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Abstract:

LÓívz-S ÁFZ, jA., M~. JosÉ PÉREZ—ALONSO & ARre105 VílLÁScO NrotíLRS lElA. 1996.
(?ontributionto thephylogenyof PhilonolisBrid. (BartrauniaeeaeSchwaegr.):Flavonoidaof sections
Catenularia((7 Mdli.) Par. aíadEuphilonotisLimpr. Bol. (‘oncpíu/c’i»/»21.51-58.

Five billavonoida, Íour billavones<philonotisÍlavone,dicranolomin,5,3’-diOH-amentoflavoíic,
5’,3-diOl-I-robustallavonc) aocI the flavoíie-llavanoí,edimer 2.3-dihydro-philonotislIavonewere
investigatedlrom sects. (‘c,icocílar/a ((7. MU») Par. aí,d Eap/í/lonol/s ti mpr. of Pía/ionac/» Brid.
gentís.Phylc,genetieptasiticanc,lboth secthansis analysedaecordingto theirbiflavonoidcomposition.

Kcv Words: I’Jíilcanot/,s, Barlrcícn/acreac, billavoncaids.chenaosysteunatics.

Resumen:

Ls,íw-SAl’, JA., Ma. it SSÉ PÉREZ-ALONSO & A ~rt RO VílLáSCo NESOII iRt lELA 199(i
(‘oíl tíibación 11 la fi logania de Pñi lonotis H cid. (8artrani iaceae Sciíw aegí.): [la vonoldesde lassec-
ciones(?aieocílariatC Molí.) Par y Euphilonotis Lií~pr Mc>!. (‘o;aipiuic’’í»/» 21:51—58

Cinco bi flavcaíisaiclcs,cíatreelitascuatíobiflavcanas(filoncstisflavona.dicranoloínina.5 -diOl1-
ani cntoíl¿ivana s 5’3—di () II—robustaII avona) y el d iniero [lavana— lavonona2,3—di hidro—filo jotis lía —
‘oíaa loeron ide iii licados en especies (le las sccc.ones(‘acer, ¡Icíria ((7 Mdli.) l’aí, y EupJí/1cmca c/s
Limpí.dcl géneroí’lí/lcu,íot/» Brid. Se colijont¿í la posicióíi lilcaeenétieadeambassceciíancsdc aclíer-
do a suesamposición billasacano Idi ca.

I’a labrasciave: iahu/onc,t/,s;Bé,rl,amia¿cac,biflavoocsides,c¡uin,iosisíeinática,

Botan/ca (?arnpiaxerís/s,2>: 51-58. Serviciode Publicaciones.UniversidadComplutense,1996
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INTRODUCTION

The Barú-amiaceaeSchwaegris oneof the mostdistinetiveof mossfami-
lies (GRIFFIN 111 & BtICK, 1989).la thc lastyearsmany papersdealingwith
the identification of flavonoids including unusual macrocyclic derivatives
from J3artramiaceaespecieshavebeen published(GEtOER & BOKEI.. 1989;
GEIGER & al.. 1995;LÓPEZ-SÁFz, 1994;LÓPEZ-SÁEZ, & al., 1995;SALM & al.,
1993; SEEGER& al., 1991, 1992, 1993). In addition, flavonoids proved to be
significant chemical charactersfor chemotaxonomicstudies(GEIGER. 1990;
GEIGER & QtííNN, 1988; GEIGER & al., 1988; LÓPEZ-SÁEZ, 1994; MARKHAM,
1990).For thesereasons.a studyof the presenceof biflavonoids in selected
membersof Ihe Barrramiaceaehasbecocarriedout, jo order to study taxo-
nomic and phylogeneticimplications of comparativeflavonoid chemistryof
speciesin the sects.Caenalaria (C. Malí.) Pa>’. and FuphilonotisLimpr of
Philonotis Bjid. genus.

