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Secondary metabolites of three endemic Centaurea L. species
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Abstract: The aerial parts of three endemic Centaurea L. species, namely C.
tomorosii Micevski, C. soskae Hayek and C. galicicae Micevski, afforded the
sesquiterpene lactone cnicin (1) and seven flavonoids. apigenin (2), isokaem-
pferide (3), hispidulin (4), eupatorin (5), cirsimaritin (6), santoflavone (7) and
salvigenin (8). The structures of the isolated compounds were determined by
UV, H-NMR and 13C-NMR spectroscopy and HR-ESI-MS spectrometry. 1H-
-NMR spectroscopy was used as a method for the quantitative analysis of cni-
cin.
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INTRODUCTION

The genus Centaurea L. is one of the largest genera of the Asteraceae family
and also one of the most representative genera within the tribe Cardueae Cass.
and the subtribe Centaureinae (Cass.) Dumort. with around 250 species.l It is
mainly distributed in the Mediterranean region and South-East Asia and is
characterized by a great degree of endemism,2 which is usually associated to res-
tricted geographical areas.3

The species of the genus Centaurea have been used in folk medicine for a
long time. Various Centaurea species have certain biologica activities, such as
antifungal,4 antimicrobial,> anti-ulcerogenic,® anti-inflanmatory,” antioxidant,8
antiviral,® anti-Helicobacter pylori,10 anticancer and cytotoxic.1! The genus was
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also the subject of interest of several phytochemical investigations for their
potentially active constituents, particularly sesquiterpene lactones!?-16 and fla-
vonoids.17.18

As a part of ongoing and systematic investigations on the composition of the
plants of this genus,19-24 the chemical constituents of the extracts of the aerial
parts of three species. C. tomorosii Micevski, C. soskae Hayek and C. galicicae
Micevski, all are endemic to Balkan Peninsula, were investigated. No previous
phytochemical study on these species has been reported.

EXPERIMENTAL
General

The UV spectra were recorded on a GBC Cintra 40 UV—-Vis spectrometer. The 1H- and
13C-NMR data were acquired on Varian Gemini 2000 NMR spectrometer (200 MHz for 1H-
and 50 MHz for 13C-NMR, in CDCls, with TMS as an internal reference). Dry column flash-
-chromatography (DCFC) and column chromatography (CC) were performed on silica gel
(ICN Silica 12-26 60 A and 70-230 mesh, ASTM, Merck, respectively). Silica gel 60 Fas,
precoated aluminum sheets (layer thickness 0.25 mm, Merck) for TLC control and preparative
TLC plates (2 mm Merck) for preparative purification were used. The high-resolution liquid
chromatography/photo-diode array/electrospray ionization/time of flight mass spectra
(HRLC/PDA/ESI/TOF MS) were measured on a HPLC instrument (Agilent 1200 Series)
equipped with an autosampler, using a Zorbax Eclipse Plus C,g anaytical column (1.8 pm
particle size, 4.6 mmx150 mm i.d., Agilent Technologies), and a PDA detector (DAD)
coupled with a6210 TOF LC/M S system (Agilent Technologies).

Plant materials

The aerial parts of the investigated species were collected during the flowering period
(17 July 2010) at the following locdlities: C. tomorosii Micevski a Tomoros (ca. 1700
dtitude), on Mount Gdli¢ica, C. soskae Hayek near Lake Ohrid, and C. galicicae Micevski
close to Lake Prespa. The plants were identified by Vlado Matevski, Institute of Biology,
Faculty of Natural Sciences and Mathematics, Ss. Cyril and Methodius University of Skopje,
where voucher specimens are deposited at the Macedonian National Herbarium (MKNH)
under accession numbers: MKNH135338 (C. tomorosii) MKNH135336 (C. soskae) and
MKNH135337 (C. galicicae).

