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The chloroformemethanol extract of Euryops arabicus, collected from Saudi provenance, yielded a new
kaurane diterpene (1) and seven methoxylated flavones (2e8), two of which are new (2 and 3). Struc-
tures of the compounds were elucidated through interpretation of spectral data of NMR, MS and com-
parison with literature values. All compounds were evaluated for their anti-tumor activities, employing
four different cancer cell lines (WI-38, VERO, HepG2 and MCF-7), ABTS free radical scavenging and
immunemodulatory effects. All metabolites had considerable antioxidant and immunestimulatory ef-
fects. All compounds showed anticancer activity with IC50 in range 10e125 mM, whilst 2 and 6 showed
significant anti-proliferative activity against HepG2 (IC50 ¼ 20 and 15 mM) and MCF-7 (IC50 ¼ 15 and
10 mM), respectively. This effect was attributed to significant S-phase cell cycle arrest.

� 2013 Elsevier Masson SAS. All rights reserved.
1. Introduction

Cancer is one of the leading causes of death in the world [1,2].
The International Agency for Research on Cancer reported that,
more than 7 million people died from cancer in 2008 and it was
anticipated that it is going to be more or less triplicate by the year
2030 [3]. The treatment of cancer was recently designed by two
major approaches aiming at discovering potent antitumor metab-
olites; bio-chemical and targeted-based. The former gained a sig-
nificant attention in the recent two decades, which led to discovery
of several antitumor agents [4e7].
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Asteraceae is a big family of shrubs and herbaceous plants
contains about 1100 genera and 25,000 species, widely distributed
in the tropical and subtropical regions. It is economically important
as a source of food, such as lettuce and artichokes, cooking oils,
sweetening agents, and tea infusions [8,9]. Among 100 species of
the genus Euryops, only Euryops arabicus is known in Saudi Arabia
[8]. Up to date, Seco-furoermophilanes, furoermophilanes, eremo-
philanolides, and flavonoids were identified from the genus Eur-
yops [10].

The current results showed the proving of the pharmacological
mechanism of known class of natural products as a lead of anti-
cancer drugwith significant safety. It was clear from the results that
compounds 2 and 6 showed potent anti-proliferative activity
against HepG2 (IC50 were 20 � 0.35 and 15 � 1.21 mM) and MCF-7
(IC50 were 15 � 0.35 and 10 � 0.14 mM) respectively. The anti-
proliferative activity was attributed to significant S-phase cell cy-
cle arrest employing the 5-FU as a positive control.
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Table 1
1H [CDCl3, 600 MHz] and 13C NMR [CDCl3, 150 MHz] NMR spectral data of 1.a

P. dC
b dH

c HMBC

1a 55.8 2.65 (dd, 14.4, 1.8) C-2, C-3, C-9, C-10, 2 C-20
1b 2.37 (d, 14.4)
2a 44.6 2.57 (dd, 13.2, 1.8)
2b 1.95 (d, 13.2)
3 213.9
4 46.8
5 50.2 1.59 (dd, 6.6, 3.6) C-3, C-4, C-10, 2 C-20
6a 20.8 1.73 (m) C-5, C-7, C-8, C-10
6b 1.46 (m)
7a 32.7 1.62 (m)
7b 1.51 (m) C-5, C-6, C-8, C-9
8 43.9
9 54.9 1.33 (br d, 7.8) C-7, C-8, C-10, C-11, C-12, C-15, C-20
10 43.8
11a 18.5 1.68 (m)
11b 1.44 (m)
12 40.4 1.55 (m)
13 43.5 2.66 (m) C-8, C-11, C-12, C-15
14a 39.1 1.87 (br d, 7.8)
14b 1.14 (m)
15 48.5 2.09 (br s) C-8, C-9, C-13, 2 C-14
16 154.8
17a 103.6 4.82 (s) C-13, C-15, C-16
17b 4.76 (s)
18a 70.5 3.87 (d, 10.8) C-3, C-4, C-5
18b 3.52 (d, 10.8)
19a 65.0 3.78 (d, 10.8) C-3, C-5
19b 3.74 (d, 10.8)
20 19.3 1.07 (s) C-1, C-9, C-10

a All assignments are based on 1D and 2D measurements (HMBC, HSQC, COESY).
b Implied multiplicities were determined by DEPT (C ¼ s, CH ¼ d, CH2 ¼ t).
c J in Hz.
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2. Results and discussion

