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A B S T R A C T   

Three undescribed germacranolide sesquiterpene lactones, named macrocephalides A-C, along with known 
steroids, triterpenes and flavonoids were isolated from the aerial parts of Campuloclinium macrocephalum. The 
structures of the undescribed compounds were elucidated with basis on their 1D and 2D-NMR, and HR-ESI-MS 
data. Their absolute configurations were assigned by comparison of experimental and calculated electronic 
circular dichroism (ECD) spectra. Additionally, macrocephalides A-C were evaluated for their in vitro cytotoxic 
activities against nine human cancer cell lines. Macrocephalides A and B exhibited moderate to potent cytotoxic 
activity, inhibiting 50% of cell growth (GI50) at concentrations ranging from 0.576 to 6.37 μM.   

1. Introduction 

Campuloclinium macrocephalum (Less.) DC (synonymy Eupatorium 
macrocephalum Less.), belongs to the family Asteraceae, tribe Eupator
ieae, and is a perennial herb widely distributed in the New World, from 
Mexico to Argentina (Cabrera, 1974). This species originates from South 
America (Williams, 1976; Cabrera, 1978; Breedlove, 1986), being 
distributed in Brazil, Bolivia, Paraguay, Uruguay and north of Argentina 
(Freire, 2008). The taxon was introduced to South Africa, in the 1970s, 
where is known as “pompom weed”, and has being described as an 
invader of grasslands, wetlands and roadsides in several provinces 
(Goodall et al., 2010). On the other hand, this species is reported to be 
used in Paraguayan folk medicine as anti-inflammatory, sedative and in 
treatment of cardiac disease (Gonzalez, 1992). 

The literature reports few studies concerning biological activity and 
chemical composition of C. macrocephalum. In a study conducted by 
Goodall et al. (2010) the role of its allelopathic effect and competition in 
invasiveness was investigated using Eragrostis curvula (weeping love
grass, an indigenous grass), E. tef and Lactuca sativa (lettuce) as test 
species (Goodall et al., 2010). Root and shoot extracts of 

C. macrocephalum did not inhibit seed germination of any tested species. 
The antifungal activities of leaf and flower extracts of C. macrocephalum 
were evaluated against phytopathogenic fungi (Mdee et al., 2009). The 
leaf extract showed higher activity than that of the extract of flowers, 
presenting potent activity against Colletotrichum gloeosporioides (MIC of 
0.05 mg mL− 1). 

The chemical studies on C. macrocephalum, under the synonymy 
Eupatorium macrocephalum Less., reported the isolation and identifica
tion of triterpenes, steroids, cinnamic acid derivatives, and flavonoids 
(Gonzalez et al., 1972, 1973; Vega et al., 2008). However, to the best of 
our knowledge, no studies to date have reported the isolation of 
sesquiterpene lactones from this species. Sesquiterpene lactones (SLs) 
constitute an important group of specialized products widely distributed 
in various genus of Asteraceae, including Eupatorium (Huo et al., 2004; 
Shen et al., 2005; Zhang et al., 2008; Hensel et al., 2011; Saito et al., 
2014; Liu et al., 2015; Wang et al., 2018; Yu et al., 2018), the genus to 
which belonged the species C. macrocephalum. Eupatorium species ex
tracts and their isolated sesquiterpene lactones have been reported to 
exhibit cytotoxic activities against different cancer cell lines (Huo et al., 
2004; Shen et al., 2005; Hensel et al., 2011; Saito et al., 2014; Yu et al., 
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2018). 
In the present study, three undescribed germacranolide sesquiter

pene lactones, named macrocephalides A, B and C (1–3), along with 
known steroids and triterpenes (4–10), and the flavonoids taxifolin (11) 
and quercetin-3-O-α-L-rhamnopyranoside-7-O-β-D-glucopyranoside 
(12) were isolated from the aerial parts of C. macrocephalum. Addi
tionally, the in vitro cytotoxic activities of the germacranolides 1–3 
against nine human cancer cell lines were evaluated. Herein, the isola
tion, structure elucidation including absolute stereochemistry assign
ment, and the cytotoxic activities of the undescribed compounds 1–3 are 
described. 

2. Results and discussion 

2.1. Isolation and structure elucidation 

A crude methanol extract of the aerial parts of C. macrocephalum was 
subjected to partition into n-hexane, dichloromethane and ethyl acetate. 
Purification of the dichloromethane fraction on silica gel flash chroma
tography column afforded compounds 1–3 (Fig. 1). The n-hexane frac
tion yielded known steroids and triterpenes, after purification by CC on 
silica gel. The compounds were identified as lupeol acetate (4), α-amyrin 
acetate (5), β-amyrin acetate (6), lupeol (7), α-amyrin (8), β-amyrin (9) 
and pseudotaraxasterol (10) by comparison of their spectroscopic data 
with those reported (Mahato and Kundu, 1994; Vega et al., 2008). 
Compounds 4–9 were earlier reported from C. macrocephalum (Vega 
et al., 2008). Purification of the ethyl acetate fraction in Sephadex LH-20 
afforded the flavonoids taxifolin (11) and quercetin-3-O-α-L-rhamno
pyranoside-7-O-β-D-glucopyranoside (12) (Agrawal, 1989). 

