is jéval meghaladja a
szazat. Eurépaban kordbban nem alkalmazott noévények és névényi termékek
alkalmazasa indult meg étrendi és/vagy gyogyaszati célra. Vannak kozéttik helyi
eredetlek, gyogynévényként, vagy taplalékként ismertek is, de sokkal tébb a mas
vilagrészekbd| (féleg Azsiabdl) bearamld gybgynévény és termék. Ez a paratlanul gyors
felfutds a fogyasztasban felfoghatd egyértelmi pozitivumként. A fogyasztdé szamara
ezeknek a termékeknek a hozzaférhetésége nagyobb, forgalmazasuk szélesebb koru a
tobbi gybgynovényt tartalmazé termékeknél.

A negativumok kozétt hatdsaban a két: direktiva hatasara kialakult szabalyozasi
aszimmetria a legfontosabb. A gyoégyszer es  hagyomanyos névényi gyoégyszer
kategoériakra vonatkozd engedélyezési eljaras indokolatlanul magas kovetelményeket allit
és burokratikus, az étrend-kiegészitdkre vonatkozo 'szabalyozas viszont szokatlanul
liberalis, gyakorlatilag a termelék és forgalmazok lelkiismeretére bizza a fogyasztét. Az
élelmiszer kereskedelmben jelentkezé tomeges  visszaélések jelzik, hogy ez
megengedhetetlen kockazatoknak teszi ki a johiszem(i egészséges és beteg fogyasztokat.
Mint emlitettem, a gyarték a szabalyozasi' aszimmetria hatdsara a korabban gydgyhatasu
vagy gyogyszerként engedélyeztetett ‘gydgynéveny készitményeket étrend-kiegészitéve
Jemindésitve” forgalmazzak. Ezzel elkertlik a  burokratikus és koéltséges Ujra-
engedélyeztetést és szélesebb forgalmazasi lehetéséghez jutnak. Eredmény: egy
gyogyszerkeént, vagy hagyomanyos névényi szerként csak nehezen, vagy nem
forgalmazhatd készitnény széles kérben fogyaszthatd étrend-kiegészitoéként. Amennyiben
az engedélyezés megtagadasanak oka a nem bizonyithaté hatasossag, vagy valamilyen
vélt vagy bizonyitott kockazati tényezé, ugy ez a forgalmazas és fogyasztas
negativumkeént értékelendd. Az étrend-kiegészitdként torténd tartés és nem pontosan
adagolt fogyasztas tovabb névelheti a kockazatot.

Az eredeti étrend-kiegészité definiciobol adodo osszetételek (vitaminok, asvanyi
anyagok) kiterjesztése folytan gyakorlatilag végtelen szama kombinaciéban jelenhetnek
meg ujabb és Qjabb névényi és egyéb anyagokat tartalmazd termékek. Eredményként
fokozatosan névekszik az atfedés a névényi (valamint a vitamin, asvanyi anyag) tartaimu
gyogyszerjellegli készitmények és az étrend-kiegészitok osszetétele és felhasznalasai
kozott. Kirivo esetekben az étrend-kiegésziték magasabb dézisokban tartalmazzak ezeket
az osszetevbket, mint a hasonlé 6sszetétell gyodgyszerek.

A hazai gyogytermék kategériaban. 1986-os létrejotte 6ta tulsulyban voltak és vannak
ma is a hazai eredetl termékek, mig az étrend-kiegészitdk kéz6tt ma nagyon jelentds a
kalféldi eredetl termékek tulsulya (> 80%). A forgalmazék, szakmértelem- és tokehiany
miatt elsésorban kuiféldon, féleg mas EU allamokban maér forgalomba hozott
készitményeket jelenetenek be és forgalmaznak. Ennek kovetkeztében kélcsonosségrél a
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termékaramlasban nem beszélhetiink. Magyarorszag, mas ipari termékekhez hasonléan,
ezen a terlleten is dontéen befogadd orszagga, kulféidi cégek piacava valt. Ez tovabb
neheziti a termékek pontos eredetének kovethetiségét és a mindség, biztonsagossag
ellenérizhetéségét.

A fentiek jeleit tapasztaljuk a hazai és a nemzetkdzi étrend-kiegeszité forgalomban,
ami a minimalis tajékoztatasi koételezettségekkel egyitt, attekinthetetlenné teszi a
valasztékot a fogyaszté és a szakember (orvos, gyogyszerész) szamara is, megfoszt
mindenkit a ,kelléen informaltsag” lehetéségétdl. A fogyasztd kockazata tébbirdnyi: nem
jut  kelld tajékoztatdshoz a készitmény mindségérdl, megbizhatosagardl, és
artalmatlansagarol.  Arra  sincs  kellben dokumentalt (és a tajékoztatéban
tukrozott/képviselt) garanciaja, hogy a szertdl 6sszetétele folytan egyaltalan joggal varhat-
e eredmenyt (aluldozirozas kockazata). A nagyon gyenge/legyengitett hatdsagi jogkorék
és ellendrzési lehetdségek sem nyujtanak szamara garanciat.

A leggyakoribb problémat az étrend-kiegésziték alkalmazasi ajanlasai jelentik. Bar a
irektiva és a hazai rendelet latszélag egyértelmli hatarokat szab az alkalmazasi
ajanlasoknak, és az ezzel kapcsolatos proméciés reklamtevékenységnek, a termékcsoport
alapdefiniciojabdl adodé ellentmondasok az ajanlasok terén nagyon sok szabalytalansagot
eredményeznek. Ezek olymértékben megszaporodtak, hogy ma mar az eurépai jogalkotas
sem a restrikcio lehetéségein, hanem a termékcsoport kereteinek tovabbi bévitésén, tehat
a tovabbi liberalizalas iranyaban dolgozik (health claims).

Alkalmazasi ajanlasok
37/2004. (IV. 26.) ESzCsM rendelet
e “Az étrend-kiegészitd jeldlése, megjelenitése és reklamozasa sorén tilos a terméknek
betegséget megeldzo vagy gyogyitd hatast tulajdonitani, illetve ilyen tulajdonsagra
utalni.”
e “Az étrend-kiegészitd jelolése, megjelenitése, reklamozasa nem allithatja vagy sugallhatja,
hogy a valtozatos, kiegyenstilyozott étrend nem alkalmas a sziikséges tapanyagok

bevitelére.”

Az alapdefinicionak megfelelé alkalmazasi célokon tul (a hagyomanyos étrend
kiegészitése sziukség esetén) a gyartdk és forgalmazok az étrend-kiegészitbket ma mar
az egészségfenntartas és helyreallitas csaknem minden teriletére ajanljak. Ezen tal a mai
fogyasztéi érdeklédés és igények kielégitésére egyre tobb divatos alkalmazasi teriletet
nyitottak meg: fizikai-, mentalis és szexualis teljesitményfokozék, testformalék, és mas
Jifestyle” termékek. A termékpromoéci6 intenziv, félrevezetd és gyakran még a liberalis
hatarokat is megszegi. Sok ismeretien egzotikum, csodaszer( hatast igéré gydgynoévény
és termék kerul igy forgalomba, kulénbozé eloszté rendszereken keresztil.

78




Proces tehnologic pilot de obtinere a unui extract standardizat din
Juglandis folium (semifabricat) si stabilirea

metodologiei de control al calitatii

Viorica Istudor’, Maria Lidia Popescu’, Cerasela Elena Gird', Ligia Elena Dutu',
Mariana Pavel', Lucia Pirvu?, Gh. Taralunga®, C. lonescu-Targoviste®

lUMF ,Carol Davila“ Bucuresti, Facultatea de Farmacie, aviator Traian Vuia 6, sector 2
Centrul National de Cercetare Dezvoltare Chimica

3Centrul de Cercetari Stiintifice Medico-Militare, Bucuresti

“Institutul National de Diabet si Boli Nutritionale ,,N. C. Paulescu*

Obiectivele acestei lucrari constau In obtinerea din Juglandis folium a unui extract standardizat in polifenoli i
flavone (semifabricat), care sa intre In formula unui produs farmaceutic cu proprietati hipoglicemiante —
Fitohipoglic (denumire provizorie) $i elaborarea metodologiei de control al calitatii. Selectarea principiilor
active de standardizare s-a bazat pe prezenta constituentilor respectivi in produsul vegetal si pe proprietatile
hipoglicemiante ale acestora, cunoscute din literatura de specialitate.

Procesul tehnologic a constat din extractie succesiva cu etanol 40 % si ap&, urmata de distilarea alcoolului §i
a apei la 40° C, sub presiune redusa, pana fa stadiul de extract uscat. Efectul hipoglicemiant a fost verificat
pe solutile apoase si hidroalcoolice folosind gobolani Wistar, prin determinarea glicemiei & jeun si a celei
provocate (administrare s.c. de glucoza 33 %). Calitatea extractului obtinut a fost verificata prin reactii de
identificare §i determinare cantitativd (fotocolorimetricd) a flavonelor (prin complexare cu AICly), a
polifenolilor (cuplare cu reactiv Arnow) si a pierderii prin uscare la 105° C. Dup experimentare in laborator
procesul tehnologic a fost transpus la faza pilot.

Din 500 g produs vegetal extras cu alcool 40 % s-au obtinut 59,5842 g extract cu 2,51 - 2,72 g % flavone si
3448 — 366 g % polifenoli totali (reprezentati prin taninuri galice §i catehice, inclusiv flavone), care
manifesta efect hipoglicemiant numai pe glicemia 4 jeun.

The aim of this study is the obtaining from Juglandis folium of an extract standardized in polyphenols and
flavones which can be a part of a hypoglycemic pharmaceutical product — Fitohipoglic (provisional name), as
well as the elaboration of the quality control methodology. The selection of the active substances for
standardization was based on the presence of these substances in the herbal drug and on their
hypoglycemic activity known from the specialty literature.

The technological process consisted in the successive extraction with ethanol 40 % and water followed by
alcohol and water distillation at 40° C, at low pressure, until the stage of a dry extract. The hypoglycemic
effect was verified on aquous and hydroalcoholic solutions using Wistar rats, by determination of & jeun and
induced glycemy (administration of glucose 33 % s.c.). The quality of the obtained extract was verified by
identifying and quantitative (photocolorimetric) determination reactions of flavones (reaction with AICIs),
polyphenols (reaction with Arnow reagent) and loss on drying at 105° C. After laboratory experiments the
technological process was transferred in pilot phase.

We obtained 59.5842 g extract (from 500 g herbal drug in ethanol 40%) with 2.51 - 2.72 g flavones and
3448 - 36.6 mg % total polyphenols (represented by gallotannins and condensed tannins, including
flavones). This extract had hypoglycemic effect only upon the & jeun glycemie.

Key words: extractum Juglandis, standardisation, hypoglycemic effect

Selectarea frunzelor de nuc (Juglandis folium) ca materie prima pentru obtinerea unui
extract standardizat s-a bazat pe cunoasterea din literatura de specialitate a proprietatilor
hipoglicemiante ale unor constituenti chimici prezenti in acest produs. 6 — 10 % taninuri
elagice si galoilglucoza, 3 - 4 % flavonozide (hiperozidd = 3-O-alfa-D-galactozida
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quercetolului, quercitrozida = 3-O-ramnozida quercetolului, 3-O-arabinozidele
quercetolului si kaempferolului), acizi polifenolici (cafeic, ferutic, p-cumaric, p-hidroxi-
fenilacetic, clorogenic, neoclorogenic, galic, salicilic). De asemenea mai sunt citati: 4-O-
beta-D-gucozida alfa-hidrojuglonei (0,6 %) sau 5-hidroxi-1,4-naftohidrochinona liberd in
ceara epicuticulard (substanta usor oxidabild si convertibila intr-un compus naftochinonic
colorat in brun), 0,25 % ulei volatil constituit din 1,8-cineol, borneol, acetat de bornil, alfa-
si beta-pinen, p-cimen [1, 4, 5, 6, 12].

Produsul este mentionat ca avand proprietati hipoglicemiante nedovedite [5].

Precizdm c& taninurile galice sunt mentionate pentru scaderea glicemiei prin
stimularea captarii glucozei in adipocite similar insulinei (intervin in translocarea GLUT-4,
induc fosforilarea receptorului insulinic), In inhibarea 11-beta-HSD-1 — supraexpresia
acestei enzime fiind implicatd in declansarea $i intretinerea sindromului metabolic si a
diabetului zaharat non-insulinodependent (DZ II) [11]; flavonele, apigenolul, kaempferolul,
quercetolul, naringenolul si heterozidele lor sunt inhibitori ai 11- beta-SDH-1 [15] si alaturi
de derivatii polifenolici, datoritd faptului ca inhib& aldozo-reductaza $i ¢a reduc formarea
produsilor de glicozilare avansatd previn aparitia cataractei si a fenomenelor de
imbatranire [2, 8, 10,15].

De asemenea reamintim ca in practica medicald curentd, in tratamentul DZ Ii, se
folosesc sulfamidele antidiabetice (derivati ai sulfonijureii), biguanidinele, agonistii selectivi
pe receptorul nuclear PPAR-gamma, inhibitorii alfa-glucozidazei (AGl) si ai aldozo-
reductazei (ARI) [7).

Din aceste motive am dedus cé si actiunea hipoglicemianta citatd de unele tratate
pentru Juglandis folium, neexplicatd pana in prezent, ar putea fi imprimata de taninuri,
flavone si polifenoli. In consecintd am presupus ¢d un extract selectiv hipoglicemiant
obtinut din acest produs vegetal trebuie sa fie standardizat in taninuri, flavone si polifenoli.

MATERIAL S| METODE

Ca materii prime s-au folosit: frunzele speciei Juglans regia L., nuc, (Juglandaceae)
de provenientd PLAFAR, apa distilatad si etanolul 40 %. Verificarea identitatii si calitatii
produsului vegetal s-a efectuat cu ajutorul :analizei farmacognostice (examen macro- i
microscopic, analizd chimica calitativd si cantitativd). Pentru stabilirea procesului
tehnologic de obtinere s-au determinat substantele solubile in mai multi solventi hidrofili,
capabili sa extragd principiile active (apa distilata, etanol 20 si 40 %), in raport diferit fata
de produsul vegetal (5/1, 10/1, 15/1), mai multe procedee de extractie (macerare, infuzare.
refluxare, extractie succesivd cu alcool 40 % si apd) si timpi de extractie. Controlul
interfazic a constat in identificarea si dozarea principiilor active din solutile extractive
obtinute (taninuri, flavone si polifenoli) si In verificarea efectului hipoglicemiant. Pentru
identificarea flavonelor s-au practicat reactii specifice (reactia cianidolului, transformarea in
fenoxizi cu ajutorul hidroxidului de amoniu, formarea chelatilor cu AICl3) [3, 13].

Determinarea cantitativa s-a efectuat spectrofotometric: flavonele prin complexare cu
AICI; si polifenolii prin cuplare cu reactiv Arnow. Am considerat ca prin cuplare cu reactiv
Arnow reactioneaza si taninurile $i ca urmare nu mai este necesara $i metoda de reducere
a acidului fosfowolframic. Pretul de cost ridicat al pulberii de piele face mai putin accesibild
metoda oficinald de determinare a polifenolilor neabsorbiti de pulberea de piele [3, 13).

Efectul hipoglicemiant s-a determinat pe sobolani Wistar sanatosi urmarind glicemia
a Jeun si glicemia provocata. Pentru glicemia a jeun sobolanii au fost repartizati in loturi
omogene de cate 6 animale (3 masculi si 3 femele), cu greutate de 155 — 280 g, tinute in
microclimat adecvat (vivariu), cu acces liber la hrand si apa, in afara contactului cu
insecticide. Solutile de testat in concentratie de 10 % au fost obtinute prin refluxare
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succesivd cu etanol 40 % (JR-EtOH) si apa (JR-H20 suc), sau numai cu apa (JR-H,0
pur). Din fiecare solutie s-au administrat per os céate 20 mi’/kg m.c. Monitorizarea a constat
in urmdrirea curbei ponderale si a stirii de sanatate pe o perioada de 7 zile inaintea
inceperii experimentului. Cu 16 ore inainte de administrarea solutiilor de testat animalelor
i s-a oprit accesul la hrana, dar au avut acces liber la apa. Monitorizarea din timpul
experimentului a constat in cantarirea animalelor §i determinarea glicemiei a jeun cu
ajutorul glucometrului GLUCOCARD X-METER. Hiperglicemia provocata s-a obtinut prin
administrare s.c. de glucoza 33 % (2 ml’/kg m.c.) fatd de martor $i s-a determinat dupa 30,
60, 90 si 120 de minute. S-a ales aceasta modalitate de administrare a solutiilor de testat
si a intervalelor de determinare a glicemiei pentru a surprinde cat mai bine momentul
patrunderii in circulatia sistemica i a eventualului efect asupra peak-uiui glicemic. Analiza
statisticd a rezultatelor experimentale s-a efectuat prin testarea semnificatiei diferentei
mediilor prin testul t*-Student pentru p<0,05 [9].

REZULTATE $I DISCUTII

Substantele solubile au fost de: 14,15 — 14,23 g % (in maceratul apos), 14,70 -
14,90 g % (in infuzie), 17,36 — 17,50 g % (in solutia obtinuta prin refluxare cu apa); 18,70
- 18,90 g % (in solutia obtinuta prin refluxare cu alcool 20 %) $i 19,35 - 19,54 g % (in
solutia obtinutd prin refluxare cu alcool 40 %). Din analiza acestor rezultate reiese ca
solventul cu cea mai bunad capacitate de dizolvare s-a dovedit a fi etanolul 40 %, iar
metoda de extractie cea mai avantajoasa este refluxarea timp de 30 de minute. Raportul
produs vegetal/solvent, dupa imbibare, este de 1/10.

Cantitatea de ﬂavone exprimata in g rutozida Ia 100 mL solutie este de: 7,139 x 107
(in macerat), 13, 712 x 107 (in infuzie), 14,938 x 107 (in solutia obtinutd prin refluxare cu
apa), 17,842 x 107 (in solutia obtinuta prin refluxare cu etanol 20 %) si 39,799 x 10 (in
solutia obtinuta prin refluxare cu etanol 40 %).

Cantltatea de polifenoli totali expnmaté in g acid cafeic la 100 mL solutie este de:
63,401 x 10 (in macerat), 113,820 x 107 (in infuzie), 201,232 x 107 (in solutia obtinuta
prin refluxare cu apa), 323,004 x 10 (in solutia obtinuta prin refluxare cu etanol 20 %) si
361,399 x 107 (in solutia obtinuta prin refluxare cu etanol 40 %).

Din cele doud determinari cantitative de principii active reiese cd cele mai bune
rezultate s-au obtinut la extractia cu etanol 40 %.

Ca urmare a acestor rezultate s-a optat pentru refluxarea cu etanol 40 % urmata de
refluxarea cu apa (pentru extractia si a altor principii active hidrosolubile).

in aceste conditii din 500 g produs vegetal s-au obtinut:

59,6842 g extract cu 2,51 - 2,72 g % flavone (exprimate in rutozida) $i 34,48 - 366 ¢
% acizi polifenolici (exprimati Tn acid cafeic), prin extractie cu etanol 40%;

24,6482 g extract cu 2,15 - 2,40 g % flavone si 18,64 — 20,40 g % acizi polifenolici,
prin extractie succesiva cu apa;

75,434 g extract cu 1,49 - 1,62 g % flavone si 10,54 — 11,20 g % acizi polifenolici,
prin extractie cu apa.

in ceea ce priveste cantitatile de principii active d|n solutiile experimentate pe
sobolam exprimate in g/100 mL, am determinat: 10,152 x 10 flavone (rutozida) si 147,88
x 10’ polifenoli (aC|d cafeic) in JR-EtOH; 19,797 x 10 polifenoli (acid cafeic) in JR-H,O
suc si 114,71 x 10° polifenoli (acid cafeic) in JR-H,O pur. Se constata ca cea mai bogata
fractiune in principil active este JR-EtOH.

In urma testelor farmacodinamice s-a conchis ci in absenta administrarii glucozei
efecte hipoglicemiante a avut numai JR-EtOH la 30, 60, 90 si 120 de minute dupa
administrare. Reamintim cad JR-EtOH este singura solutie in care s-au exiras atat
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flavonele, cat si taninurile. Absenta efectului hipoglicemiant la celelalte solutii, in care
existd numai taninuri si acizi polifenolici, ne determina s& afirmam ca cel mai bun efect
hipoglicemiant 1l prezintd flavonele. S-ar putea ca la aceste rezultate sd fi contribuit
absorbtia mai buna a flavonelor, comparativ cu absorbtia taninurilor.

Nici una dintre solutile testate nu au avut efect hipoglicemiant in conditii de
hiperglicemie provocata prin administrare subcutanatéd a glucozei 33 % in cantitate de 2
mi/kg m.c.

Deoarece modelul experimental a folosit sobolani sanéatosi, consideram ca extinderea
cercetarilor pe animale cu diabet indus experimental, fie prin administrarea de
streptozocina, fie prin administrare de aloxan, este necesara pentru a demonstra daca
existd sau nu un proces de refacere a celulelor beta-pancreatice sau dacéa altul este
mecanismul de actiune.

Validarea procesului tehnologic de obtinere a extractului s-a bazat pe repetabilitatea
si reproductibilitatea rezultatelor, iar validarea metodologiei de control al calitdtii a fost
posibila datorita linearitatii curbelor etalon obtinute cu amestecul substantelor de referinta
(rutozida si acid cafeic) la lungimi de undd corespunzatoare maximei de absorbtie a
flavonelor (427 nm pentru rutozidd) si acizilor polifenolici (510 nm pentru acid cafeic),
valorii factorului de corelare (r = 0,996), erorii standard, reproductibilitatii rezultatelor.

CONCLUZIE

Extractum Juglandis obtinut poate fi supus experimentarilor farmacologice in vederea
determinarii profilului toxicologic (DLse, citotoxicitate), farmacologic pe sobolani cu diabet
indus experimental si farmacocinetic, pentru a putea fi folosit ca semifabricat in formula
produsului farmaceutic hipoglicemiant denumit provizoriu Fitohipoglic.
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A soft-hard felfogas kiterjesztési lehetéségei a fitobiolégiaban
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In cercetarile noastre antericare am demonstrat ca principiul compusilor chimici ,soft” se poate extinde $i
asupra fitohormonilor, modificand metabolismul lor din oxidativ in hidrolitic. In acest mod, in mecanismul de
actiune fitobiologicad a auxinelor nu se formeaza radicali liberi, inhibitori ai cresterii n conditii obignuite.
Acelasi efect |-am realizat prin addugare de capcane de radicali liberi naturali (acid ascorbic, polifenoli etc.)
la solutile de auxine. In afarid de rezultatele scontate, se remarcd suplimentar §i anumite fenomene
oscilatorii, nesemnalate pana in prezent in fitobiologie. Ca un alt domeniu al RMDD in fitobiologie, am
modelat relatiile structurd-proprietate ale unor complexanti biodegradabili, in lumina cerintelor moderne ale
cultivarii plantelor. Din acest punct de vedere chelatantii-unor micro- $i macroelemente prezintd importanta.
Majoritatea complexantilor traditionali (EDTA si alfii) insd in general nu sunt biodegradabili. Am studiat
sistematic cativa liganzi biodegradabili noi, cu structura poliaminopolicarboxilica, bazandu-ne pe posibilitatile
modelarii moderne cu calculatorul. Am stabilit unele corelatii intre energiile sterice ale complecsilor si
parametrii componentelor. Am ajuns la concluzia c3 liganzii poliaminopolicarboxilici noi sunt mai putin stabili,
deci mai ugor degradabili decat complecsii cu EDTA. Am interpretat legatura dintre parametrii de corelatie si
cei structurali ai complecsilor.

Cuvinte cheie: auxine, mecanism de actiune, substante ,soft’, capcane de radicali liberi, biodegradabilitate,
complecsi

As we demonstrated previously, the concept of the ,soft” chemicals can be extended on phytohormones,
modifying their mechanism from oxidative in hydrolytical one. In this way, in the action mechanism of auxines
doesn't form free radicals, inhibitors of the growth, in usual conditions. We realized the same effect adding
natural free radical traps (ascorbic acid, polyphenols) to the auxine solutions. Beside the supposable results,
we remarked supplementary some oscillatory phenomena unknown in the phytobiology. As another field of
the RMDD extension, we have modeled the structure-property relationships of some biodegradable
complexes in light of modern plant cultivation criteria. From this point of view, micro- and macro element
chelators play a remarkable role. The great majority of the traditional chelators (e.g., EDTA) are, however,
essentially non-biodegradable. We have systematically investigated some new biodegradable ligands with
polyamino-polycarboxylic structure, using the molecular modeling method and the possibilities of modern
computers. We established mathematical relations between the steric energy of the complexes and the
element's properties. We have concluded that the new complexes with poliamino-polycarboxylic chelators
are less stable, therefore easier degradable than the complexes with EDTA. We have drawn conclusions
regarding the correlation parameters and the stereo chemical properties of the complexes.

Key-words auxines, action mechanism, ,soft” chemicals, free radical trapping, biodegradability, complexes.

A nagy terapids index( gydgyszerek, illetve a kevéssé toxikus vegyszerek
retrometabolizmusra (RMDD) alapozott tervezésére, ilietve eléallitasara Bodor [3] két utat ajanl.
a kémiai célbajuttatas rendszerét (CDS) és a lagy gydgyszerek (SD) létrehozasanak lehetéségét
(1. abra). Ez utdbbi felfogas arra iranyul, hogy élészervezetekbe juté gy6gyszerek (vegyszerek)
oxidativ metabolizmusat hidolitikusra cserélie ki, és ily moédon — a szabadgyokképzédés
kizarasaval — csokkentse a vegyuletek toxicitasat, illetve — gyogyszerek esetén — novelje azok
terépias hatasat -
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1. abra. A retrometabolikus gydgyszertervezés elvi vazlata

Habér az emlitett terlleteken, bevezetése éta. az RMDD alapjan jelentds, a gyakoriatban is
elterjedten alkalmazott eredményeket értek el [4], a novényvildagban ennek a felfogasnak a
lehetdségeit csaknem teljesen figyelmen kiviil hagytak. 'Néhany kézleményiinkben [15-17] mar
évekkel ezelétt korvonalaztunk tobb olyan terlletet, amelyekre az RMDD, de kilénésen annak
soft gyogyszerekre-vegyszerekre vonatkozo ~ valtozata - sikerel atlltethets. Ebben a
dolgozatunkban osszefoglaljuk és rendszerezzik eddigi eredményeinket. A gyakorlati célokon
tiimenden, sok esetben, elméleti jellegli kérdések (reakciomechanizmusok, kémiai szerkezet —
fizikai — kémiai — biolégiai tulajdonsagok kapcsolata stb.) tisztazasa is lehetévé valt. A vizsgalt
kémiai rendszerek és kolcsdnhatasaik. modeliezése | ugyancsak |ényegesen hozzajarult a
tanuimanyozott jelenségek megértéséhez. Két tertletet emelink ki:

Az auxinok szerkezet — hatas Osszefuggéseinek, illetve hatasmechanizmusanak a
tanulmanyozasa.

Ismeretes, hogy a névényi hormonok (auxinok) novekedésserkentd hatasa az idd és a
koncentraci6 fliggvényében maximumon halad at [1]. A jelenség magyarazatara tobb elmélet
szUletett, amelyek kézul az tinik elfogadhatébbnak, hogy az auxin (hard alak) mikodése kézben
fotooxidaci6 megy végbe, ami szabadgyokképzddéshez vezet, a szabadgyokok viszont gatoljak
(feed-back) a hormon tovabbi hatasat. Ha viszont a hard fitohormonokat (pl. az indolil-vajsavat)
soft analogjaikka alakitjuk, a szabadgyok kepzédése és evvel egyutt a maximum megjelenése
megszUinik.

Az RMDD szerint adott vegyUlet ,meglagyitasa” gyakran ugy érhetd el, hogy a molekulaban
lévé telitett oldalldncokban két vicinalis metiléncsoportot velik izoelektronikus és izosztérkus
észter- vagy forditott észter-csoporttal (soft-analég) cserélnek ki. lly médon az oxidativ
metabolizaciot hidrolitkusra valtoztatjak, azaz szabadgyokképzddés nem lép fel. Ekkor viszont a
hatasgorbe allandé hatarétékhez tart.

Hogy a hatasmechanizmus valéban szabadgyokos, azt kilonbozé, mas utakon is
ellenénztuk. Egyrészt. a nem-modositott molekulaszerkezetli auxin tapoldathoz szabadgyok-
csapda tulajdonsagokkal jellemezhetd vegyileteket kevertink, masrészt magaba az auxin
molekulaba vittink be olyan szubsztituenseket, amelyek szabadgyok-csapdaként viselkedtek.
Mindkét esetben a hatasmaximum eltinését kellett észieintnk.

b) Biolégiailag lebomld  komplexképzok szintézise valamely “vezémmolekula™
szerkezeti elemeinek elére megtervezett Uton torténd modositasasval.
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Az emberi tevékenység soran a kdmyezetbe jutd kilonbdzd vegyi anyagok a fécélok
mellett — kozvetve, vagy kdzvetlenul - szamos, tobbnyire toxikus mellékhatast is kifejthetnek.
Sajatos helyet foglalnak el az emlitett vegyszerek kozott a novényvilag szamara fontos,
elsésorban fémion-komplex alakban hasznalt, makro-, mikro- és nyomelemek. A
hagyomanyosan hasznalt komplexképzé ligandumok tilnyomé tébbsége nem toxikus (pl. az
EDTA), azonban csak kis mértékben bomlik le biologiai Gton, ami a koémyezetbeli
felhaimozddasukhoz és a tovabbiakban gyakran ma még belathatatlan  karos
kévetkezményekhez vezet.

Az utébbi évtizedek kutatasai eredményeképpen szamos olyan kelatképzé vegylletet
terveztek meg és allitottak eld, amelyek biologiai lebonthatésaga elén a 80-90%-ot (12, 13].
Nézetunk szerint ezek a ligandumok (illetve a velik létrejétt komplexek) Ggy tekinthetdk, mint a
L,Soft” gyogyszerek és vegyszerek egy kulénleges csoportja.

A biologiai lebonthatosagnak szamos molekulaszerkezeti feltétele van. Kimutattak [11],
hogy a kémiai szerkezetben végrehajtott aranylag kis médositasok az oxidacios-redukciés Gton,
hidrolitkusan vagy konjugdciéval végbemend lebomlas mértékét és Utemét Iényegesen
befolyasolhatjak. A tapasztalati adatokbdl, bar az atalakulasok mechanizmusat sok esetben még
nem ismerjik, tobb szabaly kérvonalazédott. Ezt a folyamatot csokkenti a szerves halogének, a
nitro-, a nitrozo-, az azo-, az arilfamino-csoportok, a lancelagazasok (foleg a kvatermner szén és a
tercier nitrogén), a policiklusok, a heterociklusok, az éteres kétés stb. jelenléte, de megkonnyitik
az enzimatikus hidrolizissel felhasithatd funkciok (pl. észterek, amidok), a hidroxil-, aldehides
karbonil-, észter-csoport alakjaban bevitt  oxigén, az oxigendz enzimekkel tamadhat6
nemszubsztitualt egyenes alkil-lancok és fenilgylnik. Konnyen észrevehetd a soft vegyszerek és
a biodegradabilis vegylletek analogiaja.

Jelenleg elfogadott, hogy a tébbszérésen szubsztitualt szerkezetek kisebb sebességgel
bomlanak le, mint az egyszerlibbek, tovabba az igen kis mértékben oldhaté vegyuletek biolégiai
lebonthatdsaga fokozhatd az oldékonysagot ndveld funkcids csoportok beviteiével.

A biolégiai lebonthatdsag relativ sebességének az elérejelzése a kémiai szerkezet alapjan
jelentésen hozzaférhetébb lett “a  biztonsagosan -hasznalhatd vegyszerek fogalmanak
bevezetésével [3, 4] és gyakorlati. megtervezhetéségikkel. Az elérejelzésre matematikai
modelleket haszndlnak, amelyek kozul nagy hagyomanyokra tekint vissza az un. additiv
(fragmentacios) modell, amely a kérnyezetkémiaban azonban csak az utobbi években terjedt el.
Ennek a megkédzelitésnek az alapgondolata az, hogy a vizsgalt funkcié a molekula egy vagy tébb
szubstrukurajanak (fragmentumanak) az egymastél fuggetien hozzajarulasat tikrozi. Ez a feltétel
azonban ritkan, vagy csak megkézelitden teliesul. Ujabban tébb, hatékonyabb modell-valtozatot
dolgoztak ki, tébbnyire linearis és nemiinearis algoritmusok alapjan. Ezek a vegyulleteket kénnyen
és nehezen, illetve eldzetesen és véglegesen lebomid csoportokra osztjak, és a biodegradacié
sebességének félkvantitativ becslését teszik lehetévé, vizes kozegben (BIODEG-adatbazis).
Minden vegyllethez egy-egy mindségi jelzét (descriptor) rendelnek, mint amilyen a BR
(biodegradables rapidly) vagy a BSA (bidegradables slowly even with acclimation), és egy
hitelességi kodot (reliability code), pl. a szlrés-kovetés (screening studies) stb.
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I. tablazat. Szerkezeti fragmentumok és egytthatdk

Fragmentumok BIODEG modellek Relevancia modellek
Linearis Nemlinearis Elézetes Végleges
egyutthatok egyutthatdk egyltthaték egyttthatok
Alifas OH 0,159 1,118 0,129 0,160
Alifas NH,, NH 0,154 1,110 0,043 0,024
Alifas COOH 0,073 0,643 0,386 0,365
Tercier amin -0,205 -2,223 -0,288 -0,225
Kvaterner (egyes k&tésekkel -0,184 -1,723 -0,153 -0,212
kapcsolddd) szén

A szakirodalom szamos EDTA-analdég komplexképzét javasol novelt lebonthatésagu
ligandumként [9, 10]. Ezek szerkezetének tanulmanyozasabél kiderll, hogy az Aaltalanos
szabalyokkal is ¢sszhangban, a biodegradabilitast nagymértékben meghatarozzadk a nitrogén
atomhoz kapcsolt szubsztituensek: -H > -COCH; >-CH3 > -CyHs > -CH,CH,0OH > -CH,COOH
vagy -NHCOCH; > -N(COCHj),, tovabba: - NHCH,COOH > -N(CH,COOH),.

Bebizonyosodott tovabba, hogy a megfelelé nehézfém-komplexek bioldgiai lebonthatésaga
jobb, mint a ligandumokeé.

KISERLETI KORULMENYEK, MODSZEREK
a) Az auxinok vizsgéalata

A lagyitott” auxinokat kutatécsoportunk  szintetizalta. Azonositasukat, szerkezet- és
tisztasagvizsgalatukat elemi analizissel és IR spektrumok alapjan végezte [15).

A soft-analogokat az indolil-vajsavbél szarmaztattuk, ugyanis az oldallanc tartalmazza az
ehhez szukséges vicinalis metiiéncsoportokat:

—> @'E‘O‘CH{ COOH
@rcw—cw— CHy COOH i
: _
@lzpro—g-cnfcoo;a
L,
H

2. abra. Az indolil-vajsav ,meglagyitasa”

Az Osszehasonlitd vizsgalatok soran az auxinhoz hozzaadott szabadgyokfogoként
indulasként aszkorbinsavat hasznaltunk. Folytatasképpen egyes nitronok hasonld hatasat
probaljuk majd ki. Az észlelt jelenségek kérlitekintdbb magyarazata érdekében megvizsgaltuk a
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tormaperoxidaz — auxin-oxigén rendszerben fellépd oszcillaciés reakciokat is. A periddikus
hatasvaltozasokat potenciometriasan mértik.

A hatarmechanizmus tisztazasa érdekében kutatdcsoportunk olyan vizsgalatokat is végzett,
amelyekben a gyokfogét — ebben az esetben a nitron csoportot - nem az oldathoz adta, hanem
az auxin szerkezetébe épitette be:

CHS\N’ 0 ' CyHs 0

I |
CHy—¢ — @:—]— CH— COOH CH,—L— (D' — CH,— COOH
N M

H

3. abra. Oxiazometin (gyokfogd) csoportot tartalmazé auxinok

b) Biolégiailag lebomié EDTA-analégok vizsgalata

A biolégiailag lebomlé komplexképzéket a Dr. E. J. Szava INGENIEURBURO (Mlnchen)
laboratériumban terveztik meg és allitottuk el6. Ezek vegylletek szabadalommal védettek. A
komplex-generator fémionok a Mg(lt), Ca(ll), Mn(ll), Cu(ll), Fe(ll), Fe(lll) és a Zn(ll) - a fitobioldgia
jellemzd makro- és mikroelemei voltak. A ligandumok protonalodasi allandéit, illetve a fém-
komplexek stabilitasi allandéit potenciometrikusan és spektrometriasan hataroztuk meg.

A szerkezeti képletek alabb kévetkeznek™:
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OOH CfOOH ?OOH CliOOH

CH, CH, CH,  GH,
HOOC.__ _N N.___COOH HooC._ _N.___N.___COOH
H2 H2 H2 H? H2 H2 HZ
EDTA MDTA
COOH COOH COOH GOOH COOH
oo GH: O, o GH SH CH,
c__N___N___COOH c.__N___N_ _N_ _COOH
HZ HZ H2 H2 HZ H2 HZ
HEMDTA HEDTTA
GOOHCOOH  COOH
CH, CH, CH,
HOOCL _N_ N 22 N _COOH
HZ HZ HZ H2
METPA

4. 4bra. A vizsgalt ligandumok szerkezeti képletei

*A rbviditések a kivetkezd vegyiileteket jelslik:

EDTA: {[2-(bis-karboximetil-amino)-etil}-karboximetil-amino } -ecetsav,
MDTA: {{(bis-karboximetil-amino)-metil]-karboximetil-amino}-ecetsav,
HEMDTA: [[(bis-karboximetil-amino)-metil)-(2-hidroxi-etil}-amino]-ecetsav,

HEDTTA: {karboximetil-[(karboximetil-{[karboximetil-(2-hidroxi-etil)-amino}-metil }-amino)-metil]-amino } -ecetsav,

METPA:[({[2-(bis-karboximetil-amino)-etil]-karboximetil-amino }-metil)-karboximetil-amino]-ecetsav.

A komplexek tanulmanyozasara, a stabil konformacidk kivalasztasara. a sztérikus energiak
szamitasara kivaloan alkalmasak a szamitogépes modeliezés, illetve a molekula-dinamikai

szamitasok. Ezekhez a Chem3D (©Cambridge Soft) szoftvert [5] hasznaituk.

A statisztkai szamitasokat sajat keészités( szoftver segitségével végeztik (Regress,

Regressm, ©Ferencz L.).

EREDMENYEK ES MEGBESZELESUK
a) Az auxinok vizsgalata

Kutatasaink soran azt észeltuk, hogy az auxin-hatas a lagy” IBS esetén nem halad at
maximumon, hanem egy hatarérték elérése utan, j6 kbzelitéssel allandd marad, tehat az oxidativ

bomias kizarasa a hatasgatias megsziinésével jar egyutt (5. abra).
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5. abra. Az IBS és a megfelel6 lagy” észterek névekedés-serkentd hatasa etiolalt zabkoleoptilre

Ez az eredmény eredeti (szabadgytkos mechanizmusra vonatkozd) elképzelésiinket
igazolta. Logikus kovetkeztetésként feltételeztisk, hogy minden szabadgytkfogd adaléknak az
auxinok hatasat hasonlé médon kell befolyasolnia. Eme a célra elssorban olyan anyagokra
gondoltunk, amelyek a novényi szervezetek szamdra nem idegenek (pl. aszkorbinsav,
polifenolok, nitronok stb.).

Az eredmények altalaban megfeleltek a varakozasnak, de a hatds a vartnal sokkal
komplexebb volt. Az éles maximumon valé-athajidas nem jelentkezett, de — evvel szemben -
fellépett egy periodikus hatasingadozas, amelyet Ugy értelmezink, hogy a sorozatos serkentés-
gatlas egy kulénleges esetének, mint oszcillacios jelenségnek, vagyunk a tanui (6. abra).

20
18
16
14

—e&— az aszkorbinsav

12 koncentacidja 0 mg/L
10 - i
—&— az aszkorbinsav

8 4 koncentracidja 1

6 - mg/L

4

2 -

0 - i _

0 2 4 6

6. abra. A csirdk hosszanak valtozasa. az auxinkoncentracié fiiggvényében 120 6ra utan
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Az egzotikus oszcillacids reakciok szamos esete ismert mind a kémiaban, mind pedig az é16
szervezetekben, a fitobioldgiaban azonban hasonl6 jelenséget ritkan irtak le.

liyen jelenséget észlelt Degn [6] az auxin — peroxidaz — oxigén rendszerben. Azt tapasztalta,
hogy in vitro oszcillacios reakciok lépnek fel, amit az oxigén-koncentracié valtozasanak
kévetésével mutattak ki. Mi ezt a jelenséget a rendszer redoxipotencidljanak a mérése utjan
tanulmanyoztuk. Mivel az emlitett szerz6k szerint egyes fenolok a reakciét fokozzéak,
megvizsgaltuk néhany novényi polifenol (morin, rutin} hatasat is. Ezek a kérilmények a noévényi
szervezetekben is kialakulhatnak. Bar a fellépd oszcillacios reakciok részletes mechanizmusa
igen bonyolult, a megfigyelések alapjan feltételezzik, hogy a noévényélettanban ismert
maximumon athaladé auxin-hatas az oszcillaciés folymatok egyik természetes megnyilvanulasi
formaja [7, 14].

Az auxinok szerkezetébe beépitett oxiazometin csoportok ugyancsak cstkkentették a hatas
visszaesesét. Az evvel parhuzamosan elvegzett fitobiologiai vizsgalatok soran bebizonyosodott,
hogy a szintetizalt vegylletek nem genotoxikusak (nem modositjadk a névényi kromoszémak
szerkezetét), a novekedésserkentd hatasmechanizmusuk pedig megfelel azoknak a
kisérleteknek, amelyekben a gydkfogét az auxin oldatahoz adtuk.

b) Biologiailag lebomié komplexképzdk vizsgalata

Mivel a proton (hidroniumion) a komplexképzé fémion-sorozat sajatos tagjanak tekinthet®,
a modeliek dsszehasonlitasaban a protonalt iigandumok is szerepelnek, aminek indokoltsaga a
Larsson-szabalybd! is levezethetd [2]. A szabdlytél valdé eltérés sztérikus okokkal is
magyarazhato. A modellek ennek megértéséhez is segitséget nyljthatnak. Természetes, hogy
elséként az energetikai tényezdket vizsgaltuk meg: A kép teliességéhez az entrépikus jellemzék
figyelembe vétele is egyarant fontos. Maga a gytirizaras is ilyen hatas.

A modelleket jellemzd sztérkus energidk a kovetkez6 Osszetevokbdl allnak: nyuijtasi,
deformacids, torzids, nem-van der Waals-, van 'der Waals-, ion/dipélus, dipdlus/dipélus-tipust
kolcsdnhatasok energiai.

A rendszeres tanulmanyozas érdekében, Osszefoglaldo tablazatban (Il. tablazat)
bemutatjuk az 6ssz-sztérkus energia-ertékeket minden ligandum-fémion komplex esetében. Ezt
kovetbéen statisztikailag feldolgozzuk “az energidk és' a fémionok fébb paraméterei kozétti
osszefuggéseket.

Il. tablazat. EDTA-analég komplexek sztérikus energiai (E, kcal/mél)

lonok EDTA MDTA HEMDTA HEDTTA METPA

4,788 7,494 10,412 12,697 11,252

Na® -24.800 -13,719 -12,899 -6.800 -17,751
K -19,529 -9,596 -8,868 -1.510 -10,813
Mg” -86,975 -58,498 -74,518 -59.963 -84,850
ca® -78,753 -52,341 -63,876 -52.693 -76,224
s -68,040 -43,281 -51,398 -42.081 -63,354
Ba® -56,383 -37,463 -42,989 -35.356 -55,330
Mn?* -77,065 -52,342 -63,876 -52.693 -76,225
cu® -69,530 -47,082 -54,951 -46.830 -68,427
Fe* -132,183 -93,029 -115,268 -99.738 -134,526
Fe® -69.530 -47,082 -56,755 -47.035 -68,427
zn® -79.273 -52,342 -65,647 -52.954 -76,225
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A vegylletek 6sszehasonlitasabél lathatd, hogy bamelyik ionnal képzett komplextket
tekintve, azoknak 6ssz-sztérikus energidja magasabb, mint a megfelelé EDTA-komplexeké. Ezt
ugy értelmezzik, hogy reakcioképességiik nagyobb, tehat bioldgiai lebonthatdsaguk kedvezébb,
mint az EDTA-é. Ez az eredmény megfelel a szerkezetbeli médositasoknak, az alapvegyulethez
képest. Lathato, ugyanakkor, hogy a fémion-komplexek energidja kisebb, mint a megfelelé
ligandumé, wvagyis a komplexek biologiailag kevésbé bonthaték le. lly modon, az
energiakilénbségek a biodegradabilitas kézelité mennyiségi mértékének is tekinthetdk. Erdekes
megemliteni, hogy a Fe(lll)}-komplexek &sszenergidja a legalacsonyabb, ami nagyfoku
stabilitasukkal 6sszhangban van. Tovabba, a kétvegyértéki fémionokkal képezett komplexek
Ossz-sztérikus energidja, az un. természetes somak megfeleléen, a réznél szélso értéket ér el.

Az sszefliggéseket keresve kitlint, hogy az 6ssz-sztérikus energiak - bar kilén-kilén nem
adnak elfogadhato linearis korrelaciot az ionok valamely, adott paraméterével - szoros kapcsolatot
mutatnak, ha néhany paraméterrel a megfelel6 tobbvaitozés korrelaciot szamitjuk ki. A legjobb
eredményeket akkor kaptuk, amikor a sztérikus energiakat az ionsugarak, az ionizacios
potencialok, az iontéltések és a rendszamok négyvaltozés regresszios egyenletével fejeztik ki. A
kovetkezékben rendre bemutatjuk mindenik poliamino-polikarbonsav tipust ligandum (az EDTA
kivételével mindenik biologiailag lebonthatd) komplexeinek statisztikai targyalasat.

Az EDTA 11 ionnal képzett négyvaltozos regresszios egyenlete a kovetkezd:

E=22,243 +0,403-lp+ 4,996 R-61,840-T +0,604- 2

A korrelaciés egyiitthato r* = 0,984, a variacios egyitthaté V = -0,058, a kézepes négyzetes
hiba S = 4,02, az F-teszt értéke pedig F =139,6.
A biodegradabilis komplexek  esetén, a hasonlé statisztikai feldolgozassal nyert
eredmeények a ktvetkezdk:
MDTA
E=19,872+0,156 Ip+ 4,050 R-43,465-T + 0,413 .Z
? =0,993; V=-0053, S=2428, F=2079

HEMDTA
E=27,661+0,410 Ip+6,982-R-58,330-T+0,590-Z
= 0,986; V=-0,078 S=4345 F=1089

HEDTTA
E=30,152 +0,276-Ip + 7,068 -R-51,323-T +0,450- Z
* =0,994 V=-0060 S=2731 F=2285

METPA
E=28,534 +0,485-Ip + 9,953 -R-65,773-T +0,531.Z
?=0,993 V=-0053 S=350 F=2194

A regressziés egyenletekbdl lathatd, hogy a legnagyobb sllya az iontdltéseknek és az
ionradiuszoknak van. Hatasuk ellentétes, ami az ionpotencidlok ismert szerepét sugalmazza
hasonlo esetekben. A tébbi paraméter hatasa gyakran elhanyagolhaté. A korrelaciés egyitthatok
szoros dsszefliggésre utalnak.

A komplexek stabilitasi allandéi az emlitett vattozékkal ugyancsak linearisan korrelaltak. Az
EDTA esetén:
logK,, =3,4873 +12148.Ip + 12699 'R - 59774 - T+55134.102.Z

?=0,946 F=1740
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Erdekes, de megmagyarazhatd az a tény, hogy mig az ¢ssz-szterikus energia ugyancsak
lineansan komelalhatd az emiitett valtozokkal, a stabilitasi alland6 logantmusa és a sztérikus
energia kapcsolata sokkal kevésbé szoros. A paradoxon szerkezeti - matematikai
magyarazatahoz latnunk kell, hogy a két regressziés egyenlet megfelel) egyitthatoi lenyegesen
eltémek egymastol, ami ugyanazoknak a valtozoknak eltéré sulyat emeli ki. Az egymastél eltérd
fuggések, érthetd modon, a molekulak szerkezeti sajatossagait tukrozik.

Bebizonyitottuk, hogy a biologiailag lebonthaté ligandumok protondlodasi allandéinak a
logaritmusai mind egymas kozott, mind pedig az EDTA megfelelé allanddival linearisan
korrelalhaték (a liniaritas a DMTPA esetén kevésbé latvanyos), bar az egymas kozotti regresszids
egyenletek meredekségei kisebbek, mint az EDTA — val szemben. Az eltérések sajatos
sztereokémiai okokra vezetheték vissza: a legkisebb iranytangens a DMTETA esetén észlelheto,
amelyben a karboxil-csoportok egymashoz viszonyitott tavolsagai a legnagyobbak, a DMTPA
esetén viszont a szomszédos csoportok szerkezete vaitozott meg.

pKaowmrera) = (0,45 £ 0,05) pKaepra) + (3,02 £ 0,26)

n=4; r=0,988; so =044

pKaomrea) = (0,90 £ 0,26) pKagora) + (2,12 £ 1,64)
n=4, r=0925 $0=173

pKa(M(:-rA) (0 785+ 0 021) pKa(EDTA) + (1 60+1 34)
n=4;, r=0992 s0=0,14

pKamotay = (0,760 £ 0,86) pKagotay *+ (1,15 £ 0,53)
n=4; r=0988; sp=0,12

PKanemotay = (0,829 £ 0,037) pKagora) + (1,46 1 0,15)
n=3;, r=0,990; $0=0,12

Bebizonyitottuk, hogy Irving és Rosotti megfigyeléseinek megfeleléen [2], a tanulmanyozott
sorozatban, a stabilitasi allandék loganitmusai kozott jellemzd, sét, kitlind linearis korrelacio lép fel.
Ez a megéllapitas érvényes mind arra: az esetre, amikor adott fémion-par kildnbdzd
ligandumokkal képez komplexet, mind pediga forditott esetben, ha adott ligandum-par kulénb6z4
kationokhoz koordinalédik. Ez a megallapitas csak azonos vegyértéki kationok reakcidi esetén
ervenyes. Pl :

Ig Keycwy = (1,50 £ 0,26) Ig Keyzn) - (1,65 1 4,06)
n=5; r=0981, s,=0,88

de

Ig qu(cu) = (0,55 + 0,16) Ig ng(pem) + (6 80+ 2,99)
n=5r=086 s,=135

Az eredmények osszehasonlitasabdl kitlinik, hogy a kulénbozé ligandumokkal étrehozott
komplexek sztérikus energiai és stabilitasi dllandéi tikrézik az elektronszerkezetbél kovetkezd un.
természetes stabilitasi sort:

Mn < Fe(il) < Co(ll) < Ni < Cu < Zn. Néhany példa a rendelkezésunkre allé adatokbol:
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EDTA

fon: Mn(l)  Fe(ll) Co(l) Nil) Cu(l)  Zn(ll)
Ig K 1347 1445 16,10 1845 1880 16,50

E (kcaimol):  -77.07 -6953  ? ?  -69,53  -79,27
METTA

Ig Key 9,0 106 ?2 2 16,0 12,6

E (kcal/mol) 7622 6843 ? 2 6843  -76,22

A tanuimanyozott komplexkepzék és komplexek sajatossagait modell-szerkesztéssel tettik
szemléletessé. Néhanyat a modellek kézul (EDTA, MDTA és HEMDTA ) a 7. - 10. dbrakon
mutatunk be.

8. 4bra. MDTA + Ca”

9. abra. HEMDTA + Ca2+ - 10. abra. HEMDTA + Fe2+

94



KOVETKEZTETESEK

1. A kisérleti eredmenyek azt bizonyitjak, hogy az auxinok lebomlasa a novényi
szervezetben, természetes korilmények kozott gyckés mechanizmus szerint megy végbe. Az
auxin ,meglagyitdsa” soran a gyockos lebomlas helyett a hidrolitikus reakciout valik valészinlibbé,
nem jelentkezik tehat a keletkezd szabadgyokok gatidé hatasa. Hasonlé eredményhez jutunk, ha
az auxin oldatahoz természetes gyokfogdkat (aszkorbinsavat, polifenclokat) adunk, vagy a
gyokfogbt (esetinkben nitroncsoportot) beépitjuk az auxin szerkezetébe. A beépitett
nitroncsoportot tartalmaz6 auxinok genotoxicitasara vonatkozoé vizsgalatok eredményei negativak.

A fitobioloégiaban igen ritkan tapasztalt oszcillaciés jelenséget is megfigyelhettink az auxin
hatdsmechanizmusaban az auxinkoncentracio, valamint az idé fuggvényében.

2. Elkeszitettik az EDTA és néhany analdgja fitobiolégiai szempontbél fontos
komplexeinek a sztereokémiai modelljét. Bebizonyitottuk, hogy a ligandumok és a fémionok
Osszsztérikus energidi és a komplexképzék, valmint a komplexek bioldgiai lebonthatosaga kozott
szoros kapcsolat van, ami a bidegradabilitas szerinti rangsorolasukat is lehetévé teszi.

Kovetkeztetéseket vontunk le a korreldciés paraméterek és a komplexek sztereokémiai
jellemzéi kozott Ezek az osszefuggések felhasznalhatok a komplexek sztérikus energidi,
entropia-valtozasai, stabilitdsa és varhaté biodegradabilitasa kdzotti mindségi és mennységi
viszonyok felderitésében.
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Plante medicinale din flora spontana a judetului Mures

Silvia Oroian

Universitatea de Medicina si Farmacie Targu-Mures, Str.Gh.Marinescu nr. 38 Targu-Mures, Romania

Plantele medicinale constituie o importantd bogatie naturald a judefului Mureg. Stabilirea rezervelor de
genofond vegetal de interes terapeutic se poate realiza prin inventarierea plantelor pe localitdti, deoarece
acest lucru reda raspandirea corectd teritoriald a plantelor medicinale, in stransd legatura cu diversele
fitocenoze In care se gasesc §i cu factorii ecologici. Deoarece inventarierea planteor medicinale a devenit o
traditie a disciplinelor de Botanica farmaceutica i Farmacognozie din cadrul Facultatii de Farmacie din Tg-
Mureg, am initiat un astfel de studiu in judeful Mures. Au fost inventariate 304 specii de plante medicinale.
Cele mai numeroase plante contin: uleiuri volatile (14,14%), taninuri (12,82%), alcaloizi (12,17%), flavonoide
(10.52%), saponine i mucilagii (7,89% fiecare), iridoide §i cumarine (4,27% fiecare) etc.

Cuvinte cheie: plante medicinale, principii active, judetul Muresg

The medicinal plants constitute an important natural richness of the Mures County. The establish of the
vegetal genofond reserves with therapeutic interest can be realize through the plants inventory taking on
counties, because these reproduce the correct territorial distribution of the medicinal plants according with
diverse phytocoenosis and with ecological factors. It was initiated these study in the Mures County, because
the plants inventory taking became a tradition of the Pharmaceutical Botany and Pharmacognosy fields from
Facuity of Pharmacy Targu-Mures. it has been inventoried 304 species of the medicinal plants. The most
numerous plants contain: volatile oils (14.14%), tannins (12.82%), alkaloids (12.17%), flavonols (10.52%),
saponins and mucilages (7.89% each), iridoides and cumarines (4.27% each).

Key words: medicinal plants, active principles, Mures County

Inzestrat generos cu frumuseti naturale, judetul Mures prezint3 un remarcabil interes
stiintific, deoarece nu a beneficiat pana in prezent de 0 prezentare mai cuprinzdtoare a
plantelor medicinale de pe teritoriul sau.

Pentru intelegerea modului de inserare a covorului vegetal pe substratul pedografic,
este necesar s& cunoastem principalele trasaturi fizico-geografice ale judetului (relief,
clima, ape, soluri), a relatiilor dintre ele si-a -modului in care ele participa la realizarea
ambiantei ecologice §i cenotice a plantelor.

Judetul Mures este situat in zona central-nordica a Romaniei, avand o suprafata de
6696 km?, ce coboara usor in trepte de pe varfurile vulcanice ale Muntilor Calimani Si
Gurghiu, pana spre mijlocul Campiei Transilvaniei, fiind brazdatd de Valea Muresului si
fragmentata de afluentii acestuia.

Relieful este variat, cu clima diferentiatd pe scara altitudinald, de la abundenta
precipitatilor din zona montana pana la ariditatea stepicd a Campiei Transilvaniei. in
marele complex natural diversitatea plantelor este explicabild, si nu intamplator dispunem
de adevarate statiuni salbatice, unde s-a mentinut peisajul natural, detindtoare a unor
bogate si valoroase flore medicinale.

Geneza muntilor vulcanici Calimani si Gurghiu, situati pe bordura vestica a Carpatilor
Orientali centrali, este puternic legatd de eruptille vulcanice. Conurile muntoase ale
Calimanilor, de pe rama vesticd, sunt alcatuite din andezite, iar platourile vulcanice,
formate din aglomerate, sunt acoperite de pasuni montane cu mici suprafete mlastinoase.
in muntii Gurghiului conurile vulcanice apar ingemanate, platourile sunt mai largi si mai
domoale. Defileul Muresului, ingust, cu versantii foarte apropiati, reprezintd cea mai mare
sectiune prim lantul vulcanic din rasaritul bazinului ardelean. Trecerea dinspre zona
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muntoasa spre Podisul Transilvaniei se face prin intermediul unor regiuni deluroase si
depresionare.

Podisul Tarnavelor este un tinut deluros ugor ondulat, relief de cueste si cu versanti
asimetrici afectati de alunecari de teren, caracterizat prin prezenta domurilor gazeifere.
Campia Transilvaniei, situata la nord de Mures, apare ca o regiune geografica cu trésaturi
originale ce-i conferd o notad de distinctie. Relieful se caracterizeazd printr-un ansamblu
de coline randuite in interfluvii prelungi si foarte ramificate, cu altitudini mai mici, media
fiind 400 m, cu deniveldri care ajung la peste 200 m la nivelul de baza local, vai sapate in
argile, marne si nisipuri sarmatiene, rar tufuri vulcanice, cu flancuri erodate si curgeri
noroioase, alunecéri de teren care pe alocuri au barat raurile, formand lacuri, care astazi
sunt amenajate n mari elestee. Versantii de coastd au de obicei orientare vestica sau
sudica.

Din punct de vedere hidrografic, judetul Mures are o retea bogata de ape curgatoare,
de lacuri i elestee, dar un volum mai redus de ape subterane, freatice si de adancime.
Apele subterane de medie si mare adancime au o mineralizare foarte puternicd, cu
continut ridicat de Ca"™, Mg*™, Na’, SO,, CI, Br, I Mineralizarea este caracteristica
zonelor cu domuri gazeifere. Teritoriului judetului Mures Ti apariine bazinul hidrografic
Mures, pe suprafata Iui fiind 214 cursuri de ape, ceea ce corespunde unei densitati de
0,40 km/km?.

Din punct de vedere climatic, teritoriul judetului Mures se situeaza in sectorul cu
climd temperat continentald, de interferentd intre clima de deal si cea a muntilor.
Temperaturile medii anuale au valori de 8°-9°C in partea de vest si intre 2°- 4°C in est.
Precipitatile atmosferice reflectd factura climatului temperat, in care zonalitatea si
orientarea reliefului se impune cu precadere. Mediile multianuale de precipitatii variaza
intre 550 mm/an si 1000 - 1200 mm/an. Vanturile predominante sunt cele din vest si nord-
vest, cu intensitate st frecventa mijlocie.

De pe crestele inalte ale muntilor i’ pana in luncile joase ale raurilor, intalnim o gama
larga de soluri zonale, intrazonale $i azonale.

In zona de munte sunt specifice solurile montane brune, brune galbui podzolite sau
brune acide de pajisti alpine, brune de padure acide si podzolice feriiluviale, iar pe versanti
soluri tinere de grohotiguri, precum si soluri scheletice.

In zona de deal si podig, mai frecvente sunt solurile silvestre, brune inchise de
padure, pe alocuri argiloiluviale, podzolice argiloiluviale pseudogleizate, brune de padure
cernoziomice, soluri erodate si coluviale la baza versantilor.

in regiunea Campiei Transilvaniei predomind solurile silvestre brune si mai ales
cernoziomurile levigate, soluri negre de faneatad umeda, balane de coasta si soluri erodate,
cernoziomurile levigate freatic umede si izolat gleice si humicogleice.