2.1. Chemistry

In the course of our projects on the isolation of bioactive me-
tabolites from higher plants [11,12], the herbs of E. arabicus were
collected from Al-Taeif area (Saudi Arabia, April 2011) and extracted
with amixture of CHCl3:MeOH (1:1, 4 L). Successive fractionation of
the total extract on NP-Silica column, preparative thin layer chro-
matography (PTLC), followed by Sephadex LH-20, yielded a new
kaurane diterpene (18,19-dihydroxy-kaura-16-en-3-one, 1) and
two new flavones; 7-hydroxy-30,40,6,8-tetrtamethoxyflavone (2)
and 30,8-dihydroxy-40,50,6,7-tetramethoxyflavone (3) (NMR
spectra, S1). In addition to these compounds, five known fla-
vones: 5,6-dihydroxy-30,40,6,7-tetramethoxyflavone (4), 5-
hydroxy-40,6,7,8-tetramethoxy flavone (5), 5-hydroxy-30,40,7-
trimethoxyflavone (6), 5-hydroxy-30,40,6,7,8-petamethoxyflavone
(7), and 5,8-dihydroxy-30,40,6,7-tetramethoxyflavone (8) (Fig. 1),
were isolated and characterized in comparison with the published
data [13e18].

Compound 1 was isolated as white amorphous solid;
[a]D20 ¼ þ70 (c 0.066, CHCl3); its molecular formula was established
to be C20H30O3, based on HRESIMS (positive-ion mode), m/
z ¼ 319.2256 [M þ H]þ. The 13C NMR spectral data (1H decoupled
and DEPT) of 1 showed 20 resonances attributable to one methyl,
threemethine, elevenmethylenes and five non-protonated carbons
(Table 1).

Two of the six elements of unsaturation, as indicated by the
molecular formula of 1, could be attributed to one carbonecarbon
double bond (Table 1) and a carbonyl group (nmax 1694); thus the
molecule is tetracyclic. As the 1H and 13C NMR data enabled all but
two of the hydrogen atoms within 1 to be accounted for, it was
evident that the remaining two protons were present as part of
hydroxyl functions, this deduction was supported by IR absorption
at nmax 3387 cm�1. After association of all the protons with directly
bonded carbons via 2D NMR (HSQC) spectral measurements, it was
possible to deduce the planer structure of 1 by interpretation of the
1He1H COESY and 1He13C HMBC spectra (Fig. 2).

From the 1He1H COESY spectrum of 1, a spin system between
H2-1 and H2-2 was observed. Long-range CeH (HMBC) correlations
observed between H-1b (dH 2.65, dd, J ¼ 14.4, 1.8) and, C-2 (dC
44.6 ppm), C-3 (dC 213.9 ppm), C-9 dC (54.9 ppm), C-10 (dC
43.8 ppm) and C-20 (dC 19.3 ppm); between the resonances of H2-
Fig. 1. Chemical struc
18 (dH 3.87, d, J ¼ 10.8; dH 3.52, d, J ¼ 10.8) and those of C-3 (dC
213,9 ppm), C-4 (dC 46.8 ppm), and C-5 (dC 50.2 ppm); between H-5
(dH 1.59, dd, J ¼ 6.6, 3.6) and C-3 (dC 213.9 ppm), C-4 (dC 46.8 ppm),
C-10 (dC 43.8 ppm) and C-20 (dC 19.3 ppm), this led to closing of ring
A. A 1He1H spin system between H2-7 (dH 1.62, m; dH 1.51, m) and
H2-6 (dH 1.73, m; dH 1.64, m) which further correlated to H-5 (dH
1.59, dd, J ¼ 6.6, 3.6) were observed. Long-range CeH correlations
were observed between H-9 (dH 1.33, br d, J ¼ 7.8, 3.6) and, C-7 (dC
32.7 ppm), C-8 (dC 43.9 ppm), C-10 (dC 43.8 ppm) and C-20 (dC
19.3 ppm); between the resonances of H2-7b (dH 1.51, m) and those
of C-5 (dC 50.2 ppm), C-6 (dC 20.8 ppm), C-8 (dC 43.9 ppm), and C-9
tures of 1e8 (1).



Fig. 2. Selected HMBC and NOESY NMR correlations of 1 (3).

Table 2
1H [CDCl3, 600 MHz] and 13C NMR [CDCl3, 150 MHz] spectral data of 2 and 3.a

