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Seven guaianolides were isolated from the acetone extract of the aerial parts of Centaurea hololeuca Boiss. The antifeedant 
activity of the natural compounds (1-7) and of four chloro derivatives (8-11), synthesized from repin (1) and janerin (3) were 
tested against larvae of Spodoptera littoralis. Cebellin J (6) and chlorojanerin (11) showed significant antifeedant activity at 
100 ppm, whereas at this concentration cebellin G (4) and 15-deschloro-15-hydroxychlorojanerin (7) stimulated feeding. 
Cebellin G (4) stimulated larvae of S. littoralis to feed at low concentration, but deterred feeding at high concentrations. The 
addition of chlorine to repin (1) resulted in an increase in antifeedant activity. 
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The genus Centaurea L. (Asteraceae, tribe Cardueae, 
subtribe Centaureineae) comprises ca. 600 species 
distributed in Asia, Europe, North Africa and 
America [1-2].  
 
Previous chemical studies indicate that sesquiterpene 
lactones are systematically important within the 
genus Centaurea. Other secondary metabolites 
present in plants of this taxon include triterpenes, 
steroids, hydrocarbons, polyacetylenes, flavonoids, 
anthocyanins, lignans and alkaloids [3]. As part of 
our ongoing chemical investigation of species of 
Centaurea from the Mediterranean area [4-7], we 
have examined the aerial parts of the hitherto 
unstudied C. hololeuca.  
 
C.  hololeuca Boiss. belongs to Sect XV Seridia D.C. 
[8]. It is a plant entirely appressed-canescent; 40-100 
cm high; stem is leafy, simple, 1-headed; leaves are 
oblong lanceolate, undivided except the lowest, 
which have sometimes 1-2 lobes at base; lower 
leaves tapering into petiole, upper smaller, sessili, 
short-decurrent. Heads are ovate-conical, truncate    
at base;  prickles  of  involucre  very  short;  flowerets  

yellow; pappus as long as achene or longer. 
Flowering in July-August. Habitat: subalpine regions. 
Endemic in Lebanon near the cedars of Antilebanon 
(Hermon) [9-10]. 
 
The aerial parts of the plant were extracted with 
acetone and the extract, after repeated column 
chromatography on silica gel, yielded in order of 
increasing polarity the following guaianolides: repin 
(1), cynaropicrin (2), janerin (3), cebellin G (4), 
babylin B (5), cebellin J (6) and 15-deschloro-15-
hydroxychlorojanerin (hydroxyjanerin) (7). 
 
The major guaianolide, repin (1), isolated for the first 
time from Acroptilon repens [11], has been shown to 
exhibit a variety of biological activities. The 
ingestion of A.(Centaurea) repens by horses has been 
reported to cause a movement disorder simulating 
Parkinson’s disease and nigrostriatal degeneration. 
These effects have been ascribed to the high 
neurotoxicity of repin, the principal sesquiterpene 
lactone present in this species [12-14]. Furthermore, 
repin showed potent activity against Entamoeba 
histolytica and Trichomonas vaginalis [15]. 
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Figure 1. Structures of compounds 1-11. 
 
 

Various biological properties of other sesquiterpene 
lactones isolated from C. hololeuca have also been 
reported. Cynaropicrin (2), isolated for the first time 
from Cynara scolymus L. (artichoke) [16], has been 
the subject of many biological studies. For example, 
cynaropicrin has been shown to inhibit the 
proliferation of leukocyte cancer cell lines, such as 
U937, Eol-1 and Jurkat T cells, due to induction of 
apoptosis [17] and cytotoxicity against SK-OV-3, 
LOX-IMVI, A549, MCF-7, PC-3, and HCT-15 
human cancer cell lines has been also reported      
[18-19]. Cynaropicrin also showed antibacterial 
activity against Staphylococcus aureus, Escherichia 
coli and Pseudomonas aeruginosa [20], and 
trypanocidal activity against Trypanosoma cruzi [21]. 
It showed anti-inflammatory activity due to inhibition 
of tumor necrosis factor (TNF)-α and nitric oxide 
(NO) release [22], and was anti-hyperlipidemic [23]. 
 
Janerin (3), first found in Centaurea janeri Graells 
[24], has recently been shown to possess cytotoxic 
activity against human cancer cell lines of malignant 
melanoma (SK-MEL), epidermoid (KB), ductal   
(BT-549) and ovarian (SK-OV-3) carcinomas [25].  
 