MATERIAL S| METODA

Lista plantelor medicinale vasculare din judetul Mures a fost elaboratd pe baza
cercetarilor efectuate in perioada 1995-2006, precum si a informatiilor bibliografice. La
acestea se mai adauga informatiile cuprinse in Herbarul Muzeului de Stiintele Naturii din
Targu Mures. In acest studiu am adoptat solutiile nomenclaturale care sunt considerate
corecte in conformitate cu Codul International de Nomenclatura Botanica (Code de Tokyo,
1993).
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REZULTATE $I DISCUTII

Din studiile efectuate reiese ca inventarul floristic al plantelor medicinale cuprinde
304 specii cu continut cert in compusi chimici terapeutici. Plantele medicinale au fost
grupate in functie de principiile active dominante pentru care ele sunt utilizate In medicina
traditionald, respectiv in fitoterapie (tabelul 1). Astfel observam ca cele mai numeroase
plante contin: uleiuri volatile (14,14%), taninuri (12,82%), alcaloizi (12,17%), flavonoide
(10,52%), saponine si mucilagii (7,89% fiecare), iridoide si cumarine (4,27% fiecare) etc.

interesul deosebit manifestat astazi, pe plan mondial, pentru medicina naturista, in
cadrul careia fitoterapia ocupa un loc privilegiat, poate avea uneori repercursiuni negative
pentru conservarea unor specii vegetale din flora spontand, asa cum sunt: Achillea
ptarmica, Aconitum firmum, Aconitum moldavicum, Acorus calamus, Adonis vernalis,
Agrostema githago, Alcea pallida, Angelica archangelica, Amica montana, Dictamnus
albus, Galanthus nivalis, Leucojum vernum, Lycopodium clavatum, Orchis militaris, Orchis
morio, Orchis purpurea, Polemonium caeruleum, Prunus tenella etc.

Deoarece recoltarea plantelor va continua sa prezinte o necesitate economica si in
deceniile urmatoare, se impune initierea unor experiente de introducere in cultura a lor,
pentru dainuirea acestor plante pe meleagurile noastre.
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Tabel 1 - Principiile active dominante ale plantelor medicinale din flora spontana a judetului Mures si localizarea lor

PRINCIPIILE ACTIVE SPECIA
DOMINANTE LOCALITATEA
SPECII CU ACTIUNE  |Lycopodium clavatum Gurghiu, Lapugna, Rdéstolita,Sacadat, intre Si3cddat si Sovata, Valea Batrana, Valea
FIZICA Gurghiului-Magura
Arctium lappa Alunig, Band, Balduseri, Bezid, Casva, Chibed, Cloasterf, Dubiste, Ghindari, Gurghiu, Herepea,
Herghelia, Ibdnesti, Lacul Fadrdgau, Lapusna, Rastolita, Saschiz, intre Sicidat si Sovata,
Sabed, Sangiorgiu de Padure, Santana de Mures, Targu-Mures, Valea Isticeu
Bryonia alba Bahnea, Band, Balauseri, Bezid, Calimanesti, Cagva, Cornesti, Craiesti, Fantanele, Galdoaia,
Idrifaia, Rastolita, Reghin, Sdlard, Targu-Mures, Tarnaveni, Viigoara
HOMOGLICANI ——— - - —
Elymus repens Abus, Band, Balauseri, Cagva, intre Cerghid si Mica, Cloasterf, Daia, Jabenita, Mihai Viteazu,
. Rastolita, Reghin, Saschiz, Sdbed, Stejdrenii, $arpatoc, Saulia de Campie, Targu-Mures, Zau
de Campie
Inufa helenium Adrian, Alunisg, Archita, Band, Beica, Daia, Gurghiu, Jabenita, Mihai Viteazu, Saschiz,
Sighigoara
Alcea pallida Bahnea, Cund, Daia, Mihai Viteazu, Mureni, Targu-Mures
Althaea officinalis Bahnea, Band, Cund, Daia, Mihai Viteazu, Targu-Mures
Anchusa officinalis Band, Bagaciu, Ganesti, Mihai Viteazu, Mureni, Targu-Mureg, Zau de Campie
Antennaria dioica Balauseri, intre Sovata si Sacadat, Targu-Mures
Hibiscus trionum Bahnea, Band, Balduseri, Calimanesti, intre Cornesti si Craiesti, Fantanele, Gaesti, Herghelia,
MUCILAGH idrifaia, Reghin, Sabed, Targu-Mures, Tarnadveni, Viisoara

Lavathera thuringiaca

Apold, Archita, Band, Baldugeri, Daia, Danes, Mureni, Rastolita, Reghin, Saschiz, Sabed,
$arpatoc, Targu-Mures, Zau de Campie

Linum catharticum

Apold, Archita, Bahnea, Band, Bagaciu, intre Bala si Ercea, intre Cerghid si Mica, C_Ioasterf,
Daia, Danes, Herghelia, Mihai Viteazu, Saschiz, Sabed, Santana de Mures, Stejarenii, Saes,
Sarpatoc, Targu-Mures, Tirimia, langa Viforoasa, Vulcan

Linum flavum

Apold, Archita, Band, Balauseri, Cloagterf, Daia, Herepea, Mihai Viteazu, Mureni, Saschiz,

Sabed, Stejarenii, Saes, Targu-Mures, Vulcan, Zau de Campie
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MUCILAGII

Linum hirsutum

Cloasterf, Cnsg, Daia, Lechinta, Mihai Viteazu, Stejarenii, Targu-Mures

Malva neglecta

Band, Cornesgti, Craiegti, Dulcea, Lunca Bradului, Rastolita, Reghin, Siulia de Campie,
Tarnaveni

Malva sylvestris

Alunig, Band, Bagaciu, Balaugeri, Faradgau, Gurghiu, Herghelia, Lacul Faragiu, Rastolita,
Reghin, Sabed, Targu-Mures

Orchis militaris

Gurghiu, Rastolita, Sovata

Orchis morio

Alunig, Bahnea, Band, Bagaciu, Baldugeri, intre Bala si Ercea, Bezid, Bistra Muresului, Scaunu!
Domnuilui, Calimanesti, Chibed, Crig, Danesg, Fantanele, Ghindari, Gurghiu, Idrifaia, Jabenita,
Intre Mureni gi Archita, Rastolita, Reghin, Saschiz, intre Sac&dat i Sovata, Sabed, Sangiorgiu
de Padure, $aulia de Campie, Targu-Mureg, Valea Salardului, Valenii de Mures, Viigoara,
Vulcan, Zau de Campie

Orchis purpurea

Gurghiu

Plantago lanceolata

Alunig, Apold, Archita, Bahnea, Band, Baldugeri, intre Bala si Ercea, Beica, Bezid, Calimanesti,
Chibed, Cerghid, Cloasterf, Cornesti, Daia, Danes, Dulcea, Faragiu, Fantanele, Gal3oaia,
Ghindari, Herghelia, Ibanesgti, |drifaia, Jabenita, Lapugna, Mica, Mihai Viteazu, Mureni, Orgova,
Porumbeni, ‘intre R&zoare si $aulia, Rastolita, Reghin, Saschiz, intre S3cidat §i Sovata,
Sabed, Sangiorgiu de Padure, Stanceni-Mestera, Stejdrenii, Saes, Sarpatoc, Saulia de
Campie, Targu-Mures, Tarnaveni, Tirimia, Vaidacuta, Viigoara, Valea Batrana, Valea Creanga
Alb3, Valea Secuieu, Vulcan, Zau de Campie

Plantago major

Alunig, Apold, Bahnea, Band, Balaugeri, Bezid, Calimanegti, Chibed, intre Cerghid si Mica,
Cloagterf, Cornesti, Crig, Daia, Dubigte, Dulcea, Fardgdu, Fantanele, Ghindari, |drifaia,
Jabenita, Lacul Faragdu, Laslaul Mare, Mihai Viteazu, Mureni, Orgova, Rastolita-lod, Reghin,
Saschiz, intre Sacadat §i Sovata, Sangiorgiu de Padure, Stejarenii, Sarpatoc, $3ulia de
Campie, Targu-Mureg, Tarnaveni, Valea livei, Viigoara, Vulcan

Plantago media

Alunig, Apold, Archita, Bahnea, Band, Baldugeri, intre Bala i Ercea, Bezid, Calimanesti,
Chibed, intre Cerghid si Mica, Cloagterf, Cornesti, Crig, Daia, Daneg, intre Deda si Bistra
Muresului, Dulcea, Faragau, Fantanele, Galdoaia, Ghindari, Herghelia, Ibanegti, Idrifaia,
Lapugna, Mihai Viteazu, Mureni, Orgova, Porumbeni, Rastolita, Reghin, Saschiz, intre S&cddat
si Sovata, Sabed, Sangiorgiu de Padure, Stejarenii, StAnceni-Megtera, $aes, Sarpatoc, Saulia
de Campie, Targu-Mureg, Tamaveni, Tirimia, Vaidacuta, Viigoara, Vulcan, Zau de Campie

Tussilago farfara

Alunig, Bahnea, Band, Bagaciu, Bal3ugeri, Bezid, Calimanesti, intre Cerghid i Mica, Chibed,
Cornesti, Dulcea, Fantanele, Galdoaia, Ghindari, Glajarie, Herghelia, 1banesti, Idrifaia, Lacul
Faragau, Lapugna, Mihai Viteazu, M-ti Calimani (vdile: livei, Valea de Mijloc, Rachitig,

Salardului), Orgova, Réstolita, intre S3cadat gi Sovata, Sabed, Salard, Sangiorgiu de Padure,
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$aulia de Campie, Targu-Mures, Tarnaveni, Vaidacuta, Viigoara, Valea Secuieu, Zau de
Campie

Verbascum densiflorum

Valea Gurghiului la Sirod, Valea Secuieu

Verbascum lychnitis

Alunig, Androneasa, Galdoaia, Ibanesti, Lunca Bradului, Mureni, Rastolita, Reghin, Stanceni-
Mestera

MUCILAGH Verbascum nigrum Lapugna, Padurea Mociar-Gurghiu, padurea de lingad Poiana Narciselor Gurghiu, Rastolita,
Reghin
Verbascum phlomoides |Bahnea, Band, Baldugeri, Beica, Bezid, Calimanesti, Chibed, Cornesti, Crig, Fantanele,
Ghindari, Ibanesti Padure, ldnfaia, Porumbeni, Rastolita, Saschiz, S&bed, Sangiorgiu de
Padure, Targu-Mures, Tarnaveni, Tirimia, Viigoara, Zau de Campie
Verbascum phoeniceum |Band, Crig, Cloasterf, Jabenita, intre Mureni si Archita, Reghin, Targu-Mures
Verbascum thapsus Adrian, Balauseri, Reghin
Brassica nigra Balauseri, intre Ibanesti gi Gurghiu, Sovata
GLICOZIDE Raph hanist Band, Cagva, Rastolita, Reghin, Sabed, Targu-M
SENEVOLICE aphanus raphanistrum and, Cagva, Rastolita, Reghin, ed, Targu-Muresg

Sisymbrium officinale

Alunis, Band, Bagaciu, Balaugeri, Reghin, Sabed, Sovata, Targu-Mures-Besa, Valea llvei

GLICOZIDE FENOLICE

Calluna vulgaris

M-tii Gurghiului pe Valea Fancelului, M-{ii Calimani (padurile de pe Valea Bistrei: Stegii, Valea
de Mijloc, Cofu)

Filipendula ulmaria

Alunig, Chibed, Ciobotani, Deda, Dubiste, Duicea, Herghelia, Ibanesti, Lunca Bradului,
Lapusna, M-{ii ‘Gurghiului (pe vdile: Lapugna, Secuieu, Sirod), Orgova, Pauloaia, Poiana
Narciselor-Gurghiu, Rastolita, Reghin, Saschiz, intre Sacadat si Sovata, Sabed, Solovastru,
Sovata, Stanceni-Mestera, Valea llvei, Valea lodului, Valea Rachitis, Valea Salardului, Valea
Secului, Valea Tihului, Zau de Campie

Populus nigra

Adamug, Balauseri, Bezid, Chibed, Ghindari, Gurghiu, Idrifaia, Lunca Bradului, Rastolita,
Reghin, Sangiorgiu de Padure, Sighisoara, Targu-Mureg, Valea Gurghiului

Populus tremula

Alunis, Androneasa, Biliuseri, Cagva, Crig, Dubiste, Gurghiu, Herghelia, Ib&negti, Mihai
Viteazu, Orgova-catunul Seci, Saschiz, Sabed, Targu-Mures

Pyrus pyraster Alunis, Cloasterf, Craiesti, Crig, Herepea, Daia, Gurghiu, Herghelia, Ibdnesti, Lunca Bradului,
Mihai Viteazu, Mureni, intre Mureni si Archita, Rastolita-lod, Reghin, Saschiz, Sabed,
Solovastru, Stejarenii, Sarpatoc, Saulia de Campie, Targu-Mures, Tarnaveni, cursul superior al
Tarnavei Mici, Tirimia, Vaidacuta, Vulcan, Zau de Campie

Salix alba Albesti, Alunig, Band, Cagva, Cloasterf, Deda, Dubiste, Dulcea, Faragau, Ibanesti, Lapusna,

Rastolita-lod, Reghin, P3uloaia, Saschiz, Sabed, Sighigoara Solovastru, Targu-Mureg, Valea
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GLICOZIDE FENOLICE

Salardului

Salix caprea

Alunig, Androneasa, Band, Balaugeri, Beica, Galdoaia, Gurghiu, lod, M-ti Gurghiului (vaile
Glajarie, Lapugna, Pietroasa, Secuieu, Sirod), Orsova Padure, Rastoiifa, Reghin, Saschiz,
Sabed, Targu-Mures, cursul superior al Tarnavei Mici, Valea din Mijloc, Valea Salarduiui, Valea
Tihului

Salix cinerea

Abug, Adamus, Alunig, Cagva, Dubiste, Dulcea, Gurghiu-Poiana Narciselor, Lacul Faragau,
Lapusna, Orgova Padure, Piatra Orgova, Reghin, Saschiz, Sabed, Sighigoara, intre Stanceni gi
Ciobotani, Saes, Saulia de Campie, Targu-Mures, Valea Salardului, Valea Secului

Salix fragilis Adamusg, Band, Baldugeri, Cloagterf, Dulcea, Gurghiu, Réstolita, Reghin, Saschiz, Sabed,
Sighigoara, Solovastru, Targu-Mureg, Valea Salardului
Salix purpurea Band, Baldugeri, Cagva, Cloasterf, Dubiste, Ibadnesti Padure, Lunca Bradului, Rastolita-iod,

Saschiz, Sighigoara, intre Stanceni gi Ciobotani, Valea llvei, Valea Salardului

Vaccinium vitis-idaea

Glgjarie, Lapugna, Lunca Bradului, Rastolita, intre Sacadat si Sovata, Valea Batrana, Valea
Sirodului, Varful Seaca Mica, Valea Bistrei (padurile Stegii, Valea de Mijloc), Valea Salardutui,
Galaoaia

Viburnum opulus

Alunig, Apold, Bahnea, Band, Bilduseri, intre Bala si Ercea, Bezid, Calimanesti, Chibed,
Cloasterf, intre Comesti si Crdiesti, intre Deda si Bistra Muresului, Fantanele, Ghindari,
Gurghiu, Herghelia, tbanesti Padure, Idrifaia, Lunca Bradului-Neagra, Rastolita, Saschiz,
Sabed, intre Sacadat si Sovata, Sangiorgiu de Padure, Targu-Mures, Tamaveni, Viisoara

DERIVATI
ANTRACHINONICI

Frangula alnus

Adrian, Alunig, Bahnea, Band, Baldugeri, Bezid, Cagva, Calimanesti, Chibed, intre Deda si
Bistra Muresului, Dubiste, Fantanele, Ghindari, Glajarie, Gurghiu, Herghelia, Idrifaia, Lunca
Bradului-Neagra, Miercurea Niraj, Piatra Orgova, Ristolita, Reghin, Saschiz, Sangiorgiu de
Padure, Sighisoara, Saulia de Campie, Targu-Mures, cursul mijlociu al Tamavei Mici,
Vaidacuta, Viigoara

Rhamnus cathartica

Band, Baldugeri, Beica, Budiu, Gurghiu, Herghelia, Saschiz, Sabed, Zau de Campie, Valea
Bistrei: Dupa Bistra, Zdpodea Ursului, Bliddreasa

Rumex acelosa

Adrian, Alunig, Bahnea, Band, Bagaciu, Balausgeri, Beica de Sus, Bezid, Cagva, Calimanesti,
Chibed, Cloagterf, Cornesti, intre Cerghid si Mica, Daia, Dubiste, Dulcea, Fantanele, Ghindari,
Glajarie, Gurghiu, Ibanesti, Ibanesti Padure, Idrifaia, Jabenita, Lapusna, Mihai Viteazu, Orgova-
catunul Seci, Rastolita, Reghin, Saschiz, intre Sicadat si Sovata, Sabed, Sangiorgiu de Mures,
Sangiorgiu de Padure, Santana de Mures, Stanceni-Mestera, $arpatoc, S$aulia de Campie,
Targu-Mures, Tarnaveni, Valea Secuieu, Viigoara, Zau de Campie

Rumex acetosella

Alunig, Bahnea, Band, Bagaciu, Baldugeri, Beica, Bezid, intre Bistra Muresului si Rastolita,

Casgva, Calimanesti, Chibed, Cornesti, Daia, Dubigte, Dulcea, Fantanele, Ghindari, Glajarie,
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DERIVATI
ANTRACHINONICI

Gurghiu, Ibanesti, Idrifaia, Jabenita, Lapusna, Mihai Viteazu, Pauloaia, Rastolita. Reghin.
Saschiz, intre Sacadat §i Sovata, Sabed, Sangiorgiu de Padure, Stanceni, Targu-Mures,
Tarnaveni, Viigoara, Vulcan, Zau de Campie

Rumex alpinus

intre Deda si Bistra Muresului, Galdoaia, Gurghiu, M-tii Gurghiului (vaile: Creanga Alba,
Lapugna, Secuieu, Sirod, Saca), Réastolita, cursul superior al Tarnavei Mici, intre Sacadat si
Sovata, Valea Salardului, Valea Secului

Rumex conglomeratus

Dulcea, Glajarie, Gurghiu, Ibdnest:, Ibanesti Padure, Lapusna, Reghin, Sovata, Targu-Mures,
Valea Creanga Alb3, Valea Secuieu

Rumex crispus

Abug, Alunis, Archita, Band, Balduseri, Faragau, Bistra Muresului, intre Calimanesti si
Sangiorgiu de Padure, intre Cerghid i Mica, Cloasterf, Coroisanmartin, Daia, Danes, Dubiste,
Dulcea, Gurghiu, Ibanesti, I|drifaia, Mihai Viteazu, Saschiz, Sabed, Sarateni, Sighigoara,
Santana de Mures, Sovata, Sarpatoc, Targu-Mures, Tamaveni, Trei Sate

NAFTODIANTRONE

Hypericum maculatum

Alunig, Bahnea, Balduseri, Calimanesti, Fantanele, Gurghiu, Herghelia, Ibanesti, Idrifaia,
Lapugna, Lunca Bradului-Neagra, M-tit Gurghiului (Bradetel, Lapusna, Saca, Valea Batrana,
Valea Creanga Alba, Valea Secuieu, Valea Sirodului), Orgova Padure, Rastolita, intre Sacadat
§i Sovata, Sabed, Valea Salardului, Valea Secului, Viigoara, Zau de Campie

Hypericum perforatum

Adrian, Alunig, Androneasa, Apold, Archita, Bahnea, Band, Balauseri, intre Bala gi Ercea, Beica
de Jos, Bezid,'Casva, Calimanesti, Chibed, Cloagterf, Cornesti, Crig, Daia, Daneg, Dubiste,
Dulcea, Fantanele, Galdoaia, Ghindari, Glajarie, Gurghiu, Herghelia, Hodac, Idrifaia, Lapusgna,
Lunca Bradului, Mihai Viteazu, Mureni, Pauloaia, Rastolita-Visa, Saschiz, intre Sacadat si
Sovata, Sabed, Sangiorgiu de Padure, Stejarenii, Stanceni-Mestera, $Saes, $arpatoc, Targu-
Mures, Tarnaveni, Tirimia, Vaidacuta, Valea Batrana, Valea Salardului, Valea Secuieu, Vulcan,
Zau de Campie

GLICOZIDE
CARDIOTONICE

Adonis vernalis

Band, Bagaciu, intre Bala si Lefaia, Balauseri, Beica de Sus, intre Cerghid si Mica, Cloasterf,
Crig, Herepea, intre Herepea si Craiesti, Herghelia, Mihai Viteazu, Porumbeni, Saschiz, Sabed,
Saulia de Campie, Targu-Mures, Vaidacuta, Valea lzvoarelor, Zau de Campie

Asparagus officinalis

Abug, Adrian, Alunig, Archita, Band, Cloasterf, Crig, Daia, Mihai Viteazu, Reghin, Saschiz,
Sabed, Targu-Mures, Vaidacuta, Vulcan, Zau de Campie

Convallaria majalis

Alunis, Bahnea, Band, Balauseri, Calimanesti, Cloasterf, Cornesti, Craiegti, Fantanele, Glodeni,
Gurghiu, Herghelia, Idrifaia, Saschiz, Sabed, Saulia de Campie, Targu-Mures, Tarnaveni,
Tirimia, Valea Bistrei, Viigoara

Digitalis grandifiora

Androneasa, Bahnea, Band, Balduseri, Bezid, Calimanrsti, Chibed, Comesti, Craiesti, Dubiste,
Fantanele, Galdoaia, Ghindari, Gurghiu, Idrifaia, Lapusna, Lunca Bradului, Rastolita, Reghin,

intre Sacadat §i Sovata, Sangiorgiu de Padure, Stanceni, Targu-Mureg, Tarnaveni, Tirimia,
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Valea Salardului. Viisoara, Zau de CAmpie

Erysimum cheiranthoides

Rastolita, Reghin, Sabed, Stanceni-Ciobotani

Erysimum odoratum

intre Bala i Ercea, Band, Herghelia, Saschiz, Sabed, Stanceni, Targu-Mures, Zau de Campie

Euonymus europaea

Alunig, Band, Cloasterf, Gurghiu, Herghelia, Lunca Bradului-Neagra, Orsova, Rastolita,
Saschiz, Sabed, Targu-Mures, cursul mijlociu al Tarnavei Mici, Valea livei, Valea Pietroasa,
Zau de Campie

Euonymus verrucosa

Balaugeri, Gurghiu, Herghelia,Lunca Bradului-Neagra, R&stolita, Saschiz, Sabed, Targu-Mures,
Tirimia, Valea Salardulu

Helleborus purpurascens

Alunig, Apold, Bahnea, Bagaciu, Balauseri, Bezid, Calimanesti, Chibed, Cloasterf, Cornesti,
Intre Craiesti gi Herepea, Crig, Deda, Faragsu, Fantanele, Ghindari, Gurghiu, Herghelia,
Idrifaia, Lapugna, Mihai Viteazu, Mureni, Reghin, Saschiz, Sabed, Sicidat, Sangiorgiu de
P&adure, Sovata, Saes, Saulia de Campie, Targu-Mureg, Tirimia, Valea Salardului, Viigoara,
Vulcan, Zau de Campie

Leonurus cardiaca

Alunig, Bahnea, Band, Balauseri, Bezid, Calimanesti, Chibed, Cornesti, Ghindari, Fantanele,
Ibanesti Padure, Idrifaia, Lacul Far&gdu, Lunca Bradului, Orgova, Rastolita, Saschiz, intre
Sacadat si Sovata, Sangiorgiu de Padure, Targu-Mures, Tarnaven, Valea Salardului, Viigoara,
Zau de Campie

SAPONINE

Agrostema githago

Adrian, Band, Balduseri, Lunca Bradului, Targu-Muresg

Anagallis arvensis

Adrian, Alunig, Androneasa, Band, Bal3ugeri, intre Bala si Ercea, Beica de Jos, Casva,
Dubigte, Jabenita, Lunca Bradului, Mihai Viteazu, P&uloaia, Rastolifa, Sabed, Saulia de
Campie, Targu-Mureg, Zau de Campie

Bellis perennis

Alunig,Bahnea, Band, Bagaciu, Balduseri, Bezid, Cdlimanesgti, Chibed, Fantanele, Ghindari,
Herghelia, Ibadnesti, idrifaia, Mihai Viteazu, Rdstolita, Sdbed, intre Sacadat si Sovata,
Sangiorgiu de Padure, Tarnaveni, Viisoara, Saulia de Campie, Targu-Mures, Zau de Campie

Bupleurum falcatum

Adrian, Apold, Archita, Band, Balauseri, Beica de Sus, Cagva, Cloasterf, Crig, Daia, intre Deda
si Toplita, Gurghiu, Ibdnesti, Lunca Bradului, Mihai Viteazu, Mureni, Reghin, Saschiz, Sabed,
Sovata, Stejarenii, Saes, Targu-Mures, Tirimia, Vaidacuta, Vulcan, Zau de Campie

Eryngium campestre

Adrian, Alunig, Apold, Archita, Band, Balauseri, intre Bala si Ercea, Beica de Sus, Casva, intre
Cerghid si Mica, Cloagterf, Crig, Daia, Daneg, Galdoaia, Gurghiu, Herghelia, Ldpugna, Mihai
Viteazu, Mureni, Porumbeni, Reghin, Saschiz, Sabed, Stejadrenii, $aeg, Targu-Muresg, Tirimia,
Vaidacuta, 1anga Viforoasa, Vulcan, Zau de Campie

Eryngium planum

Adrian, Alunig, Apold, Archita, Bahnea, Bé&lauseri, Intre Bdla §i Ercea, Beica de Sus, Bezid,

Cagva, Cilimanesti, Chibed, Cloagterf, Comegti, Craiegti, Crig, Daia, Daneg, Fantanele,
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Ghindari, Gurghiu, Herghelia, Idrifaia, Jabenita, Mihai Viteazu, Mureni, Reghin, Saschiz,
Sangiorgiu de P&dure, Stejarenii, Sovata, Targu-Mures, Tarnaveni, Viigoara, Vuican, Zau de
Campie

Equisetum arvense

Alunig, Apold, Archita, Bahnea, Band, Balauseri, intre Bala si Ercea, Bezid, Calimanesti,
Chibed, Cloagterf, Comesti, Crig, Deleni, Dubiste, Dulcea, Fantanele, Ghindari, Gurghiu,
Herghelia, Ibdnesgti, Idrifaia, Lacul Faragdu, Laslaul Mare, Lapugna, Mihai Viteazu, Orgova
Padure, Orgova catunul Seci, Rastolita, Saschiz, Sabed, intre Sicadat gi Sovata, Salard,
Sangiorgiu de Padure, Sanpaul, Santana de Mureg, Stejdrenii, intre Stanceni si Ciobotani,
Saeg, Saulia de Campie, Targu-Mures, Taraveni, Valea llvei, Viigoara, Zau de Campie

Hedera helix

Alunig, Balduseri, Dubiste, Galdoaia, Herghelia, ibanesti, Rastolifa, Reghin, Saschiz,
Sighigoara, Targu-Mures, Valea Salardului, Zau de Campie

Hermiaria glabra

Orsova, Rastolifa-Valea lodului, Reghin, Sarateni

Mercurialis annua

Saulia de Campie

Mercurialis perennis

Alunis, Bahnea, Band, Cloasterf, Herghelia, Lapugna, Lunca Bradului-Neagra, M-tii Gurghiului
(vaile: Creanga Alba, Glajarie, Batrana, Saca, Secuieu), Orgova, Orgova Padure, Rastolita,
Reghin, Saschiz, $aulia de Campie, Targu-Mures, Tinmia, Valea lodului

Ononis arvensis

Adrian, Alunig, Apold, Archita, Band, Balaugeri, Beica de Sus, Cloagterf, Crig, Daia, Danes,
Gurghiu, Herghelia, lbanesti, Jabenita, Lunca Bradului, Mihai Viteazu, Mureni, Orgova,
Pauloaia, Porumbeni, Rastolita, Reghin, Saschiz, S&ntana de Mures, Stejarenii, Saes,
Sarpatoc, Targu-Mures, Tirimia, Vulcan, Zau de Campie

Ononis spinosa

Zau de Campie

Polemonium caeruleum

Gurghiu, M-{ii Gurghiului (Valea Batrana, Valea Secuieu), M-tii Calimani (pe paraul Voivodesei),
Stanceni-Ciobotani

Polygala comosa

Adrian, Alunig, Archita, Bahnea, Band, Balaugeri, Beica de Jos, Bezid, Cagva, Calimanest,
intre Cerghid si Mica, Chibed, Ciobotani, Daia, Danes, intre Deda $i Bistra Muresului, Dubiste,
Fantanele, Ghindari, Gurghiu, Herghelia, Ibanesti, Idrifaia, Jabenita, L&pugna, Mihai Viteazu,
Rastolita, Saschiz, intre S&cadat si Sovata, Sangiorgiu de Padure, Stejarenii, Stanceni, $aes,
Targu-Mures, Valea Salardului, Valea Secuieu, Vulcan, Zau de Campie

Polygala major

Adrian, Alunig, Apold, Archita, Bahnea, Band, B&igaciu, Baldugeri, Beica de Sus, Bezid,
Calimanesti, intre Cerghid si Mica, Chibed, Cloasterf, Cornegti, Crig, Danes, Fantanele,
Ghindari, Herghelia, Idrifaia, Mihai Viteazu, intre Mureni si Archita, Reghin, Saschiz, intre
Sacadat i Sovata, Sangiorgiu de Padure, Stejirenii, Saes, $arpatoc, Targu-Mureg, Tarnaveni,
Tirimia, Vaidacuta, Valea Salardului, Viisoara, Vulcan, Zau de Campie
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Polygala vulgaris

Alunig, Baldusen, Bistra Muresului, Cagva, Ciobotani, Gurghiu, Iﬁesti, Lapusna, Mihai
Viteazu, Pauloaia, Piatra Orgova, Ristolita, Reghin, Stejarenii, Valea Bitrana, Valea Salardului

Primula elatior

Balaugen, Herghelia, intre Rastolita §i Bistra Muresului, Valea lodului

Primula veris

Alunig, Apold, Archita, Bahnea, Band, Bagaciu, Balausgeri, Calimanesti, Cloasterf, Comnesti,
Daia, Danes, Fantanele, Herghelia, Idrifaia, Mihai Viteazu, Rastolita, Saschiz, Stejarenii, Saes,
$dulia de Campie, Targu-Mures, Tarnadveni, Tirimia, Valea lodului, Viigoara, Vulcan, Zau de
Campie

Ranunculus ficaria

Alunig, Band, Balaugeri, Deda, Faragdu, Gura Fancel, Gurghiu, Herghelia, Isticeu, Lasl&ul
Mare, Orgova, Orgova Padure, Reghin, S$aulia de Campie, Targu-Mures, Tirimia, Valea Tisieu,
Zau de Campie

SAPONINE Saponaria officinalis Band, Baldugeri, Dubigte, Herghelia, Pauloaia, Rastolita-lod, Reghin, Solovastru, Targu-Mures

Solidago virgaurea Androneasa, Balaugeri, Galdoaia, Gurghiu, lod, Lunca Bradului, M-tii Gurghiului, Rastolita,
Reghin, Saschiz, Targu-Mures, Valea llvei, Zau de Campie

Viola arvensis Acétari, Band, Dulcea, Gurghiu, Ibanesti Padure, Lapusna, Mihai Viteazu, Rastolita, Saschiz,
intre Sdcadat gi Sovata, Targu-Mures, Valea Sebisului

Viola odorata Band, Bagaciu, Gurghiu, Reghin, Saschiz, Sidbed, $aulia de Campie, Targu-Mures, Zau de
Campie

Anthriscus cerefolium Bégaciu, Gurghiu, Herghelia, Rastolita, Targu-Muresg, Valea Salardului

Anthriscus sylvestris Archita, Band, Balduseri, Cloagterf, Gl3jarie, Gurghiu, Herghelia, Lapusna, Lunca Bradului-
Neagra, Mihai Viteazu, Pauloaia, Saschiz, Sovata, Targu-Mures, Valea llvei, Valea Sirodului,
Valea Secuieu

Betula pendula Alunig, Bistra Muresului, Galaoaia, Gurghiu, Lapugna, Lunca Bradului, Rastolita, Reghin, intre
Séacidat si Sovata, Stanceni, Sdulia de CAmpie, Targu-Mures, Valea Secuieu, Zau de Campie

Bidens tripartita Alunig, Baldugseri, Dubigte, Galdoaia, Herghelia, Ibanesti, lod, Lapugna, Pauloaia, Rastolita,

FLAVONOIDE Reghin, Saschiz, Sovata, Targu-Mures

Capsella bursa-pastoris

Alunig, Bahnea, Band, Bd&gaciu, Balauseri, Bezid, Bistra Muresului, Calimanesti, Chibed,
Cloagterf, intre Cornesti si Craiesti, Dubigte, Dulcea, Fantanele, Ghindari, Herghelia, Ibanesti,
Idrifaia, Jabenita, Lacul Faragau, Laslaul Mare, Lunca Bradului-Salard, Mihai Viteazu, Reghin,
Saschiz, intre S&cadat i Sovata, S&ngiorgiu de Pidure, S3ulia de Campie, Targu-Mures,
Tarnaveni, Viigoara, Zau de Campie

Crataegus laevigata

Reghin

Crataegus monogyna

Alunig, Apold, Archita, Bahnea, Band, intre Bala si Ercea, Bezid, Balauseri, intre Cerghid si
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Mica, Chibed. Cloagterf, Craiesti, Crig, Daia, Dubiste, Faragau, Fantanele, Ghindari, Glajarie,
Gurghiu, Herepea, Herghelia, Ibdnesgti, Idrifaia, Lunca Bradului, Mihai Viteazu, Mureni, Orgova,
Piatra Orgovei, Rastolita, Saschiz, intre Sicadat si Sovata, Sangiorgiu de Padure, Sighigoara,
Sovata, Sarpatoc, Saulia de Campie, Targu-Mures, Tarnaveni, Tirimia, Vaidacuta, Viforoasa,
Viigoara, Vulcan, Zau de Campie

Dictamnus albus

Bahnea, Band, Crig, Herghelia, Mihai Viteazu, Saschiz, TArgu-Mures, Toldal, Vaidacuta, Zau
de Campie

Eupatorium cannabinum

Alunig, Balaugeri, Cloagterf, Dubiste, Galdoaia, lod, Lunca Bradului, Mihai Viteazu, M-tii
Gurghiului (vaile: Lapusna, Secuieu, Sirod), Rastolita, Reghin, Saschiz, Sighisoara, Stejarenii,
$aes, cursul superior al Tarnavei Mici, Valea din Mijloc

Hieracium pilosella

Adrian, Alunig, Band, Balaugeri, Beica de Sus, intre Cerghid si Mica, Crig, Daia, Dulcea,
Herghelia, Ibdnesti, Jabenita, Lunca Bradului, Mihai Viteazu, intre Mureni si Archita, Reghin,
Saschiz, Sabed, Sovata,; $aes, Targu-Mures, Tirimia, Vaidacuta, Vulcan, Zau de Campie

Linana vulgaris

Bahnea, Band, Balduseri, Bezid, Calimanesti, Chibed, Cornesti, Cuiesd, Dubiste, Fantanele,
Galdoaia, Ghindari, Gurghiu, Ibanesti, Idrifaia, Jabenita, Lunca Bradului, Mihai Viteazu,
Rastolita, Reghin, Saschiz, Sabed, Sangiorgiu de Padure, Targu-Mures, Tamaveni, Viigoara,
Zau de Campie

Morus alba Balausgeri, Cagva, Cerghid, Galaoaia, Glajarie, Lunca Bradului-Neagra, Rastolita, Sabed

Polygonum hydropiper Bahnea, Balauseri, Bezid, Bradetel, Calimanegti, Chibed, Cornesti, Dubiste, Dulcea, Fantanele,
Ghindari, Ibanesti, Idrifaia, lod, Gurghiu, Lapugna, Lunca Bradului-Salard, Rastolita, Saschiz,
fntre Sovata si Sacadat, SAngiorgiu de Padure, Sighigoara, Tarnaveni, Viisoara

Polygonum persicaria Danes, Gurghiu, Lacul Faragau, Reghin, Sighigoara, Solovastru, Targu-Mures, Tarnaveni,

Valenii de Mures

Prunus avium

Alunig, Androneasa, Band, Balauseri, Cloasterf, Dubiste, Faragdu, Galaoaia, Gurghiu,
Herghelia, Orsova, Orgova Padure, Pauloaia, Rastolita, Saschiz, $aulia de Campie, Sighigoara,
Zau de Campie

Robinia pseudacacia

Adamus, Alunig, Androneasa, Band, Bistra Muresului, Cloasterf, Deda, Dubigte, Galdoaia,
Gurghiu, Herepea, Herghelia, Ibinesti, lod, Lunca Bradului-Salard, Rastolita, Sabed, Targu-
Mureg, Zau de Campie

Sambucus racemosa

Gurghiu, Lunca Bradului-Neagra, Orgova, Rastolita, cursul superior al Tarnavei Mici, Valea
Batrana

Sambucus nigra

Alunis, Bahnea, Band, Bagaciu, Balaugeri, Bezid, Calimanesti, Chibed, Cloasterf, Comnesti,
Dulcea, Fantanele, Gurghiu, Herepea, Herghelia, Idrifaia, Laslaul Mare, Lunca Bradului-

Neagra, M-tii Gurghiului (vaile: Glajarie, Lapugna, Secuieu, Sirod, Saca), M-tii Calimani (Valea
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din Mijloc), Orgova, Rastolita, Reghin, Saschiz, Sabed, intre Sicadat si Sovata, Sangiorgiu de
Padure, $aulia de Campie, Targu-Mures, Tarnaveni, Tirimia, Viigoara, Zau de Campie

Trifolium medium

Apold, intre Bala si Ercea, Cloagterf, Daia, Gurghiu, Herghelia. Mihai Viteazu, Mureni, Rastolita,
Reghin, Saschiz, Sovata, Saes, $arpatoc, Valea Salardului, Zau de Campie

Trifolium montanum

Androneasa, Apold, Archita, Band, Baldugeri, intre Bala §i Ercea, Cloagterf, Crig, Daia,
Gurghiu, Herghelia, Jabenita, Lapusna, Lunca Bradului, Mihai Viteazu, Mureni, Piatra Orsova,
Rastolita, Reghin, Saschiz, Salard, Stanceni-Mestera, S$arpatoc, Targu-Mures, Valea
Salardului, Vulcan, Zau de Campie

Trifolium pratense

Abus, Adamus, Androneasa, Apold, Archita, Bahnea, Band, intre Bala si Ercea, Bezid, Budiu,
Célim&nesti, Cerghid, Chibed, Ciobotani, Cornesti, Coroisanmartin, Crig, Daia, Daneg, Dubiste,
Faragadu-lac, Fantanele, Ghindari, Gurghiu, Herghelia, Hodac, Ibanesti, !drifaia, Isticeu,
Lapugna, Mica, Mihai Viteazu, Mureni, Rastolita, Reghin, Saschiz, intre Sacadat si Sovata,
Sangiorgiu de Padure, Stejarenii, Stanceni-Mestera, Saes, Sarpatoc, $aulia de Campie, Targu-
Muresg, Tarnaveni, Tirimia, Valea llvei, Valenii de Mures, Viisoara, Vulcan, Zau de Campie

Trifolium repens

Abug, Apold, Archita, Band, intre Bala i Ercea, Bradetel, Cagva, Daia, Danes, Dubiste, Dulcea,
Gura Fancel, Gurghiu, Herghelia, Ibanesti, lod, Lacul Faragau, Laslaul Mare, Lapusna, Mihai
Viteazu, Rastolita, Reghin, Saschiz, Sighisoara, Stanceni-Mestera, $Saeg, Sarpatoc, Saulia de
Campie, Targu-Muresg, Tarmaveni, Valea llvei, Valea din Mijloc, Valea Secuieu, Valea Sirodului,
Valenii de Mureg, Vulcan

Veronica anagallis-aquatica

intre Abug §i Adamus, intre Cerghid $i Mica, Chibed, Ciobotani, Jabenita, Sarateni, Sighigoara

Veronica arvensis

Band, Ciobotani, Gurghiu, Reghin, $3ulia de Campie, Targu-Mures

Veronica beccabunga

Alunig, Cornesti, Cloasterf, Gurghiu, Ibanesti, Lapusna, Lunca Bradului, M-tii Calimani-Rachitisg,
Reghin, Saschiz, Sighisoara, Sovata, Targu-Mures, cursul superior al Tarnavei Mici, Valea
Batrana, Valea Creanga Alba, Valea Secuieu, Valea Salardului

Veronica chamaedrys

Alunis, Apold, Band, Bagaciu, Balauseri, intre Bala si Ercea, intre Cerghid si Mica, Gurghiu,
Herghelia, ib&nesti, Lapugna, Mihai Viteazu, R&stolita, Reghin, Saschiz, Stejérenii, Targu-
Mures, Vulcan, Zau de Campie

Veronica officinalis

Alunig, Baldugeri, Gurghiu, M-tii Calimani (Valea llvei, Valea din Mijloc), M-tii Gurghiului
(Lapusna, vdile: Batrana, Creanga Albd, Fancelului, Gatii, Saca, Salardului, Secuieu, Sirodului),
Rastolita, Reghin, Targu-Mures

Veronica persica

Bagaciu,Gurghiu, Lunca Bradului, Rastolita, Reghin, Targu-Mures

Veronica spicata ssp.

orchidea

Archita, Balauseri, Band, Intre Bala §i Ercea, Cloasterf, Crig, Daia, Daneg, Dubiste, Gurghiu,

Herghelia, Mihai Viteazu, Moresti, Mureni, Piatra Orgovei, Porumbeni, Saschiz, Sabed,
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Santana de Mures, Sarpatoc, Targu-Mures, Vaidacuta, Vulcan, Zau de Campie

Veronica teucrium

Band, Bagaciu, intre Bala gi Ercea, Crig, Faragau, Herghelia, Jabenita, Reghin, Saschiz, Targu-
Mures

FLAVONOIDE Vincetoxicum hirundinaria |Alunig, Androneasa, Apold, Archita, Balauseri, Bistra Muresului, Cloasterf, Crig, Daia, Danes,
Galdoaia, Herghelia, Lacul Fardgau, Lunca Bradului-Neagra, Mihai Viteazu, Mureni, Rastolita,
Saschiz, Sabed, Salard, Targu-Mures, Tirimia, Zau de Campie
Viola tricolor Adrian, Alunig, Bahnea, Bagaciu, Balauseri, Beica de Jos, Bezid, Cagva, Calimanesti, Chibed,
Comesti, Crig, Dubiste, Fantanele, Galdoaia, Ghindari, Gurghiu, Herghelia, Ibanegti, Idrifaia,
Lapugna, Lunca Bradului, Orgova, Rastolita, Reghin, Saschiz, Sangiorgiu de Padure, Sarpatoc,
$aulia de Campie, Tarnaveni, Valea Sirodului, Viigoara
Centaurea cyanus Alunig, Bahnea, Band, Balauseri, Beica de Sus, Bezid, Calimanesti, Chibed, Cornegti, Craiesti,
Dubigte, Fantanele, Ghindari, Ibanesti, Idrifaia, Sabed, Sangiorgiu de Padure, Targu-Mures,
Tarnaveni, Valea Bistrei, Viisoara
Consolida regalis Alunig, Apold, Band, Bagaciu, intre Bala si Ercea, Cerghid, Gurghiu, Moresti, Rastolita, Reghin,
Saschiz, Sabed, Santana de Mures, Targu-Mures, Zau de CAmpie
Papaver rhoeas Alunig, Bahnea, Band, Bagaciu, Balduseri, Bezid, Cilimanesti, Chibed, Comesti, Fantanele,
ANTOCIANINE Ghindari, Gurghiu, idrifaia, Rastolita, Reghin, Saschiz, Sangiorgiu de Padure, S&ulia de
Campie, Targu-Mures, Tarnaveni, Viigoara
Ribes nigrum Bistra Muresului, Orgova Padure, Solovastru
Rosa gallica Alunig, Band, intre Bala si Ercea, Balauseri, intre Cerghid si Mica, Cloasterf, Danes, Gurghiu,
Herghelia, Ibanesti, Mihai Viteazu, Reghin, Saschiz, Sarpatoc, Targu-Mures, Zau de Campie
Vaccinium myrtillus Glajarie, Lunca Bradului, M-ii Calimani (Valea din Mijloc, Tiganca, Valea Bistrei: la limita
superioard a padurilor; Stegii, Cofu, Donca), M-tii Gurghiului (L&pugna, Saca, Valea Batrana,
Valea Salardului, Secuieu, Sirodului), Rastolita, intre Sacddat si Sovata
Cruciata laevipez Alunis, Bagaciu, intre Bala si Ercea, Cloasterf, Daia, Danes, Dulcea, Fardgau, Gurghiu,
Herghelia, lbanesti, Lapusna, Lunca Bradului, Mihai Viteazu, Mureni, Orgova, Rastolita,
Reghin, Saschiz, Stejarenii, Targu-Mures, Tirimia, Zau de Campie
Fraxinus excelsior Alunis, Bahnea, Band, Balauseri, Bezid, Calimanesti, Chibed, Cloasterf, intre Cornestj s@
CUMARINE Craiegti, Dubigte, Fantanele, Ghindari, Gurghiu, Herghelia, Ibanesti, Idrifaia, M-ti Gurghiului

(vaile: Gatii, Lapusna, Secuieu, Sirod), Rastolita, Reghin, Saschiz, Sabed, intre Sécadat'si
Sovala, Sighisoara, Sangiorgiu de Padure, Saulia de Campie, Targu-Mures, Tarnaveni, Tirimia,
Valea llvei, Viigoara

Galium aparine

Band, B&lauseri, Cagva, Cloasterf, intre Cornesti si Craiesti, Crig, Faragau, Gurghiu, Ibanesti,
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Lapusna, Orgova, Pauloaia, Piatra Orsovei, Reghin, Targu-Mureg, Tarnaveni, Tirimia

Galium mollugo

Androneasa, Apold, Archita, Band, Balaugeri, intre Bala si Ercea, Beica de Sus, Cagva, intre
Cerghid si Mica, Ciobotani, Cloagterf, Crig, Daia, Danes, Dubigte, Galdoaia, Herghelia, Ibanesti,
lod, Jabenita, Lunca Bradului-Salard, Mihai Viteazu, Mureni, P&uloaia, Rastolita, Reghin,
Saschiz, Stejarenii, Saes, Saulia de Campie, Targu-Muresg, Valea Secului, Vulcan

Galium odoratum

Alunig, Bahnea, Balduseri, Bezid, Calimanesti, Chibed, Cloasterf, intre Cornesti $i Craiesgti,
Dubiste, Dulcea, Fardgau, Fantanele, Ghindari, Gurghiu, Herghelia, idrifaia, Lunca Bradului,
Mihai Viteazu, Moresti, M-tii Gurghiului (vaile: Batrana, Lapusna, Secuieu, Sirod), Neagra,
Orgova Padure, Rastolita, Reghin, Saschiz, Sangiorgiu de Padure, TArgu-Mures, Tarnaveni,
Tirimia, Valea Salardului, Viigoara

Galium verum

Abug, Alunig, Apold, Archita, Band, Balauseri, intre Bala si Ercea, Borzia, intre Cerghid si Mica,
Cloagterf, Crig, Daia, Danes, Dulcea, Galdoaia, Gurghiu, Herghelia, Ibénesti, Jabenita, Mihai
Viteazu, Mureni, Orgova, Pdauloaia, Rastolita, Reghin, Saschiz, Sovata, Stejarenii, Saes,
Sarpatoc, Targu-Mures, Valenii de Mures, Vulcan, Zau de Campie

Heracleum sphondylium

Alunis, Apold, Archita, Bahnea, Baldusgeri, Cagva, Calimanesti, intre Cornesti i Craiesti, Daia,
Dubiste, Dulcea, Fantanele, Glajarie, Gurghiu, Herghelia, Ibanesti, Idrifaia, Lacul Fardgau,
Lapugna, Mihai Viteazu, Orgsova, Rastolita, Reghin, Saschiz, $aes, Targu-Mures, Tarndveni,
Valea Secuieu, Viigoara, Vulcan, Zau de Campie

Medicago falcata

Alunis, Archita, Band, Balduseri, intre Bala si Ercea, intre Cerghid si Mica, Crig, Daia, Danes,
Gurghiu, Herghelia, |banesti, Lunca Bradului, Mihai Viteazu, Mureni, Rastolita-lod, Intre
Razoare 'si “Sdulia, Reghin, Saschiz, Stejarenii, $aes, S$arpatoc, Targu-Mures, Tirimia,
Vaidacuta, Vulcan, Zau de Campie

Medicago lupulina

Alunig,” Apold, Archita, Band, Béldugeri, intre Cerghid si Mica, Cloasterf, Daia, Dulcea,
Herghelia, '|banesti, Jabenita, Lunca Bradului, Mihai Viteazu, Mureni, Neagra, Rastolita,
Reghin, Saschiz, Sabed, Saes, Sarpatoc, Targu-Mures, Vulcan, Zau de Campie

Medicago sativa

Alunig, Band, Balauseri, intre Cerghid si Mica, Ibdnesti, Porumbeni, Reghin, Targu-Mures, Zau
de Campie

Melilotus officinalis

Alunis, Apold, Archita, Bahnea, Band, Balauseri, intre Béla si Ercea, Beica de Sus, Bezid,
Calimanesti, Chibed, Cloagterf, Cornesti, Daia, Dubigte, Fantanele, Ghindari, ibanesti, Idrifaia,
lod, Jabenita, Lacul Faragiu, Lunca Bradului, Mihai Viteazu, Orgova, Pé&uloaia, Porumbeni,
Rastolita, Reghin, Saschiz, Sibed, intre Sacadat i Sovata, Sangiorgiu de Padure, Solovastru,
Stejarenii, Saes, Targu-Mures, Tarnaveni, Vaidacuta, Viisoara, Vulcan, Zau de Campie

Pastinaca sativa

Archita, Band, Balauseri, Bistra Muresului, intre Cerghid i Mica, Deda, Gélaoaia, Herghelia,

Mihai Viteazu, Reghin, Sabed, Sovata
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Pimpinella saxifraga

Adrian, Alunis, Androneasa, Apold, Archita, Bal3useri, Bezid, Chibed, Cloasterf, Daia, Dulcea,
Galaoaia, Ghindari, Gurghiu, Herghelia, Ibanesti, Jabenita, Lunca Bradului, Mihai Viteazu,
Mureni, Neagra, Orsova, Rastolita, Reghin, Saschiz, Sabed, Salard, intre Sicidat si Sovata,
Sangiorgiu de Padure, Targu-Mures, Tirimia, Viforoasa, Zau de Campie

TANINURI

Agrimonia eupatoria

Adrian, Alunis, Apold, Archita, Bahnea, Band, intre Bala si Ercea, Beica, Bezid, Balauseri,
Cagva, Calimanesti, Cerghid, Chendu, Chibed, Cloasterf, Craiesti, Crig, Daia, Danes, Dubiste,
Fantanele, Galdoaia, Ghindari, Gldjarie, Herepea, Herghelia, I|drifaia, Mica, Mihai Viteazu,
Mureni, Orgova, Porumbeni, Rastolita, Reghin, Saschiz, Sabed, intre Sacadat si Sovata,
Sangiorgiu de Padure, Stejarenii, StAnceni, $Saes, Sarpatoc, Targu-Mures, Tarnaveni, Tirimia,
Vaidacuta, langa Viforoasa, Viigoara, Visa, Vulcan, Zau de Campie

Alchemilla xanthochlora

Adrian, Balauseri, Beica, Cagva, Dulcea, Gurghiu, |banesti Padure, Isticel, Lapugna, Mihai
Viteazu, Pauloaia, Reghin, intre Sdcadat i Sovata, Valea Salardului, Valea Secuieu, Valea
Sirodului

Alnus glutinosa

Abug, Balauseri, Bistra  Muresului, Chibed, Deda, Dulcea, Galacaia, Glajarie, Ibanesti,
Lapugna, Orsova, Pauloaia, Rastolita, Reghin, Saschiz, Sangiorgiu de Padure, Sighisoara,
Targu-Mures, Valea llvei, Valea lodului, Valea Salardului, Valea Tihului, Zau de Campie

Alnus incana

Androneasa, Dubiste, Dulcea, Ibadnesti, lod, Lunca Bradului, M-tii Gurghiului (vaile: Batrana,
Bradetel, Creanga Alba, Lapusna, Secuieu, Sirod), Neagra, Orgova, Rastolita, Valea livei,
Valea Salardului

Anthyllis vulneraria

Band, intre Bala si Ercea, Beica, intre Cerghid si Mica, Cloasterf, Crig, Dubiste, Herepea,
Herghelia, Jabenita, Mihai Viteazu, Pauloaia, Rastolita, Reghin, Saschiz, Sabed, Stejarenii,
Targu-Mures, Zau de Campie

Castanea sativa (subspont.)

Gurghiu, Herghelia, Sabed

Cornus mas

Band, Bagaciu, Balauseri, Casva, Cloasterf, Dubiste, Gurghiu, Herghelia, Laslaul Mare,
Saschiz, Sabed, Saulia de Campie, Targu-Mures, Tirimia, Valea Bistrei: paddurea Z&apodea
Ursului, Blidareasa, Plesa, Fundaturi

Comus sanguinea

Alunig, Apold, Archita, Bahnea, Band, Bagaciu, Balauseri, Cagva, Calimanesti, Cloagterf, Daia,
Dubigte, Dulcea, Fantanele, Gurghiu, Herghelia, Ibanesti, Idrifaia, lod, Mihai Viteazu, Mureni,
Orgova Padure, Reghin, Saschiz, Sabed, Targu-Mures, Valea Pietroasa, Viigoara, Zau de
Campie

Corylus avellana

Alunig, Androneasa, Bahnea, Band, Bezid, Balauseri, Bistra Muresului, Cagva, Calimanesti,
Chibed, Cloasterf, Dubiste, Dulcea, Fantanele, Galaoaia, Ghindari, Glajarie, Gurghiu, Herepea,
Herghelia, Ibanesti, Idrifaia, lod, Lunca Bradului-Neagra, M-ti Gurghiului (Lapugna, vdile:

BatrAna, Creanga Alb#, Secuieu), Orgova-citunul Seci, Rastolita, Saschiz, Sabed, intre




£l

TANINURI

Sacadat i Sovata, Sangiorgiu de Padure, Stanceni-poaiele Munteiui Leu, Saulia de Campie,
Sighigoara, Targu-Mures, Tirimia, Valea llvei, Valea Secului, Zau de Campie

Cuscuta europaea

Alunig, Apold, Band, Cloagterf, Crig, Danes, Jabenita, Mihai Viteazu, Mureni, Rastolita, Reghin,
Saschiz, $aes, Solovastru, Targu-Mures

Epilobium angustifolium

Alunig, Bahnea, Baldusgeri, Calimanesti, Cornesti, Craiesti, Fantanele, Gurghiu, Idrifaia, lod,
Lunca Bradului, M-ti Gurghiului (Piatra Orgovei, Saca, Valea Secuieu, Valea Sirodului),
Reghin, Targu-Mures, Tarndveni, Valea din Mijloc, Valea Salardului, Valea Tihului, Viigoara

Epilobium hirsutum

Alunig, Apold, Baldugeri, fod, Rastolita, Reghin, Saschiz, Sighigoara, Solovastru, Targu-Mures

Epilobium montanum

Androneasa, Galdoaia, Glajarie, Gurghiu, Herghelia, Lunca Bradului, M-tii Gurghiului (Lapugna,
vaile: Batrana, Creanga Alba, Secuieu, Sirodului, Saca), Orgova, Orgova Padure, Pauloaia,
Rastolita, Sabed, Stanceni, Targu-Mures, cursul superior al Tarnavei Mici, Valea din Mijioc,
Valea Salardului, Valea Tihului

Epilobium parviflorum

Alunig, Apold, Ciobotani, Cloasterf, Gurghiu, M-tii Gurghiului (Lapugna, vaile: Batrana, Creanga
Alb3, Secuieu, Sirod), Orgova P&dure, Reghin, Saschiz, Sighigoara, Targu-Mures, Valea
Salardului

Erigeron acris

Archita, Band, Baldugeri, intre Cerghid si Mica, Cloasterf, Cris, Daia, Dulcea, G#laoaia,
Gurghiu, Herghelia, Jabenita, Ldpugna, Lunca Bradului, Mihai Viteazu, Mureni, Rastolita,
Saschiz, Sovata, Stejarenii, Stanceni, $aes, Sarpatoc, Targu-Mures, Vaidacuta, langi
Viforoasa

Erodium cicutanum

Band, Ciobotani, Lapugna, Lunca Bradului, Neagra, Porumbeni, Sabed, Stanceni, Saulia de
Campie, Targu-Mures, Valea Batrana

Fragaria vesca

Adrian, Alunig, Apold, Bahnea, Band, Bagaciu, Balduseri, intre Bala si Ercea, Beica de Sus,
Bezid, Cagva, Calimanesti, Chibed, Cloasterf, Craiesti, Daia, Dubiste, Faragau, Fantanele,
Galdoaia, “Ghindan, Gurghiu, Herghelia, Ibanesti, idrifaia, Lunca Bradului-Neagra, Mihai
Viteazu, M-tii Gurghiului (vaile: Glajarie, L&pugna, Saca, Secuieu, Sirod), Mureni, Orsova,
Pduloaia, Rastolita, Reghin, Saschiz, Sabed, Intre Sdcadat si Sovata, Sangiorgiu de Padure,
Santana de Mures, Saes, Sarpatoc, Saulia de Campie, Sighigoara, Targu-Mures, Tarnaveni,
Tirimia, Valea livei, Valea Tihului, Vulcan, Zau de Campie

Fragaria viridis

Alunig, Apold, Archita, Band, Intre Bala si Ercea, Beica de Sus, intre Cerghid si Mica, Cloasterf,
Crig, Daia, Danes, Herghelia, {banesti, Lunca Bradului, Mihai Viteazu, Mureni, Rastolita,
Saschiz, Stejarenii, Saes, Sarpatoc, Saulia de Campie, Targu-Mureg, Tarndveni, Tirimia,
Vaidacuta, Vulcan, Zau de Campie

Geranium robertianum

Adrian, Alunig, Bal3useri, intre Bala si Ercea, Beica, Bistra Muresului-Scaunul Domnului,

Cloagterf, Dulcea, Galaoaia, Gurghiu, Herghelia, Ibanegti Padure, lod, Lunca Bradului, M-ii
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Gurghiului (vaile: Bradetel, Lapugna, Saca, Secuieu, Sirod), Neagra, Orsova, Pauloaia,
Rastolita, Reghin, Sabed, $Saulia de Campie, Targu-Mures, Tirimia, Valea llvei, Valea
Salardului, Zau de Campie

Geum urbanum

Adrian, Alunig, Bahnea, Band, Balduseri, intre Bala si Ercea, Beica de Sus, Bezid, Cagva,
Calimanesti, Chibed, Cloagterf, Craiegti, Dubiste, Fantanele, Ghindari, Gurghiu, Herghelia,
Ibanesti, |drifaia, Mibai Viteazu, M-tii Gurghiului (Gura Fancel, véile: Lapugna, Secuieu, Sirod),
Pauloaia, Rastolita, Reghin, Saschiz, Sabed, intre Sacadat si Sovata, Sangiorgiu de Padure,
$aulia de Campie, Targu-Mures, Tirimia, Viisoara, Zau de Campie

Juglans regia (subspont.)