Position 2 3

dC
b dH

c dC dH

2 164.4 163.7
3 104.5 6.63 (s) 105.3 6.61 (s)
4 182.6 182.9
5 90.6 6.58 (s) 90.7 6.57 (s)
6 158.7 132.9
7 153.2 158.9
8 132.2 153.0
9 153.1 152.6
10 106.1 106.2
10 123.7 126.8
20 108.7 7.37 (d, 2.2) 106.8 6.97 (d, 2.2)
30 152.2 149.7
40 149.3 138.6
50 111.1 7.00 (d, 8.5) 153.3
60 120.1 7.56 (d, 8.5, 2.2) 102.3 7.20 (d, 2.2)
6-OCH3 56.1 4.00 (s) 56.2 4.00 (s)
7-OCH3 60.9 4.00 (s)
8-OCH3 60.9 4.00 (s)
30-OCH3 56.1 3.99 (s) 55.8 3.99 (s)
40-OCH3 65.1 3.99 (s) 61.2 3.99 (s)
50-OCH3 56.4 3.95 (s)

a All assignments are based on 1D and 2D measurements (HMBC, HSQC, COESY).
b Implied multiplicities were determined by DEPT (C ¼ s, CH ¼ d, CH2 ¼ t).
c J in Hz.
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(dC 54.9 ppm); between H2-6 and C-5, C-7, C-8, and C-10. This led to
closing of ring B. From the 1He1H COESY spectrum of 1, a spin
system between H2-11 (dH 1.68, m; dH 1.44, m) and H2-12 (dH 1.55,
m), which further correlated to H-13 (dH 2.66, m) were observed
(Fig. 2). Long-range CeH correlations observed between H-13 (dH
2.66, m) and, C-8 (dC 43.9 ppm), C-11 (dC 18.5 ppm), C-12 (dC
40.4 ppm), and C-15 (dC 48.5 ppm); between the resonances of H2-
15 (dH 2.09, br s) and those of C-8 (dC 43.9 ppm), C-9 (dC 54.9 ppm),
C-13 (dC 43.5 ppm), and C-14 (dC 39.1 ppm); between H-9 and C-8,
C-11, C-12, and C-15, led to closing of ring C. Long-range CeH cor-
relations observed between H2-17 (dH 4.82, s; 4.76, s) and, C-13 (dC
43.5 ppm), C-15 (dC 48.5 ppm) and C-16 (dC 154.8 ppm), led to
closing of ring D. The rest of the planar structure of 1 is the posi-
tioning of the two hydroxyl groups. It was clear from the spectral
data of 1H and 13C NMR, that C-18 (dC 70.5; dH 3.87, 3.52) and C-19
(dC 65.0; dH 3.78, 3.74). The 13C downfield chemical shift of C-18 by
5 ppm more than C-19, indicated the b-orientation of the hydroxyl
methylene at C-18 [19,20].

2D NOESY analysis was exploited to assign the relative config-
uration of 1. The junction between ring A and ring Bwas assigned as
trans geometry due to absence of the correlation between CH3-20
protons and H-5. The former is upward, while the later is below the
plane. This deduction was also supported by the presence of char-
acteristic correlation between H-9, H-5 and H-19a. It is clear from
the 13C NMR assignment of CH3-20 that it has b-configuration,
because it appeared downfield (dC 19.3 ppm) than published data
(dC 17.9 ppm) [19]. This deduction supports the a-orientation of H-
9. Further investigation of NOESY spectral data, indicated the cor-
relation between H-13 (dH 2.66, m), 3H-20 (dH 1.07, s) and Ha-14 (dH
1.87 and 1.14 (br d, 7.8)) (Fig. 2), led to the positioning of H-13 and
3H-20 as axial upwards and consequently the five-membered ring
should be attached as an equatorial configuration. Finally, a com-
puter survey includes different data bases indicated 1 as a new
natural diterpene, 18,19-dihydroxy-kaura-16-en-3-one.

Compound 2was obtained as pale yellow solid. The existence of
hydroxylated flavones derivative might be indicated from four ab-
sorption bands at 221, 269, 296, and 332 nm in the UV spectrum
[19]. The molecular formula C19H18O7 (11 unsaturations) was
established by its HRESIMS (positive-ion mode), m/z ¼ 359.1136
[M þ H]þ. The 13C NMR spectral data (1H decoupled and DEPT) of 2
showed 19 resonances attributable to four methyls, five sp2

methines and ten non-protonated carbons (Table 2). It was also
evident from these data that seven of the eleven elements of
unsaturation within 2 were present as carbonecarbon double
bonds in addition to a carbonyl group (this deduction being sup-
ported by IR absorption at nmax 1655 cm�1); the molecule is thus
tricyclic. As the 13C and 1H NMR spectral data enabled all but one of
the hydrogen atoms within 2 to be accounted for, it was evident
that the remaining one would be present as an OH group (a
deduction that was supported by IR data nmax 3400 cm�1) (Table 2).

