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Introduction

The genus Conyza (L.) (Asteraceae) is an an-
nual, biennial or perennial herbaceous plant. It 
consists of 80 – 100 species growing in tropical 
and subtropical areas of the world (Beentje, 2002; 
Chai et al., 2008). Conyza aegyptiaca (L.) Aiton 
is an aromatic herb mainly distributed in Africa, 
tropical Asia and Australia (Chai et al., 2008). The 
plant is used in folk medicine as an anthelmintic, 
a body-wash for convalescents, and a soothing for 
skin diseases (Burkill, 1985). Previous pharmaco-
logical studies have shown that its polar extracts 
possess antiviral and antimicrobial activities 
(Anani et al., 2000). Phytochemical investigations 
on C. aegyptiaca have led to the isolation of diter-
penes (Zdero et al., 1990), triterpenes (Metwally, 
1989; Hammouda et al., 1978), sesquiterpenes 
(Zdero et al., 1990; Metwally and Dawidar, 1984a, 
b), and fl avonoids (El-Karemy et al., 1986; Ismail 
et al., 1979). In continuation of our phytochemi-
cal studies on the members of the family Aster-
aceae, we have reinvestigated the aerial parts of 
C. aegyptiaca collected from Egypt. The phloro-
glucinol glucoside derivative [2,4-dihydroxy-6-
(β-D-glucopyranosyloxy)phenyl]-butan-1-one (1) 
(Jin et al., 2008), roseoside (2) (Bhakuni et al., 
1974; Pabst et al., 1992; Otsuka et al., 1995), and 
kaempferol-3-O-β-D-glucopyranoside (3) (Park et 

al., 1991) were isolated from the CH2Cl2/MeOH 
extract of this species. The structures of these 
compounds were determined by spectroscopic 
techniques, including HR-EIMS, and extensive 
500 MHz 1D- and 2D-NMR analyses (1H, 13C 
NMR, DEPT, 1H-1H COSY, HMQC and HMBC 
experiments). Additionally, the antioxidant activ-
ity and cytotoxic effects against different cell lines 
of compound 1 were reported for the fi rst time.

Results and Discussion

Chromatographic separation of the CH2Cl2/
MeOH extract of the aerial parts of C. aegyptiaca 
yielded three compounds, 1 – 3, isolated for the 
fi rst time form this species.

Compound 1 was isolated as a pale yellow pow-
der with [α]D

25 – 59.3º (c 0.015, MeOH). Its IR spec-
trum showed absorption bands due to a hydroxy 
group (ν = 3273 cm–1) and a conjugated carbonyl 
group (ν = 1630 cm–1). The molecular formula was 
found to be C16H22O9 by high-resolution EIMS, 
which showed a molecular ion at m/z 358. The 
molecular formula was confi rmed by 13C NMR 
and DEPT analyses.

The presence of a glucosyl moiety was evi-
dent from the typical 1H NMR signals at δH 5.04 
(1H, d, J = 8.5 Hz, H-1′), 3.55 (1H, t, J = 8.5 Hz, 
H-2′), 3.51 (1H, t, J = 8.5 Hz, H-3′), 3.42 (1H, t, 
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J = 8.5 Hz, H-4′), 3.46 (1H, m, H-5′), 3.91 (1H, dd, 
J = 12.0, 1.8 Hz, H-6′a) and 3.73 (1H, dd, J = 12.2, 
5.6 Hz, H-6′b) (Table I). Furthermore, these seven 
sugar proton signals showed correlations in the 
HMQC spectrum with six carbon resonances at 
δC 101.6 (d, C-1′), 74.7 (d, C-2′), 78.2 (d, C-3′), 71.1 
(d, C-4′), 78.6 (d, C-5′) and 62.4 (t, C-6′), respec-
tively, which were identical to standard values for 
the glucosyl group. The large coupling constant of 
the anomeric proton (8.5 Hz) between H-1′ and 
H-2′ indicated β-confi guration of the D-glucopyra-
noside unit.