Alunig, Bagaciu, Bistra Muresului, Deda, Glajarie, Rastolita, Reghin, Saschiz, Sabed, Stanceni,
Targu-Mures

Limonium gmelini

Jabenita, Orgova, Sovata, Targu-Mures

Lysimachia nummulana

Abug, Alunig, Androneasa, Apold, Archita, Bahnea, Band, Bagaciu, Balauseri, Bistra Muresului,
Calimanesti, Chibed, Ciobotani, Cloasterf, Comnesti, Danes, Deda, Dubiste, Duicea, Fantanele,
Gurghiu, Herghelia, Ibanesti, Idrifaia, Lacul Fardgau, M-tii Gurghiului (vaile: Lapusna, Secuieu,
Sirod), Orsova, Pauloaia, Rastolita, Reghin, Saschiz, Sabed, Sarateni, Sighisoara, Solovastru,
Sovata, Stanceni, Saes, Targu-Mures, Tamaveni, Trei Sate, Valea llvei, Valea Rachitis, Valea
Salardului, Valea Secului, Vilenii de Mures

Lysimachia punctata

Band, Balauseri, Piatra Orgova, Rastolita, Reghin, Targu-Mures, Valea Salardului

Lysimachia vulgaris

Abusg, Albesti, Alunis, Apold, Band, Balauseri, Casva, intre Chibed si Sarateni, Ciobotani,
Cloagterf, Deda, Dubiste, Galdoaia, Gurghiu, Jabenita, Lacul Farag&u, Lunca Bradului-Salard,
M-tii Gurghiului (vaile: Batrana, Creanga Albd, Secuieu), Mureni, Réstolita, Reghin, Saschiz,
Sighigoara, Solovastru, StAnceni-Megtera, $aes, Targu-Mures, Valea Tihului

Lythrum salicaria

Adamus, Abus, Alunig, Apold, Archita, Bahnea, Band, Baliuseri, Beica, Cagva, Calimanesti,
Cerghid, Chibed, Ciobotani, Cloasterf, Cornesti, Deda, Dubigte, Dulcea, Fantanele, Ghindari,
Gurghiu, Herghelia, Ibanesti, Ibanesti Padure, Idrifaia, lod, Jabenita, Lacul Faragau, Lunca
Bradului, Mihai Viteazu, M-{i Gurghiului (vaile: Lapugna, Secuieni, Sirod), Orsova, Orsova
Padure, Piatra Orgova, Porumbeni, Rastolita, Reghin, Saschiz, Sabed, Sacadat, Sarateni,
Sangiorgiu de Padure, Sighisoara, Solovastru, Stejirenii, Stanceni-Mestera, $aes, Targu-
Mures, Tarnaveni, Trei Sate, Valea Salardului

Polygonum aviculare

Alunig, Bahnea, Band, Balauseri, Beica, Bezid, Cagva, Calimanesti, Chibed, Cornesti, Dulcea,
Fantanele, Ghindari, Glajarie, Herghelia, Ibinesti Padure, Idrifaia, Jabenita, Lacul Faragau,
Lapugna, Reghin, Saschiz, Sibed, intre Sacadat si Sovata, Sangiorgiu de Padure, Stanceni,
Targu-Mures, Tarnaveni, Viisoara

Polygonum bistorta

Bahnea, Biliuseri, Bistra Muresului, Ciobotani, Calimanesti, Fantanele, Gurghiu, Idrifaia,

Lapugna, Rastolifa, Reghin, Saschiz, Sibed, Sarateni, Sighigoara, Stanceni-Megtera, Targu-
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Mureg, Valenii de Mures, Viigoara

Potentilla anserina

Alunig, Bahnea, Band, Balauseri, Bezid, Calimanesti, Chibed, Cornesti, Dulcea, Fantanele,
Ghindari, Glajarie, Gurghiu, Herghelia, Ibanesti, idrifaia, lod, Lacul Faragau, Laslaul Mare,
Lunca Bradului, Mihai Viteazu, Orgova, Pauloaia, Rastolita, Reghin, Saschiz, Sabed, Sicadat,
Séangiorgiu de Padure, intre Sovata si Sarateni, Stanceni-Mestera, Saes, Saulia de Campie,
Targu-Mures, Viigoara

Potentilla arenaria

Alunig, Apold, Archita, Band, Bagaciu, Balduseri, intre Bala si Ercea, Cloasterf, Daia, Gurghiu,
Mihai Viteazu, Mureni, intre Razoare si $aulia, Saschiz, $arpatoc, Targu-Mures, Tirimia,
Vaidacuta, Vulcan, Zau de Campie

Potentilla argentea

Alunig, Band, Bagaciu, intre Bala si Ercea, Cloasterf, Dulcea, Herghelia, Jabenita, Lunca
Bradului, Mestera, Mihai Viteazu, Rastolifa, Reghin, Saschiz, Sabed, Stanceni, Sarpatoc,
Targu-Mures, Tirimia, Zau de Campie

Potentilla erecta

Alunig, Androneasa, Apold, Bahnea, Balduseri, Bezid, Cagva, Calimanesti, Chibed, Ciobotani,
Cloagterf, Dubigte, Fantanele, Ghindari, Gurghiu, Ibanesti Padure, |drifaia, Jabenita, Lunca
Bradului-Neagra, Mihai' Viteazu, M-ti Gurghiului, Rastolita, Reghin, Saschiz, Sabed, intre
Sacadat si Sovata, Sangiorgiu de Padure, Stanceni-Mestera, $aulia de Campie, Targu-Mures,
Valenii de Mures, Viigoara

Potentilla recta

Apold, Archita, Band, Balauseri, intre Bala si Ercea, Cloasterf, Crig, Daia, Danesg, Herghelia,
Ibdnesti, Lunca Bradului, Mihai Viteazu, Mureni, Rastolita-Visa, Reghin, Saschiz, Sabed,
Santana de Mures, Stejarenii, Stanceni-Mestera, $aes, Sarpatoc, $aulia de Campie, Targu-
Mures, Vaidacuta, Valea Salardului, Vulcan, Zau de Campie

Potentilla reptans

Abug, Band, Bagaciu, Balauseri, intre Bala si Ercea, Dulcea, Ghindari, Ib&nesti, Lacul Faragau,
Rastolita-lod, ‘Reghin, Saschiz, Sarateni, Sangiorgiu de Padure, Sighisoara, Sovata, Saes,
Targu-Muresg, Tirimia, Trei Sate, Valenii de Muresg, Zau de Campie

Prunus spinosa

Alunig, Apold, Archita, Bahnea, Band, Balausgeri, intre Bala §i Ercea, Beica, Bezid, Cagva,
Calimanesti, intre Cerghid $i Mica, Chibed, Cloasterf, Cornesti, Crig, Daia, Dubigte, Faragau,
Fantanele, Ghindari, Glajarie, Gurghiu, Herepea, Herghelia, idrifaia, Jabenita, Lunca Bradului,
Mihai Viteazu, Mureni, Orgsova, Pduloaia, Piatra Orgova, Rastolita, Reghin, Saschiz, Sabed,
intre Saciddat si Sovata, Sangiorgiu de Padure, Solovastru, Saulia de Campie, Targu-Mures,
Tarnaveni, Valea Sirodului, Viigoara, Vulcan, Zau de Campie

Prunus tenella

Alunis, Band, Bahnea, Cloasterf, Mihai Viteazu, Saschiz, Sabed, Targu-Mures, Tarnaveni,
Vaidacuta, Zau de Campie

Quercus petraea

Band, Balauseri, Cloasterf, Galdoaia, Glajarie, Herghelia, Jabenita, Lunca Bradului, Orsova

Padure, Pauloaia, Rastolita, Reghin, Saschiz, Sabed, Sighigoara, S&ulia de Campie, cursu!
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superior al Tarnavei Mici, Zau de Campie

Quercus robur

Alunig, Archita, Band, Beica, Cloasterf, Deda, Dubigte, Gurghiu, Herghelia, Laslaul Mare, Lunca
Bradului, Mihai Viteazu, Orsova, Orgova-catunul Seci, Rastolita, Reghin, Saschiz, Sabed,
Solovastru, Sovata, $aulia de Campie, Targu-Mures, Tirimia, Zau de Campie

Sanguisorba officinalis

Alunig, intre Bala si Ercea, Mihai Viteazu, Saschiz, Sabed, Sighisoara, Stejarenii, Targu-Mures,
Valenii de Muresg

DEPSIDE

Cichorium intybus

Alunig, Apold, Archita, Bahnea, Band, Balaugeri, intre Bala si Ercea, Bezid, Calimanesti, intre
Cerghid gi Mica, Chibed, Cloasterf, Cornesti, Craiesti, Crig, Daia, Danes, Dubiste, Dulcea,
Fantanele, Galdoaia, Ghindari, Gurghiu, Herghelia, Ibanesti, ldrifaia, lod, Jabenita, Lacul
Far&gau, Lapugna, Lunca Bradului, Mihai Viteazu, Mureni, intre Razoare si Saulia, Rastolita,
Reghin, Saschiz, Sabed, Sarateni, intre Sdcadat si Sovata, Sangiorgiu de Padure, Stejarenii,
$aes, Sarpatoc, Targu-Mures, Tarndveni, Tirimia, Vaidacuta, Viigoara, Vulcan, Zau de CaAmpie

ULEIURI GRASE

Oenothera biennis

Alunig, Lunca Bradului, Rastolita, Reghin, Sovata, Saschiz, Targu-Mures

ULEIURI VOLATILE

Angelica archangelica

Glajarie, Lapusna, Pauloaia, Valea Batrana, Valea Salardului

Achillea millefolium

Alunig, Androneasa, Apold, Archita, Bahnea, Band, Balduseri, intre Bala si Ercea, Bezid,
Calimanesti, Chibed, Cloasterf, Crig, Daia, Dubiste, Dulcea, Fantanele, Ghindari, Gurghiu,
Herghelia, Ibanesti, Idrifaia, Lacul Faragau, Mihai Viteazu, Mureni, M-tii Gurghiului (Lapusna,
vdile: Batrana, Creanga Alb3, Gatii, Secuieu), Rastolita, Reghin, Saschiz, S&bed, Sicidat,
Sangiorgiu de Padure, Sovata, Stejarenii, Stanceni-Mestera, $aes, Sarpatoc, Targu-Mures,
Tirimia, Valea Salardului, Valenii de Mures, Vulcan, Zau de Campie

Achillea ptarmica

Dubiste, Eremitu pe valea Sacadatului, Gurghiu, Lapusna, Lunca Bradului, Rastoli{a

Achillea setacea

Danes, Gurghiu, Herghelia, Lunca Bradului, Reghin, Sabed, Stanceni, Tirimia, Zau de Campie

Acorus calamus

Daia, Albesti

Anthemis tinctoria

Androneasa, Band, Balduseri, Cloasterf, Deda, Lapusna, Lunca Bradului, Mihai Viteazu, intre
Mureni si Archita, Sdbed, intre Sovata §i Vf, Seaca, Stanceni-Mestera, Targu-Mures, Valea
Batrana, Zau de Campie

Arnica montana

Rastolita, Valea Sirodului

Asarum europaeum

Alunis, Bahnea, Band, Bagaciu, Balduseri, intre Bala si Ercea, Bezid, Calimanesti, Chibed,
Cornesti, Fantanele, Galioaia, Ghindari, Gurghiu, Idrifaia, Herghelia, Lapugna, Lunca Bradului-
Neagra, Orsova, Orgova Padure, Papiu llarian, Rastolita, Saschiz, Sabed, Sangiorgiu de
Padure, S3ulia de Campie, Targu-Mureg, Tarnaveni, Tirimia, Valea lodului, Valea Secuieu,
Viigoara, Zau de Campie
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Carum carvi

Adrian, Alunig, Apold, Archita, Bahnea, Band, Balauger, intre Bala si Ercea, Beica de Jos,
Bezid, Cagva, Calimanesti Chibed, Cloasterf, Comesti, Craiesti Daia, Danes, Dulcea,
Fantanele, Galaoaia, Ghindari, Gurghiu, Herghelia, ibanesti, Idrifaia, lod, isticeu, Laslaul Mare.
Livezeni, Mihai Viteazu, Mureni, Orgova-catunul Seci, Papiu ilarian, Rastolita, Reghin, Saschiz,
Sabed, intre Sacadat i Sovata, Sangiorgiu de Padure, Sanpaul, Stejirenii, Saes, Sarpatoc,
Targu-Mures, Tarnaveni, Valea Salardului, Viigoara, Vulcan, Zau de Campie

Inis graminea

Gurghiu, Saschiz, Zau de Campie

Iris pseudacorus

Abus, Alunis, Apold, Band, intre Chibed gi Sarateni, Gurghiu, Lacul Faragau, Rastolita, Reghin,
Saschiz, Sabed, $aes, Sighigsoara, Targu-Mures, Tarnaveni, Trei Sate

Inis sibirica

Band, Gurghiu, Zau de Campie

Juniperus communis

Bezid, Chibed, Gurghiu, M-tii Gurghiului, Intre Sacadat si Sovata, Sangiorgiu de Padure, Valea
Salardului

Matricaria recutita

Alunig, Bahnea, Band, Balduseri, Bezid, Cagva, Calimanesti, Chibed, Cloasterf, Cornesti,
Dubiste, Fantanele, Ghindari, Herghelia, |b&nesti, Idrifaia, Jabenita, Laslaul Mare, Mihai
Viteazu, Rastolita, Reghin, Saschiz, Sabed, intre S3cadat si Sovata, Sangiorgiu de Padure,
Stanceni, Saulia de Campie, Targu-Muresg, TAmaveni, Viigoara

Melissa officinalis

Orsova, Reghin, Targu-Mures, Valea Bistrei prin tufarigurile: Coastei, Plesa si padurile:
Zapodea Ursului si Blidareasa

Mentha aquatica

Abus, Adamus, Apold, Archita, Band, Bezid, intre Bradetel i Lapugna, intre Calimanesti si
Séangiorgiu’ de Padure, intre Cerghid si Mica, Chibed, Cornesti, Galdoaia, Gura Fancel,
Gurghiu, Lacul Faragau, Rastolita, Saschiz, Sabed, Sarateni, Sighigoara, Stanceni-Mestera,
Saes, Targu Mureg-Besa, Tamaveni, Trei Sate, Viisoara, Valea Salardului

Mentha arvensis

Archita, Balaugeri, Ciobotani, Daia, Dubigte, Dulcea, |banesti, fod, Lacul Fardgau, Lunca
Bradului, Mihai Viteazu, M-tii Calimani (vaile: llvei, Rachitig, Tihului), Rastolita, Saschiz, Salard,
Sighigoara, Sovata, Sarpatoc, Targu-Mures

Mentha longifolia

Alunig, Bahnea, Band, Balauseri, Bezid, Bistra Muresului, Cdlimanesti, intre Cerghid i Mica,
Chibed, Cloagterf, Daia, Daneg, Deda, Dulcea, Fantanele, Ghindari, Gurghiu, |drifaia, lod,
Lasldul Mare, Mihai Viteazu, M-tii Gurghiului (vaile: Lapugna, Pietroasa, Secuieu, Sirod),
Orgova, Pduloaia, Rastolita, Reghin, Saschiz, Sabed, intre Sacadat §i Sovata, Sangiorgiu de
Padure, Sighisoara, Stejarenii, Saes, Targu-Mures, Tarndveni, Valea llvei, Valea Salardului,
Valea Secului, Valea Tihului, Viigoara, Vulcan, Zau de Campie

Mentha pulegium

Albesti, Balauseri, Reghin, Sighigoara, Targu-Muresg

Mentha suaveolens

Balauseri, Cagva, Daia, Danes, Gurghiu, Jabenita, Lapugna, Reghin, Sighisoara, $aes
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Mentha verticillata

Bahnea, Bistra Muresului, Ciobotani, Saschiz

Nasturtium officinale

Reghin, Solovastru

Nepeta nuda

Archita, Cloasgterf, Danes, Herghelia, Lechinta de Mures, Mureni, Reghin, Saschiz, Sabed,
Solovastru, Targu-Mures, versantii insoriti de pe valea Tarnavei Mici, Valea Salardului, Vulcan,
Zau de Campie

Origanum vulgare

Alunig, Androneasa, Apold, Archita, Bahnea, Balauseri, Bezid, Calimanesti, Chibed, Ciobotani,
Cornegti, Daia, Dubiste, Fantanele, Galaoaia, Ghindari, Glajarie, Gurghiu, idrifaia, L3pugna,
Lunca Bradului, Mihai Viteazu, Mureni, Reghin, Saschiz, Sabed, Silard, intre Sovata si
Sacadat, Stejarenii, Sarpatoc, Targu-Mures, Tarnadveni, Viigoara, valea paraieior: Sovata,
Sebig, Valea Batrana, Valea Secuieu, Valea Sirodului, Visa, Vulcan, Zau de Campie

Petasites hybridus

Bahnea, Baldusen, Bezid, Calimanesti, Chibed, Dubiste, Dulcea, Fantanele, Ghindari, Ibanegti,
ldrifaia, lod, M-{ii-Calimani (vaile: livei, Rachitis, Secului, Tihului), M-ti Gurghiului (vaile:
Batrana, Lapugna, Salard, Secuieu, Sirod), Orsova, Orsova Padure, Rastolita, Reghin, intre
Séacadat gi Sovata, Salard, Sangiorgiu de Padure, Targu-Mures, Viigoara

Peucedanum officinale

Boiu Mare, Reghin, Sighisoara

Peucedanum oreoselinum

Archita, Crig, Cloagterf, Jabenita, Mihai Viteazu, Mureni, Porumbeni, Rastolita, Reghin,
Saschiz, Saes, Targu-Mures

Pimpinella saxifraga

Adrian, Alunis, Androneasa, Apold, Archita, Band, Balauseri, intre Bala si Ercea, Bezid, Chibed,
Cloagterf, Cris, Daia, Danes, Dulcea, Fardgau, Galdoaia, Ghindari, Gurghiu, Herghelia,
Ibanesti, Jabenita, Lunca Bradului-Neagra, Mihai Viteazu, Mureni, Orgova, Rastolita, Reghin,
Saschiz, Sabed, Intre Sacidat si Sovata, Salard, Sangiorgiu de Padure, Sovata, Stejarenii,
$aes, Sarpatoc, Tirimia, Targu-Mures, Viforoasa, Vulcan, Zau de Campie

Pinus sylvestris

Acatari, Band, Bezid, Calimanesti, Chibed, Cloagterf, Fantanele, Ghindari, Orgova, Sabed, intre
Sé&cadat i Sovata, Sangiorgiu de Padure, Stanceni-Muntele Leu, Targu-Muresg

Pinus nigra

Séabed

Telekia speciosa

Borzia, Dubiste, Galdoaia, Ibanesti, lod, M-fi Gurghiului (vadile: Batrana, Gatii, Lapugna,
Secuieu, Sirod), Piatra Orgova, Rastolita, Reghin, Saschiz, Sighigoara, cursul superior al
Tarnavei Mici, véile: llvei, R&chitig, Salardului, Secului, Tihului

Thymus x dacicus

Gurghiu, Rastolita, Reghin, Valea paraului Sebes

Thymus glabrescens

Apold, Archita, Band, Bagaciu, Bistra Muresului, intre Cerghid si Mica, Cloasterf, Crig, Daia,
Dulcea, Lapugna, Lunca Bradului, Mihai Viteazu, Mureni, intre Razoare §i $aulia, Saschiz,
valea paraului Sebes, Sangiorgiu de Padure, Targu-Mures, Tirimia, Vaidacuta, langa Viforoasa,
Vulcan, Zau de Campie
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Thymus pannonicus

Adrian, Archita, intre Bala si Ercea, Band, Faragau, Herghelia, Mihai Viteazu, Mureni, Saschiz,
Sabed, Saeg, Saulia de Campie, Targu-Mures, Zau de Campie

Thymus pulegroides

Alunig, Apold, Cloagterf, Crig, Daia, Daneg, Dulcea, Herghelia, Lunca Bradului, Mihai Viteazu,
Mureni, Rastolita, Saschiz, Sabed, Stejarenii, Saes, vdile Sovata §i Sebes, Sovata, Stejarenii,
Saesg, Sarpatoc, Targu-Mures, Valea Salardului

Thymus serpyllum

Balaugeri, Bezid, Calimanesti, Chibed, Cornesti, FaAntanele, Ghindari, |drifaia, intre Sicadat si
Sovata, Sangiorgiu de Padure, Targu-Mures, Viigoara

Tilia cordata

Alunig, Bahnea, Band, Baldusgeri, Bezid, Cagva, Calimanesti, Chibed, Cloasterf, Fantanele,
Galaoaia, Ghindari, Gurghiu, Herghelia, Idrifaia, Lapugna, Lunca Bradului, Rastolita, Reghin,
Saschiz, intre Sacadat i Sovata, Sangiorgiu de Padure, Targu-Mureg, Tirimia, Viigoara, Zau de
Campie

Tilia plathyphyllos

Bahnea, Balauseri, Bezid, Calimanesti, Chibed, Cloagterf, Fantanele, Ghindari, Herghelia,
ldrifaia, Lapusna, Lunca Bradului, Mihai Viteazu, Saschiz, S&bed, Sangiorgiu de Padure,
Targu-Mures, Viisoara

Tilia tomentosa (cultivat)

Targu-Mures

Valeriana officinalis

Albesti, Alunig, Androneasa, Baldugeri, Bezid, Casva, Chibed, Ciobotani, Cloasterf, Deda,
Dubigte, Dulcea, Galdoaia, Ghindari, Glajarie, Gurghiu, Herghelia, Ibinesti, Lunca Bradului,
Mestera, M-tii. Gurghiului (vaile: Lapugna, Secuieu, Sirod), Pauloaia, Rastolita, Reghin, Saschiz,
Sédbed, intre Sacddat i Sovata, Salard, Sangiorgiu de Padure, Sighisoara, Solovastru,
Stanceni, Saes, Targu-Mures, Visa, Zau de Campie

Valeriana sambucifolia

M-tii Gurghiului pe Buneasa, Lapusna, Lunca Bradului-Neagra, Rastolita, cursul superior al
Tarnavei Mici, Valea Salardului

Xanthium spinosum

Band, Balduseri, Porumbeni, Reghin, Sabed, Zau de Campie

Xanthium strumarium

Alunig, Balauseri, Galdoaia, Jabenita, Lacul Fardgau, Rastolita, Reghin, Saschiz, Sibed,
Targu-Mures

ALANTOINA

Symphytum officinale

Abug, Adamusg, Alunig, Bahnea, Band, Bagaciu, Balduseri, Beica de Jos, Bezid, Bistra
Muregului, Cagva, Calimanesti, Cerghid, Chibed, Ciobotani, Cloasterf, Cornesti,
Coroisanmartin, Craiesti, Daia, Dubiste, Dulcea, Fantanele, Ghindar, Glajarie, Gurghiu,
Herghelia, Ibdnesti, Idrifaia, lod, Lacul Faragdu, Lasldul Mare, Lunca Bradului-Neagra, M-tii
Gurghiului (Valea Batrana, Valea Creanga Alba, Lapugna, Secuieu), Mihai Viteazu, Pauloaia,
Porumbeni, Ra3stolita, Reghin, Saschiz, Sdbed, Salard, Sangiorgiu de Padure, Sighigoara,
Saes, Saulia de Campie, Targu-Mures, Tarnaveni, Trei Sate, Viigsoara

RASINI

Humulus lupulus

Abug, Adamus, Alunig, Bahnea, Balduseri, Bezid, Calimanesti, Chibed, Cloagterf, Cornesti,




RASINI

Humulus lupulus

Coroisanmartin, Dulcea, Fantanele, Galaoaia, Ghindari, Herghelia, Ibanesti, Idrifaia, Ra3stoli{a,
Reghin, Saschiz, Sabed, intre Sacadat si Sovata, Sarateni, Sighisoara, Sangiorgiu de Padure,
Solovastru, Targu-Mures, Tarnaveni, Trei Sate, Viigoara

GLICOREZINE

Calystegia sepium

Abug, Alunig, Band, Balduseri, Cagva, Cloasterf, Deda, Dubigte, Galaoaia. Gurghiu, Herghelia,
Ibanesti Padure, lod, Jabenita, Lacul Faragau, Lapusna, Lunca Bradului, Orsova Padure, Piatra
Orgova, Rastolita, Reghin, Saschiz, Sabed, Silard, Sighigoara, Singiorgiu de Padure, Targu-
Mures, Tarndveni, Valea Pietroasa

Convolvulus arvensis

Alunis, Androneasa, Apold, Archita, Bahnea, Band, Bagaciu, Baldugeri, intre Bala si Ercea,
Beica, Bezid, Bistra Muresului, Bradetel, Casva, Calimanesti, intre Cerghid si Mica, Chibed,
Cloagterf, intre Cornesti gi Craiesti, Daia, Danes, Dubiste, Dulcea, Fantanele, Galaoaia,
Ghindari, Herepea, Herghelia, |banesti, Idrifaia, lod, Jabenita, Lacul Faragau, Lapusna, Mihai
Viteazu, Orgova, Réstolita, intre Razoare §i $aulia, Reghin, Saschiz, Sabed, intre Sacadat si
Sovata, Salard, Sangiorgiu de Padure, Santana de Mures, Stejareni, Saes, Sarpatoc, Saulia
de Campie, Targu-Mures, Tarndveni, Tirimia, Vaidacuta, Viigsoara, Vulcan, Zau de Campie

.

COMPUSI SULFURATI

Allium ursinum

Bagaciu, Glajarie, Gurghiu, Orsova, Orgova Padure, Rastolita paraul Porcului i paraul Visa,
Seleus, Sovata, $aulia de Campie

Alliaria petiolata

Alunis, Band, Bagaciu, Balauseri, Gurghiu, Herghelia, Ibanesti, Lapusna, M-ti Gurghiului,
Orsova, Rastolita, Reghin, Sabed, Sovata, Saulia de Campie, Targu-Mures, Tirimia, Zau de
Campie

Armoracia rusticana

Alunig, Band, Filiteinic, Ibanesti, Rastolita

IRIDOIDE

Ajuga genevensis

Alunig, Band, Bagaciu, Balausgeri, intre Bala si Ercea, intre Cerghid §i Mica, Dulcea, Faragau,
Herghelia, 1banesti, Lapugsna, Lunca Bradului-Neagra, Mihai Viteazu, Rastolita, Reghin,
Saschiz, Sabed, Stanceni, Targu-Mures, Valenii de Mures, Zau de Campie

Ajuga reptans

Alunig, Archita, Bagaciu, Band, Balauseri, Beica de Sus, Bistra Muresului, Cloagterf, Dulcea,
Fardgau, Gurghiu, Herghelia, ibanesti, Lunca Bradului-Neagra, Mihai Viteazu, M-tii Gurghiului
(vaile: Batrana, Lapugna, Secuieu, Sirod), Orgova, Rastolifa, Reghin, Saschiz, Sibed, $aulia
de Campie, Sighigoara, Targu-Mures, Tirimia, Zau de Campie, Valea llvei, Valea Salardului

Euphrasia rostkoviana

Adrian, Alunig, Androneasa, Apold, Balauseri, Beica de Sus, Galdoaia, Gurghiu, Ibanesti, lod,
Mihai Viteazu, Pauloaia, Piatra Orsova, Rastolita, Reghin, Saschiz, Sabed, Sovata, Stejarenii,
Stanceni-Mestera, Saes, Sarpatoc, cursul superior al Tarnavei Mici, Valea livei

Eupbhrasia stricta

Archita, Balaugeri, Cloagterf, Daia, Herghelia, Ibanegti, Mihai Viteazu, Pauloaia, Targu-Mures,
Valea llvei, Valea Salardului, Vulcan

Lamium album

Alunis, Bahnea, Band, Bagaciu, Baladugen, Bezid, Calimanegti, Chibed, Cloagterf, Comesti,

Dubigte, Dulcea, Faragau-lac, Fantanele, Galdoaia, Ghindari, Herghelia, Ibanesti, Ibanegti
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Padure, Idrifaia, Lastaul Mare, Mihai Viteazu, M-ti Gurghiului, Reghin. Saschiz, Sabed, intre
Sacadat si Sovata, Sangiorgiu de Padure, Stanceni, Saulia de Campie, Targu-Mures,
Tarnaveni, Viigoara, Zau de Campie

Mycelis muralis

Baldugeri, Gurghiu, Dubigte, Galaoaia, Herghelia, Lunca Bradului-Neagra, M-tii Calimani (vile:
livei, din Mijloc, Tihului), M-tii Gurghiului (vaile: Batrana, Creanga Alba, Gatii, Lapusna, Saca,
Salard, Secuieu, Sirod), Rastolita, Sighisoara

Sambucus ebulus

Alunig, Bahnea, Band, Balaugeri, Bezid, Cagva, Calimanesti, Chibed, Cornesti, Fantanele,
Ghindari, Gurghiu, Herepea, Idrifaia, Lacul Faragau, Pauloaia, Rastolita, Reghin, Saschiz, intre
Sacadat si Sovata, Sangiorgiu de Padure, Targu-Mures, Tarnaveni, Tirimia, Valea Bétrana,
Viisoara, Zau de Campie

Scrophularia nodosa

Band, Cloagterf, Dubiste, Gurghiu, Lunca Bradului-Neagra, M-ti Gurghiului (viile: Glajarie,
Lapugna, Saca, Secuieu), Rastolita, Reghin, Saschiz, Sabed, Targu-Mures, Zau de Campie

Scrophularia scopolii

Band, Beica de Sus, Rastolita, Zau de Campie

Stachys germanica

Adrian, Apold, Archita, Band, Bagaciu, intre Bala si Ercea, Balduseri, Beica. intre Cerghid si
Mica, Cloasterf, Daia, Danesg, Herghelia, Mihai Viteazu, Mureni, Saschiz, Saes, Sarpatoc,
Targu-Mures, Tirimia, Vulcan

Stachys officinalis

Alunig, Apold, Archita, Baldugeri, Casva, Chibed, Cloasterf, Daia, Danes, Gurghiu, Herghelia,
Jabenita, Lapugna, Mihai Viteazu, Mureni, Piatra Orsova, Saschiz, Sabed, Stejarenii, Saes,
Sarpatoc, Targu-Mures, cursul superior si mijlociu al Tarnavei Mici, Valea Pietroasa, Vilenii de
Mures, Vulcan, Zau de Campie

Stachys recta

Alunig, Apold, Archita, Band, Baldugeri, intre Bala si Ercea, Cloasterf, Crig, Daia, Danes,
Herghelia, Mihai Viteazu, Mureni, Reghin, Saschiz, Saes, $arpatoc, Targu-Mures, Tirimia,
Vaidacuta, 1anga Viforoasa, Vulcan, Zau de Campie

Verbena officinalis

Balaugeri, Cagva, Daia, Herghelia, Jabenita, Lasiaul Mare, Mihai Viteazu, Rastolita, Reghin,
Sabed, Targu-Mures

ALCALOIZI

Aconitum firmum

Salard-valea Muresului, Valea livei, Valea Salardului

Aconitum moldavicum

Bahnea, Deda, Lunca Bradului-Neagra, M-tii Gurghiului (Fancelul de Sus, vaile; Batrana,
Creanga Alba, Gatii, LApugna, Salardului, Secuieu, Sirod), Rastolita, Sovata, Varful Seaca Mica

Aconitum napellus

M-tii Gurghiului (vaile: Lapugna, Secuieu, Sirod)

Aristolochia clematitis

Balauseri, M-tii Gurghiului (Valea Creanga Alba, Valea Megsterita), Reghin, $3ulia de Campie,
Targu-Mures, Valea lzvoarelor, Vidrasau

Arum maculatum

Gl3jarie, Gurghiu, Valea Salardului
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Atropa bella-donna

Becheci (paraieie’ Ruginei, Botog, Sec, Bezid). Deda (Poiana Ursului, Poiana Rusului), M-tii
Gurghiului (Valea Glajarie, Saca), Orsova Padure, Piatra Orgova, Rastolita, Sovata, Targu-
Mures, valea superioard a Tarnavei Mici, Viigoara, Valea Salardului

Berberis vulgaris

Band, Reghin, Saulia de Campie

Chamaespartium sagittale

Bahnea, Band, Bagaciu, Balduseri, Bezid, Calimanegti, Chibed, Fantanele, Ghindari, Glajarie,
Gurghiu, Idrifaia, Lapugna, Mihai Viteazu, Pauloaia, Rastolita, Reghin, Saschiz, intre Sacadat i
Sovata, Sangiorgiu de Padure, $aulia de Campie, Targu-Mures, Viisoara

Chelidonium majus

Alunig, Bahnea, Band, Bagaciu, Baliuseri, Bezid, Calimanesti, Chibed, Cinta, Cloasterf,
Cornesti, Craiesti, Dulcea, Fantanele, Galaoaia, Ghindari, Gurghiu, Herghelia, Ibanesti Padure,
Idrifaia, Leordeni, Lunca Bradului-Neagra, Mihai Viteazu, M-tii Gurghiului, Orgova, Rastolita,
Reghin, Saschiz, Sabed, Sangiorgiu de Padure, $aulia de Campie, Targu-Mures, Tarnaveni,
Tirimia, Viigoara

Clematis recta

Daia, Gurghiu, Herepea, Mihai Viteazu, Reghin, Sabed, Targu-Mures

Clematis vitalba

Alunis, Apold, Band, Balauseri, Bistra Muresului, Casva, Cloasterf, Crig, Dubiste, Glajarie,
Gurghiu, Herghelia, lod, Mihai Viteazu, Orgova, Rastolita, Reghin, Saschiz, Sabed, Sancrai,
Santana de Mureg, Sighisoara, Targu-Mures, Tirimia, Zau de Campie

Colchicum autumnale

Alunig, Archita, Bahnea, Balduseri, intre Bala si Ercea, Bezid, Borzia, Calimanesti, Chibed,
Cloagterf, Crig, Daia, Danes, Damieni, Dulcea, Fantanele, Ghindari, Gurghiu, Ibanesti, Idrifaia,
Lapusna, Mihai Viteazu, Piatra Orgova, Rastolita, Reghin, Saschiz, Sabed, intre Sacadat si
Sovata, Sangiorgiu de Padure, Stejarenii, StAnceni-Mestera, Targu-Mures, Valea Pietroasa,
Viigoara, Vulcan, Zau de Campie

Conium maculatum

Alunig, Band, Ciobotani, Cagva, Cloasterf, Gurghiu, Lacul Faragau, Reghin, Saschiz, $aes,
Targu-Mures

Corydalis cava

Ibdnesti, Lapusna, Orgova Padure, Rastolita, Reghin, Sovata, $aulia de Campie, Targu-Mures

Corydalis solida

Band, Bagaciu, Balauseri, Gura Fancel, Herghelia, Lapugna, Rastolita, Sabed, Santana de
Mures, $aulia de Campie, Targu-Mures, Tirimia, Valea Grapini, Zau de Campie

Cynoglossum officinale

Band, Targu-Mures, Valea Bistrei: fAnatele Minteu, Dupa Bistra

Datura stramonium

Alunis, Bahnea, Band, Balauseri, Calimanesti, intre Cornesti i Craesti, Fantanele, Idrifaia,
Reghin, Saschiz, Sabed, Targu-Mureg, Tamaveni, Viigoara

Echinops
sphaerocephalus

Apold, Archita, Cagva, Cloasterf, Daia, Mihai Viteazu, M-tii Cafimani (Valea Bistrei, Zapodea
Ursului), Mureni, Reghin, Vuican

Echium vulgare

Alunig, Androneasa, Apold, Archita, Bahnea, Band, Bagaciu, Balaugeri, intre Bala si Ercea,
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Bezid, Bistra Muresului-Scaunul Domnului, Cagva, Calimanegti, Chibed, Ciobotani, Cloasterf,
intre Cornesti si Craiesti, Crig, Daia, Daneg, Dubiste, Fantanele, Galaoaia, Ghindari, Glajarie,
Gurghiu, Herepea, Herghelia, |drifaia, Jabenita, Lacul Faragau, Lapusna, Lunca Bradului, Mihai
Viteazu, Moresti, Mureni, Pauloaia, Porumbeni, Rastolita, Reghin, Saschiz, Sabed, intre
Sacadat i Sovata, Sangiorgiu de Padure, Stejarenii, Stanceni, $aes, Sarpatoc, Targu-Mures,
Tarnaveni, Vaidacuta, Valea Secuieu, Viigoara, Visa, Vulcan, Zau de Campie

Fumaria officinalis

Herghelia, Reghin, Saschiz, Sabed, $aulia de Campie

Fumaria schleicheri

Band, Bagaciu, Balauseri, $Saulia de Campie

Fumaria vaillantii

Rastolita, Sabed, Sovata, Targu-Mures

Galanthus nivalis

Androneasa, Band, Bagaciu, Balaugeri, Bradetel, Gura Fancel, Herghelia, Ibanesti, Laslaul
Mare, Lapugna, Orsova, Orgova Padure, Sabed, Saulia de Campie, Targu-Mures, Zau de
Campie

Galega officinalis

Balauseri, Mihai Viteazu, Saschiz, Targu-Mures

Genista tinctoria

Adrian, Androneasa, Apold, Archita, Balduseri, Beica, Cloagterf, Crig, Danes, Gurghiu,
Herghelia, Jabenita, Lapusna, Mihai Viteazu, Mureni, Orgova Padure, Pdauloaia, Reghin,
Saschiz, Sabed, Salard, $aes, $arpatoc, Targu-Mures, cursul superior al Tarnavei Mici, Valea
Pietroasa, Valenii de Mures, Zau de Campie

Hyoscyamus niger

Band, Balduseri, Reghin, Saschiz, Targu-Mures

Leucojum vernum

Androneasa, Dubiste, Gurghiu, Ibanesti Padure, Lapugna, Reghin, Sovata, Sirod

Scopolia carniolica

Borzia, Deda, Gurghiu, lod, Lapusna, Lunca Bradului, Rastolita, Tirimia, Valea Salardului

Senecio jacobaea

Apold, Archita, Band, Balaugeri, Cloagterf, Crig, Daia, Danes, Dubiste, Gurghiu, Jabenita, Mihai
Viteazu, Mureni, Reghin, Saschiz, $aes, $arpatoc, Targu-Mures, Valea Tihului, Vulcan, Zau de
Campie

Senecio vulgaris

Band, Baldugeri, Lapugna, Rastolifa, Reghin, Targu-Muresg

Solanum dulcamara

Abug, Addmus, Apold, Band, Balaugeri, Dubiste, Galdoaia, Herghelia, Ibanesti, Lacul Faragau,
Lunca Bradului-Neagra, M-tii Gurghiului (vaile: Batrana, Creanga Alba, Lapusna, Salardului,
Secuieu, Sirod), Rastolita, Reghin, Saschiz, Sabed, Sighigsoara, Solovastru, Saes, Targu-Mures

Thalictrum aquilegifolium

Band, Bagaciu, Cloasterf, Crig, Lacul Faragdu, Gurghiu, Herghelia, Mihai Viteazu, M-tii
Calimani (vdile: livei, Secului, Tihului), M-tii Gurghiului (vaile: Batrana, Lapugna, Salardului,
Secuieu, Sirod), Mureni, Reghin, Saschiz, Sighisoara, Targu-Mures, cursul superior al Tarnavei
Mici, Zau de Campie

Thalictrum minus

Apold, Archita, Ciobotani, Cloasterf, Herepea, Mihai Viteazu, Mureni, Piatra Orgova, Saschiz,
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ALCALOIZI

Sabed, Stejarenii, Saes, Tirimia, Vaidacuta, Zau de Campie

Veratrum album

Casva, Ciobotani, culmea Becheci, Bistra Muresului, Bistra Muresului-Scaunul Domnului,
Deda, Dulcea, Galdoaia, Gljarie, Gurghiu, Lunca Bradului, M-tii Gurghiului (Saca, vaile:
Batrana, Creanga Alba, Lapugna, Salardului, Secuieu, Sirod), Orsova, Valea Nirajului Mare,
Poiana Bradetel, intre Niraje-Poiana Avagu, intre Eremitu i Sacadat, Rastolita, Reghin, intre
Sacéadat gi Sovata, Sighisoara

Vinca herbacea

Band, Daia, Porumbeni, Reghin, Sabed, Targu-Mures, Tarnaveni, Tirimia, Vaidacuta, Zau de
Campie

Vinca minor

Alunig, Bahnea, Band, Bagaciu, Balduseri, Bezid, Calimanesti, Chibed, Comesti, Fantanele,
Galdoaia, Ghindari, Gurghiu, Idrifaia, Rastolita, Reghin, Saschiz, Sabed, intre Sicidat si
Sovata, Sangiorgiu de Padure, Saulia de CaAmpie, Targu-Mures, Tarnaveni, Valea Salardului,
Viisoara

Viscum album

Bahnea, Balduseri, Bezid, Calimanesti, Chibed, Cloagterf, Cornesti, Fantanele, Ghindari,
Gurghiu, Herghelia, Idrifaia, Jabenita, Mihai Viteazu, Orgova, Saschiz, Sabed, Sangiorgiu de
Padure, $aulia de Campie, Targu-Mures, Tamaveni, Viigoara

PRINCIPII AMARE

Ballota nigra

Alunig, Band, Balduseri, Curteni, Dubiste, Galaoaia, Targu-Mures

Centaurium erythraea

Alunig, Archita, Band, Balaugeri, Cloagterf, Craiesti, Daia, Daneg, Deda, Dubigte, Gldjarie,
Herghelia, Mihai- Viteazu, Orsova, Piatra Orsova, Porumbeni, Rastolita, Reghin, Saschiz,
Sabed, Stejarenii, $arpatoc, Targu-Mures, Vulcan

Gentiana asclepiadea

Bezid, Chibed, Gal3oaia, Ghindari, Glajdrie, Lunca Bradului-Neagra, M-tii Gurghiului (Saca,
vaile: Batrana, Creanga Alba, Gatii, L&pusna, Secuieu), Piatra Orgova, Rastolita, Reghin, intre
Séacadat si Sovata, Sangiorgiu de Padure, Valea Salardului

Gentiana cruciata

Alunig, Archita, Apold, Beica de Sus, Cloasterf, Daia, Danes, Mihai Viteazu, Mureni, Rastolita,
Reghin, Saschiz, Sovata, Valea Salardului, Vulcan, Zau de Campie

Glechoma hederacea

Alunig, Band, Beica de Sus, Cloasterf, Dubiste, Dulcea, Gurghiu, Herghelia, Ibanesti P&dure,
Lunca Bradului-Neagra, M-tii Gurghiului (vaile Batrana, Creanga Alba, Lapusna, Secuieu,
Sirod), Orsova, Rastolita, Reghin, Saschiz, S3bed, Saulia de Campie, Targu-Mures, cursul
mijlociu al Tarnavei Mici, Valea livei, Valea Salardului

Glechoma hirsuta

Band, Balauseri, Dubiste, Herghelia, Lapusna, M-tii Gurghiului (vaile: Batrana, Creanga Alba,
Secuieu, Sirod), Orgova Padure, Piatra Orgova, Rastolita, Saschiz, Zau de Campie

Marrubium vulgare

Baldugeri, Cornegti, Tarnaveni, M-tii Calimani: Valea Bistrei

Menyanthes trifoliata

M-tii Calimani: Valea Tihului
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PRINCIPIl AMARE

Taraxacum officinale

Alunig, Archita, Bahnea, Band, Balduseri, Bezid, Borzia, Calimanesti, Chibed, intre Cerghid si
Mica, Cloasterf, Cornesti, Daia, Dubiste, Dulcea, Fantanele, Gal3oaia, Ghindari, Gurghiu,
Herghelia, Ibanesti, Idrifaia, lod, Jabenita, Lasldul Mare, Mihai Viteazu, Orgova, Rastolita,
Saschiz, Sabed, intre Sacadat gi Sovata, Sangiorgiu de Padure, Saulia de Campie, Targu-
Mures, Tarnaveni, Tirimia, Vaidacuta, Valenii de Mures, 1anga Viforoasa, Viigoara, Zau de
Campie

PRINCIPIl AMAR —
AROMATICE

Artemisia absinthium

Alunig, Archita, Band, Bagaciu, Bahnea, Baldugeri, Bezid, Calimanesti, Chibed, Comesti,
Craiegti, Daia, Dulcea, Fantanele, Ghindari, Gurghiu, Hodac, Ibanesti, Idrifaia, lod, Lunca
Bradului, Reghin, Saschiz, Sabed, Sangiorgiu de Padure, Stanceni-Mestera, Tarnaveni,
Viigoara, Zau de Campie

Artemisia campestris

Cloagterf, Daia, Herghelia, Mihai Viteazu, intre Razoare i $aulia, Saschiz, $Sarpatoc, Targu-
Mures, Tirimia, Vaidacuta, Zau de Campie

Artemisia pontica

Daia, Mihai Viteazu, Saschiz, Tirimia, Vaidacuta

Artemisia vulgaris

Alunig, Apold, Bahnea, Band, Balauseri, Bezid, Cagva, Calimanesti, Chibed, Cornegti, Craiesti,
Dubiste, Fantanele, Galdoaia, Ghindari, Ibanesti, Idrifaia, lod, Lacul Faragau, Lapusna, Lunca
Bradului, Porumbeni, Rastolita, Reghin, Saschiz, S&bed, intre Sacadat i Sovata, Sangiorgiu
de Padure, Solovastru, Targu-Muresg, Tarndveni, Tirimia, Viigoara

Teucrium chamaedrys

Alunig, Androneasa, Apold, Archita, Baldugeri, intre Bala si Ercea, intre Cerghid si Mica,
Cloasterf, Crig, Daia, Danes, Dubiste, Lunca Bradului, Mihai Viteazu, Mureni, Porumbeni,
Reghin, Saschiz, Sabed, Stejarenii, Saes, Sarpatoc, Targu-Mures, Tirimia, Vaidacuta, Vuican,
Zau de Campie

Tanacetum corymbosum

Archita, Casva, Cloasterf, Gurghiu, lbanesti, Lapusna, Mihai Viteazu, Pauloaia, Ristolita,
Reghin, Saschiz, Sovata, Stanceni, Targu-Mures, cursul superior al Tarnavei Mici, Valea
Salardului, Zau de Campie

Tanacetum vulgare

Alunig, Apold, Band, Balaugeri, Cagva, Dubiste, Ganesti, Ib&nesti Padure, lod, Lacul Faragau,
Mica, Orsova, Pauloaia, Rastolita, Reghin, M-tii Calimani (Valea din Mijloc), M-tii Gurghiului
(Valea Batrana, Valea Secuieu), Targu-Mureg

FLOROGLUCINE

Dryopteris filix-mas

Alunig, Androneasa, Bahnea, Bagaciu, Baldugeri, Calimanesti, Ciobotani, Dubigte, Dulcea,
Fantanele, Gurghiu, Herghelia, Ib&nesti, Idrifaia, Jabenita, Lipusna, M-tii Calimani (Valea llvei,
Valea Ré&chitig), Neagra, Orgova, Orgova-cdtunul Seci, Rastolita, Saca, Sabed, Stanceni-
Muntele Leu, Targu-Mures, Valea lzvoarelor, Viigsoara

ACIZI ORGANICI,
VITAMINE $!
PROVITAMINE

Daucus carota

Adrian, Alunis, Apold, Archita, Band, Balauseri, intre Bala si Ercea, Beica, Cagva, intre Cerghid
si Mica, Ciobotani, Cloagterf, Crig, Daia, Danes, Dubigte, Dulcea, G3laoaia, Gurghiu, Herghelia,

Ibdnesti Padure, Jabenita, Lasldul Mare, Mihai Viteazu, intre Mureni si Archita, Pduloaia,
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ACIZ! ORGANICI,
VITAMINE $I
PROVITAMINE

Rastolita, Reghin, Saschiz, Sabed, Stejdrenii, Saes, Sarpatoc, Targu-Mures, Tirimia,
Vaidacuta, Vulcan, Zau de Campie

Hippophae rhamnoides

Balaugeri, Herghelia, Mihai Viteazu, Orsova Padure, Rastolita, Sabed

Physalis alkekengi

Alunig, Bahnea, Band, Dubiste, Herghelia, Rastolita, Reghin, Sabed, Santana de Mures, Targu-
Mures, Viisoara

Rosa canina

Adamus, Alunig, Apold, Archita, Bahnea, Band, Bezid, Balauseri, Bistra Muregului, Calimanesti,
Chibed, Cloasterf, Cornesti, Crig, Daia, Daneg, Dubigte, Fantinele, Gailioaia, Ghindari,
Glajarie, Gurghiu, Herepea, Herghelia, Ibdnesti, Idrifaia, lod, Jabenita, Lunca Bradului, Mihai
Viteazu, Mureni, Orgova, Pauloaia, Piatra Orgova, Reghin, Saschiz, Sabed, intre Sacadat si
Sovata, Sangiorgiu de Padure, $arpatoc, Saulia de Campie, Sighigoara, Targu-Mures,
Tarndveni, Tirimia, Vaidacuta, Valenii de Mures, Viisoara, Vulcan, Zau de Campie

Rosa pendulina

M-tii Calimani (Lunca Bradului, Neagra, Réstolita, Stanceni), M-tii Gurghiului (Lapugna, intre
Deda si Bistra Muresului, vaile: Batrana, Creanga Alba, Fancelului, Salardului, Secuieu,
Sirodulut), Orsova Padure

Rubus idaeus

Apold, Archita, Bahnea, Balauseri, Bezid, Calimanesti, Chibed, Cloasterf, Comesti, Daia,
Fantanele, Galdoaia, Ghindari, Glajarie, Gurghiu, Ibanesti, lod, Lunca Bradului-Neagra, Mihai
Viteazu, M-tii Calimani (vaile: llvei, din Mijloc, Rachitis, Rastolitei, Tihului), M-tii Gurghiului
(Saca, vaile: Batrana, Lapusna, Salardului, Secuieu, Sirod), Rastolita, Reghin, intre Sacadat §i
Sovata, Sangiorgiu de Padure, Stanceni, Tdmaveni, Viisoara

Sorbus aucuparia

Dubigte, Galaoaia, Gurghiu, lod, Lunca Bradului-Neagra, Mihai Viteazu, M-tii Gurghiului (Saca,
vdile: Batrana, Creanga Alba, Glajarie, LApusna, Secuieu, Sirod), Rastolita, Reghin, Saschiz,
Intre Sacadat si Sovata, Targu-Mures, Valea llvei, Valea Salardului

Urtica dioica

Adrian, Alunig, Bahnea, Band, Beica, Bezid, Balaugeri, Cagva, Calimanesti, Chibed, Cloasterf,
Comesti, Daia, Dubigte, Dulcea, Fantanele, Galdoaia, Ghindari, Glajarie, Gurghiu, Herghelia,
Ibanesti, Idrifaia, lod, Lunca Bradului-Neagra, Mihai Viteazu, M-tii Calimani (vaile: llvei, Secului,
Tihului), M-tii Gurghiului (Saca, vaile; Batrana, Creanga Alba, Gatii, Lapugna, Mesterita,
Secuieu, Sirod), Orgova, Piuloaia, Rastolita, Saschiz, Sabed, intre Sacidat §i Sovata,
Sangiorgiu de Padure, Saulia de Campie, Targu-Mureg, Tarnaveni, Tirimia, Viigoara, Zau de
Campie




CONCLUZII

in cursul cercetéarilor efectuate in judetu! Mures au fost identificate 304 specii de
plante medicinale, frecvente in numeroase localitati.

Cele mai raspandite plante medicinale sunt: Achillea millefolium, Agrimonia
eupatoria, Arctium lappa, Carum carvi, Colchicum autumnale, Crataegus monogyna,
Filipendula ulmaria, Frangula alnus, Fraxinus excelsior, Galium sp., Helleborus
purpurascens, Hypericum perforatum, Plantago sp., Primula veris, Rosa canina, Tussilago
farfara, Salix sp., Veronica sp.

Existd pete albe pe harta judetului Mures, in care nu s-au efectuat pana in prezent
cercetari floristice, aga cum este zona de campie (lernut, Ludus, Réciu, Sarmas etc.).

Valorificarea plantelor medicinale din unele zone ale judetului Mures este deficitara
din lipsa céilor de acces pentru vehicole precum si din lipsa centrelor de recoltare a
plantelor medicinale.
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Studii botanice si fitochimice asupra speciei Aesculus x carnea hayne

(Hippocastanaceae)
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Aesculus x carnea Hayne este un arbore obtinut prin incrucigarea speciilor Aesculus hippocastanum L. $i
Aesculus pavia L. Florile speciei Aesculus x carnea au fost analizate din punct de vedere morfo-anatomic §i
fitochimic. S-au identificat urmatoarele principii active: carotenoide, flavonozide, proantociani, antocianozide,
cumarine, ODP-uri, compusi reducatori, tanin $i poliholozide. S-a determinat cantitativ continutul de
flavonozide, ODP-uri, antociani $i proantociani.

Cuvinte cheie;: Aesculus x carnea, flavone, cumarine, proantociani

Aesculus x carnea Hayne is a tree obtained by hybridisation between Aesculus hippocastanum L. §i
Aesculus pavia L. The flowers of Aesculus x carnea were analysed from morpho-anatomic and
phytochemical point of view. The following active substances were identified: carotenoides, flavones,
proanthocyanins, anthocyanins, coumarins, caffeic acid derivates, reducing compounds, tannin gi
polysaccharides. The content of flavones, caffeic acid derivates, anthocyanins and proanthocyanins has
been determined.

Key words: Aesculus x carnea, flavones, coumarines, proanthocyanins

Aesculus x carnea Hayne este un arbore ornamental obtinut prin Tncrucisarea
speciilor Aesculus hippocastanum L. (castan porcesc) si Aesculus pavia L. (castan rosu).
Prezinta o tulpina Tnaltd de pana la 25 m, frunze palmat-compuse, cu cate cinci foliole
cuneat-obovate. Florile, de o frumusete deosebitd, sunt colorate in rogu-carneu sau rogu-
stacojiu si sunt dispuse Tn inflorescente mari, de tip panicul [8].

Specia Aesculus hippocastanum L. este o sursd importantd de principii active, cu
importantd terapeuticd. Scoarta, Hippocastani cortex, confine cumarine (esculozida,
esculetol, fraxozida, fraxetol), proantocianidoli, saponozide, amidon si tanin catehic §i se
foloseste in terapie ca vasoprotector [3,10]. Semintele, Hippocastani semen, contin
saponozide triterpenice de tip p-amirinic (escind), flavonoide i tanin catehic
(proantocianidol-epicatehina). Extractul obtinut din semintele de castan se foloseste in
tratamentul insuficientei venoase cronice, datoritd actiunii antiedematoase i
vasoprotectoare [4,10].

Din fructele speciei Aesculus pavia L. au fost izolate saponozide triterpenice de tip
pentaciclic, denumite esculiozide $i esteri ai acidului 3-indolilacetic [9].

Lucrarea de fatd a avut ca scop 0 analizd botanicad si fitochimica asupra florilor
speciei Aesculus x carnea Hayne, mai putin studiata din acest punct de vedere.

MATERIAL $I METODE

Materialul vegetal analizat a fost constituit din inflorescentele speciei Aesculus x
carnea Hayne, recoitate in anul 2006, dintr-un parc bucuregtean.

intr-o prima etap4 produsul vegetal a fost analizat din punct de vedere macroscopic,
conform Farmacopeei Romane ed. a X-a, apoi microscopic, folosind preparate superficiale
clarificate cu hidroxid de sodiu 100 g/L [11]. S-a efectuat o analizd calitativd asupra
solutiilor extractive obtinute cu solventi de polaritati diferite (eter, alcool si apa), cu scopul
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identificarii, prin reactii specifice, a principalelor grupe de constituenti chimici {2]. Asupra
unor principii active au fost efectuate analize cromatografice si determinari cantitative:

1) Flavonozidele au fost analizate calitativ prin cromatografie in strat subtire (CSS),
pe silicaget 60 F254 (Merck), folosind faza mobila acetat de etil-apa-acid formic-acid acetic
(72:14:7:7) si reactivul NEU/PEG pentru identificare; pentru analiza agliconilor flavonici
faza mobila a fost toluen-acetat de etil-acid formic (5:3:1) [5]. Determinarea cantitativa s-a
efectuat prin metoda spectrofotometrica cu AlCl, indicatd de FR X pentru Cynarae folium
si exprimarea continutului in rutozida g% [11].

2) Cumarinele au fost identificate prin CSS, pe silicagel 60 F254 (Merck), cu faza
mobild acid acetic diluat-eter-toluen (10:50:50) si identificare cu solutie alcoolicad 2M de
hidroxid de potasiu [12).

3) Compusii fenil-propanici (orto-dihidroxifenolii-ODP) au fost analizati calitativ prin
CSS dupa tehnica prevazuta la analiza flavonozidelor [5]). ODP-urile au fost dozate prin
metoda prevazutd de Farmacopeea Europeand editia a 5-a, la monografia Fraxini folium,
cu exprimare in acid clorogenic [12].

4) Proantocianii au fost analizafi cantitativ dupa o tehnica elaborata de Lebreton,
dupa transformarea lor in antocianii corespunzatori si extractia in n-butanol, exprimarea
fiind efectuatd in procianidol g% [6].

5) Antocianii au fost determinati cantitativ dupa tehnica Markakis, exprimand
continutul in cianidind g% [7].

REZULTATE $I DISCUTII

Prin examenu! macroscopic efectuat asupra florilor speciei Aesculus x carmea au fost
evidentiate urmatoarele caractere; floarea este formatd din cinci sepale inegale, de
culoare roz, patru petale cu margine ondulata, usor crenat-ciliatd, pubescente la baza, de
culoare roz in partea superioard si galbena in_cea inferioara; staminele sunt in numar de
sapte, dispuse pe douad verticile (androceu diplostemon) cu filamente inegale; anterele
sunt de doua tipuri, medifixe, reniforme, portocalii si respectiv bazifixe, de culoare mai
deschisd; gineceul este superior, tricarpelat, trilojat, biovulat, cu placentatie axilara. Unele
flori sunt unisexuate, masculine, prin atrofierea gineceului. Aceste date vin in completarea
celor prevazute in literatura de specialitate [8].

In urma examenului microscopic au fost identificate elementele anatomice specifice:
peri glandulari cu picior pluricelular si glanda pluricelulara in forma de maciuca, laticifere
(figura 1), peri tectori pluricelulari, lungi verucosi, granule de polen sferice, cu exina neteda
(figura 2). Prezenta laticiferelor este in conformitate cu literatura de specialitate, care
prevede aceste elemente pentru speciile din ordinul Sapindales [1].

Figura 1. Laticifere gi peri glandulari In preparat Figura 2. Peri tectori, peri glandulari gi polen in
superficial preparat superficial
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Prin analiza fitochimicd au fost identificate urmatoarele clase de principii active:
carotenoide, agliconi flavonici, cumarinici i triterpenici in solutia extractivd eterica;
flavonozide, proantociani, antocianozide, cumarine, ODP-uri, compusi reducatori si tanin
n solutia extractiva alcoolica; poliholozide de tip mucilagii in solutia extractiva apoasa.

Din analiza cromatogramei pe strat subtire de silicagel a rezultat ca in florile de
Aesculus x carnea sunt prezente sapte fractiuni flavonoidice, dintre care trei cu
fluorescenta portocalie si patru cu fluorescentd galbena. Una dintre fractiuni a prezentat
aceeasi valoare Rf (0,35) si fluorescentd portocalie cu rutozida. Dintre compusii fenil-
propanici a fost prezent acidul cafeic (Rf = 0,95). Agliconii flavonoidici identificati au fost
kemferolul (Rf = 0,55, fluorescentd galben-verzuie) si cvercetolul (Rf = 0,42, fluorescenta
portocalie). Din grupul cumarinelor a fost identificat scopoletolul (Rf = 0,25, fluorescenta
albastrd). Rutozida, cvercetolul $i kemferolul se regdsesc in frunzele $i semintele de
Aesculus hippocastanum, cvercetolul fiind mentionat pentru scoarta aceleiasi specii. Dintre
cumarine, scopoletolul este caracteristic, conform literaturii de specialitate, pentru
produsele vegetale Hippocastani folium si cortex [10].

Florile speciei Aesculus x carnea contin un procent relativ mic de flavonozide totale
(0,36 g%). Acelasi procent de flavonozide este mentionat de literaturd pentru produsul
vegetal Hippocastani semen [10). Compusii fenil-propanici (ODP-urile) se gasesc in
cantitate de 3,16%, rezuitat care poate fi considerat ridicat in comparatie cu alte produse
vegetale. Continutul in antociani este 0,12%, iar proantocianii se gasesc intr-un procent
ridicat, de 0,876 %.

Rezultatele determinarilor cantitative sunt redate in tabeiul I.

Tabelul |. Continutul In principii active al florilor speciei Aesculus x carnea

Principiile active Continut
Flavonozide (g% In rutozida) 0,357
ODP-uri (9% In acid clorogenic) 3,160
Proantociani (9% In proantocianidol) 0,867
Antociani (% in antocianidol) 0,116

CONCLUZII

S-a efectuat un studiu macroscopic i microscopic asupra florilor speciei Aesculus x
carnea Hayne (Hippocastanaceae), cu evidentierea unor particularitdti morfologice si
anatomice. S-a efectuat de asemenea un studiu fitochimic, identificAnd mai multe grupe de
principii active, printre care flavonozide, ODP-uri, saponozide, proantociani, carotenoide.
Cromatografic au fost identificati compusii rutozida, cvercetol, kemferol, acid cafeic si
scopoletol.

Florile de Aesculus x carnea au un continut de 0,36% flavonozide, 0,12%
antocianozide, 0,87% proantociani si 3,16% ODP-uri.
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Cercetari farmacologice privind actiunea antiinflamatoare a uleiului gras

de Echium vulgare L.
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Am investigat actiunea antiinflamatoare a uleiului gras extras din semintele de Echium vuligare L. (boranta,
Borraginaceae), pe sobolani albi, masculi, susa Wistar. Am utilizat pentru determinare testul inducerii
edemului labei de sobolan (inflamatie acutd) prin administrarea dextranului intraplantar. S-a utilizat ca
substantd de referintad fenilbutazona, antiinflamator nesteroidian, inhibitor al ciclooxigenazei de tip 1 si 2.
Actiunea antiinflamatoare a uleiului gras analizat a fost comparata atat cu lotul martor tratat cu apa distilata,
cat si cu substanta de referinta, fenilbutazona. Rezultatele cercetarii au demonstrat ca uleiul gras cercetat de
noi, prezinta efect antiinflamator intens comparativ cu lotul martor. Intensitatea efectului este mai mare in
primele 80 minute dupa administrarea intraplantara a dextranului.

Aceste date sunt concordante cu cele din literaturd, care evidentiaza efectul antiinflamator al acidului y-
linolenic prezent in compozitia uleiului gras extras din semintele de Echium vulgare L.