After association of all protons with directly bonded carbons via
2D NMR (HSQC) spectral measurements, it was possible to deduce
the substitution pattern of the flavone nucleus from HMBC corre-
lations. The 1H NMR spectral data revealed the presence of five ar-
omatic proton signals, three of themare doublet signal at dH 7.37 (1H,
d, J ¼ 2.2 Hz, H-20), 7.00 (1H, d, J ¼ 8.5 Hz, H-50) and 7.56 (1H, dd,
J ¼ 8.5, 2.2 Hz, H-60) with ortho- and meta-couplings, the fourth
proton (H-5) signal appeared as a singlet at dH 6.58 (H-5) which
showed HSQC correlation to the carbon at dC 90.6 ppm and the fifth
proton appeared at dH 6.63 (H-3) showed HSQC correlation to the
carbon at dC 104.5 ppm, which is characteristic assignment to po-
sition 3 [21]. Further study of 1H NMR spectral data showed four
methoxyl groupswhich appeared as singlet at dH 4.00 (6H, 6 and 30),
dC 56.1 and 3.99 (6H, 8 and 40). The absence of the hydrogen bonding
signal led to proving the absence of phenolic OH group from both
positions 3 (dH, 6.63, s; dC 104.5) and 5 (dH, 6.58, s; dC 90.6, s). After
associationof all protonswith directly bonded carbons via a 2DNMR
(HSQC) spectral measurement, it was possible to deduce the
methoxylation pattern and the position of the hydroxyl group of the
flavone nucleus from HMBC spectrum, where the following corre-
lations (Fig. 3) were observed, H-5 (dH 6.58, s) is correlated with C-4
(dC 182.6 ppm), C-6 (dC 158.7 ppm), C-7 (dC 153.2 ppm) and C-10 (dC
106.1 ppm); H-3 (dH 6.63, s) is correlatedwith C-2 (dC 164.4 ppm), C-
4 (dC 182.6 ppm), and C-10 (dC 123.6 ppm); H-20 (dH 7.37, d, J¼ 2.2), is
correlatedwith C-30 (dC 152.2 ppm), C-40 (dC 158.7 ppm), and C-60 (dC
158.7 ppm), andH-60 (dH 7.56, dd, J¼8.5, 2.2), is correlatedwith C-30,
C-40 and C-50. 1He13C long range correlations enable the positioning
of themethoxyl groups as singlet peaks at dH 4.00 (6H) and 3.99 (6H)
to be attached to C-6, C-30, C-8, and C-40 respectively. Remaining is
the position of the hydroxyl group in ring A, may be attached to one
of C-6 or C-8 or C-8. This questionwith answered by measuring the
UV spectrawithNaOAc andþ9 nmbathochromic shift was occurred
which confirm the presence of 7-OH in 2 [22]. A computer survey
including the science finder data base indicated 2, is a new flavone
derivative; 7-hydroxy-30,40,6,8-tetramethoxyflavone.

Compound 3 has themolecular formula C19H18O8, as established
by HRESIMS (positive-ionmode),m/z¼ 374.8700 [Mþ H]þ. The 13C
NMR spectral data (1H decoupled and DEPT) of 3 had shown 19
resonances attributable to four methyls, four methines and eleven
non-protonated carbons (Table 2). It was also evident from these
data that seven out of eleven points of unsaturation within 3 were



Fig. 3. Significant HMBC correlation of 2 and 3 (5).

Table 3
Biological activities of 1e8, towards lymphocyte transformation, and ABTS (free
radical scavenging).

Compounds Percent of transformed
lymphocyte (%)a,b,g (2 mM)

ABTS scavenging
activity (%)c,d,e,f,g

1 10 34.3 � 0.10
2 55 52.7 � 1.15
3 35 56.8 � 0.13
4 25 71.1 � 2.38
5 20 75.4 � 0.20
6 65 45.8 � 1.30
7 45 54.2 � 0.70
8 15 78.3 � 0.01

a Concentration showing 50% lymphocyte transformation.
b The positive control was Echinacea purpurea extract at concentration 50 gave

74% lymphocyte transformation.
c ABTS scavenging activity (%) ¼ [Ac � As/Ac] � 100; where Ac is the absorbance

value of the control and As is the absorbance value of the added samples test
solution.

d The concentration of the pure compounds was 2 mM.
e The concentration showing 50% inhibition is expressed in mM.
f The positive control was vitamin C, and showed 80.0 � 1.04%.
g Values are means of 3 replicates � SD, and significant difference at P < 0.05 by