Compound 1, named macrocephalide A, was isolated as an oil with 
[α]D

24 − 117 (c 0.7, CHCl3). Its molecular formula was determined as 
C22H26O9 based on the protonated molecular ion at m/z 435.1651 
[M+H]+ (calcd for C22H27O9 m/z 435.1650) in the HR-ESI-MS spectra. 
The 1H-NMR spectrum of 1 displayed characteristic resonances of an 
α-methylene-γ-lactone group at δH 6.26 (d, J = 1.5 Hz, H-13a) and δH 
5.71 (d, J = 1.5 Hz, H-13b), three oxymethyne hydrogens at δH 6.02 (d, 
J = 9.5 Hz, H-6), δH 5.45 (dd, J = 4.0 and 3.0 Hz, H-8) and δH 4.34 (t, J =
3.0 Hz, H-9), and two methyl groups at δH 1.65 (14-CH3) and δH 1.92 
(15-CH3). The 13C NMR data confirmed the presence of a α-methylene- 
γ-lactone moiety (Table 1) due the signals at δC 136.0 (C-11), 169.8 (C- 
12) and δC 124.2 (C-13). Among others, the 13C NMR spectrum showed 
signals for a carbonyl group at δC 206.3 (C-1), oxygenated carbons at δC 
75.4 (C-6), δC 75.4 (C-8), δC 75.5 (C-9) and δC 79.9 (C-10) and for methyl 
groups at δC 26.3 (CH3-14) and δC 21.8 (CH3-15). Comparison of these 
data with those of literature for calealactones A and C indicated that 
compound 1 is a germacranolide, containing an α-methylene-γ-lactone 

group and oxygenated substituents at C-8 and C-9 (Yamada et al., 2004; 
Wu et al., 2011). 

Differently from calealactones, compound 1 showed signals at δH 
6.29 (d, J = 12.0 Hz, 1H, H-3), 6.73 (d, J = 12.0 Hz, 1H, H-2), correlated 
in the COSY spectra, and at 5.06 (dquint, J = 9.5 and 1.0 Hz, 1H, H-5), 
which were consistent with the presence of double bonds between C-2/ 
C-3 and C-4/C-5 (Table 1). The connectivity for germacranolide skeleton 
was deduced by the COSY correlations between the hydrogens at δH 6.73 

Fig. 1. Structures of compounds 1–3.  

Table 1 
1H (500 MHz) and 13C (125 MHz) NMR data of compounds 1–3 in CDCl3 (δ in 
ppm, J in Hz).  

position 1 2 3  

δH δC δH δC δH δC 

1 – 206.3 – 206.4 – 150.7 
2 6.73, 

d (12.0) 
131.1 6.70, 

d (11.5) 
131.1 5.72, d (5.5) 105.4 

3 6.29, 
d (12.0) 

137.7 6.29, 
d (11.5) 

137.6 5.87, m 117.5 

4 – 136.2 – 136.3 – 133.6 
5 5.06, 

dquint 
(9.5, 1.0) 

125.7 5.07, 
dquint 
(9.0, 1.5) 

125.6 4.15, d (9.0) 76.6 

6 6.02, brd 
(9.5) 

75.4 6.03, brd 
(9.0) 

75.5 4.93, t (9.0) 79.5 

7 2.86, m 45.2 2.88, m 44.9 3.38, m 49.2 
8 5.45, dd 

(4.0, 3.0) 
75.4 5.39, dd 

(4.5, 3.0) 
75.6 5.87, m 75.0 

9 4.34, t 
(3.0) 

75.5 4.31, 
d (3.0) 

76.5 4.4, brs 80.6 

10 – 79.9 – 79.9 – 74.1 
11 – 136.0 – 136.2 – 134.3 
12 – 169.8 – 170.1 – 168.4 
13 6.26, 

d (1.5) 
5.71, 
d (1.5) 

124.2 6.28, 
d (1.5) 
5.73, 
d (1.5) 

124.1 6.39, d (3.0) 
5.75, d (3.0) 

122.9 

14 1.65 (s) 26.3 1.61 (s) 26.3 1.30 (s) 18.5 
15 1.92 (brs) 21.8 1.92 (s) 21.8 2.02 (d, 1.5) 19.8 
1′ – 163.8 – 163.9 – 167.5 
2′ – 127.4 – 131.0 – 130.5 
3′ 6.46, q 

(7.5) 
147.7 6.30, q 

(7.5) 
143.7 6.47, q (7.5) 143.6 

4′ 2.02, 
d (7.5) 

15.8 2.04, dd 
(7.0, 1.5) 

15.5 2.00, d (7.5) 15.9 

5′ 4.56, 
d (12.0) 
4.91, 
d (12.0) 

65.4 4.07, 
d (11.5) 
4.51, dt 
(11.5, 1.5) 

66.0 4.13, 
d (11.5) 
4.17, 
d (11.5) 

64.1 

1′′ – 171.6 –    
2′′ 2.08 (s) 21.1      
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(H-2) with δH 6.29 (H-3), δH 5.06 (H-5) with δH 6.02 (H-6), δH 2.86 (H-7) 
with δH 5.45 (H-8), and at δH 5.45 (H-8) with δH 4.34 (H-9) (Figures S-9 
and S-10, Supporting Information). The 2.4-dienone system was evi
denced in the 13C NMR spectra by the signals at δC 206.3 (C––O), 131.1 
(C-2), 137.7 (C-3), 136.2 (C-4) and 125.7 (C-5). The correlations 
observed in HMBC spectra of H-3 (δH 6.29) with the carbonyl group (δC 
206.3, C-1), and of H-5 (δH 5.06) with C-3 (δC 137.7), corroborated the 
assignment of carbons and hydrogens of this system (Figures S-7 and S-8, 
Supporting Information). 