We have studied the anti-inflammatory action of the falty oil obtained from the seeds of Echium vulgare L.
(blueweed, Borraginaceae) on Wistar male rats. The induction edem of rat foot test (acute inflammation) by
intraplantary administration of dextran was the pharmacological method. It was used as referance substance
fenilbutasone, which is a nonsteroidian antiinflammator, inhibitor of type 1 and 2 cyclooxigenase.

The antiinflammatory action of the fatty oil we analysed was compared to both witness group, treated with
distillated water and the referance substance, fenilbutasone. The results of this research demonstrated that
this fatty oil had intense antiinflammatory effect compared to the withness group. The intensity of this effect
is enhanced for the first 80 minutes after the administration of dextran into the rat foot.

These data were in accordance with the published data, which showed the antiinflammatory effect of y-
linolenic acid, a component of the Echium vulgare seed fatty oil.

Key words  blueweed, antiinflammatory action, seed fatty oil

Acizii gragi esentiali au o importantd fundamentald in mentinerea sanatatii find
componente ale membranelor celulare $i precursori ai eicosanoizilor implicati In procesele
biochimice din organism.

Numeroase studii farmacologice preclinice si clinice au adus Tn centrul atentiei doi acizi
grasi polinesaturati cu proprietati antiinflamatorii, acidul y-linolenic (C18:3n-6) din familia
omega-6 si stearidonic (C18:4n-3) din familia de acizi omega-3.

Acesti acizi se formeaza Tn organism in cantitati relativ reduse prin conversia acidului
linoleic i respectiv alfa-linolenic sub actiunea delta 6-desaturazei. Prin metabolitii lor, acesti
compusi influenteazd balanta dintre eicosanoizii pro- gi antinflamatorii. Mecanismele de
actiune sunt complexe si neelucidate inca complet.

Prin suplimentarea dietei cu uleiuri vegetale bogate in acid y-linolenic se constata o
acumulare in tesutun a metabolitului acestuia, acidul dihomogama-linolenic care este
transformat pe calea cicloxigenazei n prostaglandind PGE1, iar pe calea lipoxigenazei in acid
15-hidroxieicosatrienoic, doi compusi oxigenati cu proprietati antinflamatorii.

De asemenea prin cresterea aportului de acid stearidonic s-a constatat o reducere a
inflamatiei acute si cronice, posibil prin inhibarea lipoxigenazei si scaderea sintezei
leukotrienelor proinflamatorii [3,4,5,6,8,9].
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Studii clinice placebo-controlate au demonstrat ca terapia cu uleiuri bogate in acid y-
linolenic i steandonic este eficientd ih eczema atopica si artritd reumatoida, afectiuni cronice
cauzate probabil i de o deficienta in acizi grasi esentiali [1,2,7].

Acizii y-linolenic si stearidonic au o raspandire limitatd In semintele unor specii
vegetale, cele mai studiate surse fiind uleiul de luminitd de seara (Oenothera biennis L.) cu 8-
15% acid y-linolenic, limba-mieluiui (Borago officinalis L.) cu 14-25% acid y-linolenic si coacaz
negru (Ribes nigrum L.) cu 12-18% acid y-linolenic. Singura sursa vegetald comerciald de
acid stearidonic este uleiul de Ribes nigrum L. (2-4%).

In acest studiu au fost realizate cercetdri farmacologice privind o posibild actiune
antinflamatoare a uleiului gras extras din semintele de Echium vuigare L. (borantd), recoltata
din flora spontana. Uleiul gras luat in studiu este foarte bogat in acid y-linolenic (10,17%) si
stearidonic (14,88%), nivelul ridicat al acestor compusi biologic activi motivand initirea acestei
cercetari.

MATERIALE S| METODA
A fost investigatd prin testul inflamatiei acute induse de administrarea dextranului
intraplantar la gobolan actiunea antiinflamatoare a uleiului gras extras din semintele speciei
Echium vulgare L. recoltata din Cheia (Prahova) in august 2004.
Pentru determinarea edemului labei de gobolan i cuantificarea efectului antiinflamator,
s-a utilizat metoda pletismometrica, utilizdnd pletismometrul UGO BASILE 7140.
Determinarile au fost efectuate pe 12 sobolani albi, masculi, suga Wistar (am utilizat 4 animale
pe lot din considerente de bioetica a cercetérii pe animale de laborator).
S-au alcatuit 3 loturi de gobolani care au fost tratate astfel:
Lot 1 - Ser fiziologic 1 ml/ 100 g corp, p.o.
Lot 2 - Ulei gras extras din semintele de boranta, 1 mt /100 g corp, p.o
Lot 3 - Solutie apoasa de fenilbutazonad 100 mg/ kg corp, 1%, p.o
S-a determinat pentru toate animalele luate in lucru volumul initial al labei de sobolan.
La o ord dupa administrarea substantelor mentionate mai sus, animalele au fost anesteziate
cu uretan, 1,3 g/kg corp, solutie 10%.
Dupa anestezie s-a administrat dextran intraplantar, 0,1 miflaba. Apoi, a fost determinat
volumul labei de sobolan din 20 in 20 minute, timp de 3 ore dupd administrarea dextranului.

REZULTATE

Rezultatele cercetarii au fost interpretate statistic prin testele t Student si Anova.

Evolutia edemului inflamator fatd de volumul initial al fiecarui animal pentru loturile
martor, lotul tratat cu ulei gras extras din semintele de Echium vulgare si lotul tratat cu
fenilbutazona este redat in tabelele |-l si in figurile nr. 1-3.

Efectul antinflamator (exprimat procentual) al uleiului gras extras din semintele de
boranta si al fenilbutazonei este redat in tabelul IV si in figurile nr. 4-5.

Efectul antinflamator al uleiului gras comparativ cu al fenilbutazonei este redat in tabelul
V giin figura nr. 6.

DISCUTII

Rezultatele cercetarii au demonstrat faptul cd edemul inflamator al labei de sobolan
pentru animalele din lotul martor creste semnificativ statistic (p<0, 0001) pe toatd durata
determinarilor efectuate de noi (tabel |, figura 1).
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Tabel |. Evolutia edemului labei de gobolan dupa administrarea dextranului la lotul martor (ser fiziologic, 1
mi/100 g corp, oral}

Gre
Nr.crt Vini
utat V20’ V40’ V60’ V80’ v100° V120’ V140’ V160" V180~
t
°
1 120 § 0.91 1,62 1,78 1,74 1.88 1,85 1.54 1,39 137 1.29
2 120 | 0.82 1,53 1,67 1.50 1,74 1,33 1,34 1,38 1.34 1,26
3 138 | 0,81 1.66 1,62 1,77 177 1.53 1.38 1,41 134 1,25
4 124 | 0.77 1,46 143 1,36 1,36 1,24 1,26 135 1.4 1.32
5 122 | 067 1.42 1,42 1.57 1,57 1,25 1,15 1.06 1,2 1,147
Medi
0.80 1,542 1.584 1,506 1,664 1,44 1,334 1,318 1,33 1,258
e
Ef%
93,71 98,95 89,16 109,05 80,96 67.58 65,58 67.05 58,00
Vinit
t 12,8316 9.8485 6,8031 8,7852 51384 7.1185 6,8719 10,2845 9,9638
p <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001 <0,0001
3 11.6974
p <0,0001
120+

v Fo bW A g T Y

Figura nr. 1. Evolutia edemului labei de gobolan dupa administrarea dextranului la lotul martor (exprimare
procentuala)

Substanta de referintd, fenilbutazona, prezintd protectie fatd de inflamatia indusa cu
dextran administrat intraplantar, astfel ca edemul labei nu este semnificativ statistic fata de
initial (p>0,05), in minutele 40-80 ale determinarilor (tabel Ili, figura 3 si 5).
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Tabel Il Evolutia edemului labei de gobolan dupa administrarea dextranului la lotul tratat cu fenilbutazona

(100 mg/kg corp orat}
Nr. Greutate | Vinit | V20" | V40 V60 V8o’ vioo' | vizo Vi | vieo V180
1 176 1.37 147 1.66 1,89 1,57 178 1,64 1.6 1,8 1.69
2 158 1,19 1,79 1,89 K¥FY 235 1,54 1,79 1,94 1,94 1,94
3 174 1,31 1.9 1.1 1,14 1,25 111 1,18 1,19 1,15 111
4 160 0,99 18 1,66 167 2,08 168 1,63 1,69 167 1.71
Medie 1,215 169 ) 15775 16775 1.815] 1.5525 1,56 1,605 159 | 16125
Ef% 39,09 29,83 38061 1938) 2777 28,39 32,09 30.86 3277
Vinit
T 3,7272 | 1.92935 | 1,97664 | 2,2803 | 1,9601 | 2,20826 [ 2,20324 | 2,03647 | 2,03119
[ <0,05 [ >0,05 >0,05 >0,05 | >0,05 | >0.05 >0,05 >0,05 >0,05
F 0,85103
p >0,05

20 min 40 min 60 min 80 min 100 min 120 min 140 min 160 min 180 min

Figura 3. Evolutia edemului labei de sobolan dupa administrarea dextranului la lotul tratat cu fenilbutazona
(exprimare procentuald, efect%/ initial)
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Figura 5. Efectul antiinflamator al fenilbutazonei fata de lotul martor

Pentru uleiul gras extras din semintele de Echium wvulgare, volumul labei creste de
asemenea nesemnificativ statistic (p>0,05), cu exceptia determinarilor efectuate in minutele
80, 100 si 180 (tabel Il, figura 2).

Tabelul li. Evolutia edemului labei de sobolan dupa administrarea dextranului la lotul tratat cu ulei gras de
Echium vulgare (1 m|/100 g corp, oral)

Nr. Greutate | Vinit V20 V40’ V60~ V8o’ V100° | V120" | V140" | V160° V180°

1 130 1,02 1,27 1,53 1,36 1.64 1,58 1.23 1,49 1,42 1,57
2 138 1,07 1,19 0,57 1,19 1,45 1,50 1,33 1,43 1,44 1,64
3 226 1,38 1,73 2,33 1,98 2,35 2,15 1,80 2,19 1,81 1,86
4 150 1.1 1,51 1,62 1,92 2,06 2,05 1,91 1,64 1,72 2,06
Medie 1,15 1,43 1,51 1,61 1,88 1,82 1.82 1,69 1,60 1.78
Ef%
24,45 32,10 40,83 63,76 58,95 39,08 47,38 39,52 55,68
Vinit
t 1,9126 | 09922 | 2,1845 | 3,3395 | 3,6994 | 2,2531 | 2,8403 | 3,5572 | 4,64353
p >0,05 >0,05 >0,05 0,01 <0,05 >0,05 <0,05 <0,05 <0,05
F 1,32265
p >0,05
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Figura 2. Evolutia edemului labei de gobolan dupa administrarea dextranului la lotu! tratat cu ulei gras extras
din Echium vulgare (exprimare procentuald, efect% / initial)

Se evidentiaza efectul antiinflamator al uleiului gras extras din semintele de Echium
vulgare L., comparativ cu lotul martor la toate momentele determinarilor pietismometrice.
Acest efect este mai intens in minutele 20-80 dupd administrarea dextranuiui si scade In
intensitate in minutele 100-180. Pentru fenilbutazona efectul antiinflamator comparativ cu lotul
martor este mai intens in minutele 20-100 dupa administrarea dextranului si scade in
intensitate pana ia sfarsitul determindrilor (tabel IV, figura 4).

Tabelu! IV. Efectul antiinflamator al uleiului gras de Echium vulgare si al fenilbutazonei comparativ cu lotul
martor (exprimare. procentuala)

Efectul antiinflamator 7 / martor
Momentul determinarii Ulei de Echium Fenilbutazona
vulgare
20’ 69,3 54,66
40 66,9 69,96
60’ 48,36 51,13
80 45,29 59,66
100 227 53,88
120 28,5 39,19
140' 18,19 33,48
160’ 27,56 36,22
180' 2,37 25,87
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Tabelul V - Efectul antiinflamator al uleiului gras de Echium vulgare comparativ cu lotul tratat cu
fenilbutazona

Momentu! determinarii Efectul anti@nﬂgmator % faté.de fenilbutazona
al uleiului gras de Echium vulgare
T 20 ' 14,64
40' -2,26
60’ 2,77
80’ -14,37
100’ -31,25
120 -10,69
140’ -15,29
S 160° -8,66
180’ -23,5

70

8

&

20 !
10 : -t B

- -

20min 40min 60min 80min 100 min 120 min 140 min 160 min 180 min

Figura nr. 4 - Efectul antiinflamator al uleiului extras din Echium vulgare fatd de lotul martor (efect%/initial)

20+

20min 40min 60min 80 min 100 min 120 min 140 min 160 min 180 min

Figura nr. 6 - Efectul antiinflamator al uleiului gras extras din Echium vulgare, fatd de substanta de referinta,
fenilbutazona
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Efectul antinflamator al uleiului gras studiat de noi prezintd actiune antiinflamatoare mai
redusa comparativ cu substanta de referinta, fenilbutazona (tabel V, figura 6).

CONCLuzIl

Studiul farmacologic efectuat a demonstrat un efect antiinflamator al uleiului gras extras
din semintele speciei Echium vulgare L., de intensitate comparabild cu cea a lotului tratat cu
substanta de referintd, fenilbutazona. Acest efect se manifestd din primele 20 minute dupa
administrarea dextranului, fiind de intensitate >40% comparativ cu martoruf, in primele 80
minute ale determinarilor pletismometrice. Desi efectul antiinflamator al uleiului studiat de noi
prezintd actiune antinflamatoare mai redusad comparativ cu substanta de referinta,
fenilbutazona, rezultate obtinute sustin alte date din literatura care au evidentiat actiunea
antiinflamatoare a acidului y-linolenic.
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Obiectivele acestui studiu au constat in stabilirea caracterelor microscopice §i a compozitiei chimice a
produselor vegetale de tip flores gi de tip folium obtinute de la Filipendula hexapetala Gilib., aglice,
Rosaceae. Aceste produse au fost recoltate din flora spontand a Romaniei (judetul Arges), in iunie
2006.

Microscopic s-au identificat urmatoarele elemente anatomice specifice: peri tectori unicelulari, stomate
de tip anomocitic, grduncioare de polen cu trei pori germinativi i exina neteda, oxalat de calciu (druze
si cristale).

Prin CSS s-a stabilit prezenta in aceste produse vegetale a rutozidei, cvercetolului, hiperozidei,
acidului cafeic $i acidului clorogenic.

Continutul in flavone (exprimate in rutozida) este de 0,793 + 0,078 % fn flori i de 0,531 + 0,067 % In
frunze, iar cel de derivati ai acidului hidroxicinamic (exprimati in acid clorogenic) de 4,679 + 0.562 %
in flori §i 4,262 + 0,664 % in frunze. Diferentele observate sunt semnificative statistic in cazul
flavonelor (p = 0,0068), respectiv nesemnificative statistic pentru derivatii acidului hidroxicinamic (p =
0,3912).

Cuvinte cheie: Filipendula hexapetala, examination microscopic, analiza chimica

This study has as objectives to establish the microscopic characteristics of Filipendula hexapetala
Gilib., meadsweet, Rosaceae (flower and leaf) and to bring information about its chemical
composition.

The raw material was harvested from the Romanian spontaneous flora (Arges County), in June 2006.
Microscopically we identified the following specific anatomical elements: characteristics unicellular
trichomes, anomocytic stomata, triporate pollen grains with smooth exine and calcium oxalate (cluster
crystals and crystals).

Rutin, hyperoside, quercetin, caffeic acid and chlorogenic acid were identified in these plant products,
using TLC.

A content of 0,793 + 0,078 % of flavonoids (expressed as rutin) was found in flowers and of 0,531 +
0,067 % in leaves. Total hydroxycinnamic acid derivatives (expressed as chlorogenic acid) were found
to be 4,679 + 0.562 % in flowers and 4,262 + 0,664 % in leaves. The mean differences observed
between flowers and leaves were statistically significant for flavonoids (p = 0.0068) and no statistically
significant for total hydroxycinnamic acid denivatives (p = 0,3912).

Key words: Filipendula hexapetala, microscopically examination, chemical analysis

Filipendula hexapetala Gilib., aglice, Rosaceae este o specie larg raspandita in
tara noastra, prin fanete uscate, coaste insorite, luminiguri de paduri [13].

De remarcat ca literatura consultatad oferd putine date despre aceastd specie,
dar numeroase despre specia inruditd Filipendula ulmaria (L.) Maxim (cretusca).
Experimental s-a demonstrat ca fractiunea polifenolicid are actiune antioxidanta
asupra radicalilor superoxid i de 1,1-difenil-2-picril-hidrazil superioard extractelor de
Vitis vinifera [2], antibacteriand pe Bacillus subtilis, Pseudomonas aeruginosa,
Staphylococcus aureus i S. epidermidis prin naringenol §i cvercetol [11],
anticoagulanta si fibrinolitica la administrare orala [8] efect explicat prin prezenta unui
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compus cu proprietati electroforetice similare heparinei umane [5, 6], de prevenire a
displaziilor cervicale uterine [10] etc.

In Romania, florile de aglice sunt utilizate traditional in tratamentul eczemelor
(uz extern) si pentru combaterea durerilor post - natale (uz intern) [1].

in aceasta lucrare ne-am propus un studiu microscopic si chimic comparativ al
florilor (Filipendulae hexapetalae flores) i frunzelor (Filipendulae hexapetalae folium)
acestel specii.

MATERIAL $! METODE

Ca material de studiu s-au folosit florile si frunzele speciei Filipendula
hexapetala, recoltate la inceputul lunii iunie, 2006, din Moraresti (judetul Arges) si
uscate la temperatura camerei.

Identitatea produsului vegetal a fost stabilita prin:

- examen macroscopic (pentru verificarea caracterelor morfologice);

- examen microscopic al preparatelor superficiale clarificate cu hidroxid de sodiu
100 g/L, la microscopul Labophot 2-Nikon, cu ocular 10x i obiectivele 10x si 40x;

- examen chimic calitativ (screening fitochimic pentru identificarea principalelor
grupe de principii active din solutiile obtinute prin extractii succesive cu eter etilic,
etanol si apd). S-au efectuat reactii chimice specifice, citate in literatura de
specialitate [3, 4].

Calitatea produsului vegetal a fost apreciatd prin determinarea unor parametri
conventionali (,,pierderea prin uscare” sau-umiditatea produsului, conform metodei
standard din FR X, cap. IX.C.15 - varianta inclzirii in etuva, la 105°C) si prin
dozarea unor principii active de tip polifenoli.

Pentru determinarea cantitativd a derivatilor acidului hidroxicinamic s-a utilizat
metoda spectrofotometrica citatd de Farmacopeea Europeana ed. a 5-a (monografia
Ash folium) si bazatd pe formarea oximelor, in prezenta acidului azotos si a
molibdatului de sodiu, iar pentru flavone metoda spectrofotometrica citatd de
Farmacopeea Romana ed. a X-a (monografia Cynarae folium) i bazata pe reactia
de chelatare cu clorura de aluminiu [5, 6]). Citirile fotometrice s-au efectuat la un
spectrofotometru  UV-VIS Cecil series 2000. Pentru interpretarea statisticd a
rezultatelor s-a apelat la testul t (Microsoft Excel 2003; alpha = 0,05).

Prin CSS (cromatografie pe strat subtire) s-a urmarit identificarea polifenolilor
(acizi polifenolcarboxilici i flavone).

Conditiile analizei prin CSS [7]

esolutii de analizat: fractiunile metanolice rezultate prin refluxarea cu metanol
a celor doua produse vegetale, timp de 10 — 15 minute;

ofaza stationara: silicagel GFss Merck;

ofaza mobild: acetat de etil/ acid formic anhidru/ apa, 80/ 8/ 12 (v/v),

esubstante de referintd: soluti metanolice 0,1% de rutozida, hiperozida,
cvercetol, acid cafeic si acid clorogenic;

ereactivi de revelare: difenilboriloxietilamind 1% Tn metanol si propilenglicol 5%.

REZULTATE

La examinarea macroscopicd s-a constatat c¢& produsul Filipendulae
hexapetalae flores (figura 1) este constituit din inflorescente corimbiforme cu miros
specific. Florile prezintd corold dialipetald, formatad din cinci petale spatulate, de
culoare slab galbend, caliciu dialisepal, cu cinci sepale mici, triunghiulare,
pubescente, numeroase stamine cu filamente subtiri, ondulate si gineceu cu stiluri
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ingrosate §i stigmate globuloase. Filipendulae hexapetalae folium (figura 2) se
caracterizeazd prin numeroase perechi de foliole penatinerve, cu margini adanc
serate, glabre sau slab pubescente.

Figura 1. Filipendulae hexapetalae flores Figura 2. Filipendulae hexapetalae folium

Prin efectuarea examenului microscopic-s-au evidentiat urmatoarele caractere
histologice: peri tectori unicelulari (figura 3); fragmente de epiderma cu pereti sinuosi
si stomate de tip anomocitic (figura 4); grauncioare de polen cu exina neteda si trei
pori germinativi (figura 5); papile; endoteciu cu aspect stelat (figura 6). In ambele
produse vegetale oxalatul de caiciu se gaseste sub forma de druze (figura 7) sau
cristale prismatice (figura 8).

Figura 3. Peri tectori Figura 4. Polen
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Figura 7. Druze Figura 8. Cristale de oxalat de calciu

Prin examenul chimic calitativ s-au decelat urmatoarele grupe de principii
active: flavone (libere si glicozidate), acizi polifenolcarboxilici, taninuri catechice,
proantociani, oze, poliholozide §i compusi azotali nealcaloidici. In aceste produse
vegetale nu au fost identificati alcaloizi, emodoli, antracenozide si acizi rezinici.

Analiza prin CSS a polifenolilor (figura 9) a evidentiat prezenta rutozidei
(Rf=0,33), hiperozidei (Rf=0,52), cvercetolului (Rf=0,92), acidului cafeic (Rf=0,46) si
acidului clorogenic (Rf=0,90) in florile (solutia 1), respectiv frunzele de aglice (solutia
3). Pe langa acesti compusi din solutia metanolica obtinuta din flori au mai separat
trei compusgi cu comportament de flavone (coloratie si fluorescenta galbena; Rf=0,30,
Rf=0,56 si Rf=0,61) si doi acizi polifenolcarboxilici (compusi cu fluorescenta albastra;,
Rf=0,37 si Rf=0,80), iar In cazul produsului Filipendulae hexapetalae folium doua
spoturi de acizi polifenolcarboxilici (Rf=0,57 si Rf=0,71).
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Figura 9. Cromatograma extractelor metanolice obtinute din florile (1) si frunzele (3) de aglice

In urma determinarilor cantitative s-a constatat ci Filipendulae hexapetalae
flores contine 0,793 + 0,078 % flavone (exprimate n rutozidad) si 4,679 + 0.562 %
derivati ai acidului hidroxicinamic (exprimati in acid clorogenic), iar Filipendulae
hexapetalae folium 0,531 + 0,067 % flavone $i 4,262 + 0,664 % derivati ai acidului
hidroxicinamic.

DISCUTII

Caracterele morfologice si organoleptice ale produselor luate in studiu coincid
cu cele citate in literatura de specialitate [13].

Dintre elementele anatomice identificate microscopic, specifice pentru
Filipendulae hexapetalae flores sunt peri tectori unicelulari, cu baza rotunijita si varful
ascutit, cu aspect diferit de cei prezenti in Filipendula ulmaria, caracterizati prin
cuticula usor ondulatd. De remarcat ca celelalte elemente microscopice, inclusiv
forma de cristalizare a oxalatului de calciu corespund celor descrise pentru specia
fnrudita [14).

Sreening-ul fitochimic a relevat prezenta in florile §i frunzele de aglice a
principalelor grupe de principii active existente in reprezentantii familiei Rosaceae,
inclusiv in specia Tnruditd, mentionata anterior: flavone, acizi polifenolcarboxilici gi
taninuri {14]. Pe langad acestea, in Filipendula hexapetala au mai fost identificati
derivati salicilici, proantociani $i compusi azotati nealcaloidici. Consideram c3
derivatii salicilici pot explica utilizarea traditionald in dureri post-natale $i In unele
afectiuni dermice, in acest caz la actiunea antiinflamatoare a salicilatilor cumulandu-
se efectul antimicrobian gi cicatrizant al taninurilor. Este posibil ca taninurile din florite
si frunzele de aglice sa fie inhibitori enzimatici ai elastazei, proprietate demonstrata
pentru taninul din alte Rosaceae, inclusiv F. ulmaria [7].
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Existenta unor derivati fenil-propanici de tipul acidului cafeic in produsul
Filipendulae hexapetalae flores a fost mentionata si de alti cercetatori [12).

Coroborand rezultatele analizei prin CSS cu datele mentionate in literatura de
specialitate pentru Filipendula ulmaria, presupunem ca flavona cu Rf superior
hiperozidei este spireozida [14). Prezenta acestui polifenol in F. hexapetala este
afirmata si de alti cerectatori, fiind considerata principalul constituent responsabil de
actiunea antioxidanta a fractiunii metanolice din florile de aglice [9].

In ceea ce priveste continutul in polifenoli, diferentele observate intre florile si
frunzele de Filipendula hexapetala sunt semnificative statistic (p = 0,0068) in cazul
flavonelor, respectiv nesemnificative statistic pentru derivatii acidului hidroxicinamic
(p =0,3912).

CONCLUZI
Filipendulae hexapetalae flores poate constitui o importanta sursa de polifenoli
(flavone si derivati de acid hidroxicinamic)
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Analiza gazcromatografica a uleiurilor volatile de Pelargonium roseum
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Scopul studiului: Cunoasterea compozitiei chimice a uleiurilor volatile de Pelargonium roseum provenite din
diferite zone geografice.

Material s1 metoda: Au fost analizate 6 probe de uleiuri volatile de Pelargonium roseum, 3 obtinute prin
cultivare Tn Gradina de plante medicinale a U.M.F. Targu Mures, iar ceielalte provenind din China, Franta si
Réunion. Metodele folosite pentru analiza fitochimicad a uleiurilor volatile au fost GC-FID pentru analiza
calitativd, respectiv GC-MS pentru analiza cantitativd. Analiza uleiului volatil prin metoda GC-FID s-a
efectuat 1a aparatul 8590 Series |l cu detector FID la urmétorii parametri: coloana HP 30 m x 0,35 mm x
02,5pm, temperatura injectorului §i a detectorului 250°C, gazul purtétor este azotul la o presiune de 50 kPa.
In analiza cantitativd gazcromatograful s-a cuplat cu spectrometrul de masa Finnigan GCQ, iar gazul purtator
este heliu,

Rezultate: in structura uleiurilor volatile au fost pusi in evidents un numar de 61 componenti, din care 43 au
fost identificati. Citronelolul (39,97-43,67%), este componentutl principal din toate uleiurile volatile cu exceptia
celui obtinut in Réunion (20,46%). Citronelolul este urmat de geraniol (2,57-9,66%), linalool (1,41-4,77%),
precum si esterii acestora: citronelil formiat (11,23-13,55%) geraniol formiat (1,15-2,21%), citronelil butirat
(1.01-1,54%) si geranil tiglat (1,22-1,75%). Trebuie mentionat c& uleiul volatil de provenientad din Réunion
atinge cea mai mare concentratie in geraniol (22,27%). Concentratii insemnate Inregistreaza si izomentona
(4.61-6,14%), 6,9 guiadiena (1,06-7,06%) siy eudesmolul ( 3,28-562%).

Concluzii: 1. Componentii principali sunt alcooli terpenici: geraniol, citronelol §i linalool in stare libera sau ca
esteri. 2. Uleiul volatil din Réunion se remarca prin concentratii mari de geraniol. 3.Cultivarea speciei
Pelargonium roseum in conditile pedoclimatice de la Targu Mures, este favorabild, fapt demonstrat si prin
concentratiile de peste 40% in citronelol.

Cuvinte cheie: Geranium, Pelargonium roseum, GC.

Purpose of the study: analysis of the chemical composition of essential oil yielded by Pelargonium roseum
cultivars from different geographical areas.

Material and method: 6 samples of essential oil produced by Pelargonium roseum cultivars were analysed, 3
of which were cultivated in the medicinal plant garden of U.M.F. Tg-Mureg, and the others were brought from
China, France and Reunion. Within the framework of phytochemical analysis of the essential oils, GC-FID
method was used for the quality analysis and GC-MS method for the quantity analysis. The GC-FID analysis
of essential oils was performed using an 8590 Series Il apparatus equipped with a FID detector, at the
following parameters: the HP column dimensions were 30 m x 0,3 5mm x 0.25 pym, the injector and the
detector were operated at 250°C, the carrier gas being nitrogen, at 50 kPa pressure. In the quantity analysis,
the gas chromatograph was coupled with a Finnigan GCQ mass-spectrometer and the carrier gas was
helium.

Results. In the essential oil structure, a number of 61 components were revealed, of which 43 were
identified. Citronellol is the main component (39.87-43.67%) in all essential oil samples, except for the
sample from Reunion (20.46%). Citronellol is followed by geraniol (2.57-9.66%), linalool (1.41-4.77%) as well
as their esters: citronellyl formate (11.23-13.55%), geranyl formate (1.15-2.21%), citronellyl-n-butyrate (1.01-
1.54%) and geranyl tiglate (1.22-1.75%). It is to be mentioned that the essential oil yielded by the Reunion
cultivar has the highest concentration of geraniol (22.27%). Isomenthone (4.61-6.14%), 6,9-guiadiene (1.06-
7.06%) and y-eudesmol (3.28-5.62%) have also significant concentrations.

Conclusions: 1. The main components are terpenic alcohols: geraniol, citronellol and linalool, both as free
components and as esters. 2. The essential oil produced by the Reunion cultivar has high concentration of
geraniol. 3. The pedoclimatic conditions in Tg-Mures are favourable for the cultivation of the species
Pelargonium roseum, which is also demonstrated by citronellol concentrations exceeding 40%.

Keys words: Geranium, Pelargonium roseum, GC.
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Planta luatd in studiu, Pelargonium roseum Willd este o specie apartinand familiei
Geraniaceae, genul Pelargonium. Habitatul de origine al speciei Pelargonium roseum este
reprezentat geografic de sud-vestul Africii, zona cu precipitati masive n timpul iernii.
Incepand cu secolul XVIII specia a fost cultivati si in Algeria si Maroc in scopul obtinerii
uleiului volatil de geraniu pentru casele de parfumerie frantuzesti [3,14].

Spre sfarsitul secolului XVIII planta a fost aclimatizatd si in insula Reunion, care a
devenit astdzi cel mai mare producdtor de ulei volatil de geraniu comercializat $i sub
denumirea de geraniu de Bourbon [16]. Avand Tn vedere calitdtile deosebite ale uleiului
volatil de geraniu, folosit ca inlocuitor al uleiului volatil de trandafir, cultivarea speciei s-a
realizat ulterior si in: China, Algeria, sudul Frantei, Ucraina.

Prima parte a acestui studiu s-a concentrat asupra cultivarii speciei Pelargonium
roseum Willd la Targu Mures in perioada 2003-2005. Obtinerea uleiului volatil de geraniu
s-a realizat prin distilare, conform FR. X, a tulpiniior si frunzelor de Pelargonium roseum
(5,18].

A doua etapa a studiului se referd la analiza gazcromatografica a uleiului volatil de
geraniu obtinut la Targu Mures, respectiv ale uleiurilor volatile de geraniu provenite din
China, Franta si Reunion, zone propice dezvoltarii plantei.

in functie de varietatea cultivatd cat si de influenta factorilor pedoclimatici, se
inregistreaza diferente substantiale in ceea ce priveste calitatea uleiului volatil de geraniu
(4,6].

Scopul acestui studiu a fost compararea calitatii uleiului volatil de geraniu obtinut la
Targu Mures si a valorilor constituentilor principali ai uleiului volatil de geraniu obtinut de
noi cu a celorlalte uleiuri de geraniu din China, Franta i Reunion.

MATERIAL S| METODA

Metodele folosite pentru analiza fitochimica a uleiurilor volatile de geraniu au fost
gazcromatografia cu detector de ionizare in flacara (GC-FID) pentru analiza calitativa,
respectiv gazcromatografia cuplatd cu spectometria de masa (GC-MS), pentru analiza
cantitativa [10,11].

Au fost analizate 6 probe de uleiuri volatile de Pelargonium roseum: 3 obtinute prin
cultivare In Gradina de plante medicinale a U.M.F. Targu Mures, iar celelaite provenind din
China, Franta si Reunion. Uleiurile volatile de geraniu au fost ferite de influentele mediului
extern, fiind pastrate in fiole inchise, la frigider (4°C).

Analizele gazcromatografice au fost efectuate la Institutul de Farmacognozie din
cadrul Universitatii de Medicina Szeged prin amabilitatea domnului profesor Matheé |..

La analiza uleiurilor volatile de geraniu prin metoda GC-MS s-a folosit un aparat de
tip 8590 Series |l cu detector de ionizare in flacara la urmatorii parametri: coloana HP 30m
x 0,35 mm x 0,25 um, temperatura injectorului si a detectorului 250°C, gazul purtator este
azotul la o presiune de 50 kPa (Figura 1).

Pentru determinarea cantitativd, gazcromatograful s-a cuplat cu spectometrul de
masa Finnigan GCQ, iar gazul purtator folosit a fost heliu (Figura 2).

Datele au fost integrate si analizate cu ajutorul programului de calculator Chrom Card
si a bibliotecii de spectre Wiley. Analiza calitativd se realizeaza pe baza indicelui Kovats,
timpilor de retentie i a suprapunerii spectrelor cu cele apartindnd bibliotecii de spectre
Wiley, iar analiza cantitativd s-a realizat pe baza metodei normarii ariilor, in lipsa unui
standard intern {13,15].
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Figura 2. GC -MS Analiza uleiului volatil de Pelargonium roseum

REZULTATE Sl DISCUTII
In urma analizei calitative a celor 6 tipuri de uleiuri volatile de geraniu au fost pusi in
evidentad un numar de 61 componenti, dintre care 43 au fost identificati.
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Componentii principali din uleiurile volatile de geraniu sunt citronelolul, geraniolul si
linaloolul in stare libera sau sub forma de esteri (Figura 3 si Tabelul |).
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Figura 3. Concentratia in-geraniol a uleiurilor volatile studiate

Tabelul I. Compozitia chimica a uleiurilor volatile de Pelargonium roseum

Pelargonium roseum
Component % ind. Kovéts chi h TgMs
ina /| Reunion | Franta | TgMs 03 | TgMs 04 05
trans-3-hexanol 858 0,14 0,28
a-pinen 936-940 074 0,37 0,40 0,13 0.47
B-pinen 992-993 043 0,12 0,18
limonen 1034-1035 0,29 0,29 0,28
cis-ocimen 1036-1039 0,24 0,17 0,19
trans- ocimen 1048-1049 0,21
cis-linalool oxid 1077-1078 0,160 0,14 0,12 0,23
trans-linalool oxid 1094-1095 0,150 0,1 3,78
linalool 1106-1108 1,85 4,77 3,85 1,41 1,15 3,09
cis-rose oxid 1116-1118 1,67 0,74 1,40 2,67 0,49 1,15
trans-rose oxid 1132-1134 0,88 0,32 0,59 1,1 0,67 0,55
L-menthona 1168-1169 1,10 3,03 229 1,42 0,67 0,32
iso-menthona 1178-1179 558 5,96 5,46 461 6,38 6,14
a-tepineol 1208-1209 0,13 0,29 029 0,12 0.32
citronelol 1238-1240 42,02 20,46 39,97 42,68 43.21 43,67
geraniol 1262-1266 2,57 2227 9,25 3,84 5,21 9,66
citronelil formiat 1280-1283 13,14 7,06 11,23 13,55 12,99 11,57
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7 geranil formiat 1305-1308 0,80 7,28 2,21 1,15 1,49 1,64
a-cubebena 1352 1,50 0,50
citronelil acetat 1355-1356 0.71 0,30 0,35 0.49 0,52 0,32
a-copaena 1381-1382 0,31 0,33 0,37 0,40 0,32 0,32
geranil acetat 1385-1386 0.47 0,28
B-buorbonen 1390-1391 1,62 1.67 1,35 1,17 1,57 1,54
B-elemenen 1394-1396 0,87 0,29
B-cariophilena 1428-1429 1,13 1,24 0,86 045
huidisad 1445-1446 0,63 0,47 0.48
6.9 guaiadiena 1449-1450 6,67 6,94 7,06
Seycelena 1457 0,29 040 0,30
o ena | 1469-1470 | 050 153 0.29 0,34 0,68
geranil propanoat 1476-1477 1,03 1,04 0,95 1,71
Germacren D 1483-1484 0.26 0,90 1,40
[ viridifiorena 1499-1500 129 0,91
trans-B-guaiena 1507-1508 1,09 0,23
Germacren A 1512-1514 0,57 0,39 0,22 0,26
y-cadinen 1523-1524 0,55
3-cadinen 1526-1527 0,93 0,73 0,37 1,04 1,00 0,55
citronelil butirat 1530-1531 1,54 0,43 0,96 1,12 0,96 0,74
geranil butirat 1562-1563 1,25 1.25 0,79 0,57 1,00 1,16
Cariophilen oxid 1595-1597 0.81
feniletil tiglat 1600-1601 2,18 1,39 1,27 1,55 2,37 1,75
v-eudesmol 1640 3.28 442 562
citronelil tiglat 1670 1,92 1,06 0,43
geranil tiglat 1706 1,37 1,75 1,36 1,22 1,29 1,44

Citronelolul (39,97-43,67%) este componentul principal din toate uleiurile volatile de
geraniu, cu exceptia celui obtinut in Réunion (20,46%). Atingand concentratii atat de mari,
citronelolul este izolat in China in urma unor operatii de saponificare si recristalizare din
uleiurile volatile de geraniu. Acest component se distinge prin activitatea sa antibacteriana,
uleiul volatil de geraniu avand efect antibacterian, demonstrat asupra Sacharomyces
ludwigii i Salmonella enteriditis [1,2].

Geraniolul (2,57 - 9,66%) reprezintd componentul esential al uleiului volatil de
geraniu din Reunion, asa numitul ulei de geraniu "Bourbon”, atingdnd concentratia de
22,27% (fig.2). Concentratiile crescute in geraniol, respectiv in esterii acestuia, determina
uleiuri volatile de geraniu de calitate superioard [7,16]. Stabilitatea scazutad a geraniolului
se poate observa si urmarind variatia concentratiilor dintre ulei volatil proaspat (2005) si
cel mai vechi obtinut (2003).

Linaloolul (1,41 - 4,77%) este un constituent foarte important in parfumerie fiind
folosit in compozitii florale si fructate. E compatibil cu mirosul de ambr&, pe care I
improspéteaza.

151



Concentratii insemnate inregistreaza izomentona (4,61-6,38%), 6,9 guiadiena
(1,06-7,06%) si eudesmolul (3,28-5,62%).

Un rol deosebit de important in odorizarea uleiului volatil de geraniu 1l determina
esterii monoterpenelor mai sus mentionate: citronelil formiat (7,06-13,55%, geranil formiat
(0,80-1,49%), citronelil acetat (0,30-0,71%), citronelil butirat (0,43-1,54%), geranil butirat
(0,57-1,25%), citronelil tiglat (0,43-1,92%), geranil tiglat (1,29-1,44%).

Uleiul de geraniu este folosit ca inlocuitor al uleiului de trandafir (Rosae
aetheroleum), datoritd unor constituenti comuni: geraniol, fenil etil tiglat si oxizii de roze
(cis si trans). Concentratiile in cis-roze oxid (0,74-2,67%), respectiv trans-roze oxid (0,32-
1,11%), ating valori mai mari decéat in orice tip de ulei volatil, in cazul uleiului volatil de
geraniu [8,9]. Tinand cont de aceste argumente, uleiul de geraniu poate inlocui cu succes
uleiul de trandafir in parfumerie si industria cosmeticd, determinand obtinerea unor
produse cu preturi de cost mult mai mici.

in urme s-au mai identificat si hidrocarburi sequiterpenice: B bourbonene (1,17-
1,62%), germacrene, cadinene (0,55-1,01%).

CONCLUZII

Analiza fitochimica a uleiului volatil de geraniu obtinut prin cultivarea specie
Pelargonium roseum Willd la Targu Mures pune in evidenta citronelolul, geraniolul si
linaloolul ca fiind constituenti principali.

Calitativ din cei 61 de componenti identificati in uleiurile volatile de geraniu 19
componenti se regasesc in toate cele 6 probe de uleiuri volatile de Pelargonium roseum,
atingand concentratii intre 84,70-87,55%.

Uleiul de geraniu obtinut la. Targu Mures prezintd compozitie asemanatoare cu a
celorlalte uleiuri volatile de Pelargonium roseum atat din punct de vedere calitativ cat si
cantitativ in cazul compusilor semnificativi.

Componentit specifici, denumiti si compusi cheie, folositi pentru diferentierea tipurilor
de ulei volatil, sunt 6,9 guiadiena (in /urme) si epi-{ eudesmolul (3,28-5,62%), apropie
calitatea uleiului volatil obtinut de noi cu cel nord african, obtinut in Egipt.

Calitatea superioara a uleiului de geraniu din Réunion a fost probatd si prin aceste
analize gazcromatografice, in acest caz concentratia de geraniol, respectiv esteri ai
geraniolului atingdnd concentratiile cele mai mari.

Conditile pedoclimatice de la Targu Mures sunt favorabile cultivarii speciei
Pelargonium roseum, fapt demonstrat pe baza calitatii uleiului volatil de geraniu analizat
gazcromatografic
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The study is focused on the analysis of the polyphenolic compounds in the alcoholic extract of stalks and
leaves of Pelargonium roseum. The method used in the analysis of the polyphenolic compounds of the
vegetal extract was based on high performance liquid chromatography coupled with mass spectrometry. This
method can be applied both to qualitative (18 compounds) and quantitative (14 compounds) analysis. The
qualitative analysis can be achieved both through MS detection and in UV, whereas the quantitative
determination was accomplished through UV detection in the interval between concentration values of 0.5-5
pg/mi.

Taking into account the fact that in chromatography two pairs of substances were incompletely separated
(kaphtaric acid-gentisic acid, caffeic acid-chlorogenic acid, respectively), only a qualitative determination,
based on MS information, was accomplished for these compounds.

Two samples from each alcoholic extract were analysed in parallel, one of them as such and the other one in
the hydrolised state. The reason for which the hydrolisis was made is the presence of flavonic aglycones in
the bonded form (glycosides, esters) and of some polyphenol-carboxylic acids. Acid hydrolisis leads to the
release of these components from the bonded form and may offer more information as to the chemical
polyphenolic composition of the product under examination.

From the qualitative point of view, we _managed to-identify 11 polyphenolic compounds in the alcoholic
extract of both leaves and stalks of Pelargonium roseum: kaphtaric acid, caffeic acid, chlorogenic acid, para-
coumaric acid, pherulic acid, hyperosid, isoquercetine, ruthosid, myricethol, quercethol, kaempferol.

The concentration of polyphenols in the non-hydrolised extract of Pelargonium roseum leaves reaches
values about three times bigger than those determined in-its stalks: hyperosid (54.44 pyg/mi: 19.12 pg/mi),
isoquercetine (66.57 pyg/mi: 16.83 pg/mi), ruthosid (19.55 ug/ml: 8.92 yg/mi), quercethol (13.14 pyg/ml : 3.29
pg/mi), kaempferol (3.82 ug/ml: 1.01 pg/mi).

After hydrolisis, in extracts of both leaves and stalks the following compounds can be identified: para-
coumaric acid (2.66 pg/ml: 2.45 yg/ml ), pherulic acid (4.45 pyg/mi: 0.92 pyg/mi) and myricethol (36.61 pg/mi:
27.95 ug/mi). Similarly, an increase of about four times in the concentration of quercethol and kaempferol
can be recorded after hydrolisis, as the result of their release from the bonded forms.

The present study encourages research made in order to obtain products of dermatological utilization from
parts of Pelargonium roseum, taking into account the presence of ruthosid herein having significant
concentration values, as well as the content of citronellol (acting as bactericide) in the structure of the
geranium essential oil.

Key-words: Pelargoium roseum, polyphenolic compounds, HPLC.

Pelargonium roseum Willd (musgcata creatd, fig.1) este o specie originara din Africa
de Sud, cunoscuta la noi mai mult ca plantd ornamentala.

Specia cultivata la Tirgu Mures provine de la Statiunea Experimentala Cluj-Napoca
si a fost obtinuta prin ameliorare de Pater Béla. Experientele de cultivare au fost realizate
in perioada 2003-2007, dar au la baza o serie de studii incepute de profesorul E. Kopp
inca din 1960. -
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Figura1. Pelargonium roseum Willd

In regiunile calde (Réunion, India, Algeria, sudul Frantei) unde a fost introdusa in
culturd, planta se dezvoltd foarte bine i este mentinutd 6-8 ani Tn culturi perene. La noi,
datorita iernilor aspre, poate fi cultivatd doar Tn culturd anuala cu inmultire prin butasi.

Speciile de Pelargonium sunt cultivate incad din 1850 in scopul obtinerii uleiului
volatil denumit ulei de geraniu, folosit Tn industria parfumeriei. Uleiul de geraniu este
obtinut prin hidrodistilarea frunzelor mai multor specii din genul Pelargonium si anume:
Pelargonium graveolens, Pelargonium capitatum si Pelargonium roseum. Astfel, analiza
genului Pelargonium si a speciei Pelargonium roseum s-a concentrat mai mult asupra
compozitiei chimice a uleiului volatil.

Referintele cu privire la continutul in polifenoli din-Pelargonium roseum sunt putine si
disparate ceea ce ne-a incurajat s initiem acest studiu.

Studiile fitochimice ale unor specii din genul Pelargonium si Hoarea au pus in
evidentd prezenta cvercetinei $i miricetinei (Bate-Smith, 1973). Studii mai recente (1997)
ale lui Albers i Dreyer asupra Pelargonium dichondrifolium §i Pelargonium tetragonum au
pus fn evidentd alte doua flavone: luteolina si apigenina. O analizd mai cuprinzatoare a 58
de specii din genul Pelargonium, intreprinsa de Wiliams (2000), a confirmat ca flavonolii
sunt principalii constituenti vacuolari de natura flavinica ai acestui gen.

Rezultatele sumare cu privire la continutul in polifenoli ai speciei Pelargonium
roseum precum si Tncercarea de a utiliza aceasta planta in fitoterapie au determinat acest
studiu.

MATERIAL $I METODE

Materialul supus studiului a fost recoltat la 20.08.2006 din Gradina de plante
medicinale a UM.F. Targu Mures. Am preparat apoi din frunze $i tulpini tincturi prin
macerare conform FR X. Au fost analizate Tn paralel cate doua probe din fiecare extract
vegetal: una ca atare, iar cealalta hidrolizatd. Motivul pentru care s-a realizat hidroliza este
faptul ca, in general agliconii flavonici sau acizii polifenolcarboxilici nu se afld in stare
libera, ci legatd (glicozide, esteri). Realizarea unei hidrolize acide va duce la eliberarea
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acestor compusi din forma legatd, aducand astfel mai muite informatii privitoare la
compozitia chimicd in polifenoli a produsului vegetal studiat.

Pentru analiza compusilor polifenolici din tincturile de Pelargonium roseum s-a
folosit cromatografia de lichide de inaltd performantd cuplatd cu spectometria de masa
(LC/MS).

Metoda de analiza utilizata se bazeaza pe o metoda HPLC publicata in literatura de
specialitate, la care s-au adus unele modificari. Analiza calitativd a pus in evidentad 18
compusi, din care 14 compusi au fost analizati si sub aspect cantitativ. Analiza calitativa s-
a realizat prin detectie UV gi MS si cea cantitativad s-a realizat prin detectie UV.

Am folosit 18 standarde de compusi polifenolici: acid caftaric, acid gentisic, acid
cafeic, acid clorogenic, acid para cumaric, acid ferulic, acid sinapic, hiperozid, izocvercetin,
rutozid, miricetol, fisetina, cvercetina, cvercetol, patuletina, kdmpferol $i apigenina (fig.2).

mAU

%] 34

14 45 17
16

54| 1,2 910
13

AL LN

M
] 5 10 18 20 28 0 8 LL |

Figura 2. Cromatograma unui amestec de 18 polifenoli, detectie UV la 330 si 370 nm, notatiile conform
tabelului 1
In UV acizii polifenolicarboxilici au fost detectati la lungimea de und4 de 330 mm, iar
flavonoidele si agliconii acestora la 370 mm. Pentru determinare cantitativd s-a realizat o
curba de calibrare pentru fiecare compus in intervalul de concentratii 0,5 - 5 ug/mi (tabetul
1).

Tabelul |. Curba de calibrare pentru cele 18 standarde

Nr. Nume compus Tim;()r:“er:;entie Ecuatie dreapta calibrare
1 acid caftaric 2.10 Calitativ

2 acid gentisic 2.15 Calitativ

3 acid cafeic 56 Calitativ

4 acid clorogenic 56 Calitativ

5 acid p-cumaric 87 A=-0.325+3323x
6 acid ferulic 12.2 =-1.016 + 39.55 x
7 acid sinapic - 143 A=-0236+37.10x
8 hiperozid 18.6 A=0.107 +19.29 x
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|
' 9 izocvercitin 196 A=-0273+1297 x
’ 10 rutin 202 A=0.226 + 13.47 x
i 11 miricetol 20.7 A =-0.544 + 26.45 x
. 12 fisetina 226 A= 0241+ 19.19x
| 13 cvercitrin 23.0 A=0.047 +10.69 x
‘ 14 cvercetol 26.8 A=-1.152 + 36.32 x
15 patuletina 28.7 A=-0.429 + 3144 x
I‘r 16 luteolina 29.1 A=-0.760+28.97 x
“ 17 kampferol 316 A=-1270+3015x
18 apigenina 331 =-0.908 + 20.40 x

Deoarece in conditile cromatografice utilizate existd doud perechi de substante
incomplet separate (acid caftaric - acid gentisic respectiv acid cafeic - acid clorogenic),
pentru acesti compusi s-a realizat doar o determinare calitativa bazata pe informatii MS.

I Analiza polifenolilor prin detectie MS se bazeaza pe prezenta unei functii fenolice in

~ moleculd (respectiv a unui carboxil in cazul acizilor polifenolici). Astfel toti compusii pot
pierde un proton acid, transforméndu-se n ioni negativi de tipul M-H si pot fi in consecinta
analizati prin ionizare negativa.

' In cazul probelor de extracte vegetale, compusii se pot identifica analizand
spectrele MS. Initial se verificA masa moleculara - 1 [M-H), iar daca aceasta corespunde,
se compard spectrul de masa al compusului necunoscut cu spectrul de masa al
standardelor. In cazul in care ionii din spectrul de masa sunt aceeasi, se poate considera

| identificat compusul respectiv.

REZULTATE $I DISCUTII

Analiza HPLC ne furnizeazd date referitoare 'la identificarea, cét si dozarea
compusilor polifenolici din structura plantei Pelargonium roseum.

Metoda folositd a permis identificarea a 11 compusi polifenolici atat in tinctura de
frunze cat si in cea obtinutd din tulpinile _de Pelargonium roseum. Acestia sunt. acid
caftaric, acid cafeic, acid clorogenic, acid para cumaric, acid ferulic, hiperozid,
izocvercetin, rutozid, miricetol, cvercetol, kampferol.

Tabelul It. Polifenoli dozati in tinctura nehidrolizata de Pefargonium roseum

Nr. Compus polifenolic Conc. in T-ra frunze Conc.in T-ra tulpini
crt. pg/mil pg/mi
hiperozid 54,44 19,12
1zocvercetina 66,57 16,83
rutozid 19,55 8,92
cvercetol 13,14 3,29
kampferol 3,82 1,01

Din punct de vedere cantitativ, metoda permite determinarea compusilor a céror
concentratii depasesc valoarea de 0,5 ug/ml. Avand in vedere aceastd explicatie, se
observd o scadere a numdrului compusilor polifenolici dozati in tinctura din frunze,
respectiv tulpini de Pelargonium roseum (tabelul 2).
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Dupa hidroliza, atat din tincturile obtinute din frunze cét si din tulpini, se poate doza
acidul para cumaric, acidul ferulic si miricetolul. Se poate observa de asemenea o crestere
de circa patru ori a concentratiei de cvercetol i kampferol dupa hidroliza, in urma eliberdrii
acestora din formele legate (tabelu! 3).

Tabelul HI. Polifenoli dozati in tinctura hidrolizatad de Pelargonium roseum

Nr. Compus polifenolic Conc. in T-ra frunze Conc.tn T-ra tuipini
crt. pg/mi pg/mi

1. acid p.cumaric 2,66 2,45

2. ac.ferulic 4,45 0,92

3. miricetol 36,61 27,95

4. cvercetol 75,42 19,38

5. kampferol 13,64 4,32

Miricetolul, In forma nehidrolizatd nu a putut fi identificat in tinctura obtinuta din
tulpinile si frunzele de Pelargonium roseum, insa in forma hidrolizatad poate fi determinat si
cantitativ. Kampferolul, compus polifenolic dozat si in forma nehidrolizata, inregistreaza
dupa hidroliza concentratii de circa trei ori mai mari (tabelul 4).

Tabelul IV. Concentratia de cvercetol §i kdmpferol inainte $i dupa hidroliza

Compus Conc.in T-ra Conc.in T-ra Conc.in T-ra Conc.in T-ra
polifenolic frunze L.h. pg/ml | frunze d.h. pg/ml tulpini 1.h. pg/mi tulpini d.h. pg/ml
cvercetol 13,49 75,42 3,29 19,38
kampferol 3,82 13,64 1,01 4,32

i.h. = inainte de hidroliza
d.h. = dupd hidroliz&

CONCLUZI

Analiza HPLC a permis identificarea unui numar de 11 compusi polifenolici in
tuncturile obtinute din tulpini §i frunze de Pelargonium roseum. Principalii compusi
polifenolici inaintea hidrolizei, sunt hiperzoidul i rutozidul, carora li se adaugd in
concentratii mai mici cvercetolul i kdmpferolul. Hidroliza ofera posibilitatea de a identifica
si cuantifica a altor trei compusi: acid para cumaric, acid ferulic i miricetol.

Actiunea antiinflamatoare si antiedematoasd a rutozidei, compus polifenoclic dozat
din tincturi, careia i se adaugd si actiunea bactericida a citronelolului (concentratii peste
40%), dozat din uleiurile volatile obtinute la Targu Mures, Tncurajeazad prepararea unor
produse farmaceutice de uz dermatologic avand la baza extracte vegetale de Pelargonium
roseum.
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Contributii la cunoasterea etnomedicinei

din partea sud-vestica a muntilor Calimanului

Echim llie', Branzaniuc Klara®?, Csed$ Carol?

'Farmacia ,Ardealul” Piatra Neamt
Universitatea de Medicina si Farmacie Tg. Muresg
Adresa de contact: csedo@rdslink.ro

Lucrarea cuprinde preocuparile autorilor privind adunarea si redarea unor cunostinte etnoterapeutice a
locuitorilor partii sudvestice a muntilor Calimanului, munca ce a necesitat numeroase deplasari pe teren in
cele peste 20 de sate In perioada anilor 1979-1983 si 1998-2002.

Dupa aprecierile noastre satenii din aceasta parte a masivului Calimanului cunosc aproape 300 de specii de
plante medicinale, dintre care pe aproape 200 le folosesc in scopuri terapeutice. Dintre acestea amintim
cateva. Cu frunzele de arin negru (Alnus glutinosa Gaertn.), marul lupului (Aristolachia clematitis L.), cu
tulpinile fertile de la coada calului (Equisetum arvense L.) se face fiertura cu care se fac bai in reumatism si
respectiv in gutd. In afectiuni ginecologice, respectiv in infectii cu Trichomonas vaginalis si Candida
albicans se fac spalaturi locale si se bea decoctul din plante ca s&nziene albe (Galium molugo L.), bujor
(Paeonia officinalis L.), busuioc salbatic (Prunella alba L.) etc. in astm se bea decoctul din partea aeriana de
pelin bun (Artemisia absinthium L.), iar din partea aeriana de varga ciobanului (Dipsacus silvester Huds.) se
face fierturd ce se bea in ,tuse magareascd”. Din partea aeriand de canepa codrului (Eupatorium
cannabinum L.) in amestec cu % radacinad de rostopasca (Chelidonium majus L.) se face un decoct ce se
bea in afectiunile ficatului, in aga numita ,,galbinare neagra”. Decoctul din partea aeriana de rotungioara
(Glechoma hederacea L.) se foloseste in afectiuni externe in terapia ranilor greu vindecabile, la oameni si
animale. Precizdm c& muite din plantele amintite, folosite de localnicii zonei studiate la tratarea afectiunilor
umane, se folosesc gi in afectiunile similare ale animalelor.

This study comprises the authors' preoccupation regarding the compilation and presentation of some
ethnotherapeutic knowledge of the inhabitants of the south — west part of the Caliman Mountains, requiring a
lot of field-work in more than 20 villages during 1979 - 1983 and 1998 — 2002.

We estimated that the villagers of this part of the Caliman Mountains know around 300 species of medicinal
plants and use approximately 200 for therapeutic. purposes. For example the leaves of black alder (Alnus
glutinosa Gaertn.), birthwort (Aristolochia clematitis L.) and the fertile stems of the horse-tail (Equisetum
arvense L.) can be used for the preparation of brews for bathing in case of reumatism and apoplexy. In case
of gynecological affections, infections with Trichomonas vaginalis and Candida albicans can be treated with
local bathing and drinking the decoction of plants like: hedge bedstraw (Galium molugo L.), common peony
(Paeonia officinalis L.), cutleaf selfheal (Prunella alba L.), etc. The decoction made of the arerial parts of
wormwood (Artemisia absinthium L.) is drunk in case of asthma and a brew is prepared from the arerial parts
of wild teasel (Dipsacus silvester Huds.), which is drunk to treat pertussis (Whooping caugh). The decoction
made out of the arerial parts of hemp-agrimony (Eupatorium cannabinum L.) mixed with Y% of greater
celandine (Chelidonium majus L.) is drunk when the liver is affected by the so called black jaundice. The
decoction made out of the arerial parts of ground ivy (Glechoma hederacea L.) are used for external
affections in the therapy of slow healing wounds in humans as well as in animals. We would like to point out
the fact that most of the above mentioned plants used for the treatment of human diseases are also used for
similar affections in animals by the inhabitants of the studied region.

Valorificarea plantelor medicinale, din flora spontand, capatd pe an ce trece o
importanta din ce In ce mai mare, intrucat intoarcerea la medicina naturalista, devine o
realitate, iar necesitatile de material vegetal utilizat in scopuri terapeutice sunt tot mai mari.
Partea sud-vesticd a muntilor Calimani, prin relieful sdu variat oferd o flora medicinala
bogata, iar locuitorii satelor din aceasta parte a tarii cuprinzand un numar de peste 20 de
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sate, sunt buni cunoscatori ai plantelor de leac, cunostinte ce s-au pastrat si transmis prin
viu grai din generatie in generatie. Culegerea datelor de folclor medical din aceastd zona
am efectuat-o prin deplasari pe teren in perioada anilor 1979-1983 si 1998-2002., scopul
acestei munci fiind culegerea de date privind numarul plantelor medicinale cunoscute de
sateni $i a modului in care acestia le folosesc in scopuri terapeutrice, cunostinte ce pot fi
in multe cazuri informatii primare valoroase, adevérate puncte de plecare pentru cercetari
viitoare in vederea introducerii in terapeutica moderna a unor noi sorturi de medicamente
de origine vegetala.

Delimitarea terenului. Partea sudicd a bazinului Calimani, este jalonatd de valea
transversala a Muresului, respectiv defileul Toplita-Deda, care separd Calimanul de muntii
Gurghiului, parte sudica formata dintr-o serie de bazinete presdrate cu asezari umane.
Limita vestica incepe la nord de dealul Tanase (Bargau) trece pe la vest de varfurile
Parjoliturii (1143m), Raglitei (1149m), Pleasa (1136m), Bistrei (1112m), la sud de dealul
Vatavii pana la valea Bistrei, pe care o urmareste pana la confluenta ei cu Muresul.
Asezadrile umane sunt amplasate de reguld la periferia masivului Calimani in bazinele
depresionale dealungul vailor mai importante. Dintre acestea amintim: Rastolita, Bistrita,
Pietris, Dumbrava, Vatava, Monor, Gledin, Sebig, Rustior, Lunca Ardan, Regla, Budacul
de Sus, Satu Nou etc. a céror locuitori isi poartd vara turmele pe plaiurile insorite ale
Calimanului. Locuitorii acestor sate mérginase, beneficiind de o flord medicinald bogata si
de un folclor medicinal nealterat si incd bine pastrat, folosesc numeroase plante
medicinale in afectiuni dintre cele mai diverse. Cei bolnavi apeleaza frecvent la remediile
preparate de aga numitii ,doftori” ai satelor, cameni in general varstnici, prezenti in toate
satele zonei, oameni ce poseda cunostinte temeinice atat in ceea ce priveste cunoasterea
plantelor medicinale (unii cunosc chiar zeci de specii), cunostinte despre afectiunile in care
acestea sunt indicate precum si despre modul de preparare a remediilor. Dintre acestia
amintim pe: Echim Dumitru 83 ani din Vatava, Oltean loan 84 ani si Groza Nastasia 84
ani din Sebig, Simioanca Alexa 80 ani din Lunca, Ursa Nechita 88 ani din Ardan, Dester
Dumitru 60 ani din Regla, Biz Simion 62 ani si Sandru Gheorghe 59 ani din Monor, de la
care am preluat marea parte a datelor, Satenii acestei zone, cunosc dupa aprecierile
noastre, aproape 300 de specii de plante de leac, dintre care pe aproape 200 le folosesc
in scopuri terapeutice, atat la om cat si la animale. Am constatat de asemenea ca pentru
administrarea remediilor, satenii folosesc forme medicamentoase variate Incepand cu
aplicarea partilor aeriene in stare cruda direct pe rani, tdieturi, buboaie, afectiuni
reumatismale continudnd cu folosirea ,scaldarilor” sau bailor medicinale, a fumigatiilor, a
.aburelilor” (aplicarea plantelor calde scoase din fiertura pe unele parti ale corpului in
special in afectiuni reumatice) a plamadelilor" sau cataplasmelor etc. toate acestea in
afectiuni externe.