Student’s test.
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present as C]C double bonds and a carbonyl group (this deduction
was supported by an IR absorption at nmax 1649 cm�1; the molecule
was thus tricyclic. As the 13C and 1H NMR spectral data enabled all
but two of the hydrogen atoms within 3 to be accounted for, it was
evident that the remaining two would be present as OH groups, a
deduction that was supported by IR data nmax 3447 cm�1). UV
maxima at 296, 338 and 368 nm suggested a flavone nucleus [22].
The 1H NMR spectral data revealed the presence of four aromatic
protons, two of them were doublet with meta-coupling, appeared
at dH 6.97 (1H, d, 2.2, H-20) and 7.20 (1H, d, 2.2, H-60). The remaining
aromatic protons appeared at dH 6.61 (1H, s, H-3) and dH 6.57 (1H, s,
H-5). From the 13C spectral data, six sp2 carbons at dC 132.9, 158.9,
153.0, 149.7, 138.6 and 153.3 ppm (C-6, C-7, C-8, C-30, C-40 and C-50),
indicated that all of them were attached to oxygen. HMBC corre-
lations indicated four of these six carbons bearing methoxyl groups
(dH 4.01, s; 4.00, s; 3.98, s and 3.95, s) led to positioning of the four
methyls to C-6, C-7, C 40 and C-50. Thus, the remaining two carbons
bear phenolic OH group at C-8 (dC 153.0 ppm) and C-30 (dC
149.7 ppm). The absence of the hydrogen bonding signal led to the
indication of the absence of phenolic OH from both positions 3 (dH,
6.61, s; dC 105.3) and 5 (dH, 6.57, s; dC 90.7, s). After association of all
protons with directly bonded carbons via a 2D NMR (HMQC)
spectral measurement, it was possible to deduce the substitution
pattern of the flavone nucleus from HMBC correlations (Fig. 3).
Further investigation of the HMBC spectrum indicated the corre-
lations between H-5 and C-4, C-6, C-7 and C-10; between H-3 and
C-4 and C-2; H-20 and C-30 and C-40 and between H-60 and C-40 and
C-50. The NaOAc UV shift reagent was measure to compound 3 and
bathochromic shift with þ3 nm which confirm the absence of hy-
droxyl group at C-7 and presence of hydroxyl group at C-30 which is
in a good agree with results published by Mabry 1970 (Reference
no. [22] in the manuscript). This deduction and the HMBC corre-
lation confirm the presence of hydroxyl group at C-8. A computer
survey including the science finder data base, indicated 3, is a new
flavone, 30,8-dihydroxy-40,50,6,7-tetramethoxy flavone.

The known flavones derivatives (4e8) were identified by com-
parison of their 1H and 13C NMR spectral data with the published
values (NMR data in Table S2, Supplementary S2) [13e18].

2.2. Pharmacology

The lymphocyte transformation assay was performed to assess
the effect of the isolated compounds on cell-mediated immunity
[23] in response to mutagenic stimulation using phytohemagglu-
tinin (PHA). The isolated compounds (1e8) displayed moderate
immunostimulant effect manifested as promotion of T-lymphocyte
proliferative responses. After PHA stimulation, Compounds 2 and 6
showed 55 and 65% lymphocyte transformation, respectively. Other
compounds showed less than 50% lymphocyte transformation in
response to PHA induction (Table 3) compared to 74% for the pos-
itive control treatment (Echinacea purpurea (Ech) extract). The
lymphocyte transformation assay indicates specific mitogenic ef-
fect of the PHA on T-lymphocytes. Initiation of T-lymphocyte pro-
liferative responses means immunostimulation, whereas
suppression of T-lymphocyte proliferative activities is indicative of
immunosuppression [23e25].

In order to detect whether a redox mechanism is involved in the
immunomodulatory action of the isolated compounds, the anti-
oxidant capacity of test compounds was examined using ABTS
assay [25]. A significant antioxidant activity, comparable to ascorbic
acid, was exhibited by the isolated compounds at 2 mM concen-
tration. Compounds 4, 5, 8 showed potent free radical scavenging
ability with 71.1 � 2.38%, 75.4 � 0.20% and 78.3 � 0.01% inhibition
for free radical production, respectively, compared to 80.0 � 1.04%
for equimolar concentration of ascorbic acid (Table 3). These results
may, in part, explain the mechanism of the immunomodulatory
actions of flavonoids that is based on its antioxidant potential. Thus,
these constituents might act as free radical scavengers; prevent
phospholipid peroxidation; and protect immuno-compromised
cells from free radical damage.

MTT assay was used to assess the anti-proliferative effect of the
isolated compounds against four different cell lines (MCF-7, HepG2,
WI 38 and VERO) in comparison to standard anticancer drug (5-FU).
The isolated compounds showed considerable anti-proliferative



Table 4
The IC50 (mM) of compounds 1e8 against different solid tumor cell lines.