The linkage of the methyl groups to C-4 and C-10 of the germacra
nolide skeleton was supported by the HMBC correlations of hydrogens at 
δH 1.92 (15-CH3) and δH 1.65 (14-CH3) with C-5 (δC 125.7) and C-1 (δC 
206.3), respectively (Fig. 2). 

The oxymethylene hydrogens at δH 4.91 (d, J = 12.0 Hz, H-5′) and δH 
4.56 (d, J = 12.0 Hz, H-5′), methyl groups at δH 2.02 (d, J = 7.5 Hz, H-4′) 
and 2.08 (s, H-2′′), and an β-hydrogen of a α,β-unsaturated ester group at 
δH 6.46 (q, J = 7.5 Hz, H-3′) could be attributed to the substituent 
attached to C-8 of the germacranolide skeleton. The carbons at δC 163.8 
(C-1′), 127.4 (C-2′), 147.7 (C-3′), δC 15.8 (C-4′) and 65.4 (C-5′), together 
with the acetoxy group at δC 171.6 (C––O) and 2.02 (CH3) evidenced the 
presence of a 2-acetoxymethyl-2-butenoyl group in compound 1. HMBC 
correlations of H-5’ (δH 4.91 and 4.56) with the carbonyl groups at δC 
163.8 (C-1′) and 171.6 (C-1”) confirmed the attachment of the acetoxy 
group to C-5’. The positioning of this 2-acetoxymethyl-2-butenoyl group 
at C-8 was deduced from the HMBC correlations of H-6 (δH 6.02) and H- 
8 (δH 5.45) with the carbons at δH 75.4 (C-8) and at δC 163.8 (C-1’), 
respectively. 

The NOESY spectra of compound 1 showed correlation of H-9 (δH 
4.34) with H-14 (δH 1.65), indicating that H-9 and methyl group at C-10 
are in the same face of the molecule. The α-orientation of the hydroxyl 
groups at C-9 and C-10, and consequent β-orientation of H-9 and methyl 
group at C-10, were based on NOESY experiment and corroborated by 
literature for compounds with similar germacranolide skeleton (Yamada 
et al., 2004; Wu et al., 2011). 

The geometries of the C-4/C-5 and C-2’/C-3′ double bonds were 
suggested as Z due to the NOESY correlations of H-5 (δH 5.06) with the 
methyl group CH3-15 (δH 1.92), and of H-3′(δH 6.46) with the methylene 
hydrogens H-5’ (δH 4.91; δH 4.56), respectively (Fig. 3). After securing 
the relative configuration of compound 1, comparisons of experimental 
ECD data with time-dependent density functional theory (TDDFT) 
simulated spectra were performed to determine its absolute configura
tion. The good agreement between observed and calculated (Fig. 4) data 
allowed the assignment of (− )-1 as 6R,7S,8S,9R,10R. The small positive 
Cotton effect at around 260 nm was not reproduced by the calculations 
due to oppositely signed contributions from different conformers (ESI). 

Compound 2, macrocephalide B, was isolated as an oil with [α]D
24 

− 150 (c 0.4, CHCl3). The HR-ESI-MS spectra showed a protonated mo
lecular ion at m/z 393.1543 [M+H]+, supporting its molecular formula 

to be C20H24O8 (calcd for C20H25O8 m/z 393.1544). The 1H and 13C 
NMR data of 2 showed a close structural resemblance to that of 1, except 
for the absence of signals for the acetoxy group [δH 2.08 (H-2′′), δC 21.1 
(C-2′′) and δC 171.6 (C-1′′)] and its replacement by a hydroxyl group, as 
evidenced by the shielding of H-5’ signals, which appear at δH 4.07 and 
4.51 for 2, and at δH 4.56 and 4.91 for compound 1. Based on these data, 
the substituent at C-8 of compound 2 was determined to be the 2- 
hydroxymethyl-2-butenoyl, which was confirmed by the signals at δC 
163.9 (C = 0), δC 131.0 (C-2′), δC 143.7 (C-3′), δC 15.5 (C-4′) and δC 66.0 
(C-5′) in the 13C NMR spectra. These findings were consistent with the 
difference of 42 units in the protonated ion molecular of 2 (m/z 
393.1544 [M+H]+) compared to that of compound 1 (m/z 435.1651 
[M+H]+) (Figure S-12, Supporting Information). The position of the 2- 
hydroxymethyl-2-butenoyl group at C-8 was confirmed by HMBC cor
relations (Figures S-17 and S-18, Supporting Information) of H-8 (δH 
5.39) with C-1’ (δC 163.9) (Fig. 2). 