No biological activity has yet been reported for 
compounds 4-7 isolated, respectively, from C. bella 
[26], C. babylonica [27], C. bella [28] and Saussurea 
candicans [29]. Although several biological 

properties have been observed for sesquiterpene 
lactones, little is known about the influence of 
guaianolides on insect feeding behaviour [30]. We 
decided to investigate the antifeedant properties of  
compounds 1-11 against larvae of Spodoptera 
littoralis and evaluate the influence of chlorine atoms 
on the activity of the molecule. Four chloro-
derivatives were synthesized. From repin (1), we 
synthesized the mono-chloro-derivatives solstitiolide 
(8) and chlorohyssopifolin C (9) and the di-chloro-
derivative chlorohyssopifolin A (10). Similarly 
chlorojanerin (11) was prepared from janerin (3). 
 
These four compounds (8-11), already known as 
natural products, were previously isolated from 
Centaurea solstitialis [31], C. repens [32],               
C. hyssopifolia [33], and C. janeri [24], respectively, 
and shown to possess biological properties. In fact, 
chlorojanerin (11) was identified as the main 
component responsible for the anti-ulcerogenic 
activity of the fresh spiny flowers extract of             
C. solstitialis L. ssp. solstitialis [34]. 
Chlorohyssopifolin A (10) has cytostatic activity 
against HeLa cells [35] and repin (1) and solstitiolide 
(8) have allelopathic properties [36]. Recently we 
reported on the cytotoxic activity of compounds 1, 3, 
5, 6, 9 and 10 against tumor cell replication. Repin 
(1), chlorohyssopifolin C (9) and chlorohyssopifolin 
A (10) showed significant antitumor potency [37]. 
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Table 1: Effect of compounds 1-11 on the feeding behaviour of final 
stadium larvae of S. littoralis.  
 

Compounds FIa FI50
b FI-50

c 

1    2.3±24.67 >1000  
2 -11.3±21.54 ndr 
3  17.5±19.06 ndr 
4 -47.3±3.19* 591  
5   3.3±15.82 ndr 
6 28.6±6.64* ndr 
7 -50.9±10.99*  104 
8 21.0±11.93 820  
9 39.8±13.62 ndr 
10     -21.6±6.55 >1000  
11 27.9±9.63* ndr 

a  FI = Feeding Index ((C-T)/(C+T))% at 100 ppm, * = p<0.05 Wilcoxon 
matched-pairs test.  
b/c  FI50 and FI-50 = concentration (ppm) calculated to give a Feeding Index 
of either 50% (antifeedant) or –50% (phagostimulant), respectively; ndr = 
no dose-dependent response. 
 
The results from the feeding assay with larvae of S. 
littoralis are presented in Table 1. Cebellin J (6) and 
chlorojanerin (11) were the only two compounds to 
show significant antifeedant activity at 100 ppm, 
whereas cebellin G (4) and 15-deschloro-15-
hydroxychlorojanerin (7) stimulated feeding at 100 
ppm. As the concentration of cebellin G (4) increased 
it showed activity as an antifeedant and the 
concentration calculated to give an FI50 was 591 ppm. 
This marked dose-dependent change in activity was 
repeated in three different generations of larvae.     
15-Deschloro-15-hydroxychlorojanerin (7) elicited a 
dose-dependent response as a phagostimulant and the 
concentration calculated to give a FI-50 was 104 ppm. 
The addition of hydrochloric acid to repin (1), as in 
solstitiolide (8) and chlorohyssopifolin C (9), resulted 
in an increase in antifeedant activity (Table 1), 
whereas the di-chloro- derivative, chlorohyssopifolin 
A (10), showed phagostimulant activity. When 
hydrochloric acid was added to janerin (3) the 
resulting compound, chlorojanerin (11), was 
significantly active as an antifeedant at 100 ppm. The 
results show that guaiane-type sesquitepene lactones 
can modulate the feeding behaviour of larvae of       
S. littoralis and justify further study. 
 
Our chemical study of the aerial parts of Centaurea 
hololeuca has led to the isolation of seven guaiane-
type sesquiterpene lactones (1-7), four of which, 
repin (1), janerin (3), babylin B (5) and cebellin J (6), 
were also identified as metabolites in C. babylonica 
L. [27] collected in the same area. This fact confirms 
the botanical assignment of these two species to the 

closely related sections Seridia (Juss.) DC, and 
Microlophus (Cass.) DC, respectively. 
 