Compounds WI-38a,b VERO HepG2 MCF-7

1 90 � 0.17 90 � 0.15 50 � 1.34 40 � 0.29
2 115 � 0.34 95 � 0.11 20 � 0.35 15 � 0.35
3 105 � 0.12 85 � 0.04 30 � 0.01 25 � 0.05
4 80 � 0.25 90 � 0.22 35 � 0.22 30 � 3.01
5 75 � 0.09 85 � 0.24 40 � 0.04 30 � 0.05
6 105 � 0.07 125 � 0.36 15 � 1.21 10 � 0.14
7 100 � 0.04 105 � 0.03 25 � 0.25 20 � 0.32
8 95 � 0.01 100 � 0.13 45 � 2.05 35 � 0.29
5-FU 10 � 0.05 08 � 1.02 10 � 0.48 05 � 1.36

a MCF-7 (Human breast carcinoma), HepG2 (Human hepatocellular carcinoma),
WI 38 (Skin carcinoma), and Vero (African green monkey kidney).

b Values are means of 3 replicates � SD, and significant difference at P < 0.05 by
Student’s test.
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activity selectively against MCF-7 and HepG2 cell lines (IC50 ranges
from 10 � 0.14 to 50 � 1.34 mM). On the other hand, the IC50 of the
isolated compounds in VERO and WI-38 cell lines was significantly
higher (IC50 ranges from75� 0.09 to 125� 0.36 mM) and less potent
compared toMCF-7 andHepG2 cells. The anti-proliferative effects of
5-FU were found to be non selective to specific cell line giving
comparable IC50 in all cell lines (10 � 0.05, 8 � 1.02, 10 � 0.48, and
5 � 1.36 mM in MCF-7, HepG2, WI 38 and VERO cell lines, respec-
tively). It is worth mentioning that compounds 2 and 6 were the
most potent among the isolated compounds showing IC50’s of
20 � 0.35 and 15 � 1.21 mM in MCF-7 and IC50’s of 15 � 0.35 and
10 � 0.14 mM in HegG2 cell lines, respectively (Table 4). It was
observed that methoxylated flavones (2 and 6) are more active than
the isolated diterpene which requires further investigation.

DNA flow-cytometry was used to evaluate the effect of the most
potent isolated compounds (2 & 6) on the cell cycle distribution of
MCF-7 cell lines compared to 5-FU (Fig. 4). 2 and 6 significantly
decreased cell population in S-phase from 34.1 � 1.1% (Fig. 4A) to
15.6 � 0.9% (Fig. 4B) and 13.0 � 0.4% (Fig. 4C), respectively. Both 2
and 6 induced significant compensatory increase in the non-
proliferating cell fraction (G0/G1-phase) from 55.6 � 0.6% (Fig. 4A)
to 73.4 � 0.7% (Fig. 4B) and 71.3 � 0.2% (Fig. 4C), respectively.
Subsequent to the decrease in S-phase, 2 and 6 induced significant
decrease in G2/M-phase. The influence of 2 & 6 on cell cycle pro-
gression of MCF-7 cells was similar to 5-FU which decreased the S-
phase cell population with reciprocal increase in the non-
proliferating cell fraction (G0/G1-phase). Only 5-FU and 6
increased the pre-G apoptotic fraction of cells (Fig. 4C & D)
compared to control untreated group (Fig. 4A). The effect of 5-FU on
the cell cycle profile is attributed to its anti-metabolite effect
(Thymidylate synthase inhibition) which is reflected as S-phase
arrest. Herein, the profile of cells treated with 2 & 6 indicates
possible cell phase (S-phase) specific effect of these compounds.

3. Conclusion

From the aerial parts of E. arabicus, a new kaurane diterpene;
18,19-dihydroxy-kaura-16-en-3-one (1) and two new flavonoids (2
and 3) and five known flavonoids (4e8) were obtained. The isolated
metabolites showed considerable antioxidant and immunestimu-
latory effects. Nonetheless, 2 and 6 showed promising anti-
proliferative effects comparable to positive control 5 fluorouracil
(5-FU), which was attributed to S-phase cell cycle arrest.

4. Experimental

4.1. General

Aluminum oxide type 60e120 mesh was used for column chro-
matography. Thin layer chromatography silica gel GF 254 was used;
for TLC. Preparative thin layer chromatography (PTLC)wasperformed
on Silica gel plates (20 cm � 20 cm) of 250 mm thickness. LC-ES-IMS
experiments were carried out on API 2000, Triple Quadrupole LC-
MS/MS, Applied Biosystems/MDS Sciex equipped with Agilent 1100
Series incl. DAD. 1D and 2D NMR spectra were recorded on Bruker
AVANCE III WM 600 MHz spectrometers and 13C NMR at 150 MHz.
Chemical shifts are given in d (ppm) relative to TMS as internal
standard. The UV spectra were measured by using Genesys 10-S,
thermo Fischer Scientific. The spray reagent used was: 50%-sulfuric
acid in methanol as spraying reagent. The chromatoplates were
heated after spraying at 100e110 �C until the spots attained
maximum color intensity.