The NOESY correlations of compound 2 (Figure S-21, Supporting 
Information) were similar as those observed for compound 1, which 
supported the same relative configuration for both compounds. The very 
good correlation between experimental and calculated ECD data for 
(− )-2 (Fig. 5) led to the assignment of its absolute configuration as 
6R,7S,8S,9R,10R. In the case of compound 2, even the small positive 
Cotton effect at around 260 nm was correctly reproduced by quantum 
chemical calculations. 

Compound 3, named macrocephalide C, was obtained as an oil, with 
[α]D

24 − 100 (c 0.2, CHCl3). Its molecular formula, C20H24O8, was 
deduced from the protonated molecular ion at m/z 393.1540 [M+H]+

(calcd for C20H25O8 m/z 393.1544) in the HR-ESI-MS, and from its 13C 
NMR data. 

Compound 3 exhibited the same molecular formula as that of 2, 
which suggested that both compounds have similar structural features. 
Comparison of NMR spectroscopic data of 3 with those of compounds 1 
and 2 (Table 1) revealed that 3 also possesses an α-methylene-γ-lactone 
moiety due to the signals at δC 168.4 (C––O), δC 134.3 (C-11), and at δH 
6.39 (d, J = 3.0 Hz, H-13a) and 5.75 (d, J = 3.0 Hz, H-13b), both 
correlated with C-13 (δC 122.9) in the HMBC spectra. This comparison 
permitted also to evidence the presence of a 2-hydroxymethyl-2-bute
noyl group, as in compound 2, from the signals at δH 6.47 (H-3′), δH 
2.00 (H-4′) and δH 4.13 and 4.17 (H-5’), together with those at δC 167.5 
(C––O, C-1′), 130.5 (C-2′) and 143.6 (C-3′). The HMBC correlations 
(Figures S-27, S-28, and S-29, Supporting Information) of the signals at 
δH 2.00 (H-4′), δH 4.13 and 4.17 (H-5′) with C-2’ (δC 130.5), and δH 6.47 
(H-3′) with C-5’ (δC 64.1) confirmed the assignments of chemical shifts 
for this group. Despite some structural similarity of 3 when compared to 
1 and 2, significant differences were observed in its NMR data con
cerning the germacranolide skeleton. The main differences were the 
absence of the resonances for the carbonyl group at C-1 and for hydro
gens and carbons of the conjugated double bonds between C-2/C-3 and 

Fig. 2. Selected HMBC and COSY correlations of compounds 1–3.  
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C-4/C-5, which suggests a modification in the germacranolide skeleton 
at positions C-1 to C-5 for compound 3. This proposal was corroborated 
by the presence of unexpected signals of a quaternary carbon at δC 150.7 
and of two carbons of the double bond at δC 105.4 and 117.5, which are 
correlated, respectively, to the hydrogens at 5.72 (d, 5.5 Hz, H-2) and 
5.87 (m, H-3) in the HSQC spectra. Also, the NMR spectra of 3 showed 
signals for four oxymethine groups [δH 4.15/δC 76.6; δH 4.41/δC 80.6; δH 
4.93/δC 79.5 and δH 5.87/δC 75.0], while three oxymethine carbons 
were present in the structures of the compounds 1 and 2. These data 
suggested the presence of an oxygen bridge between C-1 and C-5, with a 

formation of a six membered ring, which was confirmed by the HMBC 
correlations between the signals at δH 5.72 (H-2), 5.87 (H-3) and δH 4.15 
(H-5) with δC 150.7 (C-1); δH 5.72 (H-2) with δC 133.6 (C-4); δH 4.15 (H- 
5) with δC 117.5 (C-3) and 133.6 (C-4). The oxymethyne carbon at δC 
76.6 was assigned to C-5 from the correlation to δH 4.15 (H-5) in HSQC 
spectra. Further analysis of COSY and HMBC data permitted to complete 
the assignment of the hydrogens and carbons for germacranolide skel
eton of 3. The oxymethyne at δH 4.93/δC 79.5 was assigned to H-6/C-6 
from the COSY and HMBC correlations of δH 4.93 with H-5 (δH 4.15) and 
with C-5 (δC 76.6), respectively. The assignments of H-7/C-7 were 

Fig. 3. Selected NOESY correlations of compounds 1 and 3.  

