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Abstract: The composition of leaf cuticular neutral lipids Arnphoricarpos autariatussp.autariatuscollected

at canyon of river Tara (North Montenegro) was stigated by GC/MS (nonpolar fraction), LC-ESI TOFSM
and'H NMR spectroscopy (more polar fraction). The ndapdraction (ca. 15% of the whole surface extract)
contained G, . 33n-alkanes, those with odd-number of carbons predatinig. The LC-ESI MS antH NMR of
the more polar fraction revealed 13 sesquiterpemtoihes, constitutinga. 97.5% of the lactone mixture,
identified as the known guaianolides, so-called faonigarpolides, found previously in the aerial paof the
genus. The lactone fraction exhibited considerabiatro effect against eight fungi,e. Aspergillus ochraceus.
niger, A. versicolor Penicillium funiculosumP. ochrochloron Trichoderma viride Fusarium verticillioidesand
Fulvia fulvum.
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1. Plant Source

The genusAmphoricarposVis. (Asteraceae) is the high-land endemic of west of Balkan
peninusula, inhabiting cracks of carbonate rocksnfrcentral Bosnia to north-west Greece. The
classification of the genus is somehow vagueciBland Mayer [1] reported two specids:neumayeri
Vis. andA. autariatusBleci¢ et. Mayer, the latter comprising two subspecisp, autariatusand ssp.
bertisceusBleci¢ et. Mayer. On the other hand, Webb [2] recognipedy a single speciesA.
neumayerVis., divided in two subspecies, ssgumayerand sspmurbeckiiBoSnjak.
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The aerial parts oA. autariatusssp.autariatus[1] were collected at canyon of river Tara
(north Montenegro) during the flowering (July) 201¥oucher specimen (BEOU 16631) was
deposited in the herbarium of the Botanical Gartlevremovac”, Faculty of Biology, University of
Belgrade.

2. Previous Studies

Our previous phytochemical studies [3-4] of theiadeparts of A. neumayericomplex from
Montenegro originating from the Orjen, Visitor aldranfili mountains (the latter a part of mountain
chains of Prokletije, North Albanian Alps) reveal@eenty one sesquiterpendactones 1 - 21) with
the same guaianolide skeleton (named amphoricdg®)li All of them exhibiteda-oriented
C(15)H0X group (X = H, acetyl or-valeroyl). With exception of 1113-dihydroxy (8 - 2Q anda
114-OH,13-chloro derivativel [5], all identified lactones containetil(13)-double bond. In two of
them (L7 and18) 10(14)-double bond was epoxidated. It also shbaldoted that the overall content of
sesquiterpene lactones in the studied species atlasrrhigh ¥ 1 - 2%, calculated per weight of the
dried plant material).

R3
18
1 H H H H 19 H OH OH
2 H OH H H 20 Ac OH OH
3 AC OH H H 21 Ac  OH cl
4 Ac OAc H H *10u(14)-Epoxy
5 Ac OAc H H
6 i-val OAc OH H
7 Ac OAc  OH H
8 Ac OH OH H
9 i.valk OH  OH H
10 H OAc  OH H
11 Ac OAc H OH
12 Ac OAc OAcC H
13 i-val OAc H OH
14 Ac OH H OH
15 i.valhk OH H OH
16 Ac H H H
17 H H H H

#100(14)-Epoxy
3. Present Study

Our previous examinations were mostly concentrated identification of secondary
metabolites of the genus, but their possible eccédvgole was not discussed. It is very well known
that plants produce a diverse array of secondatgbobtes, many of which have antifungal activity,
some of these existing in healthy plants in théddgically active forms. Asteraceae is among the
principal families whose species accumulate seaynuiatabolites, including sesquiterpene lactones,
with a vast array of important biological activijedeposited in glandular trichomes on the leaf
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surface, playing a defensive role against preddtoesbivores and microbial pathogers)8]. This
prompted us to undertake a study of the secondatghbulites from the leaf surface of a member of
the Amphoricarposcomplex, not studied beford,e. A. autariatus ssp.autariatus (originating from
the canyon of river Tara, north Montenegro), inuady identification of their constituents and
antifungal assays of the extracts against eighgifu®wing to the continuing development of
microbial resistance in medicine and agriculturéjszovery of new antimicrobial substances is also
an important objectivid].

Intact air-dried leaves (300 g) were sonicated w@thCl, (2 L) at room temperature for 5
min. After filtration and evaporation of the soltethe residue (4.41 g, 1.47%) was treated with
hexane (3 x 100 mL) to separate nonpolar alkarmes & more polar fraction. The yields of nonpolar
fraction (containing almost exclusively n-alkanesjs 0.66 g (0.22 %). The more polar residue (3.6
0, 1.2%) contained sesquiterpene lactones as ther manstituents (Supporting information and
Table 2). A combination of dry-column flash chroogaphy and column chromatography on silica
gel, described previously [3-4] yielded amphoricdiges 2-8, 11-15 and 20, identified by
comparison of their spectra with those published.