Heparinized peripheral venous blood was obtained from
healthy volunteers from the blood bank of Mansoura University
Hospital; Ficoll/Hypaque was purchased from Amersham
Pharmacia, Uppsala, Sweden; phytohemagglutinin (PHA) was
purchased from Difco, Detroit, MI, USA; Concanavalin A (ConA)
was purchased from Merck, Germany; Hank’s balanced salt so-
lution (HBSS); fetal calf serum (FCS); glutamine; HEPES (N-2-
hydroxyethyl piperazine-N0-2-ethanesulfonic acid)-buffer and
RPMI-1640 medium were purchased from Gibco BRL, Life Tech-
nologies, Paisleys, Scotland; crystalline penicillin G and strepto-
mycin was obtained from El-Nile Pharmaceutical Co., Cairo,
Egypt. Echinacea purpurea extract was obtained from Sekem
Pharmaceutical Co., Cairo, Egypt. Levamisole was obtained from
Elkahira Pharmaceutical Co., Cairo, Egypt. Cyclophosphamide was
obtained from ASTA Medica AG, Frankfurt, Germany. Cyclosporin
was obtained from Novartis Pharma, Switzerland.
4.2. Extraction and isolation

The aerial parts E. arabicus (Family Asteraceae) were collected
from Al-Taeif, 200 Km south Jeddah, Saudi Arabia, in April 2011. A
voucher specimen of the plant was deposited in the Collection of
Herbal Medicine in the Department of Chemistry, Faculty of Sci-
ence, KAU, Saudi Arabia (April-011-EA-1).

The powdered air-dried E. arabicus (400 g) was extracted
twice with mixture of CHCl3:MeOH (1:1, 15 L � 3) at 20e23 �C
for a week and then combined extracts were concentrated till
drying, under reduced pressure to obtain (38 g, 9.5%) blackish
gummy residue. This material was chromatographed on NP-
Silica column, employing a gradient elution from n-hexane to
diethyl ether and from diethyl ether to ethyl acetate (F ¼ 50,
L ¼ 100 cm, 50 ml each), 120 fractions were collected. The
similar fractions were pooled together according to TLC pattern
into seven pools (P-A, to P-G), employing UV254 lamp and/or
50%-sulfuric acid in methanol as spraying reagent for detection
of spots. All compounds were purified by PTLC and re-purified
by employing Sephadex LH-20 using a mixture of MeOH:CHCl3
(9:1). PeB was purified by PTLC-Silica gel, using n-hexanee
EtOAc (8:2), yielded 4 and 5. PeC was purified by PTLC-Silica gel,
using n-hexane:ethyl acetate (8:2) to give 4. PeD was purified
by PTLC-Silica gel, using n-hexaneeethyl acetate (7:3), led to
isolation of 6 and 2. PeE was purified by PTLC-Silica gel, using n-
hexaneeEtOAc (6:4), yielded 3, 7 and 8, respectively. Finally, Pe
G was purified by PTLC-Si gel, using n-hexaneEtOAc (5:5), yiel-
ded 1.

4.2.1. 18,19-Dihydroxy-kaura-16-en-3-one (1)
White amorphous powder (25 mg, 0.0063%); mp 170 �C;

[a]D20 ¼ þ70 (c 0.066, CHCl3); IR nmax (CHCl3): 3387, 2927, 1694,
1445,1367 and 1215; 13C NMR (CDCl3, 150MHz) spectroscopic data,
see Table 1; HRESIMS (positive-ion mode), m/z ¼ 319.2256
[M þ H]þ (Calculated for C20H31O3: 319.2273).
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4.2.2. 7-Hydroxy-30,40,6,8-tetramethoxyflavone (2)
Yellow amorphous powder (10 mg, 0.0025%); IR nmax (CHCl3):

3400, 2927, 2853, 1655, 1605, 1515, 1506, 1458, 1267; UV lmax
(MeOH): 221, 269, 296, and 332 nm; for 1H NMR (CDCl3, 600 MHz):
13C NMR (CDCl3, 150 MHz) spectroscopic data (Table 2); HRESIMS
(positive-ion mode), m/z ¼ 359.1126 [M þ H]þ, (Calculated for
C19H19O7: 359.1131).

4.2.3. 30,8-Dihydroxy-40,50,6,7-tetramethoxyflavone (3)
Yellow amorphous powder (12.5 mg, 0.0032%); IR nmax (CHCl3):

3447, 3017, 2936, 649, 1588, 1495, 1458; UV lmax (MeOH): 296, 338
and 368 nm; for 1H NMR (CDCl3, 600 MHz): 13C NMR (CDCl3,
150MHz) spectroscopicdata (Table2);HRESIMS (positive-ionmode):
m/z ¼ 375.1071 [M þ H]þ (Calculated for C19H19O8 m/z 375.1080).