Fig. 4. (Left) Comparison of experimental UV and ECD spectra of (− )-1 (black) with calculated (CAM-B3LYP/PCM(MeOH)/TZVP, red) spectra for 
(6R,7S,8S,9R,10R)-1. (Right) Optimized structures, relative energies and Boltzmann populations of the lowest-energy conformers identified for (6R,7S,8S,9R,10R)-1 
at the B3LYP/6-31G(d) level. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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supported from the COSY correlations (Figures S-30, S-31, and S-32, 
Supporting Information) of the hydrogen at δH 3.38 (H-7) with δH 4.93 
(H-6) and at long-range with δH 6.39 and 5.75 (H-13), together with 
HSQC correlation between H-7 and the carbon at δH 49.2 (C-7). The 
oxymethynes at δH 5.87/δC 75.0 and δH 4.41/δC 80.6 were assigned to H- 
8/C-8 and H-9/C-9, respectively, based on HMBC correlation of the 
signal at δH 5.87 (H-8) with C-6 (79.5), and at δH 1.30 (CH3-14) with the 
signal at δC 80.6. The HMBC correlation from H-2 and H-8 to the qua
ternary carbon at δC 74.1 evidenced this carbon as C-10. The HMBC 
correlation of the methyl hydrogens at δH 1.30 (14-CH3) with the carbon 
C-1 confirmed the assignment and positioning of this group at C-10 (δC 
74.1). The H-8 and H-14 hydrogens were correlated with the oxygenated 
carbons at δC 80.6 (CH) and δC 74.1 (C0) in the HMBC spectra, con
firming the assignment of these signals to C-9 and C-10, respectively. 
HMBC correlations of the methyl group at δH 2.02 (15-CH3) with C-5 
confirmed the attachment of this group at C-4. Finally, the positioning of 
the 2-hydroxymethyl-2-butenoyl group at C-8 was established by the 
correlation of H-8 (δH 5.87) with the carbonyl carbon C-1’ (δC 167.5). 

The NOESY spectra of compound 3 showed correlation of and H-7 
(δH 3.38, m) with H-5 (δH 4.15) and H-9 (δH 4.41) (Fig. 3). The corre
lations between H-3’ (δH 6.47) and H-5’ (δH 4.13; 4.17) indicated a Z 
configuration for the C-2’/C-3’ double bond, as observed for compounds 
1 and 2. In order to determine the absolute configuration of 3, com
parisons of experimental and simulated ECD spectra were performed. 
The excellent agreement between the ECD spectra obtained for (− )-3 in 
methanol with that simulated for the 5R,6S,7S,8S,9S,10R configuration 
at the CAM-B3LYP/PCM(MeOH)/TZVP level (Fig. 6) allowed the 
assignment of (− )-3 as 5R,6S,7S,8S,9S,10R. 

Macrocephalide C (3) contains an undescribed type of germacrano
lide skeleton, and a proposed pathway for its formation is shown in 
Fig. 7. The suggested pathway was based in the UHPLC-HRMS/MS 
analysis of the dichloromethane fraction, from which 3 was isolated. 
From this analysis, a peak was observed for a protonated ion at m/z 
411.1646 [M+H]+ with the same fragmentation pattern as that of 
compounds 1 and 2, which is consistent with the structure of the 

proposed precursor for 3. The opening of epoxide ring of the precursor 
followed by intramolecular cyclization, and subsequent water elimina
tion, provided compound 3. 

2.2. Antiproliferative activity 

Following the protocol developed by the National Cancer Institute 
for antiproliferative screening of new anticancer drugs (Fouche et al., 
2008; National Cancer Institute, 2015), we evaluated the anti
proliferative potential of the isolated germacranolides 1–3, against a 
panel of human tumor and non-tumor cell lines. According to this pro
tocol, the concentration required to inhibit 50% of cell growth (GI50) 
was calculate for each cell line to express the cytostatic effect of each 
sample. 

Compounds activities were classified considering the GI50 value 
expressed as logarithm following the NCI’s criteria for weak (1.1 < log 
GI50 < 1.5), moderate (0 < log GI50 < 1.1) and potent (log GI50 < 0) 
activities (Fouche et al., 2008). Besides, considering the cytostatic effect 
on immortalized keratinocytes HaCaT, we calculated the selectivity 
index (SI) that relates the concentration required to inhibit 50% of 
HaCaT proliferation and that required for one tumor cell line, in the 
same experiment. This parameter allows presuming whether sample 
would affect normal proliferative tissues (Muller and Milton, 2012). 

The macrocephalides A (1) and B (2) exhibited moderate to potent 
antiproliferative profile, inhibiting 50% of cell growth (GI50) at con
centrations ranging from 0.576 to 6.37 μM (Table 2). Macrocephalide A 
(1) inhibited more selectively the growth of melanoma (UACC-62, GI50 
= 0.576 μM, SI = 1.8) and kidney (786–0, GI50 = 0.576 μM, SI = 1.8) 
tumor cells while compound 2 showed higher activity for adenocarci
noma ovarian cells (OVCAR-03, GI50 = 0.637 μM, SI = 6.3). Compound 
3 was the least active weakly inhibiting renal (786–0, GI50 = 10.3 μM, SI 
= 6.2), leukemic (K562, GI50 = 14.6 μM, SI = 4.4), ovarian (OVCAR-03, 
GI50 = 15.7 μM, SI = 4.1) and melanoma (UACC-62, GI50 = 22.3 μM, SI 
= 2.9) cell lines (Table 2). Considering their molecular structure, the 
macrocyclic nuclei in macrocephalides A and B seemed to be important 

Fig. 5. (Left) Comparison of experimental UV and ECD spectra of (− )-2 (black) with calculated (CAM-B3LYP/PCM(MeOH)/TZVP, red) spectra for 
(6R,7S,8S,9R,10R)-2. (Right) Optimized structures, relative energies and Boltzmann populations of the lowest-energy conformers identified for (6R,7S,8S,9R,10R)-2 
at the B3LYP/6-31G(d) level. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of this article.) 
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for the antiproliferative activity while the substituents modulated this 
activity. 