Extraction and isolation

The dried, ground aerial parts of C. tomorosii (100 g) were extracted twice with petro-
leum ether—Et,O—methanol (1:1:1) at room temperature and re-extracted with Et,O-MeOH.%
The crude extract (5 g) was fractionated by dry-column flash chromatography on silica gel
using petroleum ether—Et,O-MeOH with increasing polarity to yield 25 fractions. The frac-
tions eluted with Et,O-MeOH 9:1 (Fr 19), 8:2 (Fr 20) and 7:3 (Fr 23) contained flavonoids
and the sesquiterpene lactone cnicin (according to the TH-NMR and IR spectra), and were
further purified by CC on silica gel. Elution with CH,Cl,—-MeOH (1:1) afforded cnicin (1, 123
mg) from Fr 23, while the combined fractions Fr 19 and Fr 20 yielded apigenin (2, 5 mg), iso-
kaempferide (3, 3 mg), hispidulin (4, 6 mg), cirsimaritin (6, 10 mg) and santoflavone (7, 8 mg).
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HRLC/PDA/ES/TOF MS analyses

Crude extract of each endemic Centaurea species was dissolved in methanol to an appro-
ximate concentration of 5 mg mL"1. The HRLC/PDA/ESI/TOF MS analyses were realized
under the following conditions: the mobile phase consisted of water containing 0.2 % formic
acid (A) and acetonitrile (B). A gradient program was used as follows: 0-1.5 min 5% B, 1.5~
—26 min, 5 %95 % B, 26-35 min, 95 % B. The flow rate of the mobile phase was 1.4 mL
min1, the column temperature was kept at 40 °C and the injection volume was 5 pL. UV
spectral data from all peaks were accumulated in the range of 190-450 nm and chromato-
grams were recorded at 240 nm. M S data were collected by applying the following paramet-
ers: ionization, negative ESI capillary voltage 4000 V, gas temperature 350 °C, drying gas 12
L minL, nebulizer pressure 45 psi*, fragmentor voltage 140 V, mass range 100-2000 nvz. A
personal computer system running MassHunter Workstation software was used for data acqui-
sition and processing.

Quantification of cnicin content

The quantitative analysis of cnicin was performed according to the previously described
procedure,2® using BHT (2,6-bis(1,1-dimethylethyl)-4-methylphenol) as the internal standard.
The IH-NMR spectrum of known amounts of crude plant extract and internal standard was
recorded and quantification was performed by calculating the ratio of the peak areas of
selected proton signals of the target compound and the internal reference standard.

RESULTS AND DISCUSSION

According to HPLC analysis, all the three studied taxa of Centaurea exhi-
bited very similar flavonoid patterns, differing only in the relative amounts of the
constituents (Fig. 1).

Exact mass measurements of pseudomolecular ions of the analytes was real-
ized with atime-of-flight (TOF) mass spectrometer operating in the negative pol-
arity mode, which enabled the determination of the molecular formula of most of
the constituents. All the identified compounds exhibited a quasi-molecular ion
[M—H]~signal in the negative mode, confirming their molecular masses (Tablel).

Peak identification was performed by comparison of their retention time,
mass, and UV spectra with those of previously isolated compounds from C. tom-
orosii. From the crude extract of C. tomorosii, sesquiterpene lactone cnicin (1)
and flavonoids apigenin (2), isokaempferide (3), hispidulin (4), cirsimaritin (6)
and santoflavone (7) were isolated and indentified by means of UV, MS and
NMR spectral data.2’ Flavonoids eupatorin (5) and salvigenin (8) were tenta-
tively identified based on their UV and MS spectra, as well as by comparison
with the literature data.2! Formulae of these compounds are represented in Fig. 2.

All compounds represent mainly the characteristic secondary metabolites of
the genus that were previously reported from different Centaurea species.18 The
observed differences between the taxa is the absence of cirsimaritin (6) and pre-
dominance of santaflavone (7) in C. soskae and C. galicicae, compared to C.