The 13C NMR spectrum of 1 showed, in addi-
tion to the signals resulting from the glucopyra-
noside moiety, ten signals corresponding to the 
aglycone part. These signals were assigned from 
the DEPT and HMQC analyses to one methyl 
group [δC 14.2 (C-10)], two aliphatic methylene 
groups [δC 47.2 (C-8) and 19.1 (C-9)], one con-
jugated carbonyl group [δC 207.5 (C-7)], and six 
aromatic carbon atoms, indicating the presence of 
an aromatic ring, four of them were substituted 
[δC 106.7 (C-1), 167.4 (C-2), 165.7 (C-4), 162.1 
(C-6)] and two upfi eld unsubstituted [δC 98.3 (C-
3), 95.3 (C-5)]. The three aromatic signals with 
chemical shifts of δC 162.1, 165.7 and 167.4 indi-
cated the attachment to an electron-withdrawing 

group, for example a hydroxy group, as they were 
deshielded. These carbon resonances are typical 
for a phloroglucinol (1,3,5-trihydroxylated ben-
zene) (Shiu and Gibbons, 2006; Drewes and Van 
Vuuren, 2008; Ali et al., 2004; Van Klink et al., 
2005; Supudompol et al., 2004).

The 1H NMR spectrum confi rmed the charac-
teristic features of 1,2,4,6-tetrasubstituted ben-
zene by a pair of meta-coupled aromatic protons 
[δH 5.95 (1H, d, J = 2.1 Hz, H-3) and 6.17 (1H, d, 
J = 2.1 Hz, H-5)], a methyl triplet [δH 0.96 (3H, t, 
J = 7.0 Hz, H-10)], and two aliphatic methylene 
groups, one of them most probable adjacent to a 
conjugated keto group [δH 3.09 and 3.11 (m, H-8a 
and H-8)] and the other one was shielded [δH 1.68 
(2H, m, H-9)].

All these protons constituted the aglycone part 
of the molecule. The assignments of all the protons 
and their connectivities to adjacent protons and 
carbon atoms could be substantiated from the re-
sults of the 2D 1H-1H COSY and HMQC spectra. 
The presence of a propyl group was traced from 
the C-10 methyl protons (δH 0.96), which exhibit-
ed 1H-1H COSY correlations with the C-9 methyl-
ene protons (δH 1.68), and these further exhibited 
vicinal coupling with the C-8 methylene protons 
(δH 3.09 and 3.11). Furthermore, these propyl pro-

Table I. 1H, 13C NMR, and HMBC spectral data of 1 (CDCl3, 500 MHz, δ in ppm).

Position δC DEPT δH (mult.) HMBC

Aglycone
1 106.7 C –
2 167.4 C –
3 98.3 CH 5.95 (1H, d, J = 2.1 Hz) C-1, C-2, C-4, C-5
4 165.7 C –
5 95.3 CH 6.17 (1H, d, J = 2.1 Hz) C-1, C-3, C-4, C-6
6 162.1 C –
7 207.5 C
8 47.2 CH2 3.11 (1H, m) C-7, C-9, C-10
8a 3.09 (1H, m) C-7, C-9, C-10
9 19.1 CH2 1.68 (2H, m) C-7, C-8, C-10
10 14.2 CH3 0.96 (3H, t, J = 7.0 Hz) C-8, C-9
Glucosyl
1′ 101.6 CH 5.04 (1H, d, J = 8.5 Hz) C-6, C-3′
2′ 74.7 CH 3.55 (1H, t, J = 8.5 Hz)
3′ 78.2 CH 3.51 (1H, t, J = 8.5 Hz)
4′ 71.1 CH 3.42 (1H, t, J = 8.9 Hz)
5′ 78.6 CH 3.46 (1H, m)
6′a 62.4 CH2 3.91 (1H, dd, J = 12.0, 1.8 Hz)
6′b 3.73 (1H, dd, J = 12.2, 5.6 Hz)

Assignments by 1H-1H COSY, HMQC and HMBC experiments. Carbon multiplicities were determined by DEPT 
experiments.
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tons showed correlations in the HMQC spectrum 
with three carbon signals at δC 14.2 (CH3, C-10), 
19.1 (CH2, C-9) and 47.2 (CH2, C-8), respectively, 
which indicated together with a keto group at δC 
207.5 that a butanoyl group was present.