In afectiunile interne cel mai frecvent se folosesc ,ceaiurile” sau infuziile, precum si
Jfertura” sau decoctul. Solutile alcoolice pentru obtinerea carora se foloseste pentru
extractie ,tuica sau vinarsul’, spirtul sanitar, vinul, otetul, etc. se folosesc atat in afactiuni
interne cat si in cele externe. In cele ce urmeaza vom prezenta dintre numeroasele plante
medicinale folosite Tn medicina populard de catre locuitorii partii sud-vestice a masivului
Calimanj, pe cele care ni s-au parut mai interesante, mai specifice zonei, grupate pe
afectiuni.

In afectiunile reumatice satenii din Sebes folosesc frunzele de arin negru (Alnus
glutinosa Gaertn.) la prepararea fierturii cu care se fac bai, iar cu frunzele calde scoase din
fierturd, se fac asa numitele ,oblojeli" pe partile dureroase. Cu fiertura din frunzele si
fructele de marul lupului (Aristolachia clematitis L.), frunzele de mesteacdn (Betula
pendula Roth.) se fac bai, iar cu tulpinile fertile din coada calului (Equisetum arvense L.)
se face o fiertura in care-si tin mainile cei bolnavi de guta. Cu fiertura din canepa codrului
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(Eupatorium cannabinum L.) se fac bai medicinale sau scaldaturi. Din cele la care se
utilizeaza partile aeriene n stare cruda, maruntite si pisate cu sau farad sare gi puse sub
Jegaturia” in reumatism amintim: slabanogul (/mpatiens noli-tangere L.) paduroi
(Melampyrum arvense L. si Melampyrum bihariense Kern.) [18-22] pecetea lui solomon
(Polygonatum officinale All.).

Cu extractele alcoolice din flori de podbal de munte (Arnica montana L.), flori de crin
(Lilium candidum L)), din radacinile si partea aeriand de brandusa de toamna (Colchicum
autumnale L.) se fac frectii cu bune rezultate in intreaga zona. Cataplasmele sau asa
numitele ,pldmadeli” se obtin prin fierberea semintelor si radacinilor in special n lapte si se
aplicd pe locurile dureroase. Agsa sunt semintele de in (Linum usitatissimum L.} canepa
(Cannabis sativa L.) radacina de tataneasa (Symphytum officinale L.). La Monor si Gledin
semintele de in fierte in lapte se aplica sub forma de cataplasme in mastite si in cancere
de san.

In afectiuni ginecologice, la Lunca, in infectiile cu Trichomonas vaginalis si Candida
albicans, in asa numitele ,scurgeri albe, poala alba” la femei se bea si se fac spalaturi cu
decoctul din urmatoarele plante: sdnziene albe (Galium molugo L.) bujor (Paeonia
officinalis L.). La Bustior se utilizeazad in acelasi scop decoctul din partea aeriand de
busuioc salbatic (Prunella alba L.).

in meno- si metroragii in aga numitele ,scurgen rogii” $i in hematurie la Ardan, Monor,
Vatava si Bistra se foloseste decoctul din partea aeriana a plantelor: traista ciobanului
(Capsella bursa-pastoris L.) (Medik.) si sdnger (Cornus sanguinea L.). La Ardan amestecul
partilor aeriene din spanacul ciobanilor (Chenopodium bonus-hernicus L.) $i ochiul boului
vanat (Knautia arvensis L. Coult.) se foloseste in acelasi scop. Satenii din Ardan folosesc
in atonii uterine precum i pentru favorizarea eliminarii placentei ,camasa, casa copilului”
decoctul plantelor: volburd (Convulvulus arvensis L.) si spanacul ciobanilor (Chenopodium
bonus-hernicus L.). Nu lipsesc nici abortivele in acest scop, satenii din Ardan folosesc
radacina de podbal (Tussilago farfara L)).

In afectiuni respiratorii s&tenii din Lunca, utilizeaza partea aeriana de pelin bun
(Artemisia absinthium L.) din care prepard decoctul si pe care-l beau in astm brongic. In
intraga zona se foloseste decoctul din partea aeriana de varga ciobanului (Dipsacus
silvester Huds.) in tuse ,mdgdreascd’. Din partea aeriana a cimbrisorului de camp
(Thymus serpyllum L) asa numita ,buruiand de ceas rdu” satenii prepara ceaiul care se
bea n boli mintale.

in Sebis si Ardan, infuzia din partea aeriana a plantelor hrenoasa (Lipidium latifolium
L.) si dumbravnic (Melittis melisso-phyllum L.) se bea In afectiuni ale tubului digestiv, In
special in diaree. Din partea aeriand de canepa codrului (Eupatorium cannabinum L.) in
amestec cu ¥ radacina de rostopasca (Chelidonium majus L.) se face un decoct ce se
bea cu bune rezultate in afectiuni ale ficatului in aga numita ,galbinare neagra”. In intreaga
zona, ceaiul din capsulele mature ale macului de gradina (Papaver somniferum L.) se da
sugarilor in colici abdominale si insomnie. Decoctul din partea aeriand de rotungioara
(Glechoma hederacea L.) se foloseste la Sebis in special, dar si In intreaga zon4, la
spalarea ranilor adanci greu vindecabile la oameni, dar mai ales la animalele de tractiune
folosite la muncile grele forestiere cu bune rezultate, fapt dovedit si de autori [10). Planta
intreagd Chondrilla juncea (résfug) denumita popular in zona ,rdsfocul padméntului” uscata
in cuptor dupa coacerea painii $i pisatd se da ca mancare amestecata cu ovaz si se aplica
si local lal animalele bolnave de asa numitul ,rdsfoc” -antrax sau carbune.

Precizam ca multe din plantele amintite folosite de localnicii zonei studiate la tratarea
afectiunilor umane se folosesc si in afectiunile similare ale animalelor.
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CONCLUuZzI

Cercetarile noastre in partea sud-vesticd a muntilor Calimani s-au desfasurat intre
anii 1979-1983 si 1998-2002, necesitdnd numeroase deplasari in cele peste 20 de sate i
in care am stat de vorbd cu zeci de persoane documentédndu-ne in legdturd cu
cunogtintele satenilor despre plantele de leac si despre afectiunile in care acestia le
folosesc.

Am constatat ca satenii cunosc aproape 300 de plante medicinale dintre care pe
aproape 200 le folosesc in scopuri terapeutice, n lucrarea de fata noi prezentand doar pe
cele ce ni s-au parut mai interesante, mai specifice zonei dintre care amintim: Alnus
glutinosa, Aristolachia clematitis, Equisetum arvense in afectiuni reumatismale, Galium
molugo, Cornus saunguinea, Convolvulus arvensis in afectiuni ginecologice, Artemisia
absinthium in astm, Glechoma hederacea in vindecarea ranilor.

Din toate cele relatate desprindem concluzia ci partea sud-vesticd a muntilor
Calimani poseda un folclor medical deosebit de interesant i bogat i mai ales nealterat gi
inca bine pastrat.
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Studiul privind distributia elementelor metalice in organele plantei

Taraxacum officinale L, fam. Asteraceae
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Spectrofotometria de absorbtie atomica (SAA) este o metodd adecvatd pentru determinarea continutului in
metale din plante.

Recoltarea plantei s-a facut in perioada de inflorire din imprejurimile oragului Tg.Mures. S-au uscat separat
urmatoarele organe ale plantei: frunze, tulpind, radacina si flori. Pulberile obtinute din organele plantei au
fost supuse dezagregarii. Digestia s-a facut cu HNO; 63% in amestec cu H,0; 30%. Urmatoareie elemente:
K, Na, Mg, Ca, Fe, Mn, Zn, Cu si Pb s-au determinat prin tehnica SAA. Valorile concentratiilor in elemente,
determinate pe probe diferite in greutate, duc la rezultate ce prezintd dispersii mici (cu exceptia sodiului gi
plumbului). Cel mai abundent metal este K urmat de Mg si Ca. Cele mai mici concentratii au fost determinate
pentru Cu i Mn.

Determinarea metalelor din diferite organe ale plantei Taraxacum officinale (papadia) se justificd, intrucat
valorile obtinute difera de la un organ la altul.

Cuvinte cheie: Taraxacum officinale L, macroelemente, microelemente

Atomic absorption spectrophotometry is an adequate method for metal content determination in plants.

The plant was harvested in its flowering period -in Tg.Mures. The following plant organs were dried
separately. leaves, stems, roots and flowers. The powders obtained from the plant organs were
disaggregated. After a wet digestion in HNO; 65% and H,0, 30%, the following elements: K, Na, Mg, Ca, Fe,
Zn, Cu, Mn and Pb were determined by AAS technique. The concentrations of the determined elements in
different weight samples led to small dispersion result (except for sodium and lead). The most abundent
element was K followed by Mg and Ca. The smallest quantity determined was for Cu and Mn.

Metal determination in different plant organs of Taraxacum officinale is justified because the values obtained
are different from one organ to another.

Key words: Taraxacum officinale L., macroelements, trace elements.

Compozitia chimicd a organismelor vii, animale §i plante, este complexa, incluzand
numerogi compusi chimici a caror structurd si proportie diferd foarte mult in functie de
natura organismului, varsta, conditii de mediu.[1], [4]

In afara componentelor organice $i a apei, in alcatuirea plantelor intrd si substante
minerale. Acestea nu pot fi sintetizate de catre plantd. Pentru organismele vegetale
principala sursd de aprovizionare cu compusi anorganici o constituie solul. Un numar de
12 elemete (C, O, H, N, P, S, Cl, K. Na, Ca, Mg, Si) reprezintd 99% din greutatea
organismelor. Ele au fost numite macroelemente, elemente plastice sau de constitutie.

Alte elemente dintre care: Mo, Cu, Zn, Mg, Fe, B, Mn, Co etc. se gasesc in cantitati
mult mai mici (sub 1%) si poartd denumirea de oligoelemente sau microelemente.

Determinarea compozitiei chimice a plantelor este importanta din urmatoarele motive:

este necesar sa se cunoasca cantitatea de elemente nutritive ce se indeparteaza din
sol odata cu recoltarea plantelor, (in scopul inlocuirii lor). [9]

pentru aprecierea aportului alimentar [7] si terapeutic de elemente pentru om si
animale.[3], [6], [8]

165



Compozitia chimica normald a unei plante, adicad concentratia diferitelor elemente in
tesuturile vegetale, oscileaza intre anumite valori limitd. Excesul sau carenta unui element
se manifesta prin modificari de ordin citologic, histologic si fiziologic, si are influenta
asupra productivitatii plantei.

Studiul intreprins s-a axat pe determinarea continutului in metale a plantei
Taraxacum officinale L. Planta este folositd in scopuri farmaceutice, recoltandu-se partea
aeriand (Taraxaci herba) §i r&dacina (Taraxaci radix). [2]

Pentru determinarea continutului in metale a plantei s-a apelat la metoda
spectrofotometriei de absorbtie atomicd (SAA) o metoda cu sensibilitate si
reproductibilitate foarte buna. [5]

Scopul determinarilor a fost acela de a stabilii continutul $i distributia unor metale in
diversele organe ale plantei Taraxacum officinale (papadia).

MATERIAL S| METODA

Recoltarea plantelor s-a facut in perioada de inflorire din imprejurimile orasului
Tg.Mures si s-au separat astfel: frunze, tulpini, radacini, flori.

De asemenea s-a recoltat partea aeriana a plantei (herba) din orasul Sovata.

Uscarea s-a efectuat in strat subtire, in camere bine aerate. Probele uscate au fost
madruntite cu ajutorul unui mixer, obtindndu-se pulberea din care s-au efectuat
determinarile.

Prelucrarea probelor s-a realizat astfel: 0,4000-0,5000g pulbere de produs vegetal se
introduce intr-un flacon de plastic; se trateaza proba cu 6 ml HNO; conc. si 3 ml perhidrol
(H20, 30%); flaconul de plastic inchis ermetic se incalzeste in baie de apa timp de 30
min., timp in care are loc dezagregarea materialului vegetal. Proba se aduce cantitativ in
balon cotat de 25 ml cu apa bidistilata. Solutiile astfel obtinute sunt incolore si limpezi.

Determinarile experimentale au fost efectuate la'Regia Autonoma “Apele Romane”,
filiala Tg.Mures, cu un spectrofotometru de absorbtie atomica UNICAM 939. Aparatul reda
direct valoarea concentratiei citite in. mg/l. (Cp)

Pentru a elimina sursele de erori-datorate prezentei impuritatilor in reactivii folositi la
dezagregarea probelor, s-a determinat de fiecare data continutul in elementul studiat $i in
reactivii folositi in conditii de lucru, asa numitele valori martor ale reactivilor (notate Cy).
Aceste valori se scad din valorile citite pentru fiecare proba.

Avand Tn vedere modul de lucru s-a calculat concentratia in mg element la 100 g
proba uscata dupa formula:

Cimg) = 2,5 {Cp — Cu)/m

m - reprezintd masa probei luata in lucru

REZULTATE $1 DISCUTII
Elementele determinate au fost: potasiu, magneziu, calciu, fier, zinc, mangan, cupru.
Rezultatele experimentale sunt redate in tabelele | $i Il
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Tabel I. Continutul in macroelemente al plantei Taraxacum officinale

Elemente Potasiu Cyu=0,267 mg/ Magneziu Cy=1,747mg/l Calciu Cy=2,083 mg/
determinate
1 2 3 4 5 6 7 8
Organul | Masa Cp X mg/100 Cp X mg/100 Ce X mg/100
plantei probei(g) | (mg/) prgba 9 (mg/l) Jrcgabé 9 {mgf) prg/bé 9

04331 | 233,800 | X 1764286 | 9745 | X =542011 | 98500 | X - 541327

0,4599 | 234,100 | &2 101,000 | ‘2™ 107,100 | a2

F 0,4930 | 234,100 S’ =6088,489 110,700 S’ = 907,559 101,100 S =1860,544
runze - ' S =78,028 ' S =30,125 : S$=43,134

04387 | 234,100 - 102,300 ~ 95,800 i
04938 | 234100 | S%m = 34895 | “gg'ng0 | SXKm) = 13472 | 464 gog | SKm) = 18,290

05052 1 234,100 | X —4263,078 | 104.700 | X =490489 | 70570 | X 327,113
04822 | 234,100 | &3 92,580 | o7n 67.870 | g2

. S*= 6072,462 S%= 936,174 S*= 565,618
Tuping | 04948 | 234,100 | 3 = 75 027 99540 | 2 Zaoe0e | 66140 | 523780

04196 | 234,100 ! 90300 : el ;
04263 | 294100 | SXm = 36.025 | JhI | S(Xn)=13683 | 2)200 | S(Xn) = 11,891

004398 | 185,000 | % 4019957 | 42510 | X 262346 | 27.280 | X - 1451913
m~ v m= ] m= '
04751 (189,100 | &L con7a0 | 56000 | 52T 0gsa70 | 39890 | 52T 75 686

Radicina | 0,4196 | 171.400 - 39,290 - 26,720 -
04299 | 178,100 g(xz)z':gfg 283 | 48690 g(x 3)2':9:33 736 | 24.720 g(xf)sffg 024
0,4326 | 173,700 m ' 53,290 ™ : 26,130 '
04622 | 228700 | X 1355649 | 45350 | X —021367 |20L100 | ¥ -
0,4619 | 227,400 | &7 40140 | a2 22,400
. §%=2165,792 S2= 448,927 104,5699
Flori 0,4580 | 227,200 | « 38,220 b 19,690 2.
04259 | 226200 | 5= 46538 431007 | S 21187 21,400 S =513762
' ' S(Xm) = 23,269 ; S(Xm) = 10,593 ' $=7,1677
S(Xm) = 3,5838

0,4400 | 234700 | ¥ - 68,610 | % - 91220 [y -
- m 31327742/ | 2% X n = 364,222 - X m = 467,608
Horba | 05056 | 234,400 | &7 e ne'aqr | 68,600 [ &7 gnriors™ | 86690 | G20 7577 615

(Sovata) | 0.4024 | 234,100 | g = 4oy 104 106,600 |'2 = 28 301 93390 | g - ge 308
04257 | 233,300 | gy \"-'62 g | 66660 | 5 16339 | 66510 | sx )= 42,654

Asa cum reiese din tabelul | {col.4) continutul de potasiu in frunze, tulpina si flori este
apropiat si mai mic in radacina plantei. Valorile continutului in potasiu obtinute pentru
partile aeriene ale plantei recoltate din statiunea Sovata sunt mai mari decat media
valorilor obtinute pentru partea aeriand a plantelor recoltate din imprejurimile orasului
Tg.Mures.

Referitor la concentratia magneziului (tabelul |, col.6) aceasta scade in ordinea:
frunze > tulpina > radacina > flori.

Din tabelul I,col.8, reiese ca repartizarea calciului in diverse organe ale plantei difera
foarte mult: spre exemplu in frunze continutul este de 5 ori mai mare decéat in flori, iar in
radacina de aproximativ 3,5 ori.

Distributia fierului (tabelul I, col.4) evidentiazad continutul cel mai mic in tulpina
(aprox. 10mg/100g proba uscata). Fata de tulpina, florile au un continut dublu, frunzele
contin de trei ori mai mult, iar radacinile contin de 11 ori mai mult fier.

Pentru elementul zinc se remarca valori ale continutului apropiat in frunze, radacina
si flori si un continut mult mai mic in tulpina (tabelul 1i, col.6).
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Tabel II. Continutul in microelemente a! plantei Taraxacum officinale

Elemente Fier Zinc Mangan Cupru
determinate Cu=0,267 mgA Cn=0,132 mg/l Cn=0,000 mg/i Cw=0,045 mg/
1 2 3 4 5 6 7 8 9 10
Organul | Masa Ce Xm Ce Y Ce Y Ce Y
! i g/100g X mg/100g X mg/100g X mg/100g
ptantei pr((;l;el (mgfl) proba (mgfl) proba (mg/l) proba (mg/l) proba
O | e [0 [Some |0 Kot | 00 Koo
Frunze | 04930 | 6.458 |5 = 4850  [T'ogq |87=0305 | iy (8720039 | jine |87=0.110
0.4387 | 5405 |5 32156 1043 |S=0552 | 5740 |S70199 0382 |S5=0332
: : S(X.)=0.964 |V S(X.)=0247 | S{X.)=0,089 | - S{Xa) =0.148
0,4938 | 6,519 0,857 0,787 0,335
—— — — — —
0.4948 | 1895 |3 =24.007 0614 |S=0071 | yogy S7=0089 | ooy 18720085
0‘4196 1I863 $=2,001 0'558 S =0,267 0'309 §$=0,299 1'227 $=0,292
: : S(X.)=0,895 | S(Xm) =0,119 | S(X.) =0,134| $(X,) = 0,130
0,4263 | 1,767 0.476 0,175 1.401
SR 1080 X 11009 (1080 (X, =010 [0 |Xo=302 | 1, | Koo 12
04196 | 22450 |57 = 331802 | »ol. |S7= 0516 | S S?= 0,842 515 | S7= 0043
04299 | 19740 |S= 1822154 | 200 IS=0718 0780 |S=0917 T2a3 | S=0207
. S S(Xa) =9,107 | = S(X,) =0,321 | S(X.) = 0,458 | S(Xe) =
0,4326 |15,470 0,771 0,445 1069 | 7103
o [T T8 (X =000 [1028 X Zaomn [ 1200 [ Xoz1ao0 |05, | Xozoom
0.4580 | 5004 |S = 16.669 1021 |S=0.031 0 Y67 $?= 0,058 1064 $2=0,003
0.4259 | 3.070 |5 = 4.082 0893 {S30176 1 o'ygp [S=0242 0945 |S=0062
— 0' — ‘ - S(X,) =2,041 / 6'75 S(X,) =0,088 | ©" S(X,) = 0,121 1 0'73 S(Xg) = 0,031
erba | 0.44 4495 | v Z 0,180 2
' ' X n=20369 | Xn=4,279 | : X m=1343
o 0505 | 2114 | £25003* |07 210" | Qo 12 | S0
04257 | 2043 |3 =4082 0,856 |S21043 | 5708 1268 |S=0316
' A 1S(X,0) 2,041 ‘ S(X.) =0,521 " ' S(X.) = 0,158

Continutul maxim de mangan este n frunze si cu putin mai mic in rddacina. Fata de
frunze tulpina are un continut in mangan de trei ori mai mic iar florile de 4 ori (tabelul I,
col.8).

Cuprul se gaseste in cantitati mici in toate organele plantei cu remarca ca se gaseste
cel mai mult in frunze, de aprox. doua ori mai mult decét in flori. Concentratia cuprului din
partile aeriene ale plantei recottate la Tg.Mures si Sovata sunt foarte apropiate.(tabelult Il,
col.10)

CONCLUZIE

Pe baza datelor obtinute putem aprecia cé distributia elementelor metalice difera de
la un organ la altul al ptantei si depind de arealul de recoltare.

Continutul mare in potasiu al papadiei justificd utilizarea acesteia in formele
fitofarmaceutice cu actiune diuretica.

Avand in vedere continutul ridicat in magneziu si calciu pe de o parte $ zinc $i
mangan, pe de altd parte, papadia poate constitui o sursa de aport terapeutic al acestor
elemente.
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Studii in vitro pe celule stem mezenchimale si celule leucemice a

unui extract uscat de scoarta de mesteacan
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The aim of this study was to evidence the therapeutic/toxic activity of a dry outer bark of birch tree
extracts (Betula pendula Roth), on mesenchymal stem cells and K 562 cells. Vibrational AT-IR
and FT-Raman spectroscopy has been performed in order to characterize the birch extract. In
vitro toxicologic analysis was performed by a standardized colorimetric MTT ([3-(4,5-
dimethyithiazol-2-yi) 2, 5-diphenyltetrazolium bromide]) assay. Also, our data proves the cytotoxic
activity on mesenchymal stem cells of different birch bark extracts, compared to the activity
proved on leukaemia K 562 cells. The results were compared with those for betulin alone, a
known antitumor compound. Birch tree bark extract proves antitumor activity and induces a lower
toxicity.

Key words: birch tree, bark, cytotoxic, mesenchimal stem cells.

Scopul studiului a fost acela de a evidentia activitatea terapeutica/toxica a unui extract de scoarta
de mesteacan (Betula pendula Roth) pe celule stem mezenchimale i K 562. Pentru a caracteriza
extractul s-a apelat la tehnici vibrationale de tip FT-IR i FT-RAMAN. Analiza toxicologica in vitro
a folosit tehnica colorimetricd MTT ([3-(4,5-dimethylthiazol-2-yl)2,5-diphenyltetrazolium bromide}).
Datele s-au corelat cu cele pe celule leucemice K562 si s-au comparat cu cele pentru betulina
etalon, un compus cu potential antitumoral. Extractul uscat de scoartd de mesteacan prezinta
actiune antitumorald si induce o toxicitate redusa.
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Farmacopeea Europeana si Farmacopeea Romana
- referinte de calitate pentru controlul produselor vegetale
NOTA I. Evaluarea continutului de principii active

prin metode gravimetrice $i titrimetrice

Ligia-Elena Dutu’, Cerasela — Elena Gird'

Universitatea de Medicind §i Farmacie “Carol Davila® Bucuresti, Facultatea de Farmacie, Disciplina
de Farmacognozie Fitochimie Fitoterapie, str. Traian Vuia nr. 8, sector 2, Bucuregti, Romania
e-mail:ligia.dutu@yahoo.com

Lucrarea prezintd un studiu teoretic comparativ despre metodele gravimetrice si titrimetrice descrise in
Farmacopeea Romana editia a 10-a gi in Farmacopeea Europeana editia a 5-a (inclusiv suplimentele 5.1 -
5.5) pentru evaluarea continutului de principii active al produselor vegetale. in Farmacopeea Europeani si in
Farmacopeea Romana nu sunt descrise metode gravimetrice de dozare. Metode titrimetrice sunt descrise in
cazul unor produse vegetale standardizate in alcaloizi, acid citric $i tioheterozide.

Cuvinte cheie: Farmacopeea Europeana editia a 5-a, Farmacopeea Romana editia a 10-a, Produs vegetal,
Metode gravimetrice, Metode titrimetrice

This paper presents a comparative theoretical study about gravimetric and titrimetric methods described in
the 10" Edition of Romanian Pharmacopoeia and in the 5™ Edition of European Pharmacopoeia (including
supplements 5.1 — 5.5) for assay. There are no gravimetric methods described in Romanian Pharmacopoeia
and in European Pharmacopoeia for vegetal products standardization. The assay of alkaloids, citric acid and
glucosinolates are determined by specific titrimetric methods.

Key words: European Pharmacopoeia, Romanian' Pharmacopoeia, Herbal drugs, Gravimetric methods,
Titrimetric methods

Evaluarea continutului de principii -active este etapa cu valoare hotdratoare pentru
aprecierea calitatii unui produs vegetal.

Se recomanda ca standardizarea unui-produs vegetal s se faca in acel principiul activ
care predomina din punct de vedere chimic sau care contribuie in cea mai mare masura la
actiunea terapeutica.

In functie de structura chimica a principiului activ, pentru dozare se pot aplica metode
gravimetrice, titrimetrice, spectrofotometrice, cromatografice, biologice etc. [1]

in conditile in care, In prezent, prevederile Farmacopeei Europene sunt obligatorii
pentru controlul calitatii produselor vegetale si in Romania, actuala fucrare isi propune un
studiu teoretic comparativ despre metodele gravimetrice si titrimetrice descrise in
Farmacopeea Roméana editia a 10-a si in Farmacopeea Europeana editia a 5-a (inclusiv
suplimentele 5.1 — 5.5) pentru evaluarea continutului de principii active al produselor vegetale.

MATERIAL S| METODA

Au fost selectate produsele vegetale din Farmacopeea Romana editia a 10-a si din
Farmacopeea Europeana editia a 5-a (inclusiv din suplimentele 5.1 — 5.5) pentru a caror
standardizare se folosesc metode gravimetrice si titimetrice. Metodologia de lucru a fost
analizata comparativ (3, 4)].
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REZULTATE

Analizand monografile specifice de produse vegetale din Farmacopeea Europeani si
Farmacopeea Romana se poate aprecia ca:

1. nu exista principii active pentru a caror dozare sa se foloseasca metode gravimetrice;

2. sunt descrise metode titrimetnce de dozare in cazul unor produse vegetale
standardizate in alcaloizi, acid citric si tioheterozide (Tabelul I).

Tabelul I. Metode titrimetrice descrise in Farmacopeea Europeana si in Farmacopeea Roméana pentru
standardizarea produselor vegetale

Principiu activ dozat / Metoda titrimetrica descrisa in: Produs vegetal (monografie
pnncnpfm ;t:gv de Farmacopeea Europeanad Farmacopeea de referintd)
referint Romana
Alcaloizi tropanici / | Titrare indirecta: H,SO,4 0,02M + NaOH 0,01M; |Belladonnae folium, Stramonii
hiosciamind rogu de metil folium*
Alcaloizi / emetina Titrare indirectd: HCI [Titrare indirecta : H,SO, Ipecacuanhae radix
0,1M + 0,02M + NaOH 0,01M;
NaCH 0,1M; rosu de metil
rosu de metil
Alcaloizi / protopina |Titrare potentiometrica: - Fumariae herba*
HCIO4 0,02M
Alcaloizi totali / - Titrare indirecta: H,SO, Chelidonii herba
chelidonina 0,02M + NaOH 0,01M;
rosu de metil
Alcaloizi eterosolubili / - Titrare indirecta: H,SO, Aconiti tubera**
aconitinad 0.02M + NaOH 0,01M;
rogu de metil
Acizi/ acid citric Titrare potentiometrica: - Hybisci sabdariffae flos*
NaOH 0,1M
Tioheterozide / - Titrare indirecta: |, Sinapis nigrae semen**
izotiocianat de alil 0.05M + Na,S,0; 0,1M;
amidon

Legends:
* - nu existd monografie specifica in Farmacopeea Roméana editia a 10-a
** - nu existd monografie specificad in Farmacopeea Europeand editia a 5-a

DISCUTI

Metodele gravimetrice sunt metode in care determinarea concentratiei unui principiu
activ se bazeaza pe masurarea masei.

Aceste metode se caracterizeaza prin exactitate §i precizie ridicate, superioare de
exemplu metodelor titrimetrice (masurarea maselor se face mult mai exact decat masuratea
volumelor).

Sunt insa laborioase $i necesitd un timp indelungat de lucru. De aceea, gravimetria este
recomandata a fi utilizatd cu precadere in cercetare, iar in controlul produselor vegetale doar
atunci cand este necesara o exactitate ridicata a rezultatelor pe un numar mic de probe. Daca
se lucreaza cu un numar mai mare de probe, se prefera inlocuirea metodelor gravimetrice cu
procedee mai rapide (1, 2].

Practic, in Farmacopeea Europeand si Farmacopeea Romana nu existd produse
vegetale pentru a caror standardizare sa se foloseasca o metoda gravimetrica.
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Metodele titrimetrice sunt metode chimice, in care analitul (principiul activ vegetal) se
dozeaza prin masurarea volumului de reactiv de concentratie cunoscuta, care se aduce in
cantitate stoechiometrica peste solutia-proba.

La baza determinarilor titrimetrice stau echilibre chimice, de tip acid — baza (protometrie,
complexometrie) sau oxidare — reducere (redoxometrie).

Sunt folosite In mod curent in laboratoarele de control, datorita faptului ca sunt rapide, au
o exactitate ridicata, utilizeaza instrumente simple si se preteaza la automatizare.

La realizarea experimentald a metodelor titimetrice se pot folosi procedee directe sau
indirecte.

Titrarea directa consta in aducerea solutiei standard din biureta peste solutia probei de
analizat pana la punctul final (determinat cu un indicator sau instrument). Procedeul se poate
aplica atunci cand:

- reactia intre analit gi titrant decurge stoechiometric, cu viteza mare,

- existd un indicator care permite evidentierea punctului final;

- analitul i produsii de reactie sunt stabili in timpul determinarii.

Daca nu sunt indeplinite aceste conditii se recurge la titrarea indirectd. Aceasta poate
presupune o titrare prin diferentd (solutia probei se trateaza cu un volum bine determinat de
solutie standard luata in exces, iar cantitatea care nu a reactionat cu analitul se retitreaza cu
alta solutie standard, in prezenta unui indicator adecvat) sau prin substitutie (proba se
trateaza cu un volum de reactiv in exces, iar cantitatea de produs de reactie rezultata, care
este echivalenta cu cantitatea de analit din proba, se titreaza cu o solutie standard).

Determinarile titrimetrice se pot efectua in mediu apos sau anhidru (neapos). Dozarile in
solutii apoase se aplica in cazui principiilor active 'solubile in apa si care au o functie acida sau
bazica suficient de mare (Ka sau Kb > 10°). Tn mediu anhidru se pot doza direct acizi si baze
slabe, insolubile in apa. Datorita dificultati- de a gasi expresiile care descriu cantitativ
echilibrele in solventi neaposi, pretului ridicat si toxicitatii apreciabile a solventilor, titrarile in
mediu neapos au o utilizare limitata.

Punctul final al titrarii se pune Tn evidenta prin metode vizuale (cu ajutorul indicatorilor —
de culoare, de fluorescentd, turbidimetrici, de adsorbtie) sau instrumentale (in titrare
potentiometrica, conductometrica, amperometrica).

Indicatorii de pH sunt acizi sau baze slabe organice, care participd la procesele
protolitice cu speciile chimice implicate in titrare, modificandu-si o insusire usor observabild
(de exemplu culoarea), dependent de valoarea pH-ului. Cei mai utilizati sunt indicatorii de
culoare: metiloranj, rogu de metil, fenolftaleind — in protometrie; negru de eriocrom T, murexid
—in complexometrie; amidon - in iodometrie (metoda redoxometrica).

In titrarile potentiometrice, punctul de echivalenta se determina folosind variatia diferentei
de potential intre 2 electrozi (un electrod-indicator si un electrod-standard, sau 2 electrozi-
indicator) imersati in solutia-proba, in functie de cantitatea de titrant adaugatad. Electrodul-
indicator se alege in functie de principiul activ care umeaza s fie dozat. De obicei acesta
este din sticla sau metal (platind, aur, argint, mercur). Electrodul de referintd este din calomel
sau argint — clorura de argint. Farmacopeea Europeand recomandd ca pentru titrarile
potentiometrice acido-bazice sa se foloseascd combinatii de tip sticld — calome! sau sticla —
argint — clorura de argint, daca monografia produsului nu are alte prevederi.

Alegerea metodei de dozare si a conditilor experimentale concrete depinde de
proprietatile fizico-chimice ale principiului activ, de natura produsului vegetal si de continutul in
pnincipiu activ al produsului vegetal.

Calcularea cantitatii unui anumit principiu activ din proba de produs vegetal se face pe
baza stoechiometriei reactiei §i tine cont de procedeul de dozare utilizat (direct sau
indirect) 1, 2].
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Comentarii referitoare la metodele titrimetrice de dozare propuse de Farmacopeea
European3 si Farmacopeea Romana pentru dozarea de principii active

Produsele vegetale Belladonnae folium, Ipecacuanhae radix, Chelidonii herba prezinta
monografii specifice atat in Farmacopeea Europeana cat si in Farmacopeea Romana. Sunt
standardizate in alcaloizi. In cazul primelor doud produse vegetale mentionate, pentru
determinarea continutului de alcaloizi se folosesc metode titrimetrice acido-bazice indirecte, in
mediu apos. Metodele folosite in Farmacopeea Europeana nu diferd semnificativ de cele din
Farmacopeea Romana. Pentru determinarea continutului de alcaloizi totali din Chelidonii
herba (exprimati in chelidonind), Farmacopeea Europeana propune o metoda cromatografica
HPLC, in timp ce Farmacopeea Roména apeleaza la o titrare indirecta, in mediu apos.

Produsele vegetale Stramonii folium, Fumariae herba, Hybisci sabdarifae flos prezinta
monografii specifice doar in Farmacopeea Europeana. Pentru evaluarea continutului de
alcaloizi tropanici din Stramonii folium (exprimati in hiosciamind), Farmacopeea Europeana
propune 0 metoda titrimetricd indirectd, asemanatoare cu cea descrisd pentru standardizarea
produsului Belladonnae folium, diferd cantitatea de proba luatd in lucru. Pentru dozarea
alcaloizilor din Fumariae herba se foloseste o titrare potentiometricd in mediu anhidru (acid
percloric 0,02M). Continutul de acizi totali din produsul vegetal Hybisci sabdariffae flos se
determind potentiometric, folosind o solutie titratd de hidroxid de sodiu 0,1M.

Produsele vegetale Aconiti tubera si Sinapis nigrae semen prezintd monografii specifice
doar in Farmacopeea Romana. Pentru evaluarea continutului de alcaloizi eterosolubili din
Aconiti tubera Farmacopeea Romana propune o metoda titnmetrica indirectd, in mediu apos.
folosind solutii titrate de acid sulfuric-0,02M (exces) si apoi hidroxid de sodiu 0,01M (titrare
exces), iar ca indicator de culoare rosu de metil. Dozarea glucosinolatelor din Sinapis nigrae
semen se realizeaza printr-o’ tehnicd mai jaborioasd. Metoda presupune hidroliza
tioheterozidelor, transformarea senevolilor rezultati in derivati de tiouree (prin captare in
amoniac), determinarea excesului de amoniac (titrare cu solutie de acid clorhidric 1M) si in
final titrarea senevolilor printr-o metoda iodometrica indirecta, folosind soiutii titrate de iod
0,1M (exces), respectiv tiosulfat de sodiu 0, 1M (pentru retitrarea excesului de iod).

CONCLuzi

in Farmacopeea Europeand si in Farmacopeea Romanid nu sunt descrise metode
gravimetrice de dozare a principiilor active vegetale.

Metode titrimetrice sunt descrise in cazul unor produse vegetale standardizate in
alcaloizi (Belladonnae folium, Stramonii folium, Ipecacuanhae radix, Chelidonii herba, Aconili
tubera), acid citric (Hybisci sabdariffae flos) si tioheterozide (Sinapis nigrae semen). Pentru
produsele vegetale comune in Farmacopeea Europeana §i in Farmacopeea Roména,
metodele titimetrice de dozare descrise in Farmacopeea Europeana sunt asemanatoare (dar
nu identice) cu cele din Farmacopeea Romana.
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Studiul chimic calitativ si cantitativ al gemoderivatului de muguri de

coacaz negru si a materiei prime aferente
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In aceasta lucrare se prezintd un studiu chimic calitativ si cantitativ comparativ intre mugurii, frunzele si

gemoderivatul obtinut din mugurii de coaciz negru. Chimic calitativ in toate probele s-a decelat prezenta

flavonelor, derivatilor acidului cafeic, taninului, muculagnlor $i a saponozidelor. Cantitativ, mugurii au un

continut mai ridicat in flavone (309,10-321, 14x10 9% rutozid) i derivati ai acidului cafeic (2340- -2816x10°
g%), iar frunzele in tanin (3, 83-4 15 g%) i mucilagii (4,13-4,41 g%). Gemoderivatul are un continut scazut in

acid cafeic (8,92-10.13 x10 9/100 mL solutie).

Cuvinte cheie: Muguri si frunze de coacaz negru, Gemoderivat, Studii chimice calitative §i cantitative

This paper is a comparative qualitative and quantitative chemical study about buds and leaves harvested
from black-currant, and about a gemoderivative obtained from black-currant, too. Flavones,
polyphenolcarboxilic acids, tannins, mucilages and saponins are present in all samples. The buds have a
hlgher content of flavones (309.10 - 321.14 x 10 g% rutoside) and polyphenolcarboxilic acids (2340 — 2816
x 107 g% caffeic acid). The leaves have a higher content of tannins (3.83 — 4.15 g%) and muc;lages (413 -
4 41 g%). The gemoderivative has a low content of polyphenolcarboxilic acids (8.92 — 10.13 x 10° g caffeic
acid / 100 ml! solution).

Key words: Black-currant buds and leaves, Gemoderivatives, Qualitative and quantitative chemical study

Ribes nigrum L. (Grossulariaceae), coacdzul negru este un arbust nespinos cu
tulpind viguroasa §i erecta, prezintd frunze subrotunde, cordiforme, cu 3-5 lobi
triunghiulari, iar pe fata interna prezintd numeroase glande de culoare gatbend; florile sunt
dispuse n racem, iar fructele de culoare negricioasa prezintd un gust dulceag $i un miros
specific[2,6,7].

in fitoterapie, de la acestd specie se utilizeaza in special fructele care prin
fitocomplexul flavonoide-vitamine imprima proprietati capilaro- §i vasoprotectoare,
antiagregant-plachetara, antiradicalara, stimulent digestiv si renal [4,5]. Frunzele bogate in
flavone (derivati ai kemferolului, cvercetolului, miricetolului si isoramnetolului, hiperozida,
astragalozida) se utilizeaza in fitoterapie pentru proprietétile diuretice [1,5,8,9]. Extractele
obtinute din frunze sunt contraindicate in tratamentul edemelor rezultate in urma unei
disfunctii cardiace sau renale [5,8].

Deoarece pe piata farmaceuticd au aparut numeroase fitopreparate care contin
extracte hidrogliceroalcoolice obtinute din muguri (gemoderivate) recoltati de la diverse
specii, prezentul studiu isi propune sa stabileascd compozitia chimica calitativa si
cantitativd a materiei prime aferente si a gemoderivatului obtinut din mugurii de coacaz
negru. S-a intreprins acest studiu, deoarece aceste medicamente care sunt incadrate in
clasa suplimentelor nutritive nu sunt caracterizate chimic si nu existd o corelare a
compozitiei chimice cu actiunea terapeutica.
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OBIECTIVELE CERCETARII

1. Stabilirea particularitatilor anatomice pentru mugurii si frunzele de coac3z negru

2. Stabilirea compozitiei chimice calitative si cantitative a celor doud produse
vegetale si a gemoderivatului obtinut din muguri

2. Decelarea moaodificarilor chimice cantitative aparute pe parcursul maturizarii
frunzelor

MATERIAL Sl METODA

Ca material de studiu s-au folosit mugurii foliari de coacaz negru, recoltati din flora
cultivatd in anul 2006 si gemoderivatul corespunzator. Pentru a decela eventualele
modificari chimice calitative si cantitative aparute pe parcursul maturizarii produsului
vegetal s-a luat in studiu si frunza maturd. Mentionam ca mugurii foliari s-au recoltat atunci
cand frunzulitele formate erau evidente ca forma si dimensiune, deci poate fi considerat ca
in cercetare s-au utizat frunzele imature recoltate in stadiul de debut.

Metoda utilizatd a fost analiza farmacognosticd [3)], cu scopul stabilirii caracterelor
morfologice §i anatomice (preparat superficial clarificat in NaOH 20 g/L din muguri si
pulbere clarificatd cu cloralhidrat 800 g/L din frunzd) ale celor doud produse vegetale
precum si pentru determinarea continutului in principii active (analize chimice calitative si
cantitative). Pentru determinarea tipului de principii active s-au analizat solutiile extractive
eterice, alcoolice si apoase obtinute prin epuizarea produselor vegetale cu acesti solventi.

Cantitativ s-au determinat:

- prin metode spectrofotometrice flavonele (reactia de chelatare cu clorura de
aluminiu [, A=427 nm) si acizii polifenolcarboxilici (APFC, proprietatea acidului cafeic de a
forma in prezenta reactivului Arnow oxime colorimetrabile, A=510 nm),

- prin metode gravimetrice poliholozidele mixte de tip mucilag (precipitarea in aicool
absolut sau acetond, purificarea precipitatelor prin reprecipitari si solubilizari in apa calda)
si taninul catehic, (precipitarea cu reactivul Styassny);

- prin metode volumetrice uleiul volatil (distilare cu vapori de apa conform FR X, la
aparatul NeoClevenger).

Pentru interpretarea rezultatelor de la determinérile spectrofotometrice s-a apelat la
curbele etalon stabilite in prealabil cu substantele de referintd corespunzatoare, si anume:
rutozid pentru flavone si acid cafeic pentru APFC. Citirile spectrofotometrice s-au efectuat
la un spectrofotometru UV-Vis Cecil series 2000, aflat in dotarea disciplinei.

Preliminar s-au determinat pierderile prin uscare (umiditatea) si substantele solubile
(extractivul, respectiv totalul de substante organice care s-au solubilizat in apa si alcool de
diferite concentratii) si factorul de imbibare (volumul pe care 1l ocupa produsul vegetal si
mucilagul care adera de acesta prin imbibare cu apd) conform FR X [10].

S-a apelat si la tehnica cromatografica in scopul evidentierii derivatilor flavonici si a
APFC din cele doua produse vegetale si gemoderivatul corespunzator.

Conditiile separarii cromatografice [8]:

- faza fixa: silicagel GF 254,

- faz& mobila: acetat de etil-acid formic anhidru:apa - 80:8:12;

- proba: solutii alcoolice obtinute prin refluxarea unui gram de produs vegetal cu S mL
metanol timp de 10 min. $i gemoderivat;

- etaloane: amestec de rutozida si acid clorogenic in metanol;

- revelator: difenilboriloxietilamina pulverizat succesiv cu PEG 400.
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REZULTATE
Examenul macroscopic a evidentiat particularitatile celor doua produse vegetale si
anume:
- mugurii foliari sunt formati din céte trei frunzulite membranoase cu aspect catifelat,
fiecare frunzulitd prezintd un aspect cordiform, cu 3 lobi triunghiulari, neregulati, de culoare
verde pe ambele epiderme $i cu un miros ugor aromat (figura 1);

Figura 1-Muguri'de coacaz negru

- frunzele cu un usor aspect cordiform prezinta 3 lobi triunghiulari neregulati.
In preparatul microscopic din muguri- s-a evidentiat prezenta numeroaselor glande
pluricelulare (figura 2) si a perilor tectori unicelulari cu aspect verucos (figura 3).

Figura 2. Glanda pluricelulars (ob. 40x)
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in preparatul din frunza s-au observat rare glande pluricelulare, fragmente de

Figura 4 Peri tectori unicelulari verucosi (ob. 10x)

parenchim clorofilian, vase de lemn inelate si druze de oxalat de calciu.

Din punct de vedere chimic calitativ in cele doud produse vegetale s-au identificat:
steroli, agliconi flavonici, carotenoide (in solutia extractivd etericd), flavone, APFC,
saponozide, proantociani, compusi reducatori, tanin (in solutia extractivd alcoolicd) si
poliholozide mixte de tip mucilag (in solutia extractivd apoasd). In gemoderivat a fost

decelata prezenta flavonelor, a taninuiui, APFC si a mucilagiilor.

Rezultatele screeningului chimic cantitativ pe probele luate in lucru sunt prezentate in

tabelul I.

Tabelul |. Rezultatele determindrilor chimice cantitative

g% acid cafeic

Determinarea Muguri Frunza Gemoderivat
18,29-19,23 13,82-14,25 -
in apa

18,53-19,44 11,18-12,23 -

Substante solubile g% in metanol 20% in metano! 20%
17.46-18,03 14,25-15,34 -

in metanol 50% n metanol 50%
10,94-11,29 6,71-7,13 -

in metanol 70% in metanol 70%
Factor de imbibare mL 7.8-8 10-10,3 -

APFC 2340-2816x107 1802-1913 x10° 8,92-10,13 x10*

Flavone 309,10-321,14x10° 163,32-170,1 x10° 74,59-80,16 x10°
g% rutozid
Tanin g% 2,14-2,59 3,83-4,15 0,284-0,316
Mucilagii g% 2,98-3,10 4,13-4.41 0,768-0,824
Ulei volatil mL/kg 0,5 0,3 -




Cromatografic atat in cele doud produse vegetale cat si in gemoderivat s-au
identificat rutozida (Rf-0,4) si acidul clorogenic (Rf-0,55), iar pe baza datelor din literatura
de specialitate si hiperozida (figura 4) [6]. Cromatografic, constiuentii decelati in
gemoderivat prezintd o valoare a Rf-ului modificata (0,24 pentru rutozid, 0,41 pentru acid
clorogenic si 0,62 pentru hiperozida) fatd de muguri, frunze $i etaloane.

Figura 4. Cromatograma pentru flavone si APFC

Legenda:

1-gemoderivat,

2- solutie alcoolica din muguri,
3-solutie alcoolica din frunza,
4-etaloane

DISCUTII

Descrierile macro- $i microscopice ale celor douad produse vegetale au corespuns
datelor citate in literatura de specialitate [8]). Totusi trebuie mentionat faptul ca acele
glande pluricelulare sunt mai putin reprezentative pentru produsul vegetal de tip folium, iar
in preparatul de muguri nu s-au observat incluziuni celulare.

Chimic calitativ suplimentar fata de literatura de specialitate [6,7,9] s-au identificat
carotenoidele si saponozidele.

ldentificarea in gemoderivat a flavonelor, taninului, mucilagiilor $i a derivatilor
acidului cafeic atesta faptul ca procesul de obtinere a preparatului farmaceutic permite
solubilizarea unei palete cat mai variate de principii active, identice cu materia prima
vegetala

Chimic cantitativ se observa o diferentiere a celor doud produse vegetale.
Continutul in APFC si flavone este mai crescut in muguri, iar frunzele sunt mai bogate in
tanin si mucilagii. Substantele solubile determinate sunt mai crescute in apa si metanol
20% pentru muguri si respectiv in apa st metanol 50% pentru frunze. Acest parametru
poate constitui un criteriu foarte important in selectarea solventilor de extractie, in scopul
obtinerii unor extracte standardizate in anumite tipuri de principii active. In gemoderivat
derivatii acidului cafeic sunt in cantitate foarte mica comparativ cu materia prima din care
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s-a obtinut. Continutuf Tn uleiul volatil putin mai crescut in muguri este justificat si prin
abundenta glandelor pluricelulare decelate microscopic care acumuleaza acest tip de
principiu activ.

in cromatograme se observa existenta spoturilor galben-orange intens in toate
probele, corespunzatoare rutozidei din amestecul de etaloane, conform valorii Rf
calculate. Migrarea la un Rf mai mic a rutozidei, acidului clorogenic si hiperozidei in
gemaoderivat se datoreaza glicerinei din compozitia acestuia.

CONCLUZII

Au fost stabilite particularitdtile anatomice si compozitia chimica a celor doua produse
vegetale. S-a constatat cd pe parcursul maturizarii frunzelor apar modificiri ale
continutului de principii active. Metodologia de obtinere a gemoderivatului a permis
solubilizarea in proportii diferite a celor mai importante principii active din mugurii folositi
ca materie prima vegetala in obtinerea acestuia.
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Magyarorszagon eléfordulé Asteraceae fajok in vitro antiproliferativ
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Aqueous and organic extracts of plants of Asteraceae family were screened for antiproliferative activity
against human cell lines by MTT assay. Plants were collected or harvested from cultures in Hungary. The
extracts were prepared with methanol, and were partitioned between n-hexane and chloroform. The residual
plant materials were dried and extracted with boiling water. in total 436 extracts of different organs of fifty
three species were examined on three human cell lines, HelLa (cervix epithelial adenocarcinoma), A431 (skin
epidermoid carcinoma) and MCF7 (breast epithelial adenocarcinoma). Out of all investigated fractions 74
exhibited high (<50%), 164 showed moderate (25-50%) antiproliferative activity on the cell lines. Neither the
water-methanol fractions of the methanolic extracts nor the aqueous extracts exhibited considerable
antiproliferative activity.

A klinikai onkolégiaban biztonsagosan hasznalhat6, megfelelden hatasos tumorellenes gyogyszerek
kifejlesztése a gydgyszeripari kutatasok egyik f6 térekvését jelenti napjainkban. Eziranyl kémiai szintézisek
vezérmolekuldi gyakran természetes eredetl vegytletek, amelyek felderitésének egyik lehetésége a ndvényi
kivonatok szlrévizsgalata. A vizsgalatok elsd lépése a nyers extraktumok antiproliferativ aktivitdsénak
mérése in vitro. Erre a célra széles kdrben alkaimaznak modellként kalonféle human vagy allati
sejtvonalakat A vizsgalt ndvények kivalasztasaban népgydgyaszati vagy kemotaxondmiai ismeretekre lehet
tamaszkodni

Jelen dolgozatunkban természetes eredetu daganatellenes anyagok felkutatasara iranyul6d
kisérieteinkrél szdamolunk be. 53, Asteraceae csaladba tartoz6, Magyarorszagon eléforduld, ill. termesztésbe
vont azsiai novény frakcionalt kivonatainak (szervenkénti bontas utan 108 novényi rész, 436 minta)
antiproliferativ hatasat vizsgaltuk harom human daganatos sejtvonalon in vitro. Kisérleti mintaként
tobbségukben az Alfoldon gydjtott, egyes ‘esetekben termesztésbdl szarmazé vagy kereskedelemben
beszerezhetd ntvények metanolos kivonatainak folyadék-folyadék megosztassal eléallitott n-hexanos,
kloroformos és 50%-os vizes-metanolos frakcidit, valamint vizes kivonatokat hasznaltunk fel. A mintak
aktivitasat emlékarcinéma (MCF-7), cervixkarcindma (Hela) és epitelidlis eredetii bérkarcinoma (A431)
sejteken teszteltuk 10 pg/ml-es koncentracidban, a tumorellenes hatast kolorimetrias aton mértik.

Kisérleteink soran 436 mintat felhasznalva 6sszesen 1308 mérést végeztunk. A 436 kivonat 3
sejtvonalon val6 tesztelésével 238 minta mutatott 25 % feletti aktivitast. Ebbdl 164 frakcid 25 és 50 %
kozotti, mig 74 minta 50 % feletti aktivitassal bir. A 25 és 50 % kozotti, mérsékelt antiproliferativ aktivitast
mutaté eredmények 45,1%-a (74 minta) a kloroformos frakciokbdl, 16,2%-a (47 minta ) a n-hexanos
frakcdkbol, 16,5 %-a (27 minta) az 50 %-os metanolos frakcidkbol, mig 9,8 %-a (16 minta) a vizes kivonatok
kozul kerdilt ki.

Az 50 % feletti eredmények 80,1 %-at (60 minta) a kloroformos, 16,2 %-at (12 minta) a n-hexanos,
valamint 2,7 %-at (2 minta) a vizes-metanolos frakciok adtak. A vizes kivonassal készult mintaknak egyike
sem mutatott magas, 50 % -ot meghalado aktivitast.

A harom, kilénbtz6 sejtvonalon végzett vizsgalatok osszesitett eredményer azt mutatjak, hogy az egyes
sejtvonalak kozott statisztikallag nincs szelektivitasbell kuionbség. Az eltéré polaritasi anyagokat tartalmazé
mintakat tekintve azt latjuk, hogy a kloroformos, és a n-hexanos frakciok kdzdtt nagyobb aranyban talalhatok
magas aktivitast mutaté mintak, mint az 50 %-os metanolos, illetve a vizes kivonatok kozstt.

Szerzék kdszonetet mondanak Dr. Rédei Tamasnak és Dr. Miklossy-Vari Vilmosnak t, az MTA Vacratéti
Okolbgiai és Botanikai Kutatdintézet munkatarsainak a vadon termd ndvények azonositasaért, valamint a
termesztett fajok rendelkezésunkre bocsatasaért.
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Ecdysteroid isolation using rotation planar chromatography
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Ecdysteroids are insect moulting hormones, occuring also in plants, where they probably act as a defensive
mechanism against non adapted herbivores. The plants, moreover, contain these compounds in significantly
higher amounts and structural variability, then insects. Ecdysteroids exert beneficial pharmacological effects
on vertebrates (e.g. increasing protein synthesys without any of the common steroidal side effects,
adaptogenic effect, antidiabetic effect etc.). Chemically, they are usually close related compounds with quite
high polarity, thus their succesful isolation needs the application of numerous consecutive steps of
chromatographic methods with different selectivity.

Here we report the isolation of five ecdysteroids from the plant Ajuga reptans var. reptans (capitasterone, 20-
hiydroxyecdysone 3-acetate, ajugalactone, cyasterone and sengosterone). The isalation procedure involved
a variety of defferent chromatographic methods, and, by the novel use of rotation planar chromatography, an
improvement was achieved in the separation comparing to the earlier available methods.

The numbers of ecdysteroid-containing whole-plant preparations, dietary
supplements and over-the-counter drugs have increased dramatically in the past few
years. Use of these products is recommended for their adaptogenic, anabolic and
stimulatory effects on the central nerve system. It has been repeatedly demonstrated that
ecdysteroids are responsible for the therapeutic effects of these preparations, which
contain mainly crude or partially-purified plant extracts or a mixture of ecdysteroids.
Leuzea, Pfaffia species, Cyanothis species and Polypodium vulgare are used as natural
plant sources for these preparations [4]). The available amounts of the such plant material
are limited and other species are therefore needed to substitute them. Ajuga species are
the most promising candidates from this aspect. The product Ecdisten® based on 20-
hydroxyecdysone content has been approved by the Pharmaceutical Committee of
Uzbekistan for medical use as a general tonic [1], while a total preparation based on the
phytoecdysteroids of Ajuga turkestanica has been passed for clinical trial [3].

Ajuga reptans var. reptans is a very rich source of ecdysteroids. This species is
characterized by a high accumulation and wide structural diversity of ecdysteroids. In an
ongoing effort to identify the ecdysteroid constituents of Ajuga reptans var. reptans, an
investigation of the ecdysteroids of its herb extract was undertaken.

This presentation describes a sophisticated procedure for isolation of the
ecdysteroids of Ajuga reptans var. reptans, which employs repeated rotation planar
chromatography to improve the isolation. The optimized combination of the mobile phase
used in the consecutive steps of rotation planar chromatography resulted in the isolation of
the characteristic ecdysteroids of Ajuga reptans var. reptans.

The structures of the pure compounds were elucidated by spectroscopic methods.
The compounds isolated included several biologically important ecdysteroids containing a
lactone ring and ecdysteroids with an additional oxo group at C-12.
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EXPERIMENTAL

Plant matenal

Ajuga reptans var. reptans was grown in field of the 'PPl HAS' experimental facility.
The whole plants without roots were collected in their blossoming stage, and then air-dried
under laboratory conditions.

TLC Experiments

NP-TLC was performed on 20x20 cm plates coated with 0,2 mm layer of silica gel 60
Fas4 (E. Merck, Darmstadt, Germany). The mobile phases were toluene-acetone-ethanol
(96 %)-ammonia (25 %) (100:40:32:9, v/viviv) (System 1) or chloroform-methanol-benzene
(25:5:3, viviv) (System 2) or ethyl acetate-ethanol-water (16:2:1, v/v/v) (System 3). The
spots were visualized either by fluorescent quenching at 254 nm or after spraying with
vanillin-sulfuric acid and observing in daylight or at 366 nm.

Rotation Planar Chromatography

A Harrison Model 8924 Chromatotron (Harrison Research, Palo Alto, CA) was used .
The stationary phase was Silica gel 60 GF2s4 (E. Merck, Darmstadt, Germany) (particle
size 5-40 um) coated manually on the rotor as a 1 mm layer and activated at 80 C° for 1 h.
Previous TLC experiments served as a tentative guide for mobile phase selection.
Stepwise development was performed with three mobile phases (300 ml each). System 1
was : chloroform-methanol-benzene (25:2.5:1.5, viv/v) (A), chloroform-methanol-benzene
(25:5:3, v/iviv) (B), methano!l (C), System 2 was: ethyl acetate-ethanol-water (16:1:0.1,
viviv) (A), ethyl acetate-ethanol-water (16:2:1, v/viv) (B), ethyl acetate-ethanol-water
(16:4:2, viviv) (C). After equilibration of the adsorbent with mobile phase A for 10 min a
solution of the sample (200 mg) dissolved in the first elution solvent (5 mi) was introduced
through the inlet. The mobile phase flow was 3-4 ml min"', 10 ml of the fractions were
collected. The total elution time was therefore 90 min. The separation was controlled by
inspection under UV illumination at A= 254 nm. The separation of the fractions was verified
by NP-TLC using System 1-3.

Low pressure liquid chromatography

Alumina Brockmann li. Neutral (Reanal, Budapest, Hungary) was packed into a glass
column ( 900x350 mm). Mobile phases were a mixture of dichloromethane and methanol
(95:5, 9:1, 85:15, 8:2, 7:3 vIV) using a stepwise gradient elution.

Reversed phase low-pressure column chromatography (RP-LP-CC) was carried out
on endcapped Cis silica (0.06-0.2 mm particle size) (Chemie Urticon-C-Gel, C-560)
packed in a 420x35 mm glass column. Mobile phases were a mixtures of aqueous
methanol solution 30-60 % using a stepwise gradient elution.

Solid phase extraction

Stationary phase: MN-polyamide SC 6 for column chromatography 0.06-0.16 mm
(Woelm, Eshwege, Germany) was used for clean-up. Elution was made using water and
water-methanol 8:2 viv.

High-performance liquid chromatography

The system used for high-performance liquid chromatography (HPLC) consisted of a
Shimadzu LC-10AS pump and a SPD-10A Shimadzu UV-vis detector. Zorbax-SIL column
(5 um, 250x4.6 mm i.d.) (DUPont, Paris, France) was used as stationary phase and eluted
with  dichloromethane-isopropanoi-water (125:40:3) at flow rate of 1 mi/min.
Chromatographic separations were monitored at 242 nm.
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RESULTS

Isolation of ecdysteroids

Figure 1 and 2 show the scheme of isolation. The crude methanolic extract was
subjected to prepurification. The principal procedures were preparative scale separation
methods, such as fractionated precipitation, as well as liquid-liquid extraction and solid
phase extraction (SPE).

Two consecutive precipitation steps with acetone removed the overwhelming majority
of polar contaminant. The apolar impurities were removed by liquid-liquid extraction with n-
hexane. The last step of prepurification was SPE on polyamide. The ration of sample to
sorbent was relatively large, up to 1:5. The ecdysteroids can be eluted with water from
polyamide, while the interfering flavonoids, other phenolic compounds and chlorophyll
remain adsorbed on polyamide.