3. Conclusion 

In summary, phytochemical investigation on Campuloclinium mac
rocephalum resulted in the isolation of three undescribed germacranolide 
sesquiterpene lactones (1–3), along with known steroids and triterpenes 
(4–10), and the flavonoids taxifolin (11) and quercetin-3-O-α-L-rham
nopyranoside-7-O-β-D-glucopyranoside (12). Antiproliferative assays 
showed that compound 1 inhibited more selectively the growth of 

melanoma (UACC-62, GI50 = 0.576 μM, SI = 1.8) and kidney (786–0, 
GI50 = 0.576 μM, SI = 1.8) tumor cells, and compound 2 showed higher 
activity for adenocarcinoma ovarian cells (OVCAR-03, GI50 = 0.637 μM, 
SI = 6.3). Our findings corroborate the properties of SLs as antitumor 
compounds, and may also to contributes with their ecological roles, 
since that the effect of C. macrocephalum against phytopathogenic fungi 
are already described. 

Fig. 6. (Left) Comparison of experimental UV and ECD spectra of (− )-3 (black) with calculated (CAM-B3LYP/PCM(MeOH)/TZVP, red) spectra for 
(5R,6S,7S,8S,9S,10R)-3. (Right) Optimized structures, relative energies and Boltzmann populations of the lowest-energy conformers identified for 
(5R,6S,7S,8S,9S,10R)-3 at the B3LYP/6-31G(d) level. (For interpretation of the references to colour in this figure legend, the reader is referred to the Web version of 
this article.) 

Fig. 7. A proposed pathway for compound 3.  
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4. Experimental section 

4.1. General experimental procedures 

Optical rotations were measured at 24 ◦C on a PerkinElmer Model 
343 polarimeter. 1D and 2D NMR spectra were recorded in CD3OD, 
DMSO‑d6 and CDCl3 in a Bruker 500 MHz NMR instrument (Avance 
500). High-resolution mass spectra were obtained in a QTOF, Bruker 
Daltonics, model Impact II spectrometer in electrospray ionization. C18 
columns (75 × 2.0 mm i.d.; 1.6 μm Shim-pack XR-ODS III) were used for 
UHPLC separation using a Shimadzu, model Nexera X2. Silica gel 60 
(0.063–0.200 mm) and silica gel 60 (0.04–0.063 mm) were used for 
purification of the compounds. TLC was performed on normal phase pre- 
coated silica gel 60 G or 60 GF254 (Merck) plates. The UV and ECD 
spectra of 1–3 were recorded with a Jasco J-815 spectrometer (Jasco, 
Tokyo, Japan) in the 195–400 nm region using the following parame
ters: bandwidth 1 nm; 25 response 1 s; scanning speed 100 nm min− 1; 3 
accumulations; room temperature; sample in methanol solution; 0.1 cm 
cell path length; concentration 0.2 mg mL− 1. 

4.2. Plant material 

The plant material (aerial parts) of Campuloclinium macrocephalum 
(Less.) DC., Asteraceae, was collected in Campos Gerais National Park 
(25◦08′46′′ S, 049◦057′025′′ W), Paraná State, Brazil on March 2012 and 
identified by Dr. Marta Regina Barrotto do Carmo (Departamento de 
Biologia Geral, Universidade Estadual de Ponta Grossa). A voucher 
specimen (HUPG, 18905) has been deposited at the at the HUPG 
herbarium. 

4.3. Extraction and isolation 

The air-dried powder of aerial parts of C. macrocephalum (698.9 g) 
was extracted with methanol (2 × 2.5 L), at room temperature, and the 
solvent evaporated under vacuum. The methanol extract (17 g) was 
dissolved in methanol: water (50:50) and partitioned into n-hexane, 
dichloromethane and ethyl acetate. Evaporation of the solvents resulted 
in the n-hexane (CM-HF, 4.95 g), dichloromethane (CM-DF, 2.33 g), 
ethyl acetate (CM-EAF, 2.15 g) and aqueous-methanol (CM-AMF, 7.14 
g) fractions. Part of the dichloromethane fraction (931 mg) was sub
jected to silica gel column chromatography using a gradient solvent 
system of n-hexane-acetone (98:2 to 0:100) to afford the subfractions 
CM-DF.1 to CM-DF.11. Purification of subfraction CM-DF.8 (277 mg) on 
silica gel flash CC, using a mixture of n-hexane− acetone (95:5 to 10:90) 