Based on all these data, 1 was assumed to be 
a butanoyl derivative of phloroglucinol glucoside. 
The complete structure of 1 and the location of 
the butanoyl group and the glucosyl moiety at 
the aromatic ring were confi rmed by the chemi-
cal shifts and HMBC experiments. The location of 
the butanoyl group at C-1 was established from 
the 13C-chemical shift of C-1 (δC 106.7), which was 
similar to those reported for phloroglucinols sub-
stituted with similar acyl groups (Shiu and Gib-
bons, 2006; Drewes and Van Vuuren, 2008; Ali 
et al., 2004; Van Klink et al., 2005; Supudompol 
et al., 2004). Furthermore, the HMBC correla-
tion between the anomeric sugar proton H-1′ at 
δH 5.04 and the oxygenated aromatic carbon C-6 
at δC 162.1 established the presence of the gluco-
pyranosyloxy group at C-6.

Therefore, 1 was identifi ed as [2,4-dihydroxy-6-
(β-D-glucopyranosyloxy)phenyl]-butan-1-one (re-
corded in CDCl3) (Fig. 1). Compound 1 was re-
cently isolated form Solidago altissima (Jin et al., 
2008) and its data was recorded in CD3OD.

Compound 2, was isolated as a pale yellow pow-
der [α]D + 20.3º (c 0.001, MeOH). The structure was 
established based on 1H NMR, 13C NMR, DEPT, 
1H-1H COSY, 1H-13C COSY, HMBC, EIMS and 
HR-EIMS data. Its IR spectrum showed absorp-
tion bands due to a hydroxy group (ν = 3250 cm–1) 
and a conjugated carbonyl group (ν = 1650 cm–1). 
The molecular formula was found to be C19H30O8 
by high-resolution EIMS, which showed a mo-
lecular ion at m/z 386.1941. This formula was 

confi rmed by 13C NMR and DEPT analyses. The 
complete 1D and 2D spectroscopic analyses es-
tablished that compound 2 is roseoside (Bhakuni 
et al., 1974; Pabst et al., 1992; Otsuka et al., 1995), 
which was isolated for the fi rst time from C. ae-
gyptiaca.

Compound 3 was identical in 1H NMR and 
13C NMR spectra to kaempferol-3-O-β-D-gluco-
pyranoside (Park et al., 1991).

For the investigation of the cytotoxic effect of 1 
against different cell lines (Hep-G2, HCT-116 and 
MQ cells), cells were treated with and without dif-
ferent doses of the extract for 24 h, and submitted 
to the MTT assay, a metabolic cytotoxicity assay. 
The experiment showed that the extract has no 
signifi cant cytotoxic effect (P > 0.05) on all types 
of cell lines, as shown in Fig. 2.

To investigate the radical scavenging activity 
we submitted the purifi ed compound 1 to the 
DPPH assay, which revealed that 1 possesses a 
moderate scavenging activity against DPPH radi-
cals with an SC50 value of 25.4 µg/mL, compared 
with the scavenging activity of the known antioxi-
dant ascorbic acid (SC50 8.6 µg/mL).

Experimental

General
1H NMR (500 MHz, CDCl3), 13C NMR (125 MHz, 

CDCl3) and 2D spectra (1H-1H COSY, HMQC, 
HMBC) were recorded on a JEOL LA500 MHz 
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Fig. 1. Chemical structure of [2,4-dihydroxy-6-(β-D-
glucopyranosyloxy)phenyl]-butan-1-one (1).