Plant Material

. Removal f’i

Extraction |5
‘of Plant

MeOH ) Filtration

Crude Extract

Precipitation
Acetone Decantation Rem?\{al of
w Precipitate
Solution

Evaporation. Dissolution
in water-metanol 1:1

Aqueous Methanol
Solution

Solvent-Solvent Extraction
9 with n-hexane 3
n-Hexane Q% e Removal of n-
. Hexane Phase
Purified Extract =

Figure 1. Flowsheet of the multistep clean-up cf ecdysteroids of Ajuga reptans var. reptans

The prepurified extract contains even after precipitation, liquid-liquid extraction and
solid phase extraction (SPE) a complex mixture of structurally related ecdysteroids,
therefore their isolation required a series of chromatographic steps.
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[Prepuriﬁed extract J

CC on Polyamide

Elution
Water Water-methanol | Water-methanol
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[——A—I —

Capitasterone  20E 3-acetate Ajugalactone Cyasterone Sengosterone

-—

Figure 2. Essential steps of the isolation of ecdysteroids from the prepurified plant extract.

Ecdysteroids eluted with water from polyamide were further purified by low pressure
reversed phase column chromatography (LP-RP-CC). Stepwise gradient elution was
carried out with aqueous methanol solution from 30 % to 60 %, in each steps with a 5%
increase of the methanol content in water. The ecdysteroids of interest were obtained at
elution with 45 % of aqueous methanol. These fractions were purified by preparative
rotation planar chromatography (RPC). System 1/A-C was used as mobile phases. The
elution of compound 1 and 2 took place at the beginning of the separation eluted with
chloroform-methanol-benzene (25:2.5:1.5, viv/v). Pure compound 1 and 2 were obtained
by repeated preparative RPC using ethyl acetate based solvent systems (System 2/A-B).

Ecdysteroids eluted with water-methanol (8.2, v/v) solution from polyamide were
subjected to column chromatography on alumina. Fractions containing compound 3 and 4
(eluted with dichloromethane-methanol 9:1 and 85:15 v/v from alumina) were separated by
low-pressure RP column chromatography (C4g). The elution was carried out with aqueous
methanol solution similarly as before. Selected fractions eluted with 45 and 50 % of
aqueous methanol were combined and further purified by preparative RPC. Fractions
(containing compound 3 and 4) obtained by the first RPC were subjected a second rotation
planar chromatographic separation. Different mobile phases were used in the consecutive
steps. System 2/A-C were employed in the first case and System 1/A-C were used at the
second RPC experiments. The repeated RPC with the combination of the optimized
mobile phases resulted in a successful isolation of ecdysteroids 3 and 4. Figure 3 shows
the thin tayer chromatogram of the fractions obtained by repeated RPC.

Fractions eluted with 40 % of aqueous methanol from the second low pressure
reversed phase column contains compound 5, which was purified by RPC (system 1/A-C).
The Figure 4. shows the HPLC chromatogram of the crude RPC fraction (Figure 4/A)
containing compound 5. This ecdysteroid was further purified by NP-HPLC with heart-cut
method. Figure 4/8 shows the NP-HPLC chromatogram of the pure compound 5.
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Figure 3. TLC analysis of fractions obtained by repeated rotation planar chromatography from the prepurified
extract after low-pressure column chromatography on alumina and endcapped silica (C18). The stationary
phase was TLS silica F254 20x20 cm, and the mobile phase was System 2. Fractions 6-7 and 13-14 contain
compounds 2 and 3, respectively.
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Figure 4. Analitical HPLC separation of fractions containing compound 5. NP chromatography was
performed on Zorbax-SIL column (5 pm) stationary phase packed into a 250 x 4.6 mm stainless stee!
column. The mobile phase was dichloromethane-isopropanol-water (125:40:3, v/viv) with a flow

rate of 1 m/min. '

The structures of the isolated compounds were elucidated by spectroscopic methods.
Their chemical structures are given in Figure 5.
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Me

Figure 5. Structures of the isolated ecdysteroids. Numbers of compounds: 1. capitasterone, 2. 20-
hydroxyecdysone 3-acetate, 3. ajugalactone, 4. cyasterone, 5. sengosterone

Compounds 1 and 2 were proven to be capitasterone and 20-hydroxiecdysone 3-
_acetate, and compound 3 was found to be ajugalactone. Compound 4 and 5 were
identified as cyasterone and sengosterone. Publication on the detailed evaluation of their
spectral data is in progress.

Table 1. TLC characteristics (Ry) of the isolated compounds.

Capitasterone (1) 45 68 70
20-Hydroxyecdysone 51 67 68
3-acetate (2)
Ajugalactone (3) 42 68 50
Cyasterone (4) 37 64 58
Sengosterone(5) 44 70 63

‘ Table | gives the TLC characteristics (Ry) of the isolated compounds.

DISCUSSION

A sophisticated procedure for isolation of the ecdysteroids of Ajuga reptans var.
reptans was developed. The isolation utilizes simple separation methods, such as
fractional crystallization, liquid-liquid partition and SPE for clean-up and multistep
chromatographic methods for the isolation of the ecdysteroids. The isolation of pure
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ecdysteroids from the partially-purified plant extract was based on low-pressure normal-
phase and reverse phase column chromatography on alumina and endcapped Cis silica,
respectively. The final purification was made by repeated use of preparative rotation planar
chromatography and preparative HPLC. The earlier separation procedure of the
ecdysteroids was improved by the use of rotation planar chromatography, which was
performed on a silica gel stationary phase in circular mode. Our intent in using RPC was to
develop a new simple and quickly separation method for the isclation of ecdysteroids
which based on the different adsorption mechanism of the ecdysteroids and the interfering
impurities. Repeated RPC experiments with different developing solvents showed that
ecdysteroids of Ajuga reptans var. reptans could be separated by means of rather unpolar
developing solvents than used in TLC experiments. A final eluting solvent with less solvent
strength was elaborated to start the preparative separation by rotation planar
chromatography (RPC). The optimized combination of the mobile phase used in the
consecutive steps of rotation planar chromatography resulted in the proper isolation of the
characteristic ecdysteroids of Ajuga reptans var. reptans. Use of three gradient step in a
single run of RPC reduced solvent usage and analysis time.

Preparative rotation planar chromatography is a simple solid-liquid chromatographic
method using forced-flow techniques in the preparative separation. The advantages of this
method: the free choice of stationary phase, the adjustable volume of vapor phase and
eluent flow-rate, and the optimization of developing solvent to be performed by
conventional TLC are beneficial. Also the analytical RPC separation can be used to scale-
up the on-line preparative RPC. Preparative rotation planar chromatography is an
effective, inexpensive means of separating ecdysteroids in a complex plant extract with
fow solvent usage and less time-consumption.

Finally, because this chromatographic separation is a forced-flow method driven by
centrifugal force, the separation is better than that obtained by convention planar
chromatography, and so RPC is a very convenient procedure in the last purification step of
the ecdysteroid isolation.

The compounds isolated  included several biologically important ecdysteroids
containing a lactone ring and ecdysteroids with- uncommon oxo-group at C-12. They
increase the protein synthesis in vertebrates [5] and posses high insect moulting effects on
Drosophyla melanogaster By test. Ajugalactone has a double activity: high insect hormone
activity and antiponasterone A activity, too [2].
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The oleanolic and ursolic acid contents from 88 taxa of Lamiaceae (19 genera, 66 species, 8 subspecies, 9
varieties and 5 hybrids) were investigated gas chromatographically. Both triterpenoid acids were present in
all of the investigated taxa, but the plants belonging in the subfamily Nepetoideae produced significantly
higher amounts than those in the subfamily Lamioideae. The oleanolic acid content ranged from traces to
1.840% dry weight, and that of ursolic acid from traces to 4.019% dry weight.

Keywords: Lamiaceae; Subfamily Lamioideae; Subfamily Nepetoideae, Triterpenoids; Oleanolic acid:
Ursolic acid;, Chemotaxonomy; Gas chromatography.

Kulcsszavak: Lamiaceae,; Lamioideae alcsalad, Nepetoideae alcsalad; triterpenoidok; oleanolsav; urzolsav,
kemotaxonémia, gazkromatogréfia

Az oleanolsav (OS) és az urzolsav (US) gyakori osszetevéje a novényeknek.
Szaponinok aglikonjaként és szabad savakként egyarant eléfordulnak. Széleskorii
elterjedésiket bizonyitja, hogy az egyik legtobb gybégynévényt magaba foglalé Lamiaceae
csaladdal kapcsolatos publikacidk, az egyeb hatéanyagok mellett, tébbnyire e két triterpén
jeleniétérdl is beszamolnak [Mendes és mtsai, 1989; Bruno és Ciriminna, 1993; Kuo és
mtsai, 2000; Ryu és mtsai, 2000; Tezuka és mtsai, 2000; Tan és mtsai, 2002]. Mind az
0§, mind az US, tébb fontos biologiai hatassal rendelkezik. Ezek hasonlésaga a kozeli
kémiai szerkezettel magyarazhatd. A szakirodalomban szamos adat bizonyitja a két
vegyulet gyulladasgatlé [Safayhi és Sailer, 1997; Baricevic és mtsai, 2001), majvédé [Liu
és mtsai, 1995], rakellenes [Ovesna és misai,~2004), HIV ellenes [Kashiwada és mtsai,
1998], mikrobaellenes [Mallavadhani és mtsai, 2004], gombaellenes [Rocha és mtsai,
2004), gasztroprotektiv [Rodriguez és mtsai, 2003], vércukorszint csokkentd [Perez és
mtsai, 1998] és vérlipidszint csokkenté [Ma, 1982] tulajdonsagat. Alacsony toxicitdsuk
miatt kozmetikai és taplalkozas kiegészitd készitményeknek is kedvelt alkotérészei [Liu,
1995]. A vizsgdlt fajok szik kére és a tdbbnyire inkabb csak kvalitativ informaciok
kovetkeztében az OS és az US Lamiaceae-csaladbeli elterjedésérél nem all elegendé
adat a rendelkezéslnkre. Erdtman (1945) a Lamiaceae csaladot a pollenek morfolégiai
jellemzéi alapjan Lamioideae és Nepetoideae alcsalddra osztotta. A Lamioideae-t Cantino
és mtsai (1992) a késébbiekben a kovetkezd alcsaladokra osztottak tovabb: Ajugoideae,
Chloanthoideae, Lamioideae, Pogostemonoideae, Scutellarioideae, Teucrioideae és
Viticoideae. Erdtman szerint a Nepetoideae és a Lamioideae fajok kémiai sajatsagaiban
szamos kulénbség mutathaté ki. Jelentés az eltérés az illdolaj, a rozmaring- és kavésav, a
fenil-etanoid glikozidok és a betainok mennyiségében, illetve minéségében [Cantino és
Sanders, 1986; Mathé és mtsai, 1993, Blunden és mtsai, 1996; Mathé, 1997, Janicsék és
mtsai, 1999; Pedersen, 2000; Grayer és mtsai, 2003, Hohmann és mtsai, 2003).

Korabbi denzitometrias szlrdvizsgalatainkkal kimutattuk, hogy az OS/US tartalom
tekintetében szignifikans a mennyiségi kulénbség az Erdtman szerinti Lamioideae és
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Nepetoideae alcsaladok kozott. Ezért célul tlztuk ki az OS és az US mennyiségének
részletes vizsgalatat a két alcsalad altalunk begydjtheté fajaiban.

A kozeli kémiai szerkezet lehetetlenné teszi a ket triterpén vékonyréteg
kromatografias (VRK) szétvalasztasat. Ezért az altalunk korabban kidolgozott
gazkromatografias (GC) modszert alkalmaztuk [Janicsak és mtsai, 2003] a
rendelkezésinkre allé 88 Lamiaceae taxon OS és US tartalmanak meghatarozasara.

ANYAG ES MODSZER

Névényanyag. A vizsgalt Lamiaceae taxonok fold feletti részét (4 Dracocephalum faj
esetén csak tevelét) 1999 juliusaban gydjtottik Magyarorszagon, Vacratéton az MTA
Okolbgiai és Botanikai Kutatéintézete Kisérleti teriletén. A helyszin Budapesttél északra,
30 km-re teril el. Eghajlata kontinentalis, éves atlaghémérséklete 10,3 °C, évi atlagos
csapadékmennyiség 525 mm. A novényeket botanikus kerti magcsere keretében
beszerzett szaporitbanyagbdl neveltik. Azonositasukat kutatdécsoportunk botanikusa
végezte. A mintapéldanyokat Intézetink herbariumaban érizzik. A begyujtétt névényeket
40 °C-on szaritottuk.

Kivonas és vizsgalat: A poritott mintakat (0,8 g) Soxhlet készilékben, metanollal (90
ml) 6 éran keresztul extrahaltuk. A kapott kivonatokat metanollal 100 ml-re egészitettik ki
(térzsoldat).

A mintak elétisztitasa (SPE) soran 4 ml vizet adtunk a térzsoldatok 1 ml-éhez. Az igy
kapott 5 ml 20%-os vizes metanolos oldatokat Chromabond SB osziopokra vittik. Az SPE
eljaras pontos leirdsa egy korabbi dolgozatunkban taldlhaté meg [Janicsak és mtsai,
2003).

Az SPE-vel tisztitott mintdk szililezését a minta oldatok 80 °C-on tértént bepariasat
kovetden végeztik el. A 1,5 mi-es térfogatd Uvegcsekben (La Pha Pack, Németorszag)
lévé szaraz maradékokat 200 pi vizmentes piridinben (Fluka, Németorszag) oldottuk fel,
majd szarmazékképzés céljabol- 400 - pl- 1% trimetilkloroszilan tartalma N,O-
bisz(trimetilszilil)-trifluoroacetamidot (Supelco, USA) adtunk hozzajuk. A szililezés teljessé
tétele érdekében mintainkat 2 6ran at 80 °C-on melegitettuk.

A gazkromatografids vizsgalatokat, HP 5890 Series 1l tipusth miszerrel (Hewlett
Packard /jelenleg Agilent Technologies/, USA) végeztuk. A készliék langionizaciés
detektorral (FID) volt ellatva. Az egyéb mérési paraméterek a kdvetkezdk voltak: kolonna:
HP 5 (30 m x 0,32 mm x 0,25 um), megosztasi arany: 1:10; vivégaz: nitrogén; injektor,
detektor és a kolonna hémérséklete: 300 °C,; fejnyomas: 8 psi; injektalt térfogat: 1,0 pl,
vizsgalati idé/minta: 22 perc.

EREDMENYEK ES ERTEKELES

A Cantino és munkatdrsai (1992) altal kialakitott Lamioideae alcsaladbdl 14, a
Nepetoideaebdl 52 faj vizsgalatat végeztuk el. Ugyanakkor a Cantino féle rendszer tovabbi
6 alcsaladjat, melyek részei az Erdtman (1945) szerinti Lamioideae alcsaladnak, egyetlen
taxon sem képviselte. A tanulmanyozott taxonokat a hozzajuk tartozé OS és US tartalmi
értékekkel az l-es tablazat mutatja be. Amint az korabbi eredményeink [Mathé, 1997]
alapjan varhaté volt, az OS és az US mennyisége a Lamioideae fajokban szignifikansan
alacsonyabb volt, mint a Nepetoideae alcsalddhoz tartozé taxonokban. A korabban
Lamiaceae fajokban mért rozmaring- és kavésav értékekkel [Janicsak, 1999] 6sszevetve,
jelen esetben kisebb kulonbségeket talaltunk az alfajok és a nemzetségek szintjén.
Példaul a Salvia nemorosa (OS: 0,265-0,441%; US: 0,925-1,306%) és a Dracocephalum
fajok (OS: 0,051-0,269%; US: 0,260-0,817%) esetén.



1. Tablazat A vizsgalt Lamiaceae taxonok oleanol- és urzolsav tartalma (g/100g-ban)

Lamiaceae taxonok Kéd 0s us
LAMIOIDEAE alcsalad
Ballota nigra L. 9446 0,013 0,039
Leonurus cardiaca L. 9779 * 0,016
Marrubium alysson L. 8201 0,009 0,014
M. incanum Desr. 8676 * 0.008
M. peregrinum L. 8570 0,036 0,040
M. supinum L. L1336 * .
M. thessalum Boiss. Et Heidr. 8202 0,009 0,017
M. vuigare L. 9960 * 0,030
Philomis tuberosa L. T/020 * 0,027
Physostegia virginiana (L..) Benth. UL418 * 0,009
Sideritis syriaca L. 8253 0,059 0,068
Stachys grandifiora (Stev.) Benth. L918 * *
S. sylvatica L. T046 0,031 0,036
S. officinalis (L.) Trevis. 9446 0,013 0,014
NEPETOIDEAE alcsalad
Calamintha nepeta (L.) Savi 8254 0,075 0,263
+Dracocephalum bipinnatum Rupr. DP99 0,166 0,494
+D. diversifolium Rupr. DD99 0,254 0.817
+D. moldavica L. DM99 0,051 0.260
D. peregrinum L. 7053 0,269 0,722
+D. rupestre Hance DRP9S 0,127 0,502
D. ruyschiana L. 6535 0,246 0,674
Elsholtzia strauntonii Benth. L676 0,118 0,398
Hyssopus officinalis L. 8697 0,139 0.314
H. officinalis L. |. ruber (Mill.) Gams 9747 0,150 0,350
H. officinalis L. |. cyaneus Alef. 8272 0,154 0,378
H. officinalis L. |. albus Alef. 8273 0,202 0,547
H. officinalis L. ssp. montanus (Jordan et Fourr.) Briq. 1347 0,352 0,719
Lavandula angustifolia Mill. L775 0479 1,397
Lavandula angustifolia Mill. ‘Munstead’ L1030 0,334 0,911
L. angustifolia Mill. ssp. pyrenaica (DC.) Guinea L979 0,409 1,279
Melissa officinalis L. L570 0,140 0,581
Melissa officinalis L. cultivar 9181 0,142 0,531
M. officinalis L. cv. Lemon Balm. 9285 0,114 0,411
M. officinalis L. ssp. altissima (Sibth. & Sm.) Arc. L981 0,063 0,218
Monarda citriodora Cerv. L561 0,120 0,175
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M. didyma L.

M. fistulosa L.

Nepeta cataria L.

N. grandifiora M.B.

N. mussinii Spreng.

N. pannonica L.

Nepeta x faassenii Berg.

Origanum heracleoticum L.

Origanum kopetdaghense A. Boriss.

O. tyttanthum Gautsch.

Salvia aethiopis L.

S. amplexicaulis lLam.

S. argentea L.

S. austriaca Jacq.

S. candidissima Vahl

S. deserta Schang.

S. dumetorum Andrz

S. dumetorum Andrz fil. Rosea

S. fugax Pobed.

S. glutinosa L.

S. hians Royle

S. jurisicii Kos.

S. kuznetzovii Sosn.

S. lavandulifolia Vah!.

S. nemorosa L.

S. nemorosa L. |. albiflora Schur.

S. nemorosa L. |. coerulea Priszter

S. nemorosa L.. ssp. illuminata (Klokov) So6
S. nemorosa L. ssp. moldavica (Klokov) So6
S. nemorosa L. ssp. tesquicola (Klokov et Pobed.) So6
S. nubicola Wall.

S. nutans L.

S. officinalis \..

S. pratensis L.

S. pratensis L. ssp. bertolonii (Vis.) So6
S. przewalskii Maxim.

S. sclarea L.

S. x simonkaiana Borb.

S. staminea Benth.

S. x sylvestris L.

S. tomentosa Mill.

S. transsylvanica (Schur) Schur .
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8225
8227
9062
9065
6547
L828
9163
L588
L592
L587
10627
8070
8305
8164
1262
OL29
8001
8582
8003
T044
1221
8948
UL30s
6302
8146
T040
T042
UL307
8037
7006
T059
10142
5676
8156
6899
L747
10622
6617
L1518
6999
8007
7008

0,069
0,038
0.213
0,529
0.051
0,080
1,416
0.060
0,145
0,059
0,017
0,328
0,116
0,025
0,041
0,333
0,129
0,065
0,192
0,056
0,220
0,627
0,111
1,840
0.441
0,282
0,150
0,328
0,265
0,415
0,128
0,148
1,559
0,120
0,339
0.140
0,045
0.201
0,165
0,186
0.362
0,320

0,187
0.071

0,516
0,935

0,104

0,182
2,923
0.129
0,482
0,147
0,054
1,055
0218
0,049
0,064
0637
0,450
0,154
0,434
0.120
0,597
0.117
0216
4,019
0.925
0,950
0,507
1,261
0,943
1,306
0,387
0.364
3,825
0.256
0,633
0,391

0,145
0.567
0,066
0,558
1,047
0,758



S. verbenaca L. L1716 0,393 0,313
S. verticillata L. 8182 0,579 0,594
S. verticillata L. ssp. amasiaca (Freyn et Bornm.) Bornm. OL175 0,392 0,998
S. virgata Jacq. 6319 0,293 0,354
S. viscosa Jacq. 1077 0,101 0,137
Satureja coerulea Janka 6558 0,176 0,644
S. montana L. 6562 0,131 0,490
Thymus serpyllum L. L1646b 0,368 1,398
T vulgaris L. L1645a 0,265 0,643
T. x citriodorus (Pers ) Schreb. TO061 0,174 0,517
T. x citriodorus (Pers.) Schreb. ‘Variegata’ T062 0,214 0,526
* nyomokban

* csak a leveleket vizsgaltuk

Az OS mennyisége a még kimutathatoé (Leonurus cardiaca, Marrubium incanum, M.
supinum, M. vulgare, Phlomis tuberosa, Physostegia virginiana, Stachys grandiflora) és
az 1,840%-os érték (Salvia lavandulifolia) kézétt valtozott. Magas OS szintet produkald
névények voltak még a Salvia officinalis (1,559%) és a Nepeta x faassenii (1,416%).
Alacsony volt az OS tartalom a Marrubium alysson (0,009%) és a M. thessalum (0,009%)
esetén. Korabbi jelzésinknek megfeleléen a leggyengébb OS produkcidval bird taxonok
kivétel nélkit a Lamioideae alcsaladba tartoztak.

Harom Salvia faj (S. jurisicii, S. staminea és a S. verbenaca) kivételével, az US
szintje a vizsgalt mintakban mindig- magasabb volt, mint az OS-é. Az US tartalom a
kimutathatosagi hatar és 4,019%  kozott  valtozott. A Lamioideae fajok kozil a
legalacsonyabb US tartalmi értékeket a Marrubium supinum és a Stachys grandiflora
(nyomokban), mig a legmagasabbakat a Sideritis syriaca (0,068%) mutatta. A
Nepetoideae alcsalddban a Salvia austriaca minimumot (0,049%) a Salvia lavandulifolia
maximumot (4,019%) produkait.

Magas (2,5% felett) volt az US koncentracidja a Nepeta x faassenii és a Salvia
officinalis esetén. A Nepetoideae alcsalddban viszonylag magas US szinteket a Lavandula
angustifolia (1,397%), Lavandula angustifolia~ssp. pyrenaica (1,279%), Salvia
amplexicaulis (1,055%) S. nemorosa ssp. illuminata (1,261%), S. nemorosa Ssp.
tesquicola (1,306%), S. tomentosa (1,047%) és a Thymus serpyllum (1,398%), mig
alacsonyakat a Monarda fistulosa (0,071%), Salvia aethiopis (0,054%), S. candidissima
(0,064%) és a S. staminea (0,066%) taxonokban talaltunk.

A két triterpén karbonsavat minden vizsgalt névénybdl kimutattuk. Azonban,
hasonléan mas kemotaxonomiai markerekhez, péidaul rozmaringsav, kavésav, betainok,
illéolaj komponensek, feniletanoid glikozidok [Mathé és mtsai, 1993; Blunden és mtsai,
1996; Mathé, 1997, Janicsak és mtsai, 1999; Hohmann és mtsai, 2003], az OS és az US
mennyiségében is szignifikans kulénbség mutatkozott a két rendszertani egység kozott. A
Lamioideae alcsalad mind az OS, mind pedig az US mennyiségében szegényebbnek
mutatkozott, mint a Nepetoideae. A két alcsalad atlagértékei a kdvetkezék voltak:
Lamioideae OS: 0,012%, US: 0,023%; Nepetoideae OS: 0,263%, US: 0,638%.

KOSZONETNYILVANITAS

Koszonjuk Miklosi Vari Vilmosnak! és Galantai Miklésnak', hogy biztositottak
részunkre a névényanyagot, tovabba az Orszagos Tudomanyos Kutatasi Alapnak (OTKA)
a palyazatok (F029249 és T043148) formajaban megnyilvanulo anyagi tamogatast.
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Afonya fajok fenoloidjainak 6sszehasonlité vizsgalata
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During revaluation of traditional herbal remedies Vaccinium species come to the front again. Their biological
values relate with their rich content of phenoloid compounds, such as flavonoids, polyphenols and
anthocyanins. Vaccinium species have a number of known biological effects, due to their potent antioxidant
activity. Therefore the aim of our study was to determine contents of compounds mentioned above and to
reveal their role in antioxidant capacity. Quantitative analyses have been carried out by spectrophotomeltry,
flavonoid pattern of samples was determined by an HPLC method. To quantify antioxidant activity
neutralization of free radicals (ABTS and DPPH) was followed up by spectrophotometry. We have found
significant correlation between total polyphenol content and scavenger capacity of samples. Antioxidant
activities of leaf samples were approximately equal, while that of fruit samples were one order of magnitude
lower. Antioxidant capacity of certain phenoloids correlate principally to 3', 4’ dihydroxilation of ring B and to
conjugation of rings A and B.

Keywords: Vaccinium, flavonoid, anthocyanin, polyphenol, antioxidant activity

Napjainkban fokozott érdekiédés 6vezi a természetes antioxidansokat, igy az afonya
fajokat (Vaccinium myrtillus L., Vaccinium vitis- idaea L., Vaccinium macrocarpon Aiton;
Ericaceae) is, hiszen rendkivil gazdagok antioxidans tulajdonsagokkal rendelkezé
flavonoidokban, antocianokban és polifenolokban. Szamos in vitro és in vivo vizsgalatban
igazoltak kapillaris permeabilitast és fragilitast csokkentdé hatasukat [1]. Antiatherogen
agensként hatva gatoljak az atherosclerotikus plakkok kialakulasanak
patomechanizmusaban szerepet jatszd LDL- oxidaciét és indukaljak a hepatocytak LDL-
receptor expressziojat, ezzel fokozva az LDL eliminacidjat a plazmabadl [2,6]. Az amerikai
tézegafonya és a vords afonya A tipusu procianidinjei gatoljak a hugyuti fertézésekben
elsdédleges patogén, az Escerichia coli baktérium P- fimbridinak adhéziéjat az uroepithel
sejtekhez [3-5]. Kettdés vak, randomizalt human kisérletben leirtak, hogy a Vaccinium
macrocarpon termésébél készult gyumaslicsié fogyasztasa gatolta a baktériumok adhéziojat
a gyomor nyalkahartydjahoz, ezaltal szignifikdnsan csdkkentette a gyomorfekély fé
okaként szamon tartott Helicobacter pylori fertézések eléfordulasat [8).

A Vaccinium fajoknak tehat fontos szerepe lehet a napjainkban egyre magasabb
prevalenciaju kardiovaszkularis megbetegedések és hugyuti fertézések kiegészitd
terapiajaban és profilaxisaban egyarant.

Munkank célja volt mintaink flavonoid-, polifenol- és antocian- tartalmanak
mennyiségi meghatarozasa, és az antioxidans hatasban betéltott szerepik tisztazasa.

ANYAG ES MODSZER

Munkank soran harom afonya faj — fekete afonya (Vaccinium myrtillus L.), voros
afonya (Vaccinium vitis- idaea L.) és amerikai tézegafonya (Vaccinium macrocarpon Aiton)
levél- és termésmintdit vizsgaltuk. A voros és fekete afonya levélmintakat Romaniaban,
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Erdélyben, 2004 augusztusaban gyujtétték be. Fekete afonya levéimintakat kereskedelmi
forgalombol is beszereztink, a Fitopharma Kft.- t61 (Budapest) és az MDR2000 Bt.- tél
(Godolle). A voros és fekete afonya termésmintak szintén kereskedelmi forgalombdl
szarmaztak. A Kanadabdl szarmazé amerikai tézegafonya levél- és termésmintakat a
Pharmaforte Kft. (Budapest) bocsatotta rendelkezésinkre. (1. tablazat).

I. tAblazat Vizsgélt afonya mintak jeldlése és réviditése

Vaccimum i
| o Vacc:mum
Vi - i V mm nyrtiflus
Enil)t;él termes, aszalt
Vaccinium Vaccinuim
tll
Vi W]:vnlw V mg;» myrallus
’ termés; fnss
Ercélybdl
Vaccinium Vaccimum
myrtilius macrocarpon
Vemme vl | VmeFr ens,
ErcElybi) Kanadihol
VGCCI?IW’" Vaccinmium
Um, VA g it dosa
termcsz;att e
Vaccimum
vn | S
temesziett
Vaccimum
Vme mac{::éﬂ;’pon
Kanadshd]

A levéimintak Osszpolifenol-, flavonoid- és arbutintartaimat, illetve a termésmintak
osszpolifenol- és antocian- tartaimat spektrofotometridsan, az 5. Eurépai Gyédgyszerkdnyv,
illetve a VIIl. Magyar Gyoégyszerkényv eléirasai szerint vizsgaltuk. Az abszorbancia
ertékek meghatarozasa Hitachi U-2000 spektrofotométerrel tértént, a kvantitativ értékeket
pirogallolban, hiperozidban, arbutinban illetve cianidin- 3- gitikozid kloridban adtuk meg.

A HPLC vizsgalatokat Hypersil ODS (250*4,6 mm; 5um) oszloppal, Jasco LG-980-02
gradiens programozéval, PU-980 pumpadval, Jasco UV-975 UV-VIS detektorral és
Rheodyne 7725i (20ul) injektorral felszerelt ABL&E Jasco rendszerben végeztik. A
mozgofazis tsszetétele: acetonitril (A eluens) és 2,5 viv%-os ecetsav (B eluens), aramlasi
sebessége 1,0 mi/perc volt. lzokratikus eluens 6sszetételt (13% acetonitrii és 87%
ecetsav) alkalmaztunk O-tél 5 percig, ezutan linearis gradiens kovetkezett a 35. percig,
amikor a mozgéfazis acetonitril tartalma elérte 18%-ot, majd 0,1 perc alatt a 100%-ot,
amelyet a 40. percig tartottunk. Az eluenseket 0,22 ym pérusatmeérdjiic memranszirén
(Miliipore) szurtik. A detektalast 340 nm-en végeztik, a jellemzé komponensek UV-
spektrumat 200-600 nm-ig terjedé tartomanyban vettik fel.

A mintakbél 70 v/v%-0s metanollal ultrahangos firdén készitettink kivonatot (drog —
oldészer arany: 1:20), amelyet vakuumbeparlén szarazra paroltunk, majd 70 v/v%-0s,
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HPLC mindségli metanolban oldottunk fel. Az oldatot Minisart RC-15 (20um) fecskendé
sz(rén szurtik.

Mintdink antioxidans aktivitasat ABTS és DPPH mesterséges szabadgytkok
semlegesitési reakcidjaval hataroztuk meg [7]. Reaktiv formajukban az ABTS és a DPPH
rajuk jellemzdé hultAmhosszokon (Amaxasts = 734 NM €S Anaxopen = 515 nm) abszorpcids
maximummal rendelkeznek. Oldataik szinintenzitdsa aranyos a jelenlévé szabadgyokok
koncentracidjaval. Hidrogéndonor vegyuletek, pl. antioxidansok jelenlétében a
szabadgyokok redukalddnak, és oldatuk abszorpcidja csdkken. A szabad gyokok
semlegesitését jellemzé gatlasi szazalékot az abszorpcids érték csokkenésével fejeztik ki.
Az antioxidans aktivitast az 50%-os gatlasi értékhez tartozé antioxidans koncentracid
reciprokaval (EC50™"; mi*g™) fejeztuk ki (1. abra).
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1. 4bra Afonyamintak antioxidans aktivitasat kifejezé EC50 érték szamitasa

EREDMENYEK

A legnagyobb flavonoid- mennyiséget (2,3 g*100g™") az amerikai tszegafonya levélnél
mértik, mig a legkisebbet (0,7 g*100g™") az egyik kereskedelembdl beszerzett fekete
afonya mintandl. A tobbi levéiminta kézt jelentds eltérést nem tapasztaltunk. A vords és a
két gyujtott fekete afonya dsszpolifenol- tartalma szignifikdnsan magasabbnak adédott,
mint az amerikai t6zeg és a két kereskedelmi fekete afonya levélmintaé. A voros afonya
levél 2 g*100g-1_arbutint tartalmaz, mig a fekete és az amerikai_tézegafonya levelek nem
tartaimaznak arbutint (Il. tablazat, 2. abra).

198



l. tblazat Afonya levélmintak tartalmi anyagai (n = 3) Réviditések jelentését Iasd az |. tablazatban
Wi VmBb VmHf Vm3 Vm4 Vma

Flavonid-
tartalom 10+01 12+01 11+01 14+01 07+01 23+01
(g*100g™)

Osszpolifenok
tartalom 63+01 BHx01 B61+01 4101 38+03 3501

(g"100g™)

Arbutin-

tatalom 200 0 0 0 0 0

(g*100g™)
B - oflavonoid
7 - & polifenol
6 B arbutin

Sa =
21 it Z %
i 7
; AHH % % ; -

VM VmBb VmHf vm3

Afonya levélmintak

2. 4bra Afonya levélmintak ¢sszpolifenol-, flavonoid- és arbutintartalma (n = 3)
Roviditések jelentését lasd az |. tablazatban.

A termések flavonoid- tartalma a vartnak megfelelden elhanyagolhaté volt.
Osszpolifenol- tartalmuk a levélmintakhoz képest kevesebb volt. Legmagasabb polifenol-
tartalommal (1,4 g*100g') az egyik fekete afonya termésminta birt. Az aszalt fekete
afonya termés antocian- tartaima (0,1 g‘1009") szignifikansan kevesebbnek adédott, mint
a tobbi termésé. Ennek oka, hogy szaritds kézben az antocian vegyuletek elbomlanak,
illetve polimerizalédnak és ebben a formaban mar nem kinyerheték a mintabdl. A
legnagyobb antocian- tartalommal (2,7 g*100g™) a friss fekete afonya termés rendelkezett
(ill. tablazat, 3. abra).
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IIl. tAblazat Afonya termésmintak tartalmi anyagai (n = 3) Roviditések jelentését lasd az |. tablazatban

VmFri vmFr2  VmaFr WiFr

Osszpolifenok

tartalom 14+£01 09+01 10+£01 12+£0.1
(g7100g")

Antocian-

taalom 0101 27202 1403 16401
(g*100g™)

Qpolfenol
P antocian

vmFn vmFr2 VmaFr VviFr

Afcnyater mésmint 3k

3. abra Afonya termésmintak 8sszpolifenol- és antociantartaima (n = 3)
Roviditések jelentését Jasd az ). tablazatban.

Az &fonya levélmintak flavonoid ujjlenyomataira jellemzd HPLC kromatogramokon a
jellemzd komponensek UV- spektrumait is feltintettik (4. abra).
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4. abra Vaccinium myrtillus L., Vaccinium vitis- idaea L. és Vaccinium macrocarpon Aiton levél HPLC
kromatogramija és jellemz8 komponenseinek UV- spektruma
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A mintak antioxidans aktivitasat az EC50" értékkel fejeztuk ki, valtozasat az
osszpolifenol- tartalom figgvényében abrazoltuk (IV. tablazat, 5. dbra).

IV. tablazat Vaccinium levél- és termésmintak antioxidans aktivitdsa az dsszpolifenol- tartalom fuggvényében

osszpolfenol eost pppy  ECS0 ABTS

(g*100g™")
Wi b3 079+003 4611014
VmBb BB 132+003 27 £005
VmHf 6.3 124 £002 206+ 0,06
Vm3 41 116 £0,03 266005
Vm4 s 0B1 +0,02 163006
Vma 35 196 +001 236+007
VmFr1 14 0,11 +001 021+00
VmFr2 09 0031001 00S+0M
VmaFr 10 0D4 £0,01 0210
WiFr 12 004 +0M 02100
5.00
4,50 - 8 Vvi
400 -
~ 350 1
-;.' 3,00 4
= 250 -
$ 2,00 -
w 150 -
1,00 -
050 {  vmafr
0,00 Vrfi2 : . , i .
0.0 1.0 2.0 30 40 50 6.0 7.0
Osszpolifenol- tartalom (g*100g™)

5. abra Afonya mintak antioxidans aktivitasa (EC50™") az 6sszpolifenol- tartalom figgvényében. A DPPH
(R?=0,7658, p < 0,001), m ABTS (R?=0,7718, p < 0,001).
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DISZKUSSZIO

A klionb6zbé éafonya fajok flavonoid kromatogramjai jellemzd modon eltérnek
egymastol, igy megallapithaté, hogy azok HPLC- médszerre! biztosan elhatarolhaték. A
voros afonya levél jellemzésére a 4- es (tra = 12,71 perc), a fekete afonya levél
jellemzésére az 5-6- os (trs = 20,07 perc, trs = 22,04 perc) komponensek dominancidja,
mig az amerikai tézegafonya levélre az 5- 6s és a 7-8- as (tr7 = 25,73 perc, trs = 27,51
perc) komponensek dominanciaja alkalmas. Mivel nem alit rendelkezésunkre a jeliemzé
komponensek autentikus standardja, az ©sszetétel az egyes csucsok UV-spektruma
alapjan jellemezheté. Az addicidval is azonositott rutin mellett szamos flavonoid
komponenst detektaltunk. Ezek mindegyike a flavonoid vegyuietek benzoil és cinnamoil
molekularészeire jellemzé elnyelési maximumértékeket mutatta — 240-280 nm illetve 300-
380 nm tartomanyokban. A levéimintak 1-2 nagysagrenddel jobb antioxidans aktivitast
mutattak, mint a termések. Ez az eredmény megfelelt varakozasainknak, hiszen az afonya
termések osszpolifenol- és flavonoid- tartalma is Iényegesen elmaradt a levélmintakéto!.
Osszefuggést talaltunk az afonya mintak osszpolifenol- tartalma és antioxidans kapacitasa
kozt. Ez az dsszefiggés hianyzott a flavonoid és antocian komponenseknél. Ebbél arra
kovetkeztettink, hogy mintaink antioxiddns hatasa polifenolos  vegyuleteik
szinergizmusanak koszénhetd.
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Uj dimenzidk az ekdiszteroidok izolalasaban

Liktor-Busa Erika’, Simon Andras?, Téth Gabor?, Mathé Imre', Bathori Maria®

'Szegedi Tudomanyegyetem, Farmakogndziai intézet, Szeged, EStvés utca 6, H-6720, Magyarorszag
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4 H-1111, Magyarorszag

Ecdysteroids, as steroid hormones of arthropods regulate moulting, metamorphosis, reproduction of insects.
Phytoecdysteroids, compounds struclurally related to zooecdysteroids, are widely- distributed secondary
constituents of plants. The occurrence of ecdysteroids in relatively large amounts in plant species has made
investigation of their pharmacological effects possible. Ecdysteroids exert significant anabolic action without
androgenic side-effects. Recent research on ecdysteroids has been intensified in consequence of their
application in gene expression systems.

One of the richest sources of ecdysteroids is Serratula wolffii (Andrae) from the family Asteraceae. This
species biosynthesizes predominantly 20-hydroxyecdysone, the major ecdysteroid of plants, and a series of
minor ecdysteroids.

We now report the isolation and structure determination-of seven ecdysteroids from the roots of Serratula
wolffi. The isolation of compounds from the methanol extract involves effective, simple clean-up and
combined chromatographic procedures, including column chromatography on polyamide and octadecy!
silica, RPC and preparative HPLC. The optimized combination of these procedures resuited in pure,
biologically active ecdysteroids, such as ajugasterone C, dakrihainansterone, 20-hydroxyecdysone,
stachysterone B and shidasterone. This presentation deals with the discovery of an ecdysone-related
compound, 28,3B,20R,22R, 25-pentahydroxy-5G-cholest-6,8(14)-dien and a new ecdysteroid, 20,22-
didehydrotaxisterone. The structures of compounds were elucidated by 1D and 2D NMR spectroscopy and
mass spectrometry.

Az ekdiszteroidok a névényvilagban multikomponens(i keverékek formajaban
fordulnak el6. Nagyfoku szerkezeti hasonldsaguk miatt az izolalas soran a kromatografias
mddszerek (preparativ TLC, oszlop-, flash kromatografia, HPLC) optimalizalt sorrendben
torténé kombinalt alkalmazasara van szukség.

Ezeknek a rovarokban felfedezett, vedlési hormon hatasa molekulaknak
mezbégazdasagi és gyogyaszati jelentésége is van. Farmakologiai hatasaik koziul a
legkifejezettebb a fehérjeszintézist fokozo hatasuk, de nem rendelkeznek a gerinces
endogén szteroidokra jellemzd hormonalis mellékhatasokkal. Az utébbi években az
ekdiszteroidok, mint génexpresszios rendszerek inducerei kerultek elétérbe.

Novényi nyersanyagunkban, a Serratula wolffi-ban magas koncentracioban eés
széles szerkezeti valtozatossagban vannak jelen ezek a vegyuletek. Ismert, hogy a nagy
mennyiségben jelen 1évé ekdiszteroidok mellett a minor komponensek, koztuk az
anabolikus hatas szempontjab6l fontos 11-es helyzetben hidroxilezett ekdiszteroidok is
fellelheték ebben a névényfajban.

Munkank célja a rotaciés planar kromatografia (RPC) tanulmanyozasa es az
ekdiszteroid izolalasi metodikaba valé bevezetése volt. Hatékony elétisztitast kovetben
forditott fazisi oszlopkromatografia és RPC optimalizalt kombinaciojaval tiszta
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ekdiszteroidokat sikerult izolalni. A minor komponensek spektroszkdpiailag tiszta
allapotban torténé kinyerésére végsé lépésként HPLC-t alkalmaztunk.

Kiseérleti rész

Novényi nyersanyagunk a Serratula wolffii fold alatti része volt, amelyet az Agroherba
Gydgynovénytermeld és Szolgaltatd Kft. herencsényi bemutatdkertjében termesztettek, a
gyujtés ideje 2003. augusztus vége.

Mddszerek:

NP-TLC

NP-TLC kivitelezésére DC-Alufolien Kieselgel 60 F254 (E. Merck-Damstadt-
Germany) alléfazist atkalmaztunk. A kifejleszté elegyek:. 1. etilacetat-etanol-viz (80:10:5
viviv), 2. diklérmetan-metanol-benzol (25:5:3 viviv). Detektalas: elsé Iépésben UV fényben
254 nm-en ( CAMAG UV lampa ), majd vanillin-kénsavas eldhivast kdvetéen 366 nm-en ill.
természetes fényben.

Szilard fazisu extrakcio (SPE)

Az elétisztitast 0,05-0,16 mm szemcseméreti poliamid toltet MN-Polyamid SC 6
(Macherey-Nagel, Duren, Germany) felhasznalasaval hajtottuk végre. Mozgoéfazisként viz-
metanol eluensrendszert alkalmaztunk, gradiens elluciét végezve.

Alacsony nyomasu oszlopkromatografia (LP-RP-CC)

A forditott fazisu oszlopkromatografiat 0,06-0,2 mm szemcseméretii (C18) kémiailag
kotott szilikagélen (Chemie Urticon-C-Gel .C-560). hajtottuk végre, 30-60% viz-metanol
eleggyel gradiens eluciét végezve.

RPC

Az RPC kivitelezéséhez Harrison Model 8924 Chromatotront (Harrison Research,
Palo Alto, CA) alkaimaztuk. Aliéfazisként szilika gél 60 GF254 (E. Merck-Damstadt-
Germany) fazist hasznaltunk, melynek szemcsemérete 15 pm; a rétegvastagsag 1mm
volt.

Mozgoéfazisként két oldoszer rendszert alkalmaztunk:

RPC1:

1/A. kloroform-metanol-benzol (50:3:2 v/viv)

1/B: kloroform-metanol-benzol (50:5:3 v/viv)

1/C: kloroform-metanol-benzol (50:10:6 v/iv/v)

RPC2:

2/A: etilacetat-etanol-viz (80:2:1 viviv)

2/B: etilacetat-etanol-viz (80:5:2 viviv)

2/C: etilacetat-etanol-viz (80:10:5 v/iviv)

Az alléfazis A jelzési eluensrendszerrel térténd 10 perces mosasat kdvetden vittlk
fel a mintat (A eluensrendszerben oldva) a szilikagélre. Az aramlasi sebesség 4 ml/perc
volt. 10 mi-s frakcidkat gyujtottunk. A teljes elvalasztas idétartalma 1 éra volt.

NP-HPLC

A HPLC megvalésitdsahoz Zorbax-Sil (9,4 mm x 250 mm-belsé atmérd;, 5 pm)
(DUPont, Paris, France) alléfazist hasznaltunk. Mozgofazis ciklohexan:izopropanol.viz
(100:40:3, viviv) eluensrendszer volt. A mozgéfazis aramlasat Shimadzu LC-10AS pumpa
biztositotta; a detektalas SPD-10A Shimadzu UV-VIS detektorral tortént. A kromatografias
elvalasztast 245 nm-en kévettik.

Eredmények — ekdiszteroidok izolalasa
Az ekdiszteroidok izolalasanak menetét az 1. 2. abra mutatja be.
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1. abra: Serratula wolffii ekdiszteroidjainak elétisztitasi sémaja

MeOH
[ Novényi nyersanyag | <&

Kivonas
Aceton
Novényi matrix
NVL Nyers kivonat <J

Csapadék Frakcionalt
(polans kicsapdas
kontaminglok) @_a_t_
Apolaris SPE
szennyezfanyagok

[ Tisztitott kivonat

2. abra' Ekdiszteroidok tisztitasa az el6tisztitott kivonatbdl

[Tisatitott iavonat
LP-RP-CC
Afr Ch

RPC, RPC,

f CIstr
. L
‘ FNEff @ﬂ i HPLC
. l (wstr Asgfr | Hete
xx Cm‘n-dldehndmmtamn >

RPC,
(20-nidroxekaizon D
Nam (shidaszteron )

RPC,
HPLC
2B.3B.20R, 22R-25-pentahdrox-
Cagaszteron C 5£}kolnsm~6.5(14)-anh
(stahszteron B

A kozéppolaris ekdiszteroidok kivonasara metanolt alkalmaztunk. A metanolos
kivonat elétisztitasat egyszerd, hatékony elvalasztas-technikai modszerekkel végeztik:
frakcionalt acetonos kicsapast, illetve szilard fazisu extrakciét (SPE) hasznaltunk. Az
acetonos kicsapassal a polaris kontaminalé anyagoktdl (cukrok, fehérjék) tisztitottuk meg
a mintankat. A szilard fazisd extrakciét poliamid all6fazison hajtottuk végre. Ez a lépés
csoportelvalasztast nyujt a flavonoidokra és az ekdiszteroidokra. Az alkoholos hidroxil
L csoportokat tartalmazé ekdiszteroidok vizzel elualédnak a poliamid oszloprél, mig a
fenolos karakterti flavonoidok kétve maradnak azon.

A vizzel elualddott, ekdiszteroidokban gazdag frakciét forditott fazison szeparaltuk
tovabb. All6fazisként oktadecil-szilika toltetet alkalmaztunk, az elvalasztast idejét redukalt
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nyomas alkalmazasaval csokkentettik. Az oktadecil-szilika nagy mértékben boritott
kémiailag kotott alléfazis, igy a modszernél a polaris ekdiszteroidok alléfazishoz vald
kotédésével nem kell szamolni. Az alléfazis regeneralhatésaga miatt gazdasagosan
alkalmazhaté a médszer. Az ellciét viz-metanol eleggyel végeztik, 30% vizes metanol
elegytdl indulva, 60% vizes metanollal zartuk az elvalasztast. Az egymast kovetd
lépésekben 5%-kal emeltik a metanol aranyat. A frakcionalast rétegkromatografiasan
ellendriztuk. Harom ekdiszteroid tartalmu frakciét (jelolésik: A, B, C) valasztottunk ki a
tovabbi feldolgozasra; a frakcidk rendre 50, 55, 60% vizes metanollal elualédtak.

A szepardlast RPC segitségével folytattuk tovabb. Mozgo fazisként az 1/A-C
eluensrendszereket hasznaltunk. Az 50% vizes metanollal eludlédott frakcié RPC-vel
tortént szeparalasat kévetden négy frakcidt tisztitottunk tovabb. (A/3, A/6, A/8, A/9) A
kivalasztott frakciokbdl két ekdiszteroidot: a névényben a legnagyobb mennyiségben
megtalalhatd 20-hidroxiekdizont és a dakrihainanszteront sikerult kristalyositassal tisztan
kinyernunk. A dakrihainanszteron tartaimd frakcié kloroform-metanol-benzol (50:3:2 viviv)
rendszerrel eluadlédott, mig a 20-hidroxiekdizont a kloroform-metanol-benzol (50:10:6 viviv)
eleggyel eludlodott frakcid tartalmazta. A tovabbi, szintén ismert ekdiszteroidot, az
ajugaszteron C-t ismételt RPC alkalmazasaval nyertuk ki tisztan. A reciklizacio esetén a
2/A-C  eluensrendszert alkalmaztuk. Az etilacetat-etanol-viz  (80:2:1  vANV)
eluensrendszerrel nyert frakcié tartalmazta a tiszta ajugaszteron C-t.

Az A/6 jeli frakciot, amely kloroform-metanol-benzol (50:5:3 viviv) rendszerrel
elualodott reciklizaltuk, a 2/A-C eluensrendszer felhasznalasaval. Az etilacetat-etanol-viz
(80:2:1 viviv) eleggyel elualédott A/6/4 jell frakciét NP-HPLC segitségével tisztitottuk
tovabb. Egy ekdiszteroidot a stahiszteron B-t izolaltuk. A tiszta vegytlet NP-HPLC
kromatogramjat a 3/a. abra mutatja.

3. bra: Az izolalt ekdiszteroidok NP-HPLC kromatogramija; alicfazis: Zorbax-Sil (8,4 mm x 250 mm-belsd
atmérd; 5 pm); mozgéfazis: cikiohexan:izopropanol:viz (100:40:3, v/v/v); daramiasi sebesség: 3/a. - 3 ml/perc;
3fb+c.- 2 mi/perc.

#
%
2018

[ 2

1osers

coax C¥® T Bw w0 R 2% Xddjewy stahiszteron B

A forditott fazisrél 55 és 60% vizes metanollal elualédott frakcidk tovabbi tisztitasa
hasonléan tortént: elsé |épésben RPC-t alkalmaztunk, 1/A-C eluensrendszer
felhasznalasaval, végsé tisztitdst NP-HPLC segitségével hajtottuk vegre. A B/7 jeli
frakciobél, amely kloroform-metanol-benzol (50:5:3 v/viv) rendszerrel eludlddott a
shidaszteront és 28,3B,20R,22R,25-pentahidroxi-5B-koleszta-6,8(14)-diént izolaltuk. A
HPLC kromatogramjukat a 3/b. abra mutatja.
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2B,3B,20R, 22R.25-pentahidroxi-58-koleszta-6,8(14)-dién shidaszteron

A C/5 jeli frakcié szintén a kloroform-metanol-benzol (50:5:3 viviv) eleggyel
elualddott, melybdl a 20,22-didehidrotaxisteron  izolaltuk, amely eddig ismeretlen
ekdiszteroid. A tiszta vegyulet HPLC kromatogramja lathaté a 3/c. abran.

T
it

. o wE- 4% we AR mom 20,22-didehidrotaxisteron

Osszefoglalas

Az RPC alkalmazasaval egyszerlsitettuk az ekdiszteroid izolalasi metodikat. Az
eddig hasznalt soklépéses eljards helyett két elbtisztitasi és két vagy harom
kromatografias lépéssel sikerlit tiszta ekdiszteroidokat izolalnunk. Egyszerl, hatékony
elotisztitast kdvetden a redukalt nyomasu forditott fazisu oszlopkromatografiat egészitettik
ki az RPC hasznalataval. Utolsé iépésként reciklizalt RPC-t illetve HPLC-t hasznaltunk. Az
RPC-hez két old6szerrendszert fejlesztettunk ki. Harom Iépéses gradiens eltciot
alkalmazva cstkkentettuk az analizis id6tartaimat.

Az RPC esetén az elvalasztas hatekonysaga tébb téenyezé fuggvénye. Befolyasolja a
réteg vastagsdga, a mozgoéfazis osszetétele, az aramlasi sebesség. Ezek valtoztatasaval,
optimalizalasaval az elvalasztas hatékonysaga névelheté. Az RPC tovabbi jellemzéje a
centrifugalis erd jelenléte, amely elésegiti a szeparalast. Az RPC elénye, hogy egyszerd,
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gyors elvalasztas érhetdé el akar 1,5 g mintdk esetén is. A minta révidebb ideg van
kapcsolatban az alléfazissal, ezért csdkken a bomlas veszélye. A sikeres elvalasztashoz
kisebb oldoszererdsség is elegendd volt, mint a klasszikus TLC-nél. Ezek alapjan az RPC
alkalmas helyettesitéje a preparativ TLC illetve a végsé HPLC tisztitasnak is.

A fent bemutatott izolalasi eljaras segitségével hét ekdiszteroidot izolaltunk, melyek
szerkezetét 13C, 1H NMR spektrumaik alapjan hataroztunk meg. Az izolalt vegyuiletek
kozott megtalalhatdk az ismert ekdiszteroidok, példaul a 11-es helyzetben hidroxilezett,
kiemelkedd anabolikus hatasu ajugaszteron C. Két uj természetes anyagot is siker(lt
kinyernink. Az egyik a 20,22-didehidrotaxisteron, amely 0j szerkezeti jellemzével, az
oldallanc 20-22 szénatomjai kozotti kettdés kotéssel rendelkezik. A masik komponens a
2B,3B,20R,22R,25-pentahidroxi-5p-koleszta-6,8(14)-dién, egy ekdiszteroid-szer(
moiekula, amely a jellegzetes 7-én-6-on struktira helyett kondenzalt kettds kotést
tartalmaz. Tovabbi vizsgalatok szikségesek annak megallapitasara, hogy ezek az ujszer(
szerkezeti elemek hogyan befolyasoljak a hatast, s hogy illeszkednek az izolalt vegyuletek
az ekdiszteroidok bioszintezisébe.

Koészonetnyilvanitdas: Munkankhoz az TéT JAP-22/02 (OMFB-00756/200)
tamogatas nyujtott anyagi segitséget.
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Facuitatea de Farmacie ,iuliu Hatieganu®, Cluj-Napoca
Facultatea de Farmacie Craiova

Studiul cromatografic (HPLC) comparativ al extractelor metanolice obtinute din diferite parti de planta ale
speciei Salvia officinalis L. a relevat prezenta a 3 steroli (beta-sitosterol, stigmasterol si colesterol). Au fost
dentificati prin compararea proprietatilor cromatografice cu cele ale substantelor de referinta.

The chromatographic study (HPLC) of methanolic extract obtained from different drugs of Salvia officinalis L.
revealed the presence of 3 sterols (beta-sitosterol, stigmasterol and cholesterol). They have been identified
by comparing the chromatographic properties with those of reference substances.

S-a efectuat un studiu comparativ privind continutul in beta-sitosterol, stigmasterol gi
colesterol din diferite produse vegetale ale plantei Salvia officinalis L.[2,3,4,5,6].

MATERIAL S| METODA

Frunzele, radacina si semintele de Salvia officinalis L. au fost recoltate in iulie 2005
din zona Romos (judetul Hunedoara) de la plantele in al doilea an de vegetatie.

Uscarea produselor vegetale s-a efectuat in mod natural, la umbra intr-o incapere
bine aerisita.

Extractia s-a facut cu MeOH intr-un aparat Soxhlet pana la epuizarea produsului
vegetal.

Pentru analiza compugsilor sterolici s-a folosit cromatografia de lichide de inalta
performanta cuplata cu spectrometria de masa (LC/MS).

Metoda de analiza utilizatd se bazeaza pe 0 metodd HPLC publicata in literatura de
specialitate [1] la care s-au adus unele modificari. Principala modificare adusd metodei
initiale este schimbarea coloanei cromatografice si a debitului fazei mobile. Ca rezultat,
fatd de metoda publicatd in literaturd, timpul de analiza a scazut de la 30 minute la 5
minute fara a afecta separarea sterolilor $i rezolutia.

Standarde: beta-sitosterol, stigmasterol si colesterol (Fig. 1 a-c).
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Figura 1. Structura beta-sitosterolului (a), a stigmasterolului (b) si a colesterolului {c)

Aparatura:
¢ HPLC cuplat cu spectrometru de masa
HP 1100 Series binary pump
autosampler HP 1100 Series
termostat HP 1100 Series
detector UV HP 1100 Series
o spectrometru de masa Agilent lon Trap 1100 VL
Conditiile de lucry HPLC:
¢ Coloana anaiitica: Zorbax SB-C18 100 mm x 3.0 mm i.d., 5 um
Precoloana Zorbax SB-C18
Faza mobild: amestec metanol: acetonitril 30:70 (v/v), elutie izocratica
Debit: 1 ml/min, temperatura: 35" C
Detectie
Ultraviolet, 205 nm (doar pentru vizualizarea profilului cromatografic)
MS
o Volumul de injectare: 10 ul
Conditiile de lucru MS:
¢ Sursa de ioni: APCI (atmosferic pressure chemical ionisation)
Mod ionizare: pozitiv
Nebulizator: azot, presiune 50 psi
Gaz de uscare: azot, debit 6 L/min, temperatura 240° C
Potential capilara: -2000 V
+ Mod analiza: monitorizare ioni specifici ai sterolilor
Metoda MS
lonii monitorizati in metoda MS sunt prezentati in Tabelu! |. Deoarece in conditiile de
ionizare toti sterolii pierd o moleculd de apa, ionii detectati de spectrometru sunt
intotdeauna de forma [M-H,O+H]".
In figura 2 este prezentatd cromatograma amestecului a trei steroli utilizati ca
standarde (beta-sitosterol, colesterol si stigmastarol) realizatd prin detectia in UV, la 205
nm.
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Figura 2. Cromatograma unui amestec de standarde de steroli, detectie UV (CHO= colesterol, STG =
stigmasterol, STS=sitosterol).

[y

Detectia MS a pus in evidenta ionii-parinte ai sterolilor analizati (ioni parinte= ioni
care se formeaza dupa ionizarea substantei, inainte de o eventuald fragmentare). In cazul
fiecarui sterol s-a pus Tn evidenta ionul agteptat (Tabelul I).

Tabelul |. lonii specifici sterolilor monitorizati in metoda de screening

Sterol M M-H,0 | M-H,O+H"
Colesterol 386 368 368
Sitosterol 414 396 397

Stigmasterol” 412 394 395

Cromatograma totalului ionic a unui-amestec a celor trei steroli este prezentatd in
figura 3. Este reprezentata grafic suma tuturor ionilor scanati de spectrometru, indiferent
de masa acestora (culoare albastra) si de asemenea cromatograma UV. Timpii de retentie
si ordinea de elutie este aceeasi ca in figura

a0

Figura 3. Cromatograma totalului ionic (TIC, albastru) §i UV (rogu) a unui amestec de standarde de steroli.
(ordinea de elutie este colesterol, stigmasterol, sitosterof)

Prelucrarea probelor de analizat.

Au fost analizate 4 probe:
Pr1-extract metanolic obtinut din Salviae folium (uscata)
Pr2-extract metanolic obtinut din Salviae folium (proaspata)
Pr3-extract metanolic obtinut din Salviae radix
Pr4-extract metanolic obtinut din Salviae semen
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Extractia s-a efectuat cu metanol la reflux
Cromatogrameie probelor analizate sunt prezentate in figurile 4,5,6,7.
Concentratiile sterolilor din extractele analizate sunt prezentate in Tabelul Il si Figura 8.
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Figura 4. Cromatogramele extrase ale sitosterolului (r&nd 1), colesterolului (rand 2) si
stigmasterolului (rand-3) din proba 1
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Figura 5. Cromatogramele extrase ale sitosterolului (rand 1), colesterolului (réand 2)
si stigmasterolului (rand 3) din proba 2
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Figura 6. Cromatogramele extrase ale sitosterolului (rand 1), colesterolului (rand 2) si
stigmasterolului (rAnd 3) din proba 3
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Figura 7. Cromatogrameie extrase ale sitosterolului (rand 1), colesteroluiui {rand 2) si stigmasterolului (rand 3)
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Figura 8. Concentratiile sterolilor din extractele analizate
Tabelul Il. Concentratiile sterolilor din-extractele analizate
Proba | Concentratie | Concentratie | Concentratie
sitosterol stigmasterol colesterol
(ng/ml) (kg/ml) {ng/ml)
Pr1 44,008 4,069 8,061
Pr2 40,431 2,983 4,446
Pr3 13,963 1,934 4,739
Pr4 19,099 1,956 5,033
CONCLUZII

1. Prin metoda HPLC modificatd s-au identificat sitosterolul, stigmasterolul si
colesterolul din cele 4 probe analizate.

2. Continutul maxim Tn sitosterol, stigmasteol si colesterol il are proba 1 (44,008
ug/ml, 4,069ug/ml, 8,061ug/ml).

3. Concentratile de colesterol sunt apriopiate in probele 2 si 3 (4,446ug/ml si
4,739ug/ml).
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4. Desi concentratiile in sitosterol din probele 2 si 3 sunt semnificativ diferite

(40,431ug/mi si 13,963pg/ml), continutul in colesterol este foarte apropiat (4,446pg/ml si
4,739ug/mi).