and acetone as eluent, afforded compounds 1 (5 mg) and 2 (5 mg). 
Another part of the dichloromethane fraction (450 mg) was subjected to 
silica gel CC using a gradient solvent system of n-hexane-acetone (98:2 
to 0:100), to afford subfractions CM-DF.1 to CM-DF.11. Purification of 
CM-DF.5 (32 mg) on Sephadex LH-20, using methanol/water (50:50) 
gave compound 3 (8 mg). The hexane fraction was subjected to silica gel 
CC eluted with a mixture of n-hexane/ethyl acetate (95:5 to 10:90), to 
afford the subfractions CM-HF.1 to CM-HF.10. The subfractions CM- 
HF.3 and CM-HF.4 provided, respectively, a mixture of 4, 5 and 6 
(48.1 mg) and 7, 8, 9 and 10 (50.1 mg). The ethyl acetate fraction was 
subjected to purification in Sephadex LH-20 eluted with a mixture of 
methanol/water (10:90 to 90:10), to afford the subfractions CM-AEF.1 
to CM-AEF.7. The subfraction CM-FAE.6 afforded compound 11 (5 
mg). Part of methanol-aqueous fraction (1.2 g) was subjected to filtra
tion in Sephadex LH-20 using methanol/water (10:90 to 90:10) to afford 
the subfractions CM-AMF.1 to CM-AMF.7. Purification of subfraction 
CM-AMF.2 (60 mg) by Sephadex LH-20 using a mixture of methanol/ 
water (50:50) afforded compound 12 (3 mg). 

Macrocephalide A (1): [α]D
24 = − 117 (c 0.7, chloroform) 1H and 13C 

NMR see Table 1; HR-ESI-MS m/z 435.1651 [M + H]+ (calcd for 
C22H27O9, 435.1650). 

Macrocephalide B (2): [α]D
24 = − 150 (c 0.4, chloroform) 1H and 13C 

NMR see Table 1; HR-ESI-MS m/z 393.1543 [M + H]+ (calcd for 
C20H25O8, 393.1544). 

Macrocephalide C (3): [α]D
24 = − 100 (c 0.2, chloroform) 1H and 13C 

NMR see Table 1; HR-ESI-MS m/z 393.1540 [M + H]+ (calcd for 
C20H25O8, 393.1544). 

4.4. Calculations of ECD spectra 

All density functional theory (DFT) and time-dependent-DFT 
(TDDFT) calculations were carried out at 298 K in the gas phase with 
Gaussian 09 software (Frisch et al., 2009). Calculations were performed 
for the arbitrarily chosen (6R,7S,8S,9R,10R)-1, (6R,7S,8S,9R,10R)-2 
and (5R,6S,7S,8S,9S,10R)-3. Conformational searches were carried out 
at the molecular mechanics level of theory with the Monte Carlo algo
rithm employing the MM + force field incorporated in HyperChem 
8.0.10 software package. Initially, 100 conformers of (6R,7S,8S,9R, 
10R)-1 with relative energy (rel E.) within 10 kcal mol− 1 of the 
lowest-energy conformer were selected and further geometry optimized 
at the B3LYP/6-31G(d) level. The six conformers with rel E. <2.5 kcal 
mol− 1, which corresponded to more than 93% of the total Boltzmann 
distribution, were selected for UV and ECD spectral calculations. As for 
2, the same six lowest-energy conformers identified for 1 were selected. 

Table 2 
Antiproliferative activity of germacranolides 1, 2 and 3 expressed as concentration required for 50% of cell growth inhibition (GI50, μM) besides the selectivity index.  

Human Cell line Doxorubicina 1 2 3 

GI50
b log GI50

c SId GI50
b log GI50

c SId GI50
b log GI50

c SId GI50
b log GI50

c SId 

U251 0.09 ± 0.03 − 1.0 5.2 5.76* 0.7 0.2 6.37* 0.8 0.6 61.5 ± 10.3 1.8 1.0 
UACC-62 <0.046 <-1.4 >12.4 0.576* − 0.2 1.8 n.t. n.t. n.c. 22.3 ± 10.9 1.3 2.9 
MCF-7 <0.046 <-1.3 >10.0 1.5 ± 0.7 0.2 0.7 3.5 ± 0.9 0.5 1.1 55.8 ± 0.5 1.7 1.1 
NCI-ADR/RES 0.46 ± 0.01 − 0.3 1.0 1.1 ± 0.5 0.07 0.9 1.6 ± 0.3 0.2 2.6 91.0 ± 36.6 2.0 0.7 
786-O <0.046 <-1.3 >10.0 0.576* − 0.2 1.8 1.2 ± 0.5 0.1 3.4 10.3 ± 0.4 1.0 6.2 
NCI–H460 <0.046 <-1.3 >10.0 5.76* 0.8 0.2 6.37* 0.8 0.6 63.7* 1.8 1.0 
OVCAR-03 0.46* − 0.3 1.0 5.76* 0.8 0.2 0.637* − 0.2 6.3 15.7 ± 3.4 1.2 4.1 
HT29 0.77 ± 0.16 − 0.1 0.6 2.3 ± 0.6 0.4 0.5 4.7 ± 0.6 0.7 0.9 63.7* 1.8 1.0 
K562 0.46* − 0.3 1.0 5.76* 0.8 0.2 6.37* 0.8 0.6 14.6 ± 3.0 1.2 4.4 
HaCaT 0.46* − 0.3 P n.a. 1.05 ± 0.09 0.02 n.a. 4.0 ± 0.5 0.6 n.a. 63.7* 1.8 n.a. 