MATERIAL STUDIED

Voncherspeciínensare depositedin tlie MACB Herbarium(Departmentof
Plant l3iology, Faculty of Biology. ComplutenseUniversity of Madrid):

E andina (Mitt.) Jaeg.:COLOMBIA: Cundinamarca,Páramode Palacio,
Lagunasde Buitrago,alt. 3600 m, AntoineM. Cleef& 7? van der I!ammer4973.
PERU:Departmentof Cajamarca,QuebradaCavilan,alt. 3150m. E. I-fegewald.

E australis (Mitt.) Par.: MAURICE ISLAND: Le Ponce, roches volcani-
quesensoleillés,alt. 550 m, M. Onraedt

1? caespitosaJur.: GERMANY: Erlenbruuchbei Reimsbacham Wegrand,
Kreis Merzig, 91V1986, R Maes. SPAIN: Guadalajara,~Sierradel Bulejo,
17.111.1986,Ayala, Herguido,Maz¡rnpaka& Ron.

E calcarea (13. & S.) Schimp BELGIUM prov. Luxeínbourg,Forgesde
Buzenol,au bord de l’eau, M. Onraedt NORWAY: Nordland.env.Narvik sólau
bosé d’ un lac. M. Onrcaedt 11687. SPXIN: Toledo. Castillo de Rayuela.
9.IIl.1982,E. Fuertes.

E capillaris Lindb.: NORWAY: envaronsde Srjotli. Mocher suintant.alt.
1200m,M. Onraedt7647.

E fontana (Hedw.) Brick: FRANCE: Jura,Col de Rothenbach,rochercal-
cairesuintant,M. Onraedí11900;Jura,Lacd’lley, solhumide,M. Onraeuñ10573.
SPAíN: Segovia,subidaal puertode la Quesera,en hayedo,‘i9.IV.1992, López-
Sdez & Tapia Ariza; Toledo,Navahermosa,fuentesdel fío Estena,26.IX.1989,
Ron, Velasco,Jover & Buades.

E laucijolia C. Malí.: SRI LANKA: Nuwara tliya, Lover’s Leaf Talís, alt.
1900 m, sur granit humide,M. Onraedí2858.
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P marchica (l-Iedw.) Brid.: BELGIUM: prov. Luxetnbourg,Carlsbourg,alt.
440 m, riviére á eaulimpide et froide, M. Onraedí7650. ICELAND: W-Island,
Snaefellness,Miklholtshreppur,19.VIII. 1987,M. Neitzke.

P seabrifolia (Hook. f. & Wils.) Braithw.: PERU: Paseo,along toad from
Cerrode PascotoLima via Canta,northof Huayllay, km. 224.4on soil, alt. 4160
m. VIII 21734.

E seriata Mitt.: FRANCE:Mont Aigual, 30V11.1983,R. Mt/es.SWITZER-
LAND: CantondesSrísons,Col de laBermica,prémarécagluse,alt. 2300m, M.
Onraedt11580.

1? turneriana (Schwaegr.)Matt U.S.A. Hawaii, Oahu, WaianagMount,
Metrosideros-Cheirodendronmossfoiest, vcry wet roadsidearcas,alt. 4000 ff.,
22.11.1975,WJ. Hoc3350-O.

METHODS

Air-dried plant material (5-10 g by population) were extracted with
MeOH:H,O (8:2) andwith Me2CO:I-120(8:2) at room temperature.To elimina-
te chlorophylls,thecombinedextractswereevaporatedandtheresiduewassub-
jected fo a busstepCraig distribution betweenthe upperaud lower phasesof
DMF:H,O:Et.,O (4:1:8) (GEIGER & al. 1988, GEIGER, 1990). The combined
lowerphaseswerereducedlo vacuoto a thin syrup(about10 mí) whichwassto-
redat -20