4.3. Biological assays

4.3.1. Separation of peripheral blood lymphocytes (PBL)
Lymphocytes were separated from peripheral human venous

blood by Ficoll/Hypaque gradient technique [25e27]. Briefly, hep-
arinized blood was diluted with equal volume of Hank’s balanced
salt solution (HBSS). Diluted blood was gently over laid on Ficoll/
Hypaque solution without mixing and then was centrifuged
(1200 rpm). The lymphocyte rich layer was taken andwashed twice
in HBSS (10 min at 1200 rpm).

4.3.2. Immunomodulatory activity assessment (lymphocyte
transformation assay)

The isolated PBL was checked for viability and adjusted to a
concentration of 2 � 106 cells/ml in RPMI-1640 medium supple-
mented with 600 ml penicillin, 0.1 ml streptomycin, 1% glutamine,
25% HEPES-buffer, and 20% fetal calf serum (FCS). The lymphocytes
were plated into 96-well plates and exposed to test solutions
(100 ml) in DMF (100 ml/ml) and 20 mg of the mitogen (PHA). Cells
were incubated at 37 �C in 5% CO2 atmosphere for 72 h; and then
were stained by Giemsa. The average number of transformed
(proliferated) blasts was determined.

4.3.3. Antioxidant activity assessment (ABTS assay)
The antioxidant and free radical scavenging activity of the

purified compounds was assessed using ABTS method [24].
Briefly, test compounds were mixed with ABTS (60 mM) and
MnO2 (25 mg/ml) in aqueous phosphate buffer solution (pH 7.4).
The absorbance of the remaining ABTS free radical was measured
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at lmax 734 nm, and the reduction in color intensity was
expressed as inhibition percentage. L-Ascorbic acid was used as
standard antioxidant (positive control). Each sample was
measured in triplicate. The activity is expressed as percentage
ABTS radical scavenging.

4.3.4. Cell culture
Human hepatocellular cancer cell line (HepG2), human breast

cancer cell line (MCF-7), human pulmonary fibroplast cells (WI-
38) and green African monkey renal epithelial cells (VERO), were
obtained from the Vaccera (Giza, Egypt). Cells were maintained
in RPMI-1640 supplemented with 100 mg/ml streptomycin,
100 units/ml penicillin and 10% heat-inactivated fetal bovine
serum in a humidified, 5% (v/v) CO2 atmosphere at 37 �C.

4.3.5. Cytotoxicity assays and viability analysis
The cytotoxicity of the crude extract and its column fractions

were tested against Huh-7, MCF-7 and PC-3 cells by SRB assay as
previously described [28]. Exponentially growing cells were
collected using 0.25% TrypsineEDTA and plated in 96-well plates at
1000e2000 cells/well. Cells were exposed to test compound for
48 h and subsequently incubated with MTT solution for 4 h in dark
place and subsequently dissolved in DMSO. Color intensity was
measured at 570 nm.

The dose response curve of compounds was analyzed using Emax

model (Eq. (1)).

% Cell viability ¼ ð100� RÞ �
 
1� ½D�m

Km
d þ ½D�m

!
þ R (1)

where R is the residual unaffected fraction (the resistance fraction),
D is the drug concentration used, Kd is the drug concentration that
produces a 50% reduction of the maximum inhibition rate and m is
a Hill-type coefficient. IC50 was defined as the drug concentration
required to reduce color intensity to 50% of that of the control (i.e.,
Kd ¼ IC50 when R ¼ 0 and Emax ¼ 100 � R).

4.3.6. Analysis of cell cycle distribution
To assess the effect of the test compounds on cell cycle dis-

tribution, cells were treated with the pre-determined IC50 of test
compounds for 24 h and collected by trypsinization, washed with
ice-cold PBS, and re-suspended in 0.5 ml of PBS. Ten ml of 70%
ice-cold ethanol was added gently while vortexing, and cells
were kept at 4 �C for 1 h and stored at �20 �C until analysis.
Upon analysis, fixed cells were washed and re-suspended in 1 ml
of PBS containing 50 mg/ml RNase A and 10 mg/ml propidium
iodide (PI). After 20 min incubation at 37 �C, cells were analyzed
for DNA contents by FACSVantageTM (Becton Dickinson Immu-
nocytometry Systems, San Jose, CA). For each sample, 10,000
events were acquired. Cell cycle distribution was calculated using
CELLQuest software (Becton Dickinson Immunocytometry Sys-
tems, San Jose, CA). Cells treated with 5-FU were used as positive
control sample.
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