Experimental 

General experimental procedures: Optical rotations 
were determined on a JASCO P-1010 digital 
polarimeter. 1H and 13C NMR, spectra were recorded 
on a Bruker AC 250 E MHz NMR spectrometer, 
using the residual solvent signal (δ = 7.27 in 1H and  
δ = 77.00 in 13C for CDCl3 and δ = 2.05 in 1H and     
δ = 30.50 in 13C for acetone-d6) as reference. 13C 
NMR assignments were determined by DEPT 
spectra.   ESI-MS was obtained with Applied 
Biosystem API-2000 mass spectrometer. Merck Art. 
9025, 0.063-0.200 mm was used for silica gel column 
chromatography. 
 
Dry aerial parts (1 kg), finely powdered, were 
extracted three times with acetone (3 x 10 L) at room 
temperature for one week. After filtration, the solvent 
was removed under reduced pressure to yield a 
residue (32 g), which was subjected to column 
chromatography (80 x 350 mm) and eluted with 
petroleum ether with increasing amounts of EtOAc, 
500 mL fractions being collected as follows: 1-20 
(petroleum ether), 21-38 (petroleum ether-EtOAc, 
80/20), 39-43 (petroleum ether-EtOAc, 50/50), 44-50 
(petroleum ether-EtOAc, 40/60), 51-55 (petroleum 
ether-EtOAc, 20/80), 56-80 (EtOAc), 81-86 (EtOAc-
MeOH, 90/10).  
 
Fractions 44-50 were rechromatographed by column 
chromatography, eluting with petroleum ether-
EtOAc, (40/60) to give a subfraction that was 
allowed to crystallize (petroleum ether-EtOAc, 
50/50) giving 500 mg of repin (1).  
 
Fractions 51-55 were rechromatographed on a silica 
gel column, eluting with petroleum ether-EtOAc 
(50/50) to give two subfractions. The first one was 
further purified to give 265 mg of cynaropycrin (2) 
and the second, 350 mg of janerin (3). 
 
Fractions 56-80 were rechromatographed on a silica 
gel column, using the same solvent system as 
described above to give two subfractions. The first 
one was allowed to crystallize (petroleum ether-
EtOAc, 50/50) giving 14 mg of cebellin G (4).  
 
Fractions 81-86 were rechromatographed to give       
8 mg of babylin B (5), 9 mg of cebellin J (6) and     
60 mg of 15-deschloro-15-hydroxychlorojanerin (7). 
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The structures of the isolated compounds were 
readily identified by comparing their physical and 
spectral data (melting points, optical rotation, NMR 
spectra, mass spectra) with those reported for repin 
(1), cynaropycrin (2), janerin (3), cebellin G (4), 
babylin B (5), cebellin J (6) and 15-deschloro-15-
hydroxychlorojanerin (7). 
 
Solstitiolide (8), chlorohyssopifolin C (9) and 
chlorohyssopifolin A (10): The synthesis of 
compounds 8-10 has been performed according to the 
procedures reported previously [37]. 
 
Chlorojanerin (11): Treatment of 15 mg of janerin 
(3) with 1.5 equiv. of lithium chloride and 1.5 equiv. 
of AcOH gave, after column chromatography (Si gel, 
47/3 CH2Cl2-MeOH), 14 mg of chlorojanerin (11). 
 
The physical and spectroscopic data were in perfect 
agreement with those reported in the literature       
[11, 16, 24, 26-29, 31-33]. 
 
Antifeedant bioassay: A binary choice bioassay 

using sucrose treated glass-fibre discs (Whatman    
2.1 cm diameter) was used to investigate whether 
compounds influenced the feeding behaviour of final 
stadium larvae of Spodoptera littoralis (Lepidoptera) 
[38]. Larvae were placed singly in a Petri dish with a 
control disc (C) and a disc treated with the test 
compound (T). The respective amounts eaten of each 
disc were used to calculate the Feeding Index       
((C-T)/(C+T))%. Antifeedant activity is represented 
by a positive value, whereas phagostimulant activity 
is represented by a negative value. The compounds 
were each tested at 4 to 5 concentrations (25 ppm,   
50 ppm, 100 ppm, 250 ppm and 500 ppm). Each 
concentration was tested against from 8 to 25 
different larvae. The Wilcoxon matched-pairs test 
was used to analyse the data.  Regression analysis 
was used to calculate the concentration required to 
give a Feeding Index of 50% (FI50) or –50% (FI-50).  
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