0C until further analysis.
The flavonoidswere identifiedby co-chromatographywith authenticalstan-

dards recently isolated lrom Bastramia íthyphylla Brid. (LÓPEZ-SÁEZ & al.,
1995), Bartramia stricta Brid. (GEIGER & al., 1995) and Bar/ramia pomijormis
Hedw. (LÓPEZ-SÁEZ, 1994).Compoundswereseparatedby TLC (GEIGER, 1990)
andHPLC on a NucleosilC-18 column (4 mm x 250 mm id., Hewlett Packard)
at a flow rate of 1 ml mm-> usinga lineargradient(5% aceticacid, O mm: 30%
rnethanol.40 mm: 70% methanol).Tite injection volume was50 aL Ah separa-
tions weretuonitoredwith a pitotodiodearraydetectorat 22-440nm (MEIER &
STItHER, 1986). As the constituentsare ahí known. their HNMR 13C-NMR
andMS datahavebeenpublishedelsewhere(GEIGER & al. 1993,LOPEZ-SAEZ
& al.. 1995;MARKHAM & al., 1988;SEEGER& al., 1992).

REStJLTSAND DISCIJSSION

Fortitis studywe havelookedparticularyat selectedcharacters.Thosewhich
we have used in developingour conceptsof phylogenyin the Bartramiaceae
includedrhizoid ornamentation(HIRoHAMA & IWATsUKI. 1980). stemanatomy
(HABERLAND, 1886; KAWAt. 1982, 1989), sporeornamentation(GRIFEIN III &
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ACtÑA, 1983; HtROHAMA, 1977), morfology of axillary hairs (GRIFFIN III &
BIK, 1989),andchromosomenumbers(FRíTszu,1982).The characterthat we
found of most interestand use,andwhich havebeenignoredpreviouslyin the
Bartramiaceae,is the flavonoidcomposition.Farlierworkhasestablishedthe fla-
vonoidcompositionof Philonotis fontana (GEIGER& BOKEL, 1989).

Twenty samplesrepresenting11 Philonodsspecieswereanalysedregarding
titeir biflavonoid profiles (Figure1). Comparisonof populationswithin the same
speciesrevealedno signilicant dilferencesin flavonoid composition.Ihis is in
line with observationsin othermosses(FIwITAG & al., 1986;LÓPEZ-SÁEz,1992,
1994;SIEGEL& al., 1989).Theresultsaspresentedin Table1 thereforereferonly
to the respectivespeciesname.

Table 1: Dístributian offiavana/ti» ¡rs u spec/esof Plaiianot/s, Caneentratic>n: ±4±higO, ++

m/tidfr + la cay, - nal de/ected,Numeration of cocnpouds:1 2,3-dihytiro-piiilanot¿sflacaane;
2.5,3-tiuíaytirari-amenroflaíaone;3 S’,3”’-dihydroxi-rabusta/iatone;4philanoñsflaíaone;5
dieranalamín

haxoi,
Flavonoid Nuniber

1 2 3 4 5

sectionEuph/loííods
E aod/oa
E austral/y ,,,........
P cticcpitrasa..,
E calec,rcc,
E cap/llar/a
1? fonia.íci ,,..........
E lcícícifialia
E roarclíicci.....,
1? sca/oca.........,,,,
1? curtícríana? ,.......