* 1 psi = 6894.757 Pa
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tomorosii. Similarly, the germacranolide cnicin (1) was detected, as was the case
for alarge number of Centaurea species.28
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Fig. 1. HPLC profiles of the crude extracts of C. galicicae, C. soskae and C. tomorosii.

The HPLC chromatograms and 1H-NMR spectra of the crude extracts of the
aeria parts of al samples revealed the sesguiterpene lactone cnicin (1) as the
major congtituent (Figs. 1 and 3).

The sesquiterpene lactone cnicin was first isolated from Cnicus benedictus
(blessed thistle) and found in 83 Centaurea species.?8 Since mediaeval times,
preparations of blessed thistle (e.g., bitter tonics) have been used to treat various
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disorders, such as lack of appetite, dyspeptic troubles, liver diseases, and bili-
ousness, while in the form of an external local remedy, blessed thistle was effect-
ive against ulcers and chilblains.2® Nowadays, liver and bile tea compositions
contain blessed thistle herb, which is aso known to stimulate salivary secretion
and gastric juice formation. Cnicin was established as the main active principlein
blessed thistle, exhibiting antibacterial, antifungal, and strong anti-inflammatory
effects. Known to be cytotoxic as some other sesquiterpene lactones,30 cnicin
exhibited cytotoxic activity against some tumor cell lines including leukemia

1359

(HL-60), hepatomas, sarcomas, lymphoid leukemia and multiple myeloma.31-34

TABLE |. Composition of flavonoid complex of C. tomorosii, C. soskae and C. galicicae

[M—H]- Acc. Molecular

Spectral methods

C.tom C.sos C.gali-

Compound nz mass formulae used in ident- orosii kae  cicae
ification
Apigenin (2)  269.0438 270.0528 CisH1oOs H-, 3C-NMR,  + + +
HRMS, UV
Isokaempferide 299.0545 300.0633 CqgH120 1H-, 13C-NMR, + + +
©) HRMS, UV
Hispidulin (4) 299.0541 300.0633 C;gH1,0g H-, 13C-NMR, + + +
HRMS, UV
Eupatorin (5)  343.0811 344.0896 CigH1s0;  HRMS, UV + + +
Cirsimaritin (6) 313.0702 314.0793 C;7H14,05 H-, 3C-NMR, + - -
HRMS, UV
Santoflavone  359.1474 360.1209 C;gH150; 1H-, 13C-NMR, + + +
7) HRMS, UV
Salvigenin (8) 327.2148 328.0974 CigH1605 HRMS, UV + + +
R4
R
1
Cmpd Rl R2 R3 R4 R5 RG
Apigenin (2) H OH H OH H OH
| sokaempferide (3) OH OH H OMe H OH
Hispidulin (4) H OH OMe OH H OH
Eupatorin (5) H OH OMe OMe OH OMe
Cirsimaritin (6) H OH OMe OMe H OH
Santoflavone (7) H OH OMe OMe OMe OMe
Salvigenin (8) H OH OMe OMe H OMe

Fig. 2. Chemical structures of the compounds detected in the studied Centaurea species.
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Fig. 3. Representative TH-NMR spectrum of the crude extract of C. soskae
with internal standard (1S).

In previous phytochemical studies, the content of cnicin in six Centaurea
species was analyzed by 1H-NMR spectroscopy. The examined extracts were
made from freshly collected plants. The highest content of cnicin was found in C.
affinis (0.61 %). The content of cnicin in C. arenaria, C. cuneifolia, C. glaber-
rima, C. splendens and C. stoebe was lower (0.11-0.55 %).26 According to quan-
titative TH-NMR measurements, based on the integrals of the one-proton doublet
of cnicin (centered at 6 5.74 ppm, H-13) and the two-proton singlet (at 0 6.98
ppm) of a known amount of BHT, used as an interna standard, the content of
cnicin was 2.9, 9.6 and 3.6 % in the dry plant extracts of C. tomorosii, C. soskae
and C. galicicae, respectively (Table I1). This amount of cnicin indicates poten-
tially alternative sources of cnicin in these three Centaurea species, compared to
one of the main natural sources, i.e., C. benedictus, in which this metabolite is
found at a concentration of 0.5 % of the dry mass.29