1.
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Analiza continutului de apa in mugurii foliari

Camelia |. Peev, Diana Antal, Cristina A. Dehelean, Kaycsa Adriana

Facultatea de Farmacie, Universitatea de Medicina gi Farmacie “Victor Babeg” Timigoara
Persoana de contact: Camelia Peev
Adresa de corespondenta: Farmacia S.C.Ephedra Farm S.R.L., Timigoara, str. Baba Dochia U2.
Tel. -0-071073, cameliapeev@yahoo.com

S-a realizat un studiu al continutului in apa la mugurii foliari, proveniti de la opt specii diferite, din flora
spontana cat si din culturd: alun Corylus avellana L., anin Alnus glutinosa L., brad Abies alba Miller, coacaz
negru Ribes nigrum L., castan salbatic Aesculus hippocastanum L., plop negru Populus nigra L., tei Tilia
tomentosa Miller, mesteacan Betula pendula Roth. Mugurii folari studiati sunt produse vegetale pentru
prepararea de extracte hidrogliceroalcoolice utilizate in gemoterapie. Pierderea prin uscare s-a efectuat
conform monografiei din F.R.X.

S-a pus in evidenta faptul ca, continutul in apa (%) al mugurilor foliari depinde de specia de la care provin,
de momentul calendaristic al recoltarii i mai putin de arealul geografic de provenienta. S-au obtinut valori
minime ale umiditatii 28,23 % Tn cazul mugurilor de brad, si maxime de 78,12 % in cazul mugurilor desfacuti,
de coacaz negru.

Cuvinte cheie: Muguri foliari, umiditate, gemoterapie

This study consists in the analysis of foliar buds water content from 8 different species from spontaneous
and cultivated flora: hazel tree Corylus avellana L., alder-tree Alnus glutinosa L., fir Abies alba Miller, black
currant Ribes nigrum L., horse chestnut Aesculus hippocastanum L., poplar Populus nigra L., linden tree Tilia
tomentosa Miller, birch tree Betula pendula Roth. The analysed foliar buds are used as vegetal sources for to
obtain hydroglycero alcoholic extracts applied in gemotherapy. The drying procedure was done as F.R.X
demands.

It was evidenced that foliar buds water content depends on the type of vegetal product, the harvesting period
and less the native product area. Minimal values of humidity were 28.23% for fir buds and 78.12% as
maximal values for open black currant buds.

Key words: foliar buds, humidity, gemmotherapy.

Mugurii foliari reprezintd o nouad categorie de produse vegetale care se utlizeaza in
domeniul farmaceutic la prepararea de extracte vegetale hidrogliceroalcoolice. Gemoterapia
este medicina care utilizeaza in exclusivitate aceste produse. La ora actuala se folosesc uzual
extractele provenite de la 35-36 de specii de plante. Sunt inca in studiu farmacologic mugurii
foliari proveniti de la alte 9C de specii [5,6].

Mugurii foliari reprezintd partea apicald, nedezvoltatd si embrionard a tulpinii §i
ramificatiilor ei. Sunt considerati ca etapa de dezvoltare a frunzei, iar aspectele legate de
continutul In apa, sunt putin studiate [1,4,7]. Momentul optim de recoltare a mugurilor foliari,
ca produs vegetal farmaceutic, este faza dorminda, primavara, inainte de deschidere [5,8].

Studiul de fatd a urmarit remarcarea modificarilor legate de continutul de apa la mugurii
foliari in faza dorminda, considerata in literatura de specialitate, perioada octombrie-martie, in
faza de tranzitie dormind-activa, §i faza de desfacere [6].

S-au luat spre analiza mugurii foliari proveniti de la diverse specii de plante, care cresc in
flora spontana, cat si cele de cultura: alun Corylus avellana L., anin Alnus glutinosa L., brad
Abies alba Miller, coacaz negru Ribes nigrum L., castan salbatic Aesculus hippocastanum L.,
plop negru Populus nigra L., tei Tilia tomentosa Miller, mesteacan Betula pendula Roth [2,6].

S-a urmarit o diversificare a arealului de recoltare, atét ca particularitate de relief cat si ca
diferentiere in coordonate de latitudine. S-a tinut cont ca in cadrul aceleasi specii, alegerea
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exemplarelor vegetale sa fie de o varstd aproximativ apropiata, considerandu-se astfel, ca
majoritatea proceselor biologice interne se desfagoara cu o rata de viteza similara.

S-au ales cateva intervale de recoltare, incepand cu data de 10-12 martie, moment de
final de iarna si start de primavara intarzaiata pentru anul 2005. Studiul a durat cat timp a
permis conjunctura meteorologicd, pana la data de 7-10 aprilie, cAnd mugurii deja au atins
punctul lor de deschidere.

MATERIAL S| METODA

Produsul vegetal: Mugurii foliari au fost recoltati de la opt specii de plante, din zone
diferite geografic: Muntii Apuseni (M.A.) - zona Alesd, Muntii Apuseni (M.A) - zona Ariegeni,
malul Crigului Negru (C.N.) - zona Tinca, zona Banat (B.) - Faget si Timisoara. Recoltarea s-a
facut la perioade diferite, Incepand cu 5 martie 2004 si terminandu-se in 10 aprilie, imediat
inainte de desfacerea lor, la intervale de 5-6 zile.

Determinarea pierderii prin uscare s-a facut conform monografiei din F.R X. [3]

Materiale: etuva Binder senia FD, exsicator, fiole de cantarire, balantd analitica precisa
WAS 220/C/2.

Proba vegetald proaspat recoltatd s-a maruntit, s-a cantarit intre 3,00-4,00 g, in functie
de cantitatea de proba avuta la dispozitie. S-a introdus cu fiola de cantérire in etuva incalzita
la 105°C unde a stat 4 ore; fiola de cantérire s-a introdus in exsicator pana a doua zi, cand s-a
facut a doua cantarire. Probele, pentru fiecare specie de muguri, s-au realizat in duplicat.

REZULTATE $! DISCUTH
Valorile de umiditate (%) obtinute pentru mugurii foliari de alun, Corylus avellana, sunt
trecute in Tabelul I.

Valorile de umiditate (%) obtinute pentru mugurii foliari de anin, Alnus glutinosa, sunt
trecute in Tabelul Il.

Valorile de umiditate (%) obtinute pentru mugurii foliari de brad, Abies alba, sunt trecute
in Tabelul lll.

Tabelul . Umiditatea exprimatd in % a mugurilor foliari de Corylus avellana

Nr.crt Zona 10-12 | 17-19 | 23-25 | 27-29 | 1-3 7-10
martie martie martie martie aprilie aprilie
1. MA. Alesd 44,62 - 53,54 59,57 63,24 -
2. C.N. Tinca 46,18 49,23 - 62,34 64,25 -
3. M.A. Arieseni 44,32 45,60 - - 59,23 61,73
4. B. Faget - 40,13 42,91 - 55,50 60,24

Tabelul 11. Umiditatea exprimata in % a mugurilor foliari de Alnus glutinosa

NR.C ZONA 10-12 17-19 23-25 27-29 1-3 7-10
RT. MARTIE | MARTIE MARTIE | MARTIE APRILIE | APRILIE
1. M.A.ALESD 4224 - 47,63 53,39 - 58,04
2. C.N.TINCA 39,70 44,69 - 45,83 52,80 59,23
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Tabelul lll. Umiditatea expnmata in % a mugurilor foliari de Abies alba

Nr.crt Zona 10-12 17 -19 23-25 27-29 1-3 7-10
martie martie martie martie aprilie aprilie
1. M.A Alesd 28,23 - 34,14 49,20 59,60 63,12

Valorile de umiditate (%) obtinute pentru mugurii foliari de coacdz negru, Ribes nigrum,

sunt trecute in Tabelul IV.

Tabelul IV. Umiditatea exprimata in % a mugurilor foliari de Ribes nigrum

Nr.crt. Zona 10-12 | 17-19 | 23-25 | 27-29 1-3 7-10
martie martie martie martie aprilie aprilie
1. M.A Alesd 48,28 - 57,32 - 59,24 78,12
2. C.N. Tinca 4140 51,93 - 69,11 68,98 -
3 M.A. 4546 46,93 - - 69,60 73,23
Ariegeni

Valorile de umiditate (%) obtinute pentru mugurni foliari de castan sdlbatic, Aesculus

hippocastanum, sunt trecute in Tabelul V.

Tabelul V. Umiditatea exprimatad in % a mugurilor foliari de Aesculus hippocastanum

Nr.crt. Zona 10-12 | 17-19 | 23-25 | 27-29 1-3 7-10

martie martie martie martie aprilie aprilie

1. C.N. Tinca 4579 47,56 - 52,76 53,48 62,73
B.Timigoara - 42,04 46,66 - - -

B.Faget - 49,22 51,48 - 52,35 60,04

Valorile de umiditate (%) obtinute pentru mugurii foliari de plop negru, Populus nigra,

sunt trecute in Tabelul VI.

Valorile de umiditate (%) obtinute pentru mugurii foliari de tei, Tilia tomentosa, sunt

trecute in Tabelul VII.

Valorile de umiditate (%) obtinute pentru mugurii foliari de mesteacan, Betula verrucosa,

sunt trecute in Tabelul VIII.

Tabelul V1. Umiditatea exprimata in % a mugurilor foliari de Populus nigra

Nr.crt. Zona 10-12 17-19 23-25 27-29 1-3 7-10
martie martie martie martie aprilie aprilie
1 M.A-Alesd 33,90 - 40,24 4594 54,87 57,93
2. C.N. Tinca 41,02 41,45 - 54,43 -
3 M.A Arieseni 37,62 38,06 - - - 50,05***
4 B Timigoara - 42,17 50,68 - 52,40 55,32
5. B.Faget - 38,18 52,04 - 55,60 -

“**nu este inca in faza de deschidere
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Tabelul Vil. Umiditatea exprimata in % a mugurilor foliari de Tilia tomentosa

Nr.crt. Zona 10- 12 17-19 | 23-25 | 27-29 1-3 7-10
martie martie martie martie aprilie aprilie
1. M.A-Alesd - - 56,72 60,05 - 67,40
2. C.N. Tinca 53, 02 - 55, 02 - 59,37 70,28
3. M.A Ariegeni 48, 71 - 55, 78 - - 59,49**
4. B.Timisoara - 52, 42 - - - 69,57
5. B Faget - 51,21 - - 53,15 b

***nu este inca n faza de deschidere

Tabelul VIIl. Umiditatea exprimat& in % a mugurilor foliari de Betula verrucosa

Nr. Zona 10-12 17-19 23-25 27 -29 1-3 7-10
crt. Martie martie martie martie aprilie aprilie
1. M.A Alesd 28,84 - 30,22 38,74 50,39 58,81
2. | B. Timigoara - 34,23 - 40,13 53,10 62,27

Mugurii foliari de alun, Corylus avellana, inregistreaza o crestere a umiditatii medii cu 18-
20 de procente de la faza dorminda la faza de deschidere. Se observa faptul ca cei din zona
de ses, de la mai joasa altitudine, s-au deschis cu o saptdmana mai repede decét cei din zona
deluroasa-submontana.

Mugurii foliari de anin, Alnus glutinosa, inregistreaza o crestere a umiditati medii cu 16-
17 procente, de la faza dorminda la faza de deschidere.

Mugurii foliari de brad, Abies alba, Tnregistreaza o crestere a umiditati medii cu 35 de
procente, de la faza dorminda la faza de deschidere.

Muguni foliari de coacaz negru, Ribes nigrum, inregistreaza o crestere a umiditati medii
cu 28-30 de procente, de la faza dorminda fa faza de deschidere.

Mugurii foliari de castan salbatic, Aesculus hippocastanum, inregistreazd o crestere a
umiditatii medii cu 12-17 procente, de la faza dorminda la faza de deschidere.

Mugurii foliari de plop negru, Populus nigra, inregistreaza o crestere a umiditatii medii cu
10-12 procente, de la faza dorminda la faza de deschidere.

Mugurii foliari de tei, Tilia fomentosa, inregistreaza o crestere a umiditatii medii cu 10-17
procente, de la faza dorminda la faza de deschidere.

Mugurii foliari de mesteacan, Betula verrucosa, inregistreaza o crestere a umiditatii medii
cu 28-30 procente, de la faza dorminda la faza de deschidere.

Se remarca faptul ca indiferent de arealul de crestere a mugurilor, valorile continutului in
apa sunt apropiate.

CONCLUZII

Continutul in apd (%) al mugurilor foliari depinde de specia de la care provin, de
momentul calendaristic al recoltarii $i mai putin de arealul geografic de provenienta.

Cu schimbarea anotimpului iama - primavara, in dezvoltarea mugurilor se observa
acumularea treptata de apa; de la valoarea minima de 28,23 % in cazul mugurilor de brad, la
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valoarea maxima de 78,12 % in cazul mugurilor desfacuti, de coacaz negru. Dintre speciile
luate in studiu, valoarea minima de modificare a umiditatii este de 1,33 ori pentru mugurii
foliari de Corylus avellana, iar maxima este de 2,25 or pentru muguirii foliari de Abies alba.
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Analiza comparativa a compozitiei in acizi grasi a diferitelor sortimente

de ulei de ricin (Ricini oleum) pentru uz extern

Monica Rusu', Marianna Markus?, C. Csedé'

! Universitatea de Medicina §i Farmacie Targu-Mures, Disciplina de Farmacognozie si Fitoterapie
Institutul Central de Cercetare $tiintifica a Alimentelor, Laboratorul analitic, Budapesta, Ungaria

Utilizarea uleiului de ricin (Ricini oleum) pentru uz intern este binecunoscuta i cu actiune confirmata. Totugi
pe langa utilizarea clasica, de uz intern, exista informatii privind utilizarea uleiului de ricin pentru uz extern, in

Lucrarea de fata Tsi propune ca pe baza analizelor gaz-cromatografice a mai multor sortimente de ulei de
ricin (Ricini oleum) sa se poata selecta acele sortimente care corespund cel mai bine obtinerii de produse de
uz dermatologic, cu actiune certa si stabilitate corespunzatoare in timp.

The use of Castor Qil (Ricini oleum) for intenal use is wellknown and has confimed action. Still, besides the
classical use, the intemal use, there is information regarding the use of castor oil for external use, in
dermatologic-cosmetologic products, destinated especially for haircare.

The aim of this research is to select the sort of castor oil (Ricini oleum) which corresponds best for obtaining
dermatological products (mainly for hair care), with a determined action and suitable stability.

MATERIAL $1 METODE:

Mostrele de ulei de ricin luate in lucru au fost procurate din diferite tari, de pe 4
continente (Europa, Asia, America Latind’si America de Nord). Calitatea respectivelor
produse corespunde doar cerintelor si normelor (farmacopeilor) interne, validate Tn tarile
de provenienta.

Pentru determinarea continutului in-acizi grasi s-au folosit un numar de 11 mostre de
ulei de ricin, de diferite proveniente, in cantitate de aproximativ 7 mg per proba. Probele
de ulei se hidrolizeaza cu 200 pl solutie de-metanol in mediu de KOH. Un volum de 250 pl
solutie metanolica se esterifica apoi cu trifluorid borat in metanol. Se adauga NaCl si se
trece prin 200 pl heptan. Uscarea solutiei se face Tn mediu de sulfat de sodiu anhidru.

Aparatura:

S-a folosit gaz-cromatograful Carlo Erba Fractovap, la care a fost cuplat integratorul
HP 3390. Coloana utilizatd este Omegawax (Supelco inc.) cu o lungime a capilarelor de
30 m, avand un diametru interior de 0,25 mm si o grosime a filmului de 25 pym.

Conditii de lucru:

S-a lucrat in conditii izoterme, la 240°C, injectorul si detectorul de temperatura fiind
programate la 240°C. Cantitatea pe proba injectatd a fost de aproximativ 0,5 pl.

Pentru identificarea acizilor grasi se folosesc amestecuri standard PolyScience inc.
60 test mixture Supelco inc. lipid standards sigma, inc.){1,2].

Au fost analizate 11 probe de ulei de ricin (Ricini Oleumn).

REZULTATE:
Compozitia in acizi grasi a probelor de ulei de ricin este redata in tabelul |:
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Tabelut I. Compozitia Tn acizi gragi a diferitelor sortimente de ulei de ricin

B Deviatia
Amestec Proba # 1 1 2 3 Medie standard Abatere
C16:0 Acid palmitic | 1,34 | 125 | 119 | 126 0,07 58
c18:0 Acid stearic | 102 | 101 |} 0,96 | 100 0,03 2,9
! C18:1 Acid oleic 4,33 442 417 431 0,13 29
, C18:2 Acid linoic 5,41 557 | 521 | 540 0,18 33
C18:3 Acid linoleic | 0,65 | 0,76 | 063 | 0,68 0,07 10,4
! C20:0 Acid eicosanoic| 0,56 0,59 0,7 062 0,07 12,0
! C18:1-OH | Acid ricinoleic | 86,70 | 86.40 | 86,61 | 86,57 0,16 0,2
I Proba # 2
I C16:0 Acid palmitic | 1,53 142 | 1,46 | 147 0,05 37
c18:0 Acid stearic | 1,04 | 074 | 069 | 071 0,03 43
c18:1 Acid oleic 558 | 479 | 456 | 498 0,54 10,8
C18:2 Acid linoic 579 | 568 | 530 | 5,59 0,26 46
c18:3 Acid linoleic | 0,70 | 0,83 | 0,37 | 063 024 373
C20:0 Acid eicosanoic| 069 | 081 | 046 | 065 0,18 27,3
C18:1-OH | Acid ricinoleic | 8572 | 85.77 | 87,16 | 86,22 0.82 0.9
Proba # 3
C16:0 Acid palmitic | 1,37 | 1,34 | 1,22 | 1,31 0,08 6.2
C18:0 Acid stearic ' |-0,98 | 094 [ 108 | 100 0,07 7.2
Cc18:1 Acid oleic 427 | 424 1397 | 416 0.16 39
C18:2 Acid linoic 545 | /5629 | 508 [ 528 0.18 35
Cc18:3 Acid linoleic { 0,90 | 077 | 077 | 081 0,07 92
C20:0 Acid eicosanoic| 0,75} 080 | 0,75 | 0,77 0.03 37
C18:1-OH | Acid ricinoleic | 84,38 | 84,99 | 8538 | 84 91 0.50 06
Proba # 4
C16:0 Acid palmitic | 1,13 1,08 | 1,34 | 1,18 0,14 11,9
C18:0 Acid stearic | 1,31 1,31 140 | 1,34 0,05 39
c18:1 Acid oleic 423 | 439 | 483 | 449 0.31 69
C18:2 Acid linoic 492 | 499 | 546 | 512 0,30 58
C18:3 Acid linoleic | 080 | 049 | 057 | 062 0,16 259
C20:0 Acid eicosanoic| 068 0.29 0.48 0,27 55.9
! C18:1-OH | Acid ricinoleic | 85,90 | 87,38 | 86.40 | 86,56 0,75 0.9
Proba #5
C16:0 Acid palmitic | 1,33 1,33 | 1,48 | 1,38 0,09 6.4
C18:0 Acid stearic 1,11 114 | 102 | 1,09 0.06 54
C18:1 Acid oleic 424 | 427 | 453 | 435 0,16 37
C18:2 Acid linoic 522 | 523 | 566 | 537 025 47
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C18:3 Acid linoleic | 064 | 059 | 0,69 | 0,64 0.05 7.3
C20:0 Acid eicosanoic| 0,64 047 | 0.7 061 0.12 19,9
C18:1-OH | Acid ricinoleic | 86,48 | 86,98 | 8591 | 86.46 0,54 06
Proba # 6
C16:0 Acid paimitic | 1,42 182 | 1,50 | 1,58 0,21 13,2
C18:0 Acid stearic | 1,12 119 [ 117 | 1,16 0,04 33
C18:1 Acid oleic 469 | 520 [ 476 | 488 0,28 57
C18:2 Acid linoic 5,61 6,13 | 548 [ 574 0,34 6,0
C18:3 Acid linoleic | 0,71 0,70 | 0,71 0,71 0,01 1.1
C20:0 Acid eicosanoic| 0,69 046 | 0,67 | 061 0,13 21,1
C18:1-OH | Acid ricinoleic | 83,57 | 82,44 | 83,13 | 83,05 0,57 0,7
Proba #7
C16:0 Acid palmitic | 1,41 149 | 147 | 1,46 0,04 27
C18:0 Acid stearic | 0,92 1,06 | 0,96 | 0,98 0,07 72
Cc18:1 Acid oleic 47 464 | 460 | 465 0,05 1.2
C18:2 Acid linoic 574 | 586 | 571 | 577 0,08 1,4
C18:3 Acid linoleic 0,83 0,84 0,71 0,79 0,07 9,2
C20:0 Acid eicosanoic 063 {070 | 066 0,05 7.5
C18:1-OH | Acid ricinoleic | 83,78 | 83,72 | 84,26 | 83,92 0,30 0.4
Proba #8
C16:0 Acid palmitic | 1,36 149 | 141 1,42 0,07 47
Cc18:0 Acid stearic 1,03 1,07 | 1,14 [ 1,08 0,06 53
Cc18:1 Acid oleic 4,16 | 472 | 4,49 | 4,46 0,28 6.2
C18:2 Acid linoic 511 560 | 545 539 0.25 46
C18:3 Acid linoleic | 0,63 066 | 0,63 | 0,64 0,01 2.3
C20:0 Acid eicosanoic| 0,58 0,50 | 0,54 0,05 9.8
C18:1-OH | Acid ricinoleic | 86,41 | 86,47 | 85,60 | 86,16 0,49 0,6
Proba #9
C16:0 Acid paimitic | 1,39 1,47 1,38 1.41 0,05 3.3
C18:0 Acid stearic 1,08 1,02 | 112 | 1,07 0,05 48
Cc18:1 Acid oleic 425 | 441 | 430 | 432 0,08 1,9
C18:2 Acid linoic 547 | 547 [ 536 | 543 0,07 1.2
C18:3 Acid linoleic | 0,81 0,58 | 0,69 0,16 23,0
C20:0 Acid eicosanoic| 0,53 0,53
C18:1-OH | Acid ricinoleic | 83,80 | 84,47 | 83,89 | 84,05 0,36 04
Proba # 10
C16:0 Acid paimitic | 1,63 1,76 | 144 | 1,61 0,16 9,9
C18:0 Acid stearic 1,10 103 | 1,16 | 1,10 0,06 58
C18:1 Acid oleic 517 | 5,16 | 466 | 5,00 0.29 58
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c18:2 Acid linoic 630 | 650 | 581 | 620 0,36 58
C18:3 Acid linoleic | 082 | 0,75 | 0,73 } 077 0,05 6,6
C20:0 Acid eicosanoic| 0,59 0,54 0,55 0,56 0,03 52
C18:1-OH | Acid ricinoleic | 83,39 | 83,01 {8464 | 8368 0.85 1,0
Proba # 11
C16:0 Acid palmitic | 148 | 1,72 | 1,52 | 1,58 0,13 8,0
C18:0 Acid stearic | 1,04 [ 1,01 1,00 | 1,02 0,02 17
Cc18:1 Acid oleic 454 | 500 | 477 | 4,77 023 48
C18:2 Acid linoic 538 | 612 | 580 | 576 0,37 6.4
Cc18:3 Acid linoleic | 043 | 072 | 0,71 | 0,62 0,16 26,3
C20:0 Acid eicosanoic
C18:1-OH | Acid ricinoleic | 85,51 | 83,17 | 84,16 | 84,28 117 1,4

Figura 1. Ricinus communis L.

CONCLUZIt:

Din datele cercetarilor nu a reiesit o diferentd semnificativd intre probe, lucru
confirmat si de literatura de specialitate [3]. Din acest motiv, vom continua cercetarile
privind alte constante fizico-chimice ale sortimentelor de ulei de ricin.

De asemenea, un criteriu pentru selectarea materiilor prime in vederea obtinerii unui
produs finit il reprezinta si costurile acestora. Pe baza cercetarilor noastre, uleiul de ricin
care corespunde cel mai bine scopului urmarit Tn aceasta lucrare este cel produs n India.

Din pacate, la noi in tard unde exista traditie i experientd in acest domeniu, ricinul
nu se mai cultivd in scopuri tehnice, ci doar ocazional, in scop ornamental [4].
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Circulatia virusurilor hepatitice si gradul de afectare al populatiei judetului

Mures prin infectii hepatitice
Monica Sabau’, Monica Tarcea', Cristina Golea', Rodica Popa?, Roxana licus®

! Disciplinele de Epidemiologie si igiend, UMF Tg. Mures
’Casa de Asigurari pentru Sanatate Tg. Muresg
*Cabinetul Dermato-Venerologie, Policlinica Ii, Tg. Mures

Scopul studiului a fost evaluarea retrospectiva a cercetdrilor efectuate in perioada 1978-2000 privind circulati:
virusurilor hepatitice in judetul Mures.

Matenal si metoda S-a analizat prin studii seroepidemiologice transversale prevalenta markerilor serici z
virusuritor hepatitice A,B,D si C in hepatitele acute, la unele grupuri populationale cu ns¢ (pacienti hemodializat;
copii institutionlizati, pacienti cu boli transmise sexual, gravide, personal medical) precum i in hepatite cronice
S-a facut apel la metode de contraelectroforeza, hemaglutinare pasiva reversa si imunoenzimatice (MONOLIS/
Sanofi Diagnistics Pasteur).

Rezultate. Prevalenta AgHBs si a anti-HBs la 15.450 persoane sdnatoase testate prin tehnici cu sensibilitate me
redusa a fost de 3,1% respectiv de 6,5%. La utilizarea metodelor imunoenzimatice pe 420 persoane recrutate aleatc
din populatia generald, am constatat ca 72,6% detineau markeri ai infeclilor anterioare cauzate de virusuril
hepatitice A, B, D si C. Structura etiologica a hepatitelor virale acute (359 cazuri) nu s-a modificat notabil pe parcurst
a 15 ani, doar hepatita acutd A a scazut semnificativ (p=0,0452), hepatitele B, D si C avand ponderi nemodificate
Infectile hepatitice multiple au fost remarcate atat in hepatitele acute, 29% fiind hepatite acute de co sa
suprainfectie, cat si In cazul infectiilor anamnestice, 30,4% fiind infectii duble si 3,9% triple. Pacientii supusi dializ¢
periodice si copiii institutionalizati au fost grupurile cu risc maxim de infectii B si C (63,3% $i 51,3% pentru infecti
VHB si 36,6% respectiv 16,6% pentru infectia VHC). Virusul hepatitei C a avut un rol important in determinismt
hepatopatiilor cronice, 68,4% din hepatitele cronice fiind hepatite C.

Concluzii. Circulatie intensa a virusurilor hepatitice in arealul studiat Prezenta infectiilor hepatitice multiple
Densitate mare de surse de virus la unele grupe populationale, care contribuie la mentinerea endemicitatii pri
aceste infectii

Cuvinte cheie: virusurile hepatitice A, B, D si C; infectii acute i cronice; grupuri cu risc.

The purpose of the study was a retrospective evaluation of our investigation regarding the circulation of hepatiti
viruses in Mureg district between 1978-2000.

Methods. Transversal studies of serological markers of hepatitis A, B, D, C in acute hepalitis, among gener:
popualtion, some groups with risk of infection (hemodialysed patients, institutionalized children, patients with sexua.
trensmitted diseases, pregnant women, health-care workers) and in chronic hepatitis.

Resuits. Using methods with low sensitivity (counterelectrophoresis, reverse passive hemagglutination), we estimate
that 3,1% from 15.450 blood samples of persons from general population had evidence of AgHBs and 6,5% of ani
HBs. The prevalence of hepatitis A, B, D and C virus markers was higher in general population (72,6% in 4z
persons) when samples were tested in MONOLISA - Sanofi Diagnostics Pasteur. As regarding the etiologic
structure of acute heptitis, litle modification appeared during 15 years, except acute hepatitis A, whose decline we
statistically significant (p=0,0452). Multipie hepatitis viruses infections were noticed in acute hepatitis (29% have bee
co or superimposed acute hepatitis), as well as in general population (30,4% double and 3,9% triple infections). Tt
highest rates, statistically significant (p=0,0126) as compared with those of general population were observed
hemodialysed patients (63,3% HBV and 36,6% HCV) and in institutionalized children (51,3% AND 16,6
respectively). Hepatitis C virus had an important role in inducing chronic hepatitis, 68,4% being hepatitis C.
Conclusions. Intens circulation of hepatitis viruses in our area. Presence of multiple hepalttis viruses in infections. Hi
density of viral sources, especially in some groups of population wich maintain endemicity of infections.

Key words: hepatlitis A, B, D, C viruses, acute and chronic infections, risk groups.
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Infectiile cauzate de viusurile hepatitice constituie inca un capitol important al patologiei
nfectioase, o problema de sanatate publicd cu importante implicati medicale i socio-
aconomice [7,9,10,14,20,26].

Virusurile hepatitice B, C si D contribuie in mod esential la evolutia persistenta a
nfectiilor pe care le induc, manifestate sub forma portajului cronic, hepatitelor cronice,
iirozelor, inclusiv a complicatiilor de tip insuficientd hepatica si cancer hepatic [1,8].

Infectiile hepatitice au o raspandire universala cu largi variatii teritoriale, dependente de
limensiunea izvoarelor de virus si de conditiile epidemiologice locale care asigura circulatia
tterumana a virusurilor [20,21,22].

Lucrarea de fata este o sintezd a activitati de cercetare asupra unor aspecte
pidemiologice ale infectiilor produse de virusurile hepatitice A, B, D, C, cercetare efectuata
ntre1978-2000.

SCOPUL STUDIULUI

Aprecierea gradului de afectare a populatiei judetului Mures prin infectii acute si cronice
roduse de virusurile hepatitice.

MATERIAL S| METODA

Am facut apel la studii seroepidemiologice transversale, efectuate la diferite momente in

mp pe parcursul a 22 de ani. Am impartit persoanele investigate in doua categorii.

A. Persoane aparent sanatoase (nr = 15,450) testate pentru prezenta AgHBs si anti-
HBs prin metode de electroforeza contracurent, hemaglutinare pasiva reversa,
reoforezd, dupa concentrarea prealabild a serurilor pe lyphogel, metode cu
sensibilitate mai redus3;

B.Pacienti cu hepatitd acutad (359 seruri); persoane recrutate aleator din populatia
enerala (420 seruri), persoane apartinand unor grupuri populationale la risc (424 gavide, 150
opii institutionalizati, 30 pacienti hemodializati, 302 pacienti cu boli transmise sexual, 426
adre medico-sanitare $i 130 pacienti cu hepatite cronice), investigati pentru urmatorii markeri
erici: AgHBs, anti-HBc IgM, AgHBe, anti-HBe, anti-HBc, anti-VHA IgM, anti-VHA, anti-VHD
i anti-VHC prin metode imunoenzimatice (MONOLISA - Sanofi Diagnostics Pasteur).

REZULTATE

A. Investigatiile 1a prima categorie de persoane au evidentiat urmatoarele:

-O medie a portajului de AgHBs de 3,1% si a anti-HBs de 6,5%, cu variatii in functie de
ubloturile examinate.

-Raportul dintre subdeterminantii ay:ad ai AgHBs a fost supraunitar variind intre 1,5 i
,4 (Tabelul I).
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Tabelul |. Infectia produsa de virusul hepatitei 8

ICategoria de persoane| Numar examinari | AgHBs pozitiv | anti-HBs pozitivi | Raport determinanti y:d
examinate (CEF, HP) nr. % nr. % (Reoforeza)
Persoane sanatoase 3.294 145 (4 4) 75(2,3) 65,5:34,4
neselectate

Donatori 7.500 180 (2.4) 590 (7,8) 61,6:38,3
Gravide 2.500 55 (2,2) 130 (5,2) 70,9:29,1

ICadre medicale 598 28 (4.6) 83(13,8) 60,7:39,3

Copii institutionalizati 511 58 (11,3) 41 (8,0) 67,2:32,7
IStudenti In medicina 1.047 27 (2,5) 93 (8,8) 62,9:37,1

Total 15.450 493 (3,1) 1.012 (6,5)

-Sistemul antigenic ,e" la persoanele cu evidente pozitive de AgHBs a variat intre 2,7%
si 10,3% pentru AgHBe, respectiv intre 18,9% si 33,8% pentru anti HBe (Fig. 1).

B.Analiza structurii etiologice a hepatitelor virale acute efectuata comparativ pe doua
loturi de pacienti la diferentd de 15 ani si folosind metode imunoenzimatice a demonstrat o
scadere semnificativa a hepatitei acute A (p=0,0452), o usoara cregtere, dar nesemnificativa
(p=0,0684) a hepatitei acute B si mentinerea unor nivele aproximativ egale ale hepatitei acute
D (p=0,1907) si hepatitei acute C (0,92729), (Fig.2).

Confruntand prezenta markerilor virali de faza acuta cu cei ai infectiilor anterioare, am
constatat ca 29% din hepatite au fost hepatite de coinfectie sau hepatite acute cauzate de un
virus hepatitic suprapus statusului de. infectie antericard produsa de alt / alte virusuri
hepatitice.

35
301
251
201
151
104

338
) OAgHBe | |
B anti-Hbe

18,5 :

Fig. 1. Sistemul antigenic "e” la purtatorii de AgHBe
Legenda: A=persoane sanatoase, B=donatori, C=gravide, D=cadre medicale, E=copii institutionalizati,
F=studenti la medicina
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4,30%
20.90% 4 3% B hepatita virala A
; DA 40,30% O hepatita virala B
hepatita virala C
11,80% I hepatita virala D
03 neidentificata
22,5%
(186 testari)

(173 testari)

Fig. 2. Structura hepatitelor virale acute

Cele mai frecvente asocieri au fost suprainfectiile cu VHD si VHC la persoane cu infectie
B persistenta (13,4% si 7,0%), respectiv hepatite de coinfectie VHB + VHD (5,4%). intr-un
procent mic (1,6%) am notat suprapunerea VHD la persoane cu evidente serice atat de
hepatita B cat si de hepatitd A anterioare (Tabelul 11).

Infectile anamnestice (anterioare) cauzate de virusurile hepatitice A, B, D si C la
populatia generald au fost notate in 72,6% (Tabelul Ill) (Fig. 3), 65,5% din persoane au avut
infectie cu un singur virus, 30,4% infectii duble si 3,9% infectii triple.

Tabelul Il. Ponderea hepatitelor acute multiple (186 cazuri)

bnfectiile hepatitice asociate Nr. cazuri (%)
Hepatitad D + infectie anterioara cu VHB 25(13,4)
Hepatitd C + infectie anterioara cu VHB 13(7,0)
Coinfectie VHB + VHD 10(5.4)
Hepatitd D + infectie anterioara cu VHB i VHA 3(1,6)
Heptitd A + infectie anterioara cu VHB 2(1,1)
Hepatita B + Hepatita D + infectie anterioard cu VHA 1(0,5)
Total 54 (29,03)
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Tabelul lll. Infectii anamnestice — populatie generala (nr. 420)

Infectii cauzate de Nr. cazuri cu evidente pozitive
VHA 160 (38,1%)

HB 111 (26,4%)

HD 24 (5,7%)
VHC 10 (2,5%)
Total infectii anterioare 305 (72,6%)
Negative 115 (27,3%)

Fig. 3. Frecventele procentuale ale infectiilor anterioare la populatia generald (nr. 305 persoane infectate)

Grupurile populationale la risc au avut frecvente ale infectiilor cu VHB si VHC statistic
semnificativ mai mari (p<0,05) decéat cele investigate la populatia generala, cu exceptia
gravidelor (p>0,05) (Tabelul V).

Tabelul IV. Ponderea infectiilor anamnestice cauzate de virusurile hepatitice
B si C la grupe populationale la risc

IGrupul investigat Nr. VHB VHC
examinari anti-VHC (+)
AgHBs (+) anti-HBc (+) Total
nr. % nr. % nr. %
Gravide 424 29 (6,8) 85 (20,0) 114 (26,8) 28 (6,6)
ICopii institutionalizati 150 33 (22) 44 (29,3) 77 (51,3) 25 (16,6)
Hemodializati 30 6 (20) 13 (43,3) 19 (63,3) 11 (36,6)
Pacienti cu BTS 302 72 (23,8) 57 (18.,8) 129 (42,7) 37(12,2)
Persoane sanatoase 420 32 (7.6) 79 (18,8) 111 (26,4) 10 (2.5)
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Antigenemia HBe la gravidele AgHBs-pozitive a fost de 10,3%. Cunoscut fiind faptul c3,
AgHBe are un rol major in transmiterea virusului B de la mama la copil, am cautat sa
aproximam aceastd ratd de transmitere. Astfel, tindnd cont de ponderea infectiei B
persistentd si de pozitivitatea pentru AgHBe a gravidelor, am estimat rata de incidenta a
infectiei B prin transmitere perinatald / transversala la aproximativ 3% din totalul nasterilor
pentru anul 1995,

Persoanele hemodializate au avut un grad ridicat de infectare, 19 pacienti (63,3%) au
prezentat evidente de infectie cu VHB si 11 pacienti (36,6%) evidente de infectie cu VHC. Toti
pacientii AgHBs — pozitivi au detinut si AgHBe.

Coreland ponderea infectiilor hepatitice cu volumul de sange transfuzat si cu durata
tratamentului, am remarcat cresterea ponderii ambelor infectii B si C paraleld cu numarul de
unitati de sange transfuzat (Tabelul V) si cu durata dializei (Tabelul VI).

Tabelul V. Corelatia dintre ponderea infectiilor hepatitice si volumul de sange transfuzat

Ponderea infectiilor (%) Unitati de sange transfuzat
cauzate de 1-5 6-10 11-20 25-50 peste 60
VHB 0 16,6 50 100 100
VHC 5,5 16,6 50 50 100
VHB+VHC 55 333 50 66,6 100

Tabelul VI. Infectiile hepatitice Tn corelatie cu durata dializei

Durata dializei | Nr. pacienti VHB - pozitiv VHC - pozitiv VHB + VHC

(%) (%) (%)

1-12 luni 18 55 5,5 16,6

2-5 ani 6 16,6 30,0 50,0

6-9 ani 2 50,0 - 50,0
10-15 ani 3 66,6 33,3 -
peste 16 ani 1 100,0 - -

Total 30 20,0 13,3 233

Pentru copiii institutionalizati, pe langa aprecierea densitatii surselor de virusuri din
unitdtile de plasament, am mai investigat, pe baza figelor individuale, variabile legat de
conditiile sociale ale parintilor si de antecedentele personale, variabile care in opinia noastra
au contribuit la endemizarea marcata a infectiilor hepatitice Tn aceste institutii.

In acest sens, am constatat urmatoarele aspecte legate de conditile sociale ale
parintilor: lipsa apartenentei paterne (61%), lipsa veniturilor necesare intretinerii familiei
(84,7%), patologie psihiatricd a mamei (5,1%), alcoolism al parintilor (49,1%), sifilis (1,6%),
TBC pulmonar (11,8%), portaj de AgHBs al mamei (6,7%).

Dintre factorii legati de organismul afectat: subponderabilitatea la nagtere (55,6%), boli
diareice acute repetate (28,1%), antecedente de hepatite (5,8%).
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Investigatile efectuate in vederea stabilirii modalitatilor de contaminare au indicat ca
media tratamentelor injectabile a fost de numai 1,1 ori mai mare la copiii infectati fata de cei
neinfectati cu VHB, si de 0,8 ori mai mare Tn cazul infectiei cu VHC.

Din cele 424 cadre medicale investigate, 134 (31,4%) au detinut anti-HBc, 19 au avut
evidente de AgHBs (3,1%), ponderea infectiei cu VHB a fost semnificativ mai mare (x*=26,59)
decat la populatia generala (Fig. 5).

ID infectie prezenta O infectie absenta ]

100%

80% A
60% - 65,5 81,2
40%
20% 34,5
0% . : 18,8
Cadre medicale (nr. 426) Persoane sanatoase (nr. 420)
X?=26,59

Fig. 5. Infectia anamnestica produsa de VHB la cadre medicale si persoane din populatia generala

Referindu-ne la totalul cadrelor medico-sanitare investigate, cadrele medii au avut
frecventa cea mai mare a evidentelor pentru infectia B (12,4%), urmatd de ponderea
inregistrata la medici (10,3%) si la personalul auxiliar (8,7%), (Tabelul VII).

Din grupurile cu risc la infectii hepatitice B si C studiate de noi, pacientii cu boli
transmise sexual ocupa locul al treilea ca frecventd pentru ambele infectii (42,7% pentru
infectia B si 12,2% pentru infectia C).

Tabelul VII. Infectia anamnesticd produsa de VHB la cadre medico-sanitare

Categoria Nr. Infectia anamnestica

investigata examinari anti-HBc (+) AgHBs (+)

nr. (%) nr. (%)

Medici 177 41 (9,6) 3(0,7)

Cadre medii 147 47 (11,03) 6 (1,4)

Personal auxiliar 75 35(8,2) 2(2,8)

Alte categorii 27 11 (2,5) 2(2.8)

Total 426 134 (31,4) 13(3,1)
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Pozitivitatea pentru VHB si VHC a fost sensibil egala la pacientii cu sifilis si la cei cu
gonoree (54,1% si 59,1%) (Tabelul VIII).

Tabelul VIII. Infectiile hepatitice B si C la pacienti cu sifilis §i gonoree

Pacienti VHB - pozitiv VHC - pozitiv Total infectati
nr. (%) nr. (%) nr. (%)
Sifilis 102 (40,3) 35(13,8) 137 (54,1)
(nr. 253)
Gonoree 27 (55,1) 2(4,1) 29 (59,1)
(nr. 49)
Total 129 (42,7) 37 (12,2) 166 (54,9)
(nr. 302)

Tabelul IX. Infectia cu VHB la pacientii cu sifilis in functie de forma clinica

Forma clinica Infectia cu VHB (nr. cazuri) Total
prezenta absenta
Sifilis primar 75 51 126 (49,8)
isi secundar
Sifilis latent recent 27 100 127 (50,1)
Total 102 151 253 (100,0)
X*=38,3

OR = 5,45 (3,02 - 9,89)

W negative

O hepatita cronica B+C
&3 hepatita cronica B

0 hepatita cronica C

Fig. 4. Hepatitele cronice cauzate de VHB si VHC
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Coreland infectia hepatitica B cu formele clinice de sifilis (nr. 253) am constatat o
afectare de 49,8% in sifilisul prlmar $i secundar, pondere statistic semnificativd comparativ cu
cea din sifilisul latent recent (x?=38,3%). Riscul pacientilor cu sifllis primar si secundar de a
contracta infectia cu VHB a fost de peste 5 ori mai mare fata de riscul la pacientii cu sifilis
latent recent (Tabelul |X).

Virusul hepatitei C a avut contributia cea mai importanta (68,4%) in determinismul
hepatitelor cronice (Fig. 4).

DISCUTII

Datele obtinute prin utilizarea unor tehnici cu sensibilitate redusa, cele utilizate in
perioada anilor 1970-1980, se incadreaza in limitele celor notate si de alti cercetatori din tara
noastra [4,5,15,25].

Consideram insa ca aceste rezultate nu exprima gradul real de afectare al populatiei
prin infectia cu VHB. In favoarea acestei afirmatii vin rezultatele obtinute ulterior, in care
testarea unei game mai largi de markeri serici §i utilizarea unor metode mai performante
indica rate de infectie mai mari [4,13,18,23,24].

Faptul ca 72,6% din persoane recrutate aleatoriu din populatia generala sunt infectate
cu unul din virusurile hepatitice testate, demonstreaza o circulatie destul de intensd a
virusurilor in teritoriul luat in studiu.

Structura etiologica a hepatitelor virale nu a suferit modificari notabile pe parcursul a 15
ani. Doar in cazul hepatitei acute A a fost remarcatd o scadere semnificativd (p=0,0452).
Aceasta scadere a influentat probabil si reducerea frecventei infectiilor anamnestice. S-a
remarcat astfel, o scadere a ponderii infectiilor anamnestice produse de VHA, de la 77,5% la
52,4% procent apropiat de cel semnalat si de alte studii [5,24].

Circulatia intr-un teritoriu a mai multor virusuri hepatitice, care imprima infectiilor pe care
le induc o evolutie autolimitantad sau persistenta conforma cu istoria naturala proprie fiecarei
hepatite, creaza posibilitatea de aparitie a infectiilor hepatitice multiple, 29% din hepatitele
acute fiind de coinfectie sau de suprainfectie peste o hepatita de alta etiologie.

Acelasi aspect a fost notat si in_cadrul infectillor anamnestice la persoane sanatoase,
30,4% fiind infectii duble si 3,9 % triple.

Ponderile infectiilor anamnestice notate in studiile noastre au fost mai ridicate (p<0,05)
decat media inregistratd pentru 5 judete din Transilvania, dovada in plus a existentei si
circulatiei intense a virusurilor hepatitice in judetul nostru [18,19].

Infectiile hepatitice duble sau multiple semnifica un risc cunoscut pentru aparitia formelor
cu evolutie severd in cazul infectilor acute, respectiv pentru aparitia infectiilor cronice
[11,16,17] .

Cronicizarea produsa de VHC (68,4% din totalul hepatitelor cronice investigate), dar si
de VHB (16,1%) poate fi pusa in legatura cu anumite incompetente imunologice ale gazdei,
progredierea spre aceastd forma de manifestare depinzand de conflictul existent intre
continuarea replicarii virale si statusul imunologic al pacientului. In cadrul acestui conflict,
virusurile hepatitice pot adopta strategii diverse, cum sunt, integrarea genomului viral in
genomul hepatocelular, aparitia unor mutanti imunorezistenti, inhibarea limfocitelor helper,
modificari ale interferonului endogen [1,17].
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Cronicizarea infectiilor hepatitice B si C este dependenta si de variabile legate de gazda
| (varsta infectiei primare, anomalii metabolice, factori genetici, etc.) sau de variabile legate de
|’ mediul ambiental, respectiv de factori comportamentali (infectii hepatitice multiple, infectia
| HIV, alcoolul, drogurite) [1,3.20].

Delimitarea grupurilor populationale cu / la risc pentru infectile hepatitice gi aprecierea
»‘ densitatii surseslor de virus Tn cadrul fiecarui grup, au importanta pentru aprecierea extinderii
i infectiilor i pentru precizarea modalitatilor de transmitere.

Gradul de afectare prin infectii hepatitice anterioare sau n curs a fost semnificativ mai
I ridicat decat la populatie Tn general, la toate grupurile populationale incluse in studiile noastre,
) exceptie facand gravidele, aceastd sectiune populationald are insa un rol determinant in
t transmiterea infectiei, cu precadere a infectiei cu VHB la nou nascuti.

Consecintele infectiei transversale sau perinatale a nou nascutului depind de evidentele
: serice ale sistemului antigenic ,e” al mamei. Dacd gravida este AgHBe — pozitiva, acest
i antigen induce imunotoleranta fatului fatd de antigenele VHB, infectia copilului va deveni
| persistentd, posibil cu consecinte pe termen lung (aparifia portajului viral cronic, hepatita
) cronica, ciroza). Astazi este unanim acceptat faptul ca, rezervorul de VHB reprezentat de
| purtatorii de AgHBs se constituie perinatal sau in prima parte a copilariei, purtatorii virali
y contribuind ulterior esential la mentinerea endemicitatii intr-un anumit teritoriu [2,10,21,24].

Referitor la modalitatile de transmitere a virusurilor hepatitice in cadrul delimitat al unor
) grupuri cu risc, calculand excesul de risc (fractiunea riscului atribuibil) intre pacientii dializat si
{ populatia generald, am stabilit cd 64% din infectiile B-si C care au aparut la persoanele
: supuse tratamentului dialitic au fost atribuite transfuziilor. La acest factor de risc se mai
; adauga conditiile din spital, unitatile de dializa creaza posibilitati de difuzibilitate orizontala a
r virusurilor, contribuind alaturi de ceilalti factori la aparitia agregarilor de persoane purtatoare
y de virusuri, reale izvoare de infectie.

Nu considerdm c& modalitatea de transmitere majora in unitdtile de plasament este
1 modalitatea parenterald. Argumentul in favoarea acestei afirmatii este adus de diferenta mica
iintre media tratamentelor injectabile la copiii infectati si neinfectati.

Conditiile de sanitatie mai precara din unitatile de ocrotire, conditiile sociale ale parintilor,
;anumite boli asociate ale rezidentilor institutionalizati, pot fi considerati cofactori amplificatori
1[6,13,23].

Ambianta de spital creaza riscuri specifice pentru infectiile hepatitice nu numai pentru
jpacienti ci si pentru cadrele medicale, riscul profesional al acestora, documentat de noi, este
mare mai ales pentru infectia cu VHB.

Evaluarea riscului profesional real pentru infectile produse de virusurile hepatitice va
jpermite adoptarea unor strategii de preventie intre care si vaccinarea antihepatitd B,
jpersonalul medical fiind unul din grupurile eligibile pentru imunizarea activa.

Ponderea ridicata a markerilor serici ai VHB $i VHC la pacientii cu boli transmise sexual
}BTS) documenteaza ca, aceste persoane se gasesc la risc atat de a contracta, cat si de a
ftransmite infectiile.

Se confirma astfel faptul, semnalat si de alte studii c3, transmiterea heterosexuala este o
)cale naturald de difuziune a infectiilor hepatitice B si C, in conditiile in care BTS recunosc la
noi in tara in ultimul timp o recrudescenta [12,27].

Evolutia ascendenta a infectiilor venerice reprezinta in consecintd un semnal de alarma
251 pentru evolutia infectiilor cu VHB, VHC si HIV, infectii care au cale comuna de transmitere,
xea sexuala.
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semnificativ mai ridicate (p<0,05), comparativ cu cele notate la populatia generala.
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CONCLUZIIl
Existenta unei circulatii relativ intensd a virusurilor hepatitice A, B, C, D in zona

Infectiile hepatitice multiple au avut o pondere relativ ridicata constituind un risc crescut
Grupurile cu risc, cu exceptia gravidelor, au avut frecvente ale infectiilor B si C statistic

Peste 65% din hepatitele cronice au fost cauzate de VHC.
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Isolation and structure elucidation of new diterpenoids from

Euphorbia pannonica Host.

Edvard Sulyok, Déra Rédei, Judit Hohmann, Imre Mathé

Department of Pharmacognosy, University of Szeged, Eétvos u. 6, H-6720 Szeged, Hungary

Ingenane, tigliane and daphnane diterpenes, called in common as phorboids, are typical constituents of the
family Euphorbiaceae and Thymelaeaceae. Earlier studies on these compounds focused mainly on their
powerful skin irritant and tumour promoting activities, which are the result of protein kinase C activating
potential. Further investigations have disclosed a much wider pharmacological activities e.g. cytotoxic,
antileukemic, antiviral, sedative and analgesic effects. Among the phorboids ingenol 3-angelate is of special
interest because of its strong PKC activating effect; this compound is now investigated in phase Il clinical trial
in the treatment of basal cell carcinoma and actinic keratosis.

As part of our ongoing search for biologically active compounds from Hungarian Euphorbiaceae, we report
herein the isolation and structure determination of two new diterpenes from Euphorbia pannonica Host. This
plant is a perennial herb native to south, eastern and central regions of Europe. Phytochemical or biological
investigation on E. pannonica has not been reported previously.

The MeOH extract of the dried whole plants of E. pannonica was subjected to solvent partitioning to afford
dichloromethane and water-soluble fractions. The organic. phase was fractionated by column
chromatography on polyamide with MeOH-H,O mixtures as eluents, then by vacuum liquid chromatography
on silica gel using a gradient system of cyclohexane-chioroform—acetone. Selected fractions from this
separation were further purified by CPC, preparative TLC, NP- and RP-HPLC to yield two pure compounds.
The structure elucidation was carried out by extensive NMR studies using advanced experiments ("H NMR,
JMOD, 'H-"H COSY, HSQC and HMBC). The isolated compounds were identified as 4,12-dideoxyphorbol-
20-benzoate-13-isobutyrate and 4,12-dideoxyphorbol-20-benzoate- 13-isovalerianate.

Phorbol esters and their 4- or 12-deoxy derivatives frequently occur in the Crotonoideae and Euphorbicideae
subfamily of Euphorbiaceae, but other oxygenation pattern, such as 16-hydroxy-, 12-deoxy-16-hydroxy-, 12-
deoxy-5-hydroxy-, 12,20-dideoxy- and 6,7-epoxy-5-hydroxy have limited distribution. 4,12-dideoxyphorbois,
isolated in our experiment are also very rare diterpenes, only the parent alcohol and its two esters were
isolated earlier from Excoecaria bicolour (Euphorbiaceae).

Phorbol esters occur naturally mainly in the form of 12,13-diesters and 12,13,20-triesters of the
polyhydroxylated tigliane nucleus. Generally, the triesters do not exhibit pro-inflammatory activity on
mammalian skin, but the 12 13-diesters of phorbol (e.g. 12-tetradecanoyl-phorbol-13-acetate = TPA)
possess strong skin irritant, tumor-promoting effect due to their PKC activating effect, and have extensively
been studied because of their pharmacological-toxicological importance. Investigation of the pharmacological
potential of 4,12-dideoxyphorbol diesters, obtained from E. pannonica command particular interest.
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Aanaliza flavonoidelor din
frunzele de afin (Myrtilli folium)

M. Tamas, L. Vlase, Cristina Pop

Facultatea de Farmacie, UMF Cluj-Napoca
Str. E. Isac Nr. 13, e-mail: mtbotanica@yahoo.com

Au fost analizate prin doud tehnici CSS si CLIP/SM, flavonoidele din frunzele de afin (Myrtilli folium). Prin
CSS am pus n evidenta 5 glicozide flavonoidice din care am identificat hiperozida si quercitrina. Continutul
total de flavonoide determinat spectrofotometric este de 1,70%.

Prin CLIP/SM am separat 14 componente in produsul nehidrolizat §i 17 in produsul hidrolizat. Am identificat
§i cuantificat hiperozida (54,74 mg%) si quercitrina (52,58 mg%) i, Tn urma hidrolizei acide, 104,97 mg%
quercetol.

In frunzele de afin am mai identificat compusi fenil-propanici de tipul acidului cafeic $i am determinat
confinutul de proantociani (0,42%) si polifenoli tanoizi (9,09%).

Cuvinte cheie: flavonoide, Myrtilli folium, CSS, CLIP/SM.

The flavonoids from bilberry’s leaves (Myrtilli folium), were analyzed by mean of two methods TLC and
HPLC-MS. By mean of TLC 5 flavonoids were separated and identified. The total content of flavonoids is
about 1.70%.

By mean of HPLC/MS 14 components were separated-in the extract and 17 in the acid hydrolyzed extract. In
the former we are identified the hyperoside (54.74 mg%) and quercitrine (52.58%) and the quercetol (104.97
mg%) in the hydrolyzed extract.

In the leaves of bilberry are present acid derivates proanthocyans (0.42%) and tanoid polyphenols (9,09).
Key words flavonoids, Myrtilli folium, TLC, HPLC-MS.

Frunzele de afin (Myrtilli folium) reprezintd un produs vegetal important pentru
fitoterapie avand propretati hipoglicemiante si-antidiareice [1,3,6,12,13] iar in flora Romaniei
existd suficiente resurse pentru valorificarea acestora. Afinul (Vaccinium myrtillus —
Ericaceae), este un arbust pitic cu frunze caduce si fructe bace de culoare neagra-violacee ce
vegeteaza in tot lantul Carpatic $i M-tii Apuseni si formeaza asociatii caracteristice (afinigur)
de la limita inferioard a padurilor de molid pana in zona alpina.

in frunzele de afin s-au identificat flavonoide, proantociani, taninuri catechice si galice,
o heterozidd a acidului galic (neomirtitina), acizi triterpenici, saruri de Cr si Mn [1,6,7,12,13].
Desi arbutozida a fost semnalata in lucranle mai vechi, cercetdrile recente au infirmat
prezenta ei in frunzele de afin sau se gaseste doar in urme [9]. S-a determinat un continut de
1,20% flavonoide [7] dar existad mari vanatii in functie de gradul de iluminare, frunzele plantelor
de lumina avand un continut de 2-3 ori mai ridicat decét a celor ce vegeteaza in semiumbra
[8].

ICE si WENDER [4] au semnalat pentru prima data prezenta in frunzele de afin a
heterozidelor quercetolului iar GERHARDT [2] a izolat o glucoronida a quercetolului.

Deoarece lipsesc studii analitice asupra flavonoidelor de afin din Romania, ne-am
propus un studiu al acestor substante prin CSS si CLIP-SM.
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MATERIAL S| METODA:

Am utilizat frunze de afin (Myrtilli folium) provenite de fa “R.A. Plafar Clyj", macinate la
o pulbere fina (sita VI FR X).

Analiza calitativd prin CSS am efectuat-o in urméatoarele conditii experimentale {10,14]:

- faza stationara: silicagel G Merck, placi gata trase de 10x15 cm,

- faza mobild: acetat de etilacid formic:.acid acetic:apa (72:7:7:14);

- distanta de migrare: 7,5 cm,

- proba de analizat: 0,5 g Myrtilli folium se extrage pe baia de apa in firbere timp de 15
min cu 10 ml alcool metilic, intr-un balon prevazut cu refrigerent
ascendent. Dupa filtrare se aduce la 10 mi cu acelasi solvent.

- substante etalon: rutozida, hiperozidd, quercitrozida, acid cafeic, acid clorogenic

(Roth) solutii 0,1 % in alcol metilic,

- cantitatea aplicata: 20 pl din proba si 10 ul din solutia etalon;

- identificare: R. Neu-PEG [14].

Pentru analiza agliconilor flavonoidici obtinuti dupa hidroliza acida conform tehnicii
descrise de Tamas si al. [10] am modificat urmatoarele conditii fata de tehnica de mai sus:

- faza mobild: toluen:acetat de etil:acid formic (5:3:1) (faza organica),

- substante etalon: quercetol, apigenind, luteolind, acid cafeic (Roth) solutii 0,1 % in
alcool metilic.

Continutul total de flavonoide a fost determinat prin tehnica spectrofotometrica indicata
de FR X pentru Cynarae folium [1,5] continutul in_proantociani dupa tehnica Labreton [5] iar
polifenolii tanoizi dupa FR X [15].

Analiza CLIP cuplata cu spectrometria de masa s-a realizat dupa tehnica utilizata si in
cazul flavonoidelor din Origanum vulgare [11], folosind ca standarde 18 substante etalon
[Tabel 1] iar identificarea componentelor pe baza timpilor de retentie $i a spectrelor de masa.

S-a folosit un aparat cromatografic Agilent 1100 HPLC Series system (Agilent, USA)
echipat cu o pompa binard, degazor, autosampler, termostat setat la 480C si doi detectori,
unul UV HP 1100 series iar celdlalt pentru fluorescentd. Coloand Zorbax SB-C18 100 mm x
3.,0mmid., 3,5 um, filtru on line 0,5 um.

Faza mobila a fost preparta in gradient binar din metanol si o solutie de acid acetic
0,1% (viv). Elutia a inceput n gradient liniar cu 5% metanol si in final cu 42% metanol timp de
35 min., elutie izocraticd urmata apoi timp de 3 min. cu 42% metanol. Rata de curgere a fost
de 1 ml/min $i volumul injectat a fost de 5 pl. Detectia substantelor izolate s-a realizat in UV la
330 mn pana la 17 min iar de la 17 la 38 min. la 370 nm apoi In UV la 350 nm.

Proba nehidrolizata a fost obtinuta din 0,25 g pulbere vegetald refluxata cu 25 ml
metanol iar pentru proba hidrolizatd 10 mit extract metanolic se trateaza cu 10 ml HCI 2N pe
baia de apa timp de 4 ore iar dupa racire solutia se extrage de doua ori cu 10 ml acetat de etil.
Fazele organice se deshidrateaza peste Na2S04 anh. se evapora la sec iar reziduul se reia
cu 5 ml metano! si se aduce la 10 ml cu apa. Se injecteaza 10 pl din solutia centrifugata.

Conditile de lucru MS: sursa de ioni ESI (electrospray), mod ionizare: negativ,
nebulizator: azot, presiune 60 psi; gaz de uscare: azot, debit 12 /min, temperatura 3500C;
potential capilara +3000 V, mod de analizA: monitorizare ioni specifici (pentru acizi
polifenolicarboxilici si AUTO MS (flavonoide §i agliconii acestora).
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REZULTATE Sl DISCUTI:

Figura 2. CSS pentru extractu! hidrolizat de Myrtilli
folium.

1: extract Myrtilli folium nehidrolizat;
2: quercetol;

3: extract hidrolizat Myrtilli folium

4. acid clorogenic $i acid cafeic.