+

+

++

*

4

>-

+

*

‘

*
*

* 4
+
+
-

+4-
.
-
4

,

,

,

,-

*

4

++

**
*

a

44+

>->->-
++

44

+

+

+

+

+

+

+

+

seefion (‘atenuiaria
P seabrifolia .. ++ 4 - . -

Tite genusPhilonotis is mainlycharacterizeclby tite presenceof biflavones.par-
liculary biluteolinsand243-dihydrobiluteolinsAmongthe isolatedcompoundswere
the biflavones 5’.3”-dihydroxi-amentotllavone(5’,8”-biluteolin): 5k3”’-dihydroxi-
robustallavone(5’,6”-biluteolin); dicranolomin(2\6”-biluteolin); pitilonotisflavone
(2,8”-biluteolin) and tite flavanone-flavone2,3-diliydro-phiíonotisflavone(eriodyc-
tiol-(2’,8”)-luteolin) (Figure2). While tite biflavonesaccuínulatedby thesespecies
are relatively diverse,the flavone-flavanonecomponentsare essentiallyidentical.
Otherflavonoidswerealsopresentin tite crude extracts,awaiting further identifi-
cation.Thc flavonoidswcre characterizedas alreadydescribed;dataare presented
ín Table2.
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Tabíe2: Chromalographicandspectralcharacleristiesof flavonoidsidentified fron, crude
extractsof 11 Philonotisspecies.* coíour,TLC-system:acetieacid (15%),celluloseE254;
** NA = NaturstoffreagenzA; *** redwith ihe time; sh= shoulder

Fhavonoids TLC* UV~ NA** Rf HPLC R, mi». UV.specfra í.~imÍ

1 2,3-dihvdrophitoísotisf>avíane deep purple orange
5tt 37 23,08 254sh-273-iSSsh-344

2 5,3”’-diOll-anicatoflavonc decppurple yellow 25 26,29 256-288sh-353
3.S.3-diOl-I-robustaflavone deep purpie yellow >2 29,88 223s1i-266sh-360
4 philonotisflavone deeppurple yetlow 60 21,51 2SSsla-345
5 dicra»oíoíuha deeppurple velloir 47 25.77 254-288sh-344

In the sectionCatenularia tite papillaearecentricovertite luminaOB both
sidesor only on the abaxialside.While most speciesof Philonotis laminal celí
papillaeemergefrom the anteriorendon the adaxialside,in 1? fontana (see-
tion Euphilonotis) thereisa sbuft basally in the leafwitb Ihe celIsin tbe lower
half bearingpapillae from the posterior ené(GRIFEIN III & BUCK, 1989).
Theseanatomicand morfologie differences(BROTIIERLJS, 1924) can also be
appreciatedin the biflavonoid pattern of both sections.The section
Catenularia contains low concentrationsof 2,3-dihydro-philonotisflavone.
Philonotisflavoneand dicranolominare not present.Tite speciesof the sec-
<ion Euphilonotis are poor in 2,3-dihydro-philonotisflavone(excepting P
caespitosa),apomorphiccharacter(LÓPFZ-SÁEZ, 1994); and rich in philono-
tisflavone and dicranolomin.5’,3”’-dihydroxi-biflavones also beenfound in
lessamount.

According to its flavonoid composition,the seetionEuphilonotis could be
considered as the Ieast evolved of the genus Philonoíis, closed to sect.
LeiocarpusandPhilonotula (GRIFFIN III & BUCK, 1989).The absenceof philo-
notisliavone and dicranolim and also the reductionof biflavonoid synthesis
make us consider seetion Catenularia as tite ínost evolved of tite genus
Philonotis.The distributionof the different biflavonoidsappearsto be well sui-
ted for biochemicalsystematicsor chemotaxonomy,andmay also be appliedto
Banrarniaceaeflavonoids. Aa important factor to considerira trying to judge
relationshipsin titefamily on thebasisof chemicaldatais that of whetherassign-
mentsof evolutionaryadvancementmay be made.lHlowever, as in many phylo-
genecticexercisesthemodeof assigninga weight to a chemicalcharacteris lar-
gely subjective.
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Fig. 1: ‘Iype chramawgramof (hephenal/csobtainetifromairtir/eti gameiophyt/cmaterial of
Philonotisfontana.Adsorbnetpolyam/tie-6,sol cnt1) ethyoiacetate-methylethylcetone-
farmic acici-l-íto <5:3:1.1), 2) Me,(’0-WO-l-IOAe<:2:2). DeÁectiart: LIV <350 mu)with «nc1
w/thouí NA, tiotied fine» indicale minar camponets,hatched»posshawblac fluareseence.
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