TABLE II. Content of cnicin in the aerial parts of C. tomorosii, C. soskae and C. galicicae

Specimen Content+SD, % dry plant
C. tomorosii 2.9+0.08
C. soskae 9.6+0.15
C. galicicae 3.6+0.11
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CONCLUSIONS

No previous phytochemical study has been performed on these three Cen-
taurea species.

Among the three Centaurea species examined in this work, C. soskae
showed the highest content of cnicin 9.6 %, while C. tomorosii and C. galicicae
were found to contain 2.9 and 3.6 % of cnicin, respectively. All isolated com-
pounds represent mainly the characteristic secondary metabolites of the genus.
Methoxylated flavones, such as hispidulin (4), eupatorin (5), cirsimaritin (6), san-
toflavone (7) and salvigenin (8), as well as apigenin (2) and flavonol isokaemp-
feride (3) were described previously as constituents of different Centaurea spe-
cies. Similarly, the germacranolide cnicin (1) was detected in a large number of
Centaurea species.

Acknowledgement. This work was financialy supported by Ministry of Education,
Science and Technological Development of the Republic of Serbia, (Project No. 172053). We
thank Andon Bojadzi and Oliver Avramoski, National Park Gali¢ica, Ohrid, FYROM for
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U3BOJ
CEKYHIAPHH METABOJIMTU TPU EHIEMCKE BPCTE POJIA Centaurea L.

BEJIE TEMIEBWR', UBAHA AJBAHYHR’, CJIOBOJIAH MHJIOCAB/LEBUR', BIATKA BAJC'?, HPUC HOPBEBHE’,
MUJTKA JA,E[PAHI/IHZ, HEBOJIIA MEHKOBHR' u BJIAIO MATEBCKH®
IXemujcxu Qaxyniteii, Ynugep3uitiein y Beoipagy, Ciygentticku wwipi 16, 11158 Beoipag, ZI/IHCITAMWym 3a
xemujy, wexHoioiujy u meitianypiujy, Lenitiap 3a xemujy, Ynusep3uitewi y beoipagy, Fbeiowesa 12, 11001
Beoipag, 3<Darcynu76m seiltiepuHapcke meguyune, Yuusepsutiein y Beoipagy, Bynesap ocnodohewa 18, 11000
Beotpag, *Uncmuimyum 3a nexosuiio Sume, ,Jp Jocud Manuuh* Tageyusa Kowshywixa 1, 11000 Beotpag u
5Faculty of Natural Sciences and Mathematics, Ss. Cyril and Methodius University in Skopje, Blvd. Goce
Delcev 9, 1000 Skopje, FYROM

W3 Haz;3eMHOT Jienia Tpy eHzieMcke Bpcte poza Centaurea L., C. tomorosii Micevski, Cen-
taurea soskae Hayek u Centaurea galicicae Micevski, ©30710BaHHM Cy CECKBUTEPIIEHCKH JIAKTOH
KHULUH (1) ¥ cegam daBoHOMAA: anureHuH (2), udokemdepun (3), xucnunynus (4), eyna-
TopuH (5), uupcumapuTuH (6), cantodaBoH (7) u cansureHuH (8). CTpykType H3ojaTa Cy
onpehene UV u 'H-NMR crnexrpockonujum u HR-ESI-MS cnexkrpomerpujom. TH-NMR crex-
TPOCKONHja je kopuirheHa Kao MeToja 32 KBAHTUTATHBHY aHAJIU3y CECKBUTEPIEHCKOT JIaK-
TOHA KHHULIUHA.

(ITpumsbeHo 18. Mapra, peBugupaHo 25. anpuia, npuxsaheHo 6. maja 2014)
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