Figura 1. CSS pentru extractul nehidrolizat de
Myrtilli folium.

1. extract Myrtilli folium,
2 rutozida, hiperozidd, quercitrozida,
3 acid clorogenic §i acid cafeic.

Din analiza cromatogramei pe strat subtire (fig. 1) am constatat ca in frunzele de afin
sunt prezente 5 fractiuni flavonoidice cu fluorescenta galbena-portocalie dintre care una este
identica cu hiperozida (Rf 0,48) si una cu quercitrozida (Rf 0,68). Alte fractiuni flavonoidice
apar la Rf 0,40 (partial suprapusa cu acidul clorogenic), la Rf 0,60 si 0,75. este present si
acidul clorogenic (Rf 0,35) si acidul cafeic (Rf 0,80). cu fluorescente albastre.
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Din analiza cromatogramei pe strat subtire a agliconilor flavonoidici (Fig. 2) rezultati in
urma hidrolizei acide se poate afirma cé in frunzele de afin exista un singur aglicon principal —
quercetolul la Rf 0,38, cu fluorescentd galben-verzuie. Mai apar cantititi reduse de acid
clorogenic si acid cafeic.

Timpii de retentie ai substantelor de referinta obtinuti prin CLIP sunt prezenti in Tab. |.

Tabelul |. Timpii de retentie (tR) pentru polifenolii standard

pich:‘t:iui Compus fenolic tz + SD (min) p?cl;l Compus fenolic | tg + SD (min)
ui

1 Acid caftaric * 2,10+ 0,06 1 Myricetin 20,70 + 0,06
2 Acid gentisic * 2,15+ 0,07 12 Fisetin 2260+0,15
3 Acid caffeic * 5,60+ 0,04 13 Quercitrin 23,00+0,13
4 Acid clorogenic * 5,62+ 0,05 14 Quercetol 26,80 +0.15
5 Acid p-coumaric 8.7+ 0.08 15 Patuletine 28.70 £ 0.12
6 Acid ferulic 122 +0.10 16 Luteolin 2910+ 0.19
7 Acid sinapic 143+ 0.10 17 Kaempferol 31.60+0.17
8 Hyperoside 1860+ 0.12 18 Apigenin 33.10+0.15
9 I1zoquercitrin 19.60 +0.10
10 Rutoside 2020+ 0.15

*Picurile corespunzitoare se suprapun pe semnalul UV pentru aceste substante s-a facut doar
determinare calitativa pe baza spectrelor MS inregistrate.

Dupa timpii de retentie am identificat cele mai importante componente flavonoidice sub
aspect cantitativ. hiperozida si quercitrozida in extractul nehidrolizat $i quercetolul in cel
hidrolizat (Tab. Il si Ill) confirmand Tn acest fel rezultatele obtinute prin CSS (Fig. 3,4). Dintre
compust fenil-propanici existenti in extractul nehidrolizat am identificat acidul glutisic, ac.
cafeic, ac. clorogenic, ac. p-cumaric, ac. ferulic.

Tabelul |l. Proba extract nehidrolizat 5% in metanol

Compus | r._[dentficatGonfirnat Gancentraio n |0y,
Ac gentisic 2 NU DA - a
Ac cafeic 3 NU DA - a
Ac clorogenic| 4 NU DA - a
Ac p-cumaric 5 DA DA 2.046
Ac ferulic 6 DA DA 0.257
Hyperozid 8 DA DA 35.664
Rutozid 10 DA DA 0.652
Quercitrin 13 DA DA 37.448
Quercetol 14 DA DA 0.569

a=Determinare calitativa pe baza datelor MS
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Tabelul Il. Proba extract hidrolizat 5% in metanol

Compus Nr. lder{}’;? cat Con:gn at 2:3:2?2?9";;;;‘ Observatii
Ac caftaric 1 NU DA - a
Ac gentisic 2 NU DA - a
Ac cafeic 3 NU DA - a
Ac clorogenic| 4 NU DA - a
Ac p-cumaric 5 DA DA 9.097
Ac ferulic 6 DA DA 1.478
Ac sinapic 7 DA DA 1.364
Quercetol 14 DA DA 67.888
Kaempferol 17 DA DA 2.139

a=Determinare calitativa pe baza datelor MS

Continutul in flavonoide totale determinat prin tehnica spectrofotometricd este de
1,70% iar pentru proantociani de 0,42% in timp ce polifenolii tanoizi sunt in concentratie de
9,09%.

Continutu! in flavonoide individuale, determinat prin CLIP-SM, pe baza unor curbe de
etalonare construite pe baza semnalului detectorului UV, iar confirmarea de structura s-a facut
calitativ pe baza semnalelor detectorului de masa. Rezultatele obtinute sunt prezentate in
Tab. Il (inainte de hidrolizd) si Tab. Ill (dupa hidrolizd). Si aceste rezultate confirma ca in
frunzele de afin principalele heterozide flavonoidice sunt hiperozida (54,71 mg%) si
quercitrozida (52,58 mg%) iar rutozida se gaseste doar in urme. In extractul hidrolizat
componentul flavonoidic principal este quercetolul (104,97 mg%).
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Figura 3. CLIP pentru extractul nehidrolizat de Myrtilli folium
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Figura 4. CLIP pentru extractul hidrolizat de Myrtilli folium

CONCLUZII:

Au fost analizate calitativ i cantitativ, prin doua tehnici, flavonoidele din frunzele de afin
(Myrtilli folium).

Prin CSS au fost puse in evidentd 5 glicozide flavonoidice dintre care am identificat
hiperozida si quercitrozida. Agliconul flavonoidic este reprezentat de quercetol. Continutul total
de flavonoide, determinat spectrofotometric este de 1,70%.

Prin CLIP/SM am pus in evidentd 14 componente dintre care principalele sunt
hiperozida (54,74 mg%) si quercitrina (52,58%) in timp ce In produsul de hidrolizda am
identificat agliconul quercetol in concentratie-de- 104,97 mg%, confirméand astfel analizele prin
CSS.

Pe langa flavonoide am identificat si cuantificat $i derivati fenil-propanici intre care
acidul p-cumaric, acidul ferulic, acidul gentisic, acidul cafeic, acidul clorogenic si acidul sinapic.

Frunzele de afin mai contin 0,42% proantociani $i 9,09% polifenoli tanoizi.
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Uj 26-hidroxi Ekdiszteroidok izolalasa a Silene viridiflora-bél
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Ecdysteroids represent a large family of polyhydroxylated steroids. They are widely distributed both in
invertebrates and plants. There is a growing interest in ecdysteroids due to their important human
pharmacological effects (1). Large amounts of ecdysteroids are presently being produced for human use (2).
Silene vindiflora has been considered as a good source of ecdysteroids, including new, hitherto never
identified compounds. We now report the isolation and structural identification of five minor ecdysteroids
from this plant. The isolation procedure started with extraction. The crude extract was purified using simple
separation techniques, such as fractionated precipitation and solvent-solvent partition. Further purification
included vacuum column chromatography on C18 and cyano silica and HPLC. Structural identification was
done by using mass spectrometry and NMR spectroscopy. Our sophisticated isolation procedure led to the
discovery of some new 26-hydroxylated ecdysteroids, - such as 20,26-dihydroxyecdysone 20,22-
monoacetonide, 2-deoxy-26-hydroxy-polipodine B, 26-hydroxy-polypodine B 20,22-monoacetonide in
addition fo 2-deoxy-20, 26-dihydroxyecdysone and 20,26-dihydroxyecdysone.

Az ekdiszteroidok, ezek a polihidroxi szteroidok széles kérben elterjedtek mind a
rovarok, mind a névények korében. A rovarokban vedlési hormon szerepet téltenek be, a
névényekben valoszinileg részt vesznek a fejiédésikben, illetve védik a névényt a nem
adaptalodott kartevokkel szemben. Koncentracidjuk a ndévényekben két nagysagrenddel
magasabb, mint a rovarokban, mely elérheti a szaritott névény témegének 3,4%-at. Az
emldsokdn tapasztalt értékes farmakoldgiai hatasai miatt szamos ekdiszteroid tartaimu
egészségjavitd készitmény kereskedelmi bevezetésére kerUit sor. Az ekdiszteroidok
adaptogen, antiarritmids és anabolikus hatassal rendelkeznek. Anabolikus hatasuk
timolitikus és androgén mellékhatasok nélkul érvényesil [1,2].

A Caryophyllaceae csalad Silene fajai igen gazdag ekdiszteroid forrasok, kézuluk a
Silene viridiflora nagy mennyiségben és széles szerkezeti valtozatossagban tartalmazza
az ekdiszteroidokat. Munkank soran szamos ekdiszteroidot izolaltunk a névénybdl, melyek
koézul figyelemre mélté a 26-os szénatomon hidroxilezett ekdiszteroidok sora.

ANYAGOK ES MODSZEREK

Az 1-es abra az elétisztitds, a 2-es abra az izolalas menetét mutatja, az |. tablazat az
oszlopkromatografias frakcionalasok, a Il. tablazat a HPLC elvalasztasoknal hasznalt allé
és mozgo fazisok adatait tartalmazza.
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EREDMENYEK

A Silene viridiflora herba metanolos kivonatanak elétisztitasa folyadék-folyadék kozti
megosztassal és frakcionalt kicsapassal tortént. Az igy nyert kivonatot szilard fazisu
extrakcioval tisztitottuk tovabb. A szilard fazisa extrakcional négy lépéses gradiens ellciot
hajtottuk végre vizes metanol elegyekkel (30-60 %), a metanol koncentraciéjat minden
tépésnél 10%-al emeltilk. Az ekdiszteroidok elucioja 40-50% vizes metanolial ment végbe.
A tisztitas teljes menetét mind TLC-s, mind HLPC-s ellenérzéssel kévettik.

A 40%-o0s vizes metanollal elualédott frakcidkban feldusult az 1. komponens, melyet
ismételt forditott fazisa, alacsony nyomasu osziopkromatografiaval tisztitottuk tovabb. Az
1. komponenst minden RP oszloprél 40%-o0s vizes metanollal tudtuk leszoritani. E
vegyulet végso tisztitasat normal fazisi HPLC-vel (NP-HPLC) hajtottuk végre. A HPLC-nél
kétlépéses elvalasztast alkalmaztunk, az egymast kévetd Iépésekben eltérd szelektivitasu
oldészert hasznaltunk.

Az elsé forditott fazisu oszloprol 50%-0s metanollal eludlédott ekdiszteroidokat
ismételt forditott fazisu oszlopkromatografias elvalasztasnak vetettik ala, majd ciano
szilika (CN) all6 fazisu oszlopkromatografiat alkalmaztunk. Az ekdiszteroidokat kisérd
fenoloidoktdl poliamid allé fazisu oszlopkromatografiaval szabadultunk meg. A poliamid
oszloprél vizzel elualédtak az ekdiszteroidok, melyeket tovabbi CN-fazisu
oszlopkromatografiaval valasztotuk el. A 3. abran az elsé CN-fazisu oszlopkromato-
grafiaval nyert frakciok TLC kromatogramja lathaté.

Azokat a frakciokat, melyek a 2. komponenst tartalmaztak NP-HPLC-vel tisztitottuk
tovabb, igy spektroszkopias tisztasagt 2. komponenst nyertink.

A 3. és 4. komponenst tartalmazé frakcidkat tovabbi RP-LC-CC-vel és HPLC-vel
frakciondltuk. A 4. abra a 3. komponens végsé HPLC-s tisztitasat személteti.

Az CN-fazisu oszlopkromatografidval nyert frakcidkban, melyek az 5. komponenst
tartalmaztak ez a vegyilet olyan mértékben ~ felhalmozédott, hogy egyszer(
kristalyositassal tisztan ki tudtuk nyerni.
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I. Tablazat. Az oszlopkromatografias frakcionalas és tisztitds adatai

Oszlop Adszorbens Felvitt anyag Frakcidk
jele Adszorbens tomege (g) témege (g) Eluens térfogata (ml)
RP-18, 0,06-0,2 mm
1 Chemie-Urticon-C-gel, C- 540 60,03 Metanol:Viz 1000
650
RP-18, 0,06-0,2 mm
2 Chemie-Urticon-C-gel, C- 180 6,78 Metanol:Viz 250
650
RP-18, 0,06-0,2 mm
3 Chemie-Urticon-C-gel, C- 180 5,12 Metanol.Viz 300
650
RP-18, 0,06-0,2 mm
4 Chemie-Urticon-C-gel, C- 90 2,94 Metanol:Viz 300
650
Preparative ciand
5 adsorbent, 0,063-0,200 mm, 12 0,63 DKLM:Etanol 50
Omacht
6 MN- Polyamid SC 6 12 1,23 Metanol:Viz 150
Preparative ciano DKLM:Etanol
7 adsorbent, 0,063-0,200 mm, 12 1,16 n- 70
Omacht Hexan:Aceton

Il. Tablazat. A HPLC rendszerek adatai

Kolonna méret Aramiasi
Jelzés Kolonna toltet (mmxmm) sebesség Oldészerrendszer
(ml/min)
HibarR 250-4 . AL
an:| IV
lVa.HPLC | LiChrospherR Si 100 4,5%250 07 cHex g
5um, Merck (100:40:3 viviv)
HibarRT 250-4 C18 DKLM:I1zopropanol:Viz
Vo HPLC 5um, Merck 4.6x250 ! (125:40:2 vIVIV)
Zorbax SB-CN 5um, cHexan:lzopropanol
I HPLC Agilent 4,6x250 1 (10045 vA)
Zorbax RX-Sil 5ym, DKLM:Izopropanol:Viz
. HPLC Agilent 9.4x250 3 (125:40:3 viviv)
Zorbax RX-Sil 5uym, DKLM:Etanol:Viz
V. HPLC Agilent 4,6x250 2 (125:11:2 viviv)
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4. Abra. A 3. komponens végsé tisztitasa a IIl. HPLC-s rendszerben

Az izolait ekdiszteroidok szerkezetvizsgalata MS és NMR spektroszkoépiaval (1D-, 2D-,
HMQC, HMBC, COSY, TOCSY, NOESY, ROESY) tortént.
Az 5. 4bra az izolalt ekdiszteroidok kémiai szerkezetét abrazolja.
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5. Abra. Az izolalt vegyiletek szerkezeti képletei

EREDMENYEK ERTEKELESE
Az elétisztitasra egyszerd, preparativ [éptéki tisztitasi modszereket hasznaltunk: folyadék-
folyadék kozotti megosztast és frakciondlt kicsapast. Az apolaris szennyezd anyagokat
folyadék-folyadék kozti extrakcioval a polaris szennyezd anyagokat frakcionalt kicsapassal
tavolitottuk el [1]. Ezt kovette a szilard fazisO extrakcio forditott fazison (Cis). Az
elétisztitas ezen fazisaban a minta nagy mennyisége és a tisztitandé vegyulet alacsony
koncentracidja miatt nagy terhelhetéségii modszert kellett alkalmazni. Igy indokolt volt a
szilard fazisi extrakcié ismételt alkalmazasa forditott fazison. A moédszernél és a
késébbiekben hasznalt forditott fazisi oszlopkromatografianal a vegyuletek eltéré
lipofilicitasat és kulonbozé megoszlasi allandojat kihasznalva tortént az elvalasztas. Az RP
oszlopkromatografia elénye, hogy nem kellett szamolni az ekdiszteroidok ail6 fazishoz
valé irreverzibilis kétédésével, ellentétben az adszorpciés kromatografias modszerekkel. A
forditott fazis ujrahasznalhaté és alacsony nyomdason is mukédtetheté. Bizonyos
ekdiszteroidok tiszta kinyerése viszont nem volt megvalésithaté egy lépésben RP-CC-vel.
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Az egyutt eludlodott komponensek szétvalasztasat ismételt forditott fazisu
oszlopkromatografiaval  oldottuk meg. Esetenként HPLC, vagy CN-fazisa
oszlopkromatografia egyittes alkalmazasa segitett a tiszta vegyuletek kinyerésében. A
CN-ali6 fazis egyedulallé elényokkel rendelkezik mas allé fazisokkal szemben, mivel
mindforditott, mind normal fazisu mébdban alkalmazhaté. Ezt a tulajdonsagat jol fel lehet
hasznalni az izolalasoknal. A CN-fazisi oszlopkromatografia ismételt hasznalata
egyszerlien megoldhatd, az alléfazis metanollal kénnyen regeneralhaté. Sem a RP-LP-
CC, sem pedig a CN-fazisi oszlopkromatografia nem rendelkezik kielégité
komponenskapacitassal. Igy hasznalatukat mindig HPLC elvalasztas kell kovesse az
ekdiszteroidok végsé tisztitasara.

Az izolalt vegyuletek koézil a 2-deoxi-5,20,26-trihidroxiekdizon, 20,26-
dihidroxiekdizon-20,22-monoacetonid,5,20,26-trihidroxiekdizon-20,22-monoacetonid, Ggj
természetes vegyuletek, mig a tébbi ekdiszteroidot. 2-deoxi-20,26-dihidroxiekdizont,
20,26-dihidroxiekdizont elsoként izolaltuk a Silene viridiflora-bél. Munkank igazolta, hogy
a Silene viridiflora alkalmas nyersanyagforrdasa a 26-os helyzetben hidroxilezett
ekdiszteroidoknak.

KOSZONETNYILVANITAS:
Munkankhoz a TéT JAP-22/02 OMFB-00756/200 tAmogatas nyujtott anyagi segitséget.
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Fenolos tipusu hatéanyagok vizsgalata Myrtilli- és Vitis-idaeae

foliumbdl. A talaj pH-janak hatasa a fenolos anyagok mennyiségére.

Vancea Szende', Szab¢ Judit?, Varga Erzsébet', Donath-Nagy Gabriella’
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A Vaccinium myrtillus L. leveleit a fitoterapia elsésorban vércukorszintcstkkentéként ismeri, de Haromszék
kérnyékének népgyodgyaszata, termésével egyitt, kdzkedvelt hasfogoként, bélfertétienitéként hasznédlja. A
bélfertétlenitd hatasért a cserzbanyagok felelések. A Vaccinium vitis-idaea L. leveleit hugyuti fertézések
kezelésére alkalmazzak. Ezt a hatast az arbutin biztositja. Ami az arbutint illeti, egyes szerzék a Myrtilli
foliumban is leirjak jelenlétét, de az adatok ellentmondasosak és nem meggydzéek.

Vizsgalatainkhoz Haromszék négy z6najabodl gydjtottik be a ndvényeket. Mivel ezen fajok kimondottan
savanyu talajt kedveld félcserjék, meghataroztuk a gytijtési teruletek talajanak pH-jat, keresve ennek hataséat
a kilénbdzd tartalmi anyagok mennyiségére (flavonoidok, polifenolok, cserzéanyagok). Ugyanakkor célut
taztak ki igazolni/ cafolni az arbutin jelenlétét a kildnb6zé helyekrdl gydijtott Myrtilli foliumban.
Meghatarozéasaink soran nem sikertlt arbutint kimutatni a Myrtilli foliumbél. Az afonya-allomanyok kémiai
Osszetétele és a terlletek talajanak pH-ja kozdtt jelentds Osszefiggés van. A savasabb talaj mindkeét faj
esetén negativan befolyasolja a flavonoidok mennyiségét. A fekete afonya esetén nagyobb polifenol és
cserzdanyag tartalomhoz magasabb, mig a vbrds dfonya esetén alacsonyabb pH-ju talaj sziikséges. Ezérnt
gyujtéskor ajanlatos figyelembe venni a talaj kémhatasat, ahhoz, hogy megfeleld hatast biztositd
hatdéanyagtartalmu drogot nyerjunk.

Kulcsszavak: Myrtilli folium, Vitis-idaeae folium, fenolos vegyuletek, talaj pH

The leaves of Vaccinium myrtillus are used in phytotherapy as hypoglycemic agents, but in folk medicine of
Covasna County they are used together with fruits to treat diarrhea. The effect is due to the presence of
tannins. The leaves of Vaccinium vitis-idaea are used in infections of the urinary tract. This effect is due to
the arbutin content. Concerning the arbutin content in Myrtilli folium, the literature data are contradictory,
some authors mention a low concentration. Leaves of both plants were collected from four different territories
in Covasna County. As this bushes are growing on acidic soils, we have determined the pH of the soil on
which they are growing, with the aim to see if there exists a correlation between the content of phenolic
compounds (flavonoids, polyphenols, tannins) and the pH of the soil. The aim of our study was also to
identify arbutin in Myrtilli folium. The results indicate that, there is no arbutin in Myrtili folium. We found a
significant relation between phenolic compounds and soil-pH. The increase of pH reduces the flavonoid
content in both plants. The tannin content of Myrtilli folium is higher at a pH value about 5, while that of Vitis-
idaeae folium is higher at pH about 3. Therefore, to obtain products of high quality, it is recommended to pay
attention to the soil pH.

Key words: Myrtilli folium, Vitis-idaeae folium, phenolic compounds, soil pH

A hazai népgydgyaszatban igen népszerliek az Ericaceae csaladba tartozo,
vizsgalataink targyat képezd 4afonyafajok. Mindkét faj 750 m tengerszint feletti
magassagon fordul elé és kimondottan savanyu talajt kedveld félcserje [6, 4).

A Vaccinium myrtillus L. (fekete afonya) leveleit a fitoterapia elsdsorban
vércukorszintcsokkentéként ismeri, de Haromszék kornyékének népgyogyaszata,
termésével egyltt, kbzkedvelt hasfogoként, bélfertdtienitéként hasznaija. Szamos szerzé a
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vércukorszintcsokkenté hatadst a magas kromtartalommal magyarazza, viszont a
bélfertétlenitd hatasért minden valosziniséggel a cserzbéanyagok felelések (2, 7, 8, 9].

A Vaccinium vitis-idaea L. (vorés afonya) leveleit széles kérben hugyuti fertézések
kezelésére alkalmazzak. Ezen hatasért az arbutin felelés [2, 3, 5, 7, 8, 9]. Ami az arbutint
illeti, egyes szerzék a Myrtilli foliumban is leirjak jelenlétét, de az adatok ellentmondasosak
és nem meggyézdek [3, 4, 7, 8, 9].

Vizsgalatainkhoz Haromszék négy zonajabol (Balvanyosi Hidegfiirdék, Torjai Budés
barlang, Lassuagi Ezeréves erd6, Mohos tézeglap) gyduijtottuk be a Myrtilli foliumot és a
Vitis idaeae foiiumot [16].

Meghataroztuk a gydjtési tertletek talajanak pH-jat, keresve ennek hatasat a
kulénbozé tartalmi anyagok mennyiségére (flavonoidok, polifenolok, cserzéanyagok).
Ugyanakkor célul tuztik ki igazolni/ cafolni az arbutin jelentétét a kulonbozé helyekrol
gydjtétt Myrtilli foliumban.

KISERLETI KORULMENYEK, MODSZEREK
A leveleket 2004 nyaran, szaraz, napos idében gydijtéttik, szobahémérsékleten
szaritottuk és taroltuk. Meghatarozasainkat frissen poritott drogbdl végeztik.
Mintak gyujtési helye és ideje.
1. fekete afonya levél, Szent-Anna t6-Mohos (2004. julius 9)
2. fekete afonya levél, Torjai Budés barlang kérnyéke | (2004. jalius. 16)
. voros afonya levél, Torjai Budods barlang kérnyéke | (2004. jalius. 16)
. vorgs afonya levél, Lasstag-Ezeréves erd6 (2004. augusztus. 15)
. fekete afonya levél, Lasstag-Ezeréves erd6 (2004. augusztus. 15)
. vorgs afonya levél, Balvanyos-Hidegfurdék (2004. julius. 16)
. fekete afonya levél, Balvanyos-Hidegfurddk (2004. julius. 16)
. fekete afonya levél, Torjai Bidos barlang kérnyéke 1 (2004, jalius. 10)
. vbros afonya levél, Torjai Budos barlang kornyéke It (2004. jalius. 10).

OCOoO~NOO;bWw

Talaj pH-janak meghatarozasa
A termétalajok pH-jat potenciometridsan hataroztuk meg [1]. A kapott pH értékeket a
kévetkezd tablazat foglalja ¢ssze.

| tablazat: A termétalajok pH-ja

Gyujtés helye pH
Torjai Budts barlang 3,54
Lassuag-Ezeréves erd6 5,20
Balvanyos-HidegfirdSk 3,80
Szent-Anna t6-Mohos 3,95

Minbségi meghatarozasok

Az arbutin kimutatasat vékonyréteg kromatografias (VRK) modszerrel végeztik
metanolos kivonatbél. Allofazis: Silica gel 60 Fass (Merck). Kifejlesztd elegy: etilacetat,
metanol, viz (100:13,5:10). Eléhivoszerként a Gibb's reagenst (2, 6 diklér-p-benzokinon-4-
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klorimid 1%-os metanolos oldata) hasznaltuk: az arbutin kékeslilara szinez6dott lathatéd
fényben ammonias goézolés utan [10, 11].

A flavonoidok azonositasara szintén VRK moédszert hasznaltunk. A metanolos
kivonatokat Silica gel 60 Fs¢ (Merck) allofazisra vittik fel. Az aglikonok vizsgalatara
kioroform, aceton, hangyasav (75:16,5:8,5), mig a glikozidok vizsgalatara etilacetat,
jégecet, viz, hangyasav (50:5,5:13:5,5) kifejleszto elegyet hasznaltunk. Eibhivészer:
Naturstoff reagens (1%-0s metanolos difenil-borsav-etilamin-észter oldat és 5 %-os
etanolos polietilénglikol oldat keveréke). A lemezeket elhivas elétt UVass nm-en, eléhivas
utan pedig UViss nm-€n értékeltuk ki [10, 14].

Mennyiségi meghatarozasok
A flavonoid aglikonok spektrofotometrias mennyiségi meghatarozasa savas hidrolizis
és aluminium kloridos komplexalas utan toértént. A mérdoldat abszorbanciajat 425 nm-en
mértuk és a flavonoid tartalmat hiperozidban fejeztiik ki [15).
Az tsszpolifenol és cserzdéanyag tartalom meghatarozasara a Folin reagenst és
bérport felhasznald spektrofotometrias médszert alkalmaztuk [14).

EREDMENYEK ES MEGBESZELESUK

A mindségi és mennyiségi meghatarozasok soran Osszehasonlitottuk Felsé-
Haromszék kulonbozd terlletein gydijtott voros afonya levél és fekete afonya levél fenolos
hatdanyagait. A meghatarozasokhoz vékonyréteg-kromatografias, valamint
spektrofotometrias moédszereket hasznaltunk.

A drogok VRK vizsgdlata soran arbutint csak a vorés afonya levelébdl sikerilt
kimutatni. Az 1. dbran a kék szinezédés az arbutin jelenlétére utal (R¢= 0,47).

1. fekete 4fonya, Szent-Anna t6-Mohos

2. fekete afonya, Torjai Biidos barlang kornyéke 1
3. vorgs afonya, Torjai Biidos barlang kémyéke [
4. voros afonya, Lassudg-Ezeréves erdd

S. fekete 4fonya, Lassuag-Ezeréves erdo

A- arbutin tesztanyag

6. voros afonya, Balvanyos-Hidegfiirdok

7. fekete 4fonya, Bélvanyos-Hidegfirdok

8. fekete &fonya, Torjai Biidos barlang kémyéke I1
9. vords afonya, Torjai Biidds barlang kornyéke I1

1. abra- Myrtilli folium és Vitis-idaeae folium arbutinos kromatogramja, Iathaté fényben, Gibb's reagenssel
val6 elhivas utan

Kapott eredményeink 6sszhangban vannak egyes szakirodalomi adatokkal, melyek
szerint a Myrtilli folium nem, vagy esetleg csak nyomokban tartaimaz fenolglikozidokat
(arbutint) [8].

Vizsgaltuk tovabba a levelekben jelen levé flavonoid glikozidokat és aglikonokat. A 2.
és 3. abran lathatd kromatogramokbdl kiderult, hogy a flavonglikozidok kdzul a rutin (Rf ~
0,3) csupan a Vitis idaeae foliumban talalhaté meg, viszont az aglikonok kozul a quercetin
(R ~ 0,4) ugy a Myrtilli foliumban mint a Vitis idaeae foliumban jelen van.
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2. &bra: Myrtilii folium és Vitis-idaeae folium flavonoid glikozidos kromatogramja, UV,ss fényben, Naturstoff

3. abra. Myrtilli folium és Vitis-idaeae folium flavonoid aglikonos kromatogramja, UV;es fényben, Naturstoff

1. fekete afonya, Szent-Anna t6-Mohos

2. fekete afonya, Torjai Biidos barlang kémyéke 1
3. voros afonya, Torjai Bildos barlang kdrnyéke I
4. voros afonya, Lassuag-Ezeréves erdd

5. fekete afonya levél, Lassiidg-Ezeréves erdd

R. rutin tesztanyag

6. voros afonya, Balvanyos-Hidegfurdok

7. fekete 4fonya, Balvanyos-Hidegfiirdok

8. fekete 4fonya, Torjai Biidos barlang kémyéke 11
9. vors dfonya, Torjai Bildos barlang kornyéke 11

reagenssel valé bepermetezés utan

1. fekete 4fonya, Szent-Anna t3-Mohos

2. fekete afonya, Torjai Bildos barlang kdrmyéke 1
3. vords dfonya, Torjai Bildos barlang kdrnyéke 1
4. voros afonya, Lassiag-Ezeréves erdo

5. fekete afonya, Lassuag-Ezeréves erdo

Q- -quercetin tesztanyag

6. viros afonya, Bélvanyos-Hidegfiirdok

7. fekete 4fonya, Bélvanyos-Hidegflirdok

8. fekete afonya, Torjai Biidos barlang komyéke 11
9. voros afonya, Torjai Bildos bartang kornyéke I1

reagenssel valo bepermetezés utan

A flavonoid mennyiségi meghatarozas eredmeényeit az |l. tAblazat foglalja dssze.

II. tablazat: A fekete és vorts afonya 8sszpolifenol és cserzéanyag tartaima

Drogok Gylijtés helye A Flavonil;;artalom

Torjai Budos barlang | 0,232 0,29
Torjai Budos barlang 0.566 071

Fekete afonya kormyéke I ’ '
levél Lassuag-Ezeréves erdd 0.821 1,03
Balvanyos-Hidegfurdék 0,682 0,85
Szent-Anna té-Mohos 0,675 0,84
Torjai Budés barlang | 0,375 0,47

Torjai Budds barlang

Voros aef?nya kormyéke Il 0,414 0,52
lev Lassuag-Ezeréves erdd 0,673 0,84
Balvanyos-Hidegflrdok 0,498 0,62
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Amint a bemutatott értékekbdl lathaté a fekete afonya flavonoid tartalma magasabb
mint a vorés afonyaé, de mindkét névény esetén a Lassuag-Ezeréves erdébél gyuijtott
drog tartalmazza a legnagyobb mennyiségl flavonoidot. Ez azzal magyarazhatd, hogy
ezen a teruleten a talaj pH-ja (5,20) magasabb a tébbi vizsgalt terllethez képest.

Mindkét tanulmanyozott afonyafajta szamottevé mennyiségben tartalmaz
polifenolokat, valamint cserzfanyagokat, de ezek mennyisége jelentésen eltér a
kUlénbdzé tertletek kozott. A kapott eredményeket a Iil. tablazat foglalja 6ssze.

Il tablazat: A fekete és vords afonyaban taialhaté flavonoidok mennyisége

Drogok Gyiités helye A, A, ?:::f;‘::;f?;")" Csfgf;”(12$‘a’
Torjai Budos barlang | 1,067 0,378 7.94 5,13
Fekete T°”a,'(§r‘r"32::ﬁ”a”9 1,173 0,432 8,73 5,51
éfgcéa Lassuag-Ezeréves erdd 1,410 0,337 10,49 7,98
Balvanyos-Hidegfurdok 0,962 0322 7.16 476
Szent-Anna t6-Mohos 0,847 0,336 6,30 3,80
Torjai Biidos barlang | 1,816 0,546 13,51 9,45
;gr"‘;z T°”a,'(§r‘r‘1‘;2;:fl"a”9 1,054 0,340 7.82 5,29
level Lasstiag-Ezeréves erdd 0,820 0519 6.10 2,24
Balvanyos-Hidegfurdok 0,824 0,335 6.13 3,64

Ugyanakkor lathaté, hogy a LassuUag-Ezeréves erdébdl (pH = 5,20) gyujtott Vitis
idaeae folium, valamint a Torjai Budos barlang kornyékerél (pH = 3,54) szarmazé Myrtilli
folium leggazdagabb polifenolokban és cserzéanyagoban. Ezek alapjan elmondhaté, hogy
a voros afonya magasabb pH-n, mig a fekete afonya alacsonyabb pH-n termel tébbet
ezekbdl az anyagokbdl.

KOVETKEZTETESEK

Meghatarozasaink megerdsitik azon irodalmi adatokat, melyek szerint a Myrtilli folium
nem tartalmaz arbutint, igy nem is hasznalhaté eredményesen hugyuti fertézések
kezelésére.

Vizsgalataink bebizonyitottak, hogy az afonya-allomanyok kémiai 6sszetétele és a
termétala) pH-ja kozott jelentds osszefuggés van.

A savasabb talaj mindkét faj esetén negativan befolyasolia a flavonoidok
mennyiségeét.

A fekete afonya esetén nagyobb polifenol és cserzéanyag tartalomhoz magasabb,
mig a vords afonya esetén alacsonyabb pH-ju talaj sziikséges.

Ezért gyUjtéeskor ajanlatos figyelembe venni a talaj kémhatasat, ahhoz, hogy
megfelelé hatast biztosité hatéanyagtartalmu drogot nyerjink.

A drogok magas cserzéanyag tartalma magyardzza ezek bélfertétlenitd, konstipald
hatasat. Ezek biztositjak a Myrtilli folium hasmenésben valé alkalmazasat, ugyanakkor,
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mellékhatasként székrekedést okozva, hatranyt jelentenek a Vitis idaeae foliummal valé
hagyuti fertétlenitd kezelések esetén.

10.
1.
12,
13.
14.

15.
16.
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A Telekia speciosa fitokémiai vizsgéalata

Vanyolos Attila’, Csedd Karoly', Bathori Maria?, Mathé Imre®

*-2.387TE GYTK Farmakognoziai Intézet, Szeged 6720, E6tvds u. 6.
'Marosvasarhelyi Orvosi és Gyogyszerészeti Egyetem,
Farmakognozia és Fitoterapia Tanszék

Telekia speciosa (Schreb.) Baumg. (syn. Buphthalmum speciosum), a member of the Asteraceae family, is
widely distributed in Eurasia. To date, little phytochemical work has been performed on T. speciosa (known
as ,yellow oxeye” in English); these investegations revealed the presence of sesquiterpene lactones,
flavonoids, fatty acids and sterols.

20-hydroxyecdysone and two structurally refated steroles were isolated from this species. The isolation
protocol included simple separation methods such as solvent-solvent distribution and precipitation,
multisteps chromatographic methods. Column chromatography on polyamide was used for the separation of
phenolic compounds from sterols. The isolation was followed by reversed phase column chromatography on
endcapped octadecyl silica and normal phase column chromatography on silica. The last purification step
was performed by RP-HPLC.

Key words: Telekia speciosa, 20-hydroxyecdysone, sterols, isolation

A Telekia speciosa (Schreb.) Baumg. (syn. Buphthalmum speciosum), a Teleki-virag
az Asteraceae csaladba tartoz6é eurazsiai elterjedés( novény, amelyet fitokémiai
szempontbol eddig kevéssé vizsgaltak. Az ezidaig izolalt és azonositott vegyiletek a
flavonoidok, a szeszkviterpén laktonok, a szterolok illetve az alifas zsirsavak csoportjabdl
kerilnek ki. A szakirodalimi adatok alapjan a szterolok kézil a B-szitoszterol és a
sztigmaszterol talalhaté meg a névényben.

Célunk az volt, hogy megvizsgaljuk a fent emlitett névényben potencialisan eléforduléd
ekdiszteroidokat és rokon vegyuleteiket. | A csaldd szdmos faja gazdag ezekben az
dsszetevbkben, pl.: Leuzea carthamoides, Serratula wolffii stb.

Az ekdiszteroidok amellett, hogy a rovarok vedlési hormonjaiként mikdédve a
metamorfézis kulonb6zé biokémiai folyamatait szabalyozzak, valtozatos farmakologiai
hatast fejtenek ki az emldsdkben is: anabolikus, adaptogén, antiarritmias hatas stb.

ANYAG ES MODSZER

Noévényi nyersanyagként a Telekia speciosa foldfeletti részét hasznaltuk, melynek
gy(jtési helye Hargita (Tekeréfeje), mig ideje 2003 juliusa volt.

Vizsgalataink soran kulénbozd kromatografias modszereket alkalmaztunk:

Rétegkromatogréafia (TLC): normal fazisu réteg — DC-Alufolien Kieselgel 60 Fass
(Merck-Darmstadt-Germany). Detektalas: UV fényben 254 nm-en (CAMAG UV lampa),
majd vanillin-kénsavas eléhivast kovetdéen 366 nm-en illetve természetes fényben.

Szilard fazisu extrakcié: poliamid oszloptoltet — MN-Polyamid SC 6 (Macherey-Nagel,
Diren, Germany), szemcseméret: 0,05-0,16 mm.

Alacsony nyomdst oszlopkromatografia: reverz téltet (C1s) Chemie Ueticon-C-Gel, C-
560, 0,06-0,2 mm szemcseméretl kémiailag kotott szilikagél fazis

Légkori nyoméasa oszlopkromatogréfia: szilikagél oszloptéltet, Kieselgel 60 (63-
200um) Merck Darmstadt, Germany,
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Rotaciés planar kromatografia (RPC). készulék — Harrison (Model 8924)
Chromatotron (Harrison Research, Palo Alto, CA); alléfazis — szilkagél 60 GFass (E.
Merck), 1 és 4 mm rétegben.

HPLC: pumpa - Agilent 1100, detektor - Jasco Model UV 2075, mozgéfazis — viz-
metanol (65:35 v/v), oszlop — Zorbax ODS 9,4x250 mm, szemcseméret 5y, frakcioszedo -
Isco Retriever 500 (Teledyne isco, Inc, Lincoln, NE)

A rétegkromatografids elvalasztasok soran az alabbi eluens elegyeket hasznaltuk:

TLC: (1) toluol-aceton-etanol-ammonia (25%) (100:140:32:9 viv/iviv); (2) etil-acetat-
etanol-viz (80:10:5 v/v/v); diklor-metan-metanol-benzol (25:5:3 viviv)

RPC. gradiens elucié: (1) etilacetat-etanol-viz (80:2:1, 80:5:2, 80:10:5, 80:20:10
vIVIiV), (2) diklérmetan-metanol-benzol (50:3:2, 50:5:3, 50:7:6, 50.8:6 v/viviv)

IZOLALAS FOLYAMATA

A Telekia speciosa szaritott foldfeletti részét (787g) megdaraltuk, majd 8 liter
metanollal szobahdmérsékleten perkolaltuk. A metanolos oldatot vakuum-desztillaciéval
40" C-on, 337 mbar nyomason bepdroltuk. Az igy nyert szaraz maradékot (113,3g) 450 m!
metanolban oldottuk, majd 450 ml vizzel elegyitettik, a metanolos-vizes oldatot 3x500 ml
n-hexannal kiraztuk a klorofill eltavolitasara, az igy kapott metanolos-vizes fazist
bepéroltuk. A szaraz maradékot (79,5 g) 150 ml metanolban oldottuk, 75 ml acetonnal
kicsaptuk, a csapadékot szlirtik és metanol-aceton 2.1 aranyu elegyével mostuk. A
szurletet beparoltuk, 120 ml metanolban felodottuk, majd 240 ml acetonnal Gjra kicsaptuk,
a csapadékot metanol-aceton 1:2 aranyu elegyével mostuk, majd szlrtik és beparoltuk.
Az igy nyert szaraz maradék tomege 27,7 g lett.

Az elbtisztitas soran nyert 27,7 g témegl maradékot 2,5-szeres mennyiségl (70g)
poliamidon adszorbealtattuk, téltetként ugyanennyi- alléfazist hasznaltunk. A poliamid
oszloprol 6sszesen négy frakciot szedtunk le: viz, viz-metanol (9:1), viz-metanol (1:1),
metanol hasznalataval (rendre 1000, 1300, 1000, 1000 ml). A frakciok beparlasaval a
kévetkezd tdmegl szaraz maradékokat kaptuk: 18,58; 1,86; 3,6 illetve 1,56 g.

A fent emlitett kivonatokat forditott (Cyg) fazisu oszlopkromatografiaval tisztitottuk
tovabb, az oszloptoltet tdmege 150 g volt. ‘A szdraz kivonatokat 30% metanolt tartalmazé
vizes oldatban feloldottuk, majd az oszlopra torténd felvitele utan gradiens ellciét
alkalmaztunk viz-metanol (7:3, 65:35, 6:4,.55:45, 1:1-v/v) 500 ml térfogatu elegyeivel, 100
ml-es frakciokat szedve.

Az 1-13 egyesitett frakcidt tovabb tisztitottuk forditott fazison, a fentivel azonos
moédon. A reverz fazisu tisztitds soran nyert 4-13 frakciot beparoltuk (3,29 g) és 83 g
szilikagélre adszorbealtattuk, oszloptéitetként 83 g mennyiségl szilikagélt hasznaltunk.
Eluensként diklérmetan-etanol valtozé aranyu, egyenként 400 ml térfogatu elegyét
hasznaltuk: (1) 1:0, (2) 95:5, (3) 9:1, (4) 8:2, (5) 7:3, () 1:1.

A (3) ill. a (4) frakcidkat RPC modszerrel tovabb tisztitottuk. Mozgofazisként az
elébbiekben mar részletezett (1) és (2) eluald rendszert hasznaltuk. A rendszert alkotd
minden egyes eluenskeverékkel 5, egyenként 25 ml-es frakciét szedtink. Az igy nyert
frakciokat tobbszoros reciklizaciéval tisztitottuk tovabb.

Az RPC szeparalas soran nyert két frakciot forditott fazisu HPLC segitségével
tisztitottuk tovabb, percenként szedve a frakcidkat.

EREDMENYEK ES ERTEKELESUK

A novenyi nyersanyagunk feldolgozasaban az els6 lépés a kivonas volt, amelyre
leginkabb alkalmas oldészer a metanol az ekdiszteroidok és a rokon vegylletek
kOzéppolaris tulajdonsaga miatt. A metanollal egyéb zavaré anyagokat is kivonédnak a
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névénybdl, ezért van szukség az eidtisztitasra. A metanolos-vizes kivonatot hexannal
torténd kirdzas segitségével megtisztitottuk az apolaris szennyezé anyagoktél (pl. klorofill).
Ezutan kdvetkezett a metanolos kivonat frakcionalt kicsapasa névekvé aranyd acetonnal,
ezzel a polaris anyagokat, pl. cukrokat, fehérjéket tavolitottuk el.

Mivel a kivonat viszonylag nagymennyiségl flavonoidot tartalmazott, a poliamid
oszlopkromatografia segitségével csoportelvalasztast végeztink az alkoholos, illetve
fenolos hidroxil csoportokat tartalmazo vegytletek elkllonitésére. Ez az alléfazis joval
nagyobb affinitdssal kéti a fenolos hidroxil csoportokkal rendelkezé anyagokat (pl.
flavonoidokat), mint az alkcholos OH-csoportokkal rendelkezéket (ekdiszteroidok,
szterolok stb.)

A normal és a reverz fazisu oszlopkromatografia egymaés utani hasznalataval jelentés
szelektivitdsbeli valtast értink el: az elébbi médszer adszorpcion alapszik, a forditott
fazisnal, pedig a hidrofob kélcsénhatasok a dontdk, és az irreverzibilis adszorpcié mérntéke
elhanyagolhatd, mivel a szilanol csoportok csaknem teljesen mértékben fedettek. Ez
utébbi alléfazis regeneralhatésaga miatt gazdasagosan Ujra felhasznalhaté.

Az RPC modszer hasznalata névelte a tisztitdsi es elvalasztasi folyamatok
hatékonysagat, mivel a centrifugalis eré hatasara az elvalasztas gyorsabb és jobb lesz,
tovabba a vizsgalt komponensek révidebb ideig érintkeznek a réteggel, mint a TLC
esetében, igy az anyagok bomlasanak veszélye kisebb.

Az ezt kovetd forditott fazisu HPLC hasznalata Ojabb szelektivitasbeli valtast jelentett.
Az UV elnyeléssel nem rendelkezd szterolok HPLC elvalasztasanal az UV detektalast nem
lehet alkalmazni. [gy percenként gyljtéttuk a frakcidkat és az elvalasztast TLC-vel
ellenériztik, kihasznalva a moddszer egyik elbényet, hogy a kifejlesztett kromatogram
eléhivhaté, meég savat tartalmazo, drasztikus eléhivé reagensekkel is. A szterolok
detektalasat a TLC-nél vanilin-kénsav reagenssel vegeztuk. Ezen a mddon két tiszta
anyagot sikertlt nyernank. Az anyagok szerkezetvizsgalatardl a késdbbiekben szamolunk
be.

Az izolalt anyagok ekdiszteroidokhoz és mas szterolokhoz hasonld kromatografias
viselkedése (szinreakci6, polaritds) arra utal, hogy ezekhez kozeldllé vegyuletekrél van
sz6. Mindez a vegytlletek tobbszérds hidroxilezettségét, vagy a szterolvazhoz cukor
kapcsolédasat valészinlsiti. Kettds kdtéssel konjugalt csoportot, ill. konjugalt kettés kétési
rendszert nem tartalmaznak.

Vizsgalataink és a hozzaférhetd szakirodalom alapjan valdszinlnek tartjuk, hogy
izolalt anyagaink nem szokvanyos, tébbszérésen hidroxilezett szterolok. Emellett eldszér
sikerdlt kimutatnunk a névénybdl az élévilagban legelterjedtebb ekdiszteroidot, a 20-
hidroxiekdizont, s ez a tény felveti annak lehetéségét, hogy egyéb ekdiszteroid
komponensek is talalhatok benne, mivel ezek az anyagok komplex keverékeik formajaban
fordulnak elé a névényekben.
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Among the biologically active pentacyclic triterpenes, betulin and betulinic acid exhibit a high anti-
inflammatory, antiviral and antitumor effect. The activity of betulin against HSV-1 and HSV-2 viruses as well
as concentration dependent synergistic or antagonistic antiviral effect between betulin and acyclovir were
confirmed. Betulinic acid combined with vincristine induce apoptosis in melanoma cells, furthermore its anti-
HIV and antiviral activity is also well known. The betulin content of Betulae cortex was described, although
quantitative resuits have not been published. The aim of our work was to reveal further sources of betulin
and betulinic acid, to gain experiences concerning their accumulation and the optimal phytotechnology We
examined the betulin, betulinic acid and B-sytosterol content in the bark of Betula pendula Roth, Alnus
glutinosa (L.) Gaertn. and Platanus hybrida Brot. by TLC, CC, VRK, GC and GC-MS methods. We found that
betulin presents as main component in Betulae- and Platani cortex samples. Aini cortex contains other
triterpenes also in considerable amount beyond betulin. 'Betulinic acid occurred as minor component in all
samples, while there was no significant difference in 3-sytosterol content.

Keywords: betulin, betulinic acid, 3-sytosterol, further sources, GC-GC/MS, HPLC

BEVEZETES

A bioldgtailag aktiv pentaciklikus triterpének kézul a betulin és betulinsav jelentos
gyulladasgatld, antivirdlis illetve daganatellenes hatast. Mindkét vegyulet HSV-1 és HSV-2
virus elleni aktivitasat igazoltdk [Yunhao Gong, Karim M. Raj, Carolyn A. et al]. A betulin
aciklovirral koncentraciotol figgden szinergista vagy additiv hatast fejt ki, emellett antioxidans,
majvedod, valamint antibakteridlis tulajdonsagait is leirtak.

A betulinsav vincnstinnel egyttt adva szinergista hatasunak bizonyult, a melanoma
sejtekben apopotozist indukal [N Sawada, K Kataoka, K Kondo et al]. Mivel citotoxikus hatasa
specifikus a daganatsejtekre, és a terdpias indexe is kedvezd, emiatt nagyon igéretes
vegyuletnek tekinthetd tobbek kozott az AIDS és a rosszindulati daganatos betegségek
terapigjaban [Rama Mukherjee, Manu Jaggi, Praven Rajendran et al].

A Betulae cortex betulin tartalma a szakirodalombél jol ismert. Munkank célja a betulin és
betulinsav Ujabb forrasainak feltarasa, felhalmozodasuk sajatsagainak alaposabb
megismerése és az optimalis fitotechnologiara vonatkozo adatgydijtés volt.



ANYAGOK, MODSZEREK

TLC, CC, HPLC, GC és GC-MS modszerekkel vizsgaltuk a Betula pendula Roth, Alnus
glutinosa (L.) Gaertn. és Platanus hybrida Brot. szaritott kéreg és levél drogok betulin,
betulinsav és 3-szitoszterol tartaimat.
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R-szitoszterol

Méréseink sordn hagyomanyos Soxhlet ' extrakcidval valamint szuperkritikus fluid
extrakcioval elBallitott drogkivonatokat hasznaitunk.

Kivonatok eldéllitasa Soxhlet extrakcioval:

Pontosan mert, 3,0 g témegl poritott drogot 6 6ran at 60 °C-on 100 ml hexannal
extrahaltunk. A hexanos kivonatokat tovabb extrahaltuk 100 ml metanollal 90 °C-on.

A kalium-hidroxidos elszappanositast (Ph.Hg.VIil.), majd petroléteres kirazast kovetden
semlegesre mosott és beparolt « mintdkat az - dsszkivonatokkal egyltt vékonyréteg-
kromatografiasan ellendriztik betulin, betulinsav, és R—szitoszterol standardok alkalmazasa
mellett

Kivonatok eléallitasa szuperkritikus fluid extrakcidval

A kivonast 5 | térfogatu extrakcios tartalyhoz kapcsolt nagynyomasu készilékkel
végeztuk 350 bar nyomason és 40 °C hémérsékleten. Oldészerként szuperkritikus CO, —ot,
koszolvensként alkoholt alkalmaztunk. Pontosan mért, 1000,0 g témegul drogot extrahaltunk,
melynek telies mennyiségét visszanyertik.

A szuperkritikus fluid extrakcioval eléallitott kivonatokbdl 96%-os etanolial készitett
oldatokat hasznaltunk fel a tovabbi vizsgalatok céljabél.

Vékonyréteg-kromatografias vizsqalatok kérulményei:

Réteglap: Kieselgel 60 F254

Eluens: hexan-etil-acetat (3:1)

Vizsgalati oldat. égerfa, nyirfa, kéreg és levél valamint platan kéreg kivonatok
Osszehasonlitd oldat: betulin, betulinsav, -szitoszterol standard

Reagens: kénsavas CeS04

Elbhivas: szaritdszekrényben 120 °C-on 10 percig szaritva, értékelés lathatod fényben




GC-GC/MS analizis:

Az analizishez elszappanositott mintakat hasznaltunk, kikliszébolve ezzel a zsirsavak
mérést zavard hatasat A mintakbdl kb. 0,5 mg/ml koncentracioju kloroformos oldatokat
keszitettink. Belsé standardként 5-a-cholestan-3-on-t alkalmaztunk.

A gazkromatograf készulék tipusa Agilent 6890N. DB-5MS kolonna FID (langionizacios)
detektorral kapcsolva.

Kolonna: 25 m x 200 um |. D x 0,33 um filmvastagsag.

Vivégazkent kromatografias tisztasagu héliumot alkalmaztunk 1,0 ml/perc aramiasi
sebesseggel.

Fltési program: 120 °C-rdl (1p.) 10 °C/perc futési sebességgel 300 °C-ra (14p.), majd 10
°Clperc fiitési sebességgel 310 °C-ra (10p.).

A készllékbe 1,0 pl térfogati mintat injektaltunk 0,7 mg/mi sebességgel, splitless
Uzemmodban. Az injektor homérséklete 280 °C, a detektoré 330 °C volt. Az azonositas
retencios id6 és standard addicié alapjan tértént.

A tomegspektrometrias méréseket Agilent 6890N tipusu késziléken végeztik, 30 m x
250 ym 1.D. x 0,25 ym, HP-5MS tipusu kolonna alkalmazasaval.

Vivogazként kromatografias tisztasagu héliumot alkalmaztunk 1,0 mi/perc aramlas
sebességgel.

Fdtési program: 140 °C-rol (1p.) 10 °C/perc f(tési sebességgel 270 °C-ra (20p.), majd 10
°C/perc 300 °C-ra (6p.)

A készUlékbe 1,0 pl térfogatd mintat injektaltunk 0,7 mg/ml sebességgel, splitless
zemmodban. Az injektor hdmérséklete 280 °C, a detektoré 330 °C volt. Detektalasra 573N
tipusu témegszelektiv, elektron impakt Uzemmodu (70eV) detektort alkalmaztunk Az
azonositas retencios idd és tbmegspektrum alapjan tortént.

HPLC analizis:

Vizsgélati mintainkban a betulin és. betulinsav eléfordulasat HPLC-s médszerrel is
igazoltuk.

A kromatografias készulék tipusa Surveyor HPLC rendszer, kvaterner gradiens pumpa
integralt gazmentesitével, automata mintaadagolaval.

Oszlop: Eurospher 5 ym, C18, 250 x 3.0 mm I.D., Knauer, Néemetorszag.

Mozgo fazisként acetonitril — viz 22:78 v/iv aranyu elegyét alkalmaztuk.

Az aramlasi sebesség 1,0 ml/min volt, a detektalas 205 nm hulldmhosszon, diédasoros
detektorral tortént. A kromatogramok kiértékelését Chromquest 4.0 szoftverrel végeztik el.

VIZSGALATI EREDMENYEK

Vékonyréteg-kromatografias madszerrel dsszehasonlitottuk az égerfa (Alnus glutinosa
(L.) Gaertn.) es a nyirfa (Betula pendula Roth) kéreg és levél valamint a platan kéreg
(Platanus hybrida Brot.) kivonatait elszappanositas eldtt és utan. A beparolt kivonatokat
alkalmas olddszerben (CHCIs) visszaoldva vittik fel a rétegre, betulin, betulinsav és 13-
szitoszterol standardok mellett.

A R-szitoszterol minden mintaban azonosithatd volt (R=0,43), a betulin jellemzden a
kéreg mintakban fordult elé (R=0,28). A levéldrogokban a R-szitoszterol jeleniéte igazolhatd
VRK médszerrel.

GC-GC/MS

Az Alnus glutinosa valamint a Platanus hybrida kéreg kivonatait elszappanositast
kévetben gazkromatografiaval és GC-vel kapcsolt tomegspektrometridas maodszerrel
analizaltuk betulin és B-szitoszterol standardok egyidejli vizsgalataval

A betulint a vizsgalt kéregmintak mindegyikében azonositottuk. Példaként a Platanus és
Alnus kéreg minta gazkromatogramjat, az Alnus kéreg 41,842 retencidos idejl
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komponensének tomegspektrumat, valamint a betuiin tesztanyag tomegspektrumat mutatjuk
be (1.,2.,3. abra).
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2. abra Aini cortex kivonat gazkromatogramja
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3. abra Az Alni cortex (metanolos kivonat, el nem szappanosithato rész) betulin komponensének illetve a
betulin standard témegspektruma

A R-szitoszterol jelenlétét valamennyi kéreg és levélmintdban igazoltuk. Példaként az
Alnus- és Platanus kéreg gazkromatogramjat, az Alnus kéreg 29,403 retencids ideju
komponensének témegspektrumat, valamint a R-szitoszterol tesztanyag tomegspektrumat
mutatjuk be (1., 2., 4. abra).
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4. abra Az Alni cortex SFE kivonat B-szitoszterol komponensének illetve a R-szitoszterol standard
tomegspektruma
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Kvantitative meghataroztuk az Alnus- kéreg és levélmintak 3-szitoszterol tartalmat. Mind
a szuperkritikus, mind pedig a Soxhlet készulékkel eldallitott Alni cortex kivonatokban a R-
szitoszterol jelentdsen feldusult. Az Alni folium kivonatok R-szitoszterol tartalma a kéreghez
képest alacsonyabb, de nem elhanyagothaté. Mérési eredményeinket tablazatban, illetve

grafikonon 6sszegezzik (5. abra).

Alni 8-s2rtoszterol
glutinosae tartalom
cortex {9100 g}
A 17,53
szuperkmikus
kivonat,
oidészer CO. —_
- = 8-aznoszierol
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alkohol

C: hexanos 158
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D: metanolos 1437
kivonat

Alni
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E. metanclos 428
kivonat

5. abra: Alni cortex és Alnj folium mintak B-szitoszterol tartalma

HPLC
Minden vizsgalt kéregdrogban standard minta alkalmazasaval igazoltuk az 5,9 retencios

idével jellemezhetd betulint. Az Alnus keéreg kivonata Osszetett, jellemzbéen nagyobb
mennyiségben tartalmaz betulinsavat (retencios idé 4,2 amely megegyezik a standard minta
retencios idejével), mint a Betula és Platanus kéreg (6. abra).
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6. abra Betulin, betulinsav és a vizsgalt kéreg drogok HPLC kromatogramja
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Osszefoglalas

A biologiai aktivitdsa miatt érdeklédés elbterébe kerllt betulint az ismert alapanyag.
Betulae cortex mellett Alni cortex és Platani cortex mintakban azonositottuk VRK, GC, GC/MS
€s HPLC modszerekkel autentikus teszt mintak felhasznalasaval

A Betulae cortex-ben és Platani cortex-ben minor komponensként eléforduld
betulinsavat jelentds tartalomanyagként igazoltuk Alni cortex mintdban A R3-szitoszterol mind
a kéreg. mind a levélmintak jellemzé komponense. A R-szitoszterol kvantitativ eléfordulasa
nem mutat jelentds killdnbséget. A szuperkritikus extraktumokban a vizsgalt komponensek
jelentésen feldusulnak.
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Lobelia inflata L. contains pharmacologically important secondary metabolites. More than
20 piperidine alkaloids were detected in the herb. The main piperidine alkaloid is lobeline
which has a stimulatory effect on the respiratory centre. Lobeline is also used in anti-smoking
preparations. Recent studies have shown that lobeline analogues have good potential
effective treatments also for psychostimulant abuse. Pharmaceutical importance of Lobelia
would be improved by the polyacetylenes (lobetyol, lobetyolin, lobetyolinin). With the aim of
increasing of the secondary metabolite production genetically transformed cultures were
produced

Hairy roots were obtained by direct infection of the sterile plants with Agrobactenum
rhizogenes strain R1601. About 62 hairy root clones were isolated and cultivated on solid and
liquid media (MS, BS5). Cefotaxime and ampicillin were added to the medium for several
subcultures to eliminate the bacteria. The cultures grew intensively and had good biosynthetic
ability.

Hairy roots were cultivated in a cylindrical, 10 L bubble column bioreactor. A cylindrical
nylon net was placed in the middle of the reactor. The sterile arr was laid on through the
bottom of the bioreactor.

Lyophilised and powdered hairy roots were extracted with 0.1 N HCl:methano! (1:1,v/)
using a Labsonic U ultrasound device (Braun). Aliquots of this extract were used directly for
poliacetilen analysis. For alkaloid analysis, aliqguotes of the crude extract were purified by
solide phase extraction on C18 microcolumn.

Analysis of alkaloids and polyacetylenes was performed by HPLC. Analysis was
performed on a Surveyor (Thermo Finnigen, San Jose, CA, USA) HPLC system consisting of
a quaternary gradient pump, a PDA detector and an autosampler. The compounds were
identified by the addition of authentic standards and by diode-amay detection. Quantitative
determination was performed by external standard method.

HPLC analysis of lobeline

Compounds were separated on an Eurospher 100-C8 (5 um) reversed-phase Vertex
column (250 x 3 mm i.d.), using 30:70 (vA/) acetonitrile:0.1% trifluoracetic acid as a mobile

phase at a flow-rate of 1 mUmin. The lobeline peak was identified by standard addition and
diode-array detection.

HPLC analysis of polyacetylenes

The analytical column was Hypersil MOS-2 (250 x 4.6 mm i.d.). Acetonitrile: water (23.1.
769, v/V) was used as a mobile phase (flow rate 1 mbL/min). Lobetyolin and lobetyolinin peaks
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were identified by addition of authentic standards and diode-array detection. Quantitative
determination of polyacetylenes was performed by external standard method at 270 nm.

The polyacetylene content of hairy root clones was prominent and the total alkaloid
content of the cultures was similar to the intact plant (but the lobelin content in the hairy roots
was less than in the intact plants). With the aim of increasing of secondary metabolite
production of hairy roots, their cultural conditions were optimized {macroelements, sucrose,
hormones, precursor amino acids: Lys, Phe). Prominently high quantities of polyacetylenes
(131mg/g lobetyolin, 24 mg/g lobetyolinin) were detected in the hairy roots cultivated in liquide
B5 medium containing 1% sucrose.

The hairy roots were cultivated also in bioreactor (264 mg/cult. lobetyolin and 59 mg/cult.
lobetyolinin production was obtained).
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