*approximated value; n.t.: not tested; n.c.: not calculated; n.a.: not applied. Human tumor cell lines: U251 (glioblastoma); UACC-62 (melanoma); MCF-7 (breast, 
adenocarcinoma); NCI-ADR/RES (ovary, multi-drug resistant adenocarcinoma); 786–0 (kidney, adenocarcinoma); NCIH460 (lung, large cell carcinoma), OVCAR-03 
(ovary, adenocarcinoma), HT-29 (colon, adenocarcinoma), K562 (chronic myeloid leukemia). Human non-tumor cell lines: HaCaT (immortalized keratinocyte). 

a Doxorubicin: chemotherapeutic drug. 
b GI50: Growth Inhibition 50, expressed in μM followed by standard error, calculated by sigmoidal regression using Origin 8.0 software. 
c log GI50: results expressed as logarithm and classified according to b NCI’s criteria (weak activity: 1.1 < log GI50 < 1.5; moderate activity: 0 < log GI50 < 1.1; potent 

activity: log GI50 < 0). 
d SI: selectivity index calculated as GI50 HaCaT/GI50 Tumor cell line. 
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Then, their acetate group at C-5’ was replaced with a hydroxyl group, 
followed by further geometry optimization at the B3LYP/6-31G(d) level 
resulting in four conformers with rel E. within 2.0 kcal mol− 1. Regarding 
3, 56 conformers of (5R,6S,7S,8S,9S,10R)-3 with rel E. within 10 kcal 
mol− 1 of the lowest-energy conformer were selected and further ge
ometry optimized at the B3LYP/6-31G(d) level. The ten conformers with 
rel E. <1.3 kcal mol− 1, which corresponded to more than 82% of the 
total Boltzmann distribution, were selected for UV and ECD spectral 
calculations. Vibrational analysis at the B3LYP/6-31G(d) level resulted 
in no imaginary frequencies for all conformers, confirming them as real 
minima. TDDFT was employed to calculate the excitation energy (in nm) 
and rotatory strength R in the dipole velocity (Rvel in cgs units: 10− 40 

esu2 cm2) form, at the CAM-B3LYP/PCM(MeOH)/TZVP level. The 
calculated rotatory strengths from the first 30 singlet → singlet elec
tronic transitions were simulated into an ECD curve using Gaussian 
bands with a bandwidth of σ 0.25 eV. The predicted wavelength tran
sitions were used without any scaling. The Boltzmann factor for each 
conformer was calculated based on Gibbs free energies. 

4.5. Antiproliferative assay 

The antiproliferative activities of compounds 1, 2 and 3 were eval
uated in vitro against nine different human cancer cell lines [U251 
(glioma), UACC-62 (melanoma), MCF-7 (breast), NCI/ADR-RES 
(ovarian expressing multiple-drug-resistance phenotype), 786–0 
(renal), NCI–H460 (non-small cell lung cancer), OVCAR-3 (ovarian), 
HT-29 (colon) and K562 (leukemia)]. The tumor cell lines were provided 
by Frederick Cancer Research & Development Center, National Cancer 
Institute, Frederick, MA, USA. The antiproliferative activities were also 
evaluated using a non-tumor cell line HaCat (human keratinocyte), 
provided by Dr. Ricardo Della Coletta (University of Campinas- UNI
CAMP, Brazil). Stock and experimental cultures were grown in complete 
medium containing 5 mL RPMI 1640 (GIBCO BRL) supplemented with 
5% fetal bovine serum (GIBCO BRL) and 1% Penicillin:Streptomycin 
mixture (1000 U.mL− 1:1000 μg.mL− 1). The sample were previously 
diluted in DMSO (100 mg⋅mL− 1) followed by serial dilution in complete 
medium, affording the final concentrations of 0.576, 5.76, 57.6 and 576 
μM for compound 1, and 0.637, 6.37, 63.7 and 637 μM for compounds 2 
and 3. Cells in 96-well plates (100 μL cells well− 1, inoculation density: 
3.5 to 6 x 104 cell⋅mL− 1, Table S4, in Supplementary material) were 
exposed to sample for 48 h, in triplicate, at 37 ◦C, 5% of CO2 in air. The 
final DMSO concentration (<0.25%) did not affect cell viability. Doxo
rubicin (0.046–0.46 μM) was used as positive control. Before (T0 plate) 
and after the sample addition (T1 plates), cells were fixed with 50% 
trichloroacetic acid, and cell proliferation was determined by spectro
photometric quantification (540 nm) of cellular protein using the sul
forhodamine B assay. Cell proliferation was calculated considering (T1 - 
T0) as representing 100% of cell growth when absorbance of treated cells 
(TS) was higher than T0 absorbance; more, when absorbance of treated 
cells (TS) was lower than T0 absorbance, 100% of cell growth was rep
resented by T0. For each sample, one concentration–response curve 
correlating sample concentration with cell growth was plotted using the 
software ORIGIN 8.0® (OriginLab Corporation) (Monks et al., 1991). 
The Selectivity Index (SI) was estimated as SI = GI50(HaCat)/GI50(
cancer cell line) (Muller and Milton, 2012). 

Declaration of competing interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgments 

The authors thank Coordenação de Aperfeiçoamento de Pessoal de 
Nível Superior (CAPES, Brazil, Finance code 001) and Conselho 

Nacional de Desenvolvimento Científico e Tecnológico (CNPq, Brazil) 
for financial support. JMBJ thanks Fundação de Amparo à Pesquisa do 
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