GC-FID and GC-MS analysis of the n-alkane fracsiofhe experimental details regarding
the analysis of then-alkane are presented in the supporting informatiddentification of the
components was done on the basis of the retentidexi and comparison with reference spectra
(Wiley and NIST databases). The percentage (relatif/the identified compounds was computed
from GC peak area. According GC-MS and GC FID,rtfadkane fraction contained chain lengths
ranging from 27 to 33 carbons. Over 90% of themdddinumbers of carbons (Table 1).

Table 1.The content (%6)of n-alkanes in nonpolar leaf-surface extracAofutariatus ssp.autariatus

Cy Cae Cae Cao Ca Csz Caz Total %

19.63 1.32 42.03 1.76 29.74 - 2.46 96.94

*Based on relative area in GC FID.

The occurrence af-alkanes is not surprising, since it is well knotkat such hydrocarbons
are present in the waxes of the majority of highlants.

LC-DAD-ESI HR MS TOF antH NMR analysis of the lactone fractiofihe major (insoluble
in n-hexane) part of the surface extraat, 1.2%, calculated per weight of dried leaves, ysel by
means LC-DAD-ESI TOF MS arfti NMR spectroscopy (Supporting information), conéal almost
exclusively amphoricarpolides, typical for the gendhe identification of the majority of the
constituents 4 - 8, 11 - 15 and19), constitutingca. 97.5% of the lactone fraction (according to the
peak areas calculated from total ion current LC-ESITOF chromatograms, Table 2), was based on
identity of the spectra of the isolated lactonethwliose of the amphoricarpolides isolated prewjous
from the samples collected at other localities [3Anong them, amphoricarpolidd4 (36.74 %) and
13 (48.73 %) hydroxylated at C-9, were the major ttuents. It should also be noted that these
lactones have shown considerable cytotoxic aawitagainst human cervical cancer (HelLa) and
murine melanoma (B16) cell lines [10].

Table. 2. The content (%) of amphoricarpolides in the examined leaf-surfasgracts of A.
autariatusssp.autariatusaccording to LC-ESI TOF MS

2 3 4 6 7 8 11 12 13 14 15 19 Total

029 0.15 043 <0.05 0.11 0.37 36.74 529 48.7334.8.63 <0.05 97.6

*Relative areas calculated from total ion currembotatograms

Antifungal-Activity AssayThe results of antifungal activity of the surfacetbne extract
against eight fungi tested by microdilution metl{sdpporting information) are presented in Tablé 3.
can be seen that the spectrum of the activitie®ig wide, depending on fungal species, with MIC in
the range of 0.01 - 0.25 mg/mL, and MFC rangingnfr6.01 to 0.30 mg/mL. The commercial
antifungal agent, bifonazole, showed MIC at 0.10.20 mg/mL and MFC at 0.20 - 0.25 mg/mL.
Ketoconazole showed fungistatic activity at 0.20.50 mg/mL and fungicidal effect at 0.30 - 3.50
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mg/mL. The studied sample showed higher activitpnthbifonazole againsA. versicolor, F.
verticillioides and F. fulvum as well as againsRenicillium species. In the case of other furige
samples showed slightly lower or similar activig/tdfonazole.

Table 3. Minimum inhibitory (MIC) and fungicidal concentratis (MFC), mg/mL, of the leaf-surface
extracts of Aautariatusssp.autariatus

Extract Bif ° Ketoc®

Fungus MIC (MFC) MIC (MFC) MIC (MFC)
Aspergillus niger 0.20 (0.25) 0.15 (0.20) 0.20 (0.50)
A. ochraceus 0.25(0.30) 0.15 (0.20) 0.20 (0.50)
A. versicolor 0.05 (0.10) 0.10 (0.20) 0.20 (0.50)
Penicillium funiculosum 0.01 (0.15) 0.20 (0.25) 0.20 (0.50)
P. ochrochloron 0.01 (0.15) 0.15 (0.20) 1.0 (1.0
Trichoderma viride 0.20 (0.25) 0.20 (0.25) 2.5(3.5)
Fusarium vericillioides 0.01 (0.01) 0.10 (0.20) 0.20 (0.30)
Fulvia fulvum 0.05 (0.05) 0.10 (0.20) 0.20 (0.50)

Bif andKetoc: positive controls, bifunazole and ketoconazadspectively

Our previous investigation of sesquiterpene lacdshewed that some guaianolides possessed very
high antifungal activity [11]. The biological adtiy of sesquiterpene lactones is generally attatdub the
alkylating property of theu-methyleney-lactone moiety, and the presence of other alkydptsites
(epoxides and conjugated carbonyl groups) may exghdheir biological activities. Moreover, their
lipophilicity seems to play an important role intifumgal activity. Since the chemical compositiditioe
fungal cells walls is highly lipophilic, they gemdly represent strong barriers for the penetraidn
hydrophilic compounds, and the transport of polampounds through the outer lipid layer of fungi is
retarded [12].

The fact that these results were obtained in assbhe members of four families of fungi suggests
that Amphoricarpossecondary metabolites, namely amphoricarpolidey, fonzction as a defense against a
variety of fungi. In the complex series of defemsbvarriers set by plants against the fungi, thdistu
sesquiterpene lactones seems to play an impodbnt Accumulated in trichomes they may enhance the
resistance to macrobial pathogens and at the sameewith co-occurringr-alkanes increase hydrophobic
quality of the plant surface.
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