Fig. 2. The cytotoxicity of different doses of the extract 
on hepatocellular carcinoma Hep-G2 cells (triangled 
line), colon carcinoma HCT-116 cells (squared line), 
and Raw 264.7 macrophages (MQ, circled line), as 
measured by the MTT assay. The results are presented 
as the percentage of control cells (mean ± SD, n = 4).
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spectrometer with TMS as an internal standard. 
The IR spectrum (KBr) was taken on a HORIBA 
FT-720 spectrometer. Optical rotation was deter-
mined with a HORIBA SEPA-300 spectropola-
rimeter. MALDI-TOF mass spectra were record-
ed on an Applied Biosystems Voyager-DE PRO 
mass spectrometer. Column chromatography 
was carried out on silica gel 60 (Merck; 230 – 400 
mesh) and Sephadex LH-20 (Pharmacia Co., To-
kyo, Japan). TLC: precoated silica gel 60F254 plates 
(Merck); preparative TLC: silica gel PF254 (Merck, 
200 × 200 × 0.25 mm).

Plant material

Aerial parts of C. aegyptiaca (L.) were col-
lected from South Sinai, Egypt in March 2002. A 
voucher specimen of the collection was identifi ed 
by Prof. Dr. Mohei Kamel and was deposited at 
the Department of Botany, El-Minia University, 
Egypt.

Extraction and isolation

The air-dried aerial parts (1 kg) were pow-
dered and extracted with CH2Cl2/MeOH (1:1) 
(10 L) at room temperature. The extract was 
concentrated in vacuo to obtain a residue of 
60 g. The residue was prefractionated by CC 
(6 × 100 cm) on silica gel (700 g) eluted with n-
hexane followed by  CH2Cl2 and fi nally CH2Cl2/
MeOH (85:15) (3 L each of the solvents). The 
15% MeOH fraction was subjected to silica 
gel column chromatography (3 × 60 cm), eluted 
with n-hexane/CH2Cl2/MeOH (7:4:1.5), to afford 
a mixture of 1 and 2. Further purifi cation on 
a Sephadex LH-20 column, eluted with CH2Cl2/
MeOH (2:1), and preparative TLC eluted with 
CH2Cl2/MeOH (7:1) afforded 1 (30 mg) and 2 
(12 mg) in a pure form.

Cell culture

Several human cell lines were used to test the 
anticancer activity, including hepatocellular carci-
noma (Hep-G2) and colon carcinoma (HCT-116) 
cells, and Raw murine macrophages (RAW 264.7; 
ATCC, VA, USA). Cells were routinely cultured 
in DMEM (Dulbecco’s modifi ed Eagle’s medi-
um), except for the RAW 264.7 cells, which were 
grown in RPMI-1640 medium at 37 ºC in humidi-
fi ed air containing 5% CO2. Media were supple-
mented with 10% fetal bovine serum (FBS), 2 mM 

L-glutamine, containing 100 units/mL penicillin G 
sodium, 100 units/mL streptomycin sulfate, and 
250 ng/mL amphotericin B. Monolayer cells were 
harvested by trypsin/EDTA treatment, except for 
RAW 264.7 cells, which were collected by gen-
tle scraping. The tested extract was dissolved in 
dimethyl sulfoxide (DMSO, 99.9%, HPLC grade) 
and diluted 1000-fold in the assays. In the cellular 
experiments, results were compared with DMSO-
treated cells. Extract dilutions were tested before 
the assays for endotoxin using the Pyrogent® 
Ultra gel clot assay (Sigma Chemical Co., USA); 
they were found to be endotoxin-free. All experi-
ments were repeated four times and the data was 
presented as mean ± SD. All culture material 
was obtained from Cambrex BioScience (Copen-
hagen, Denmark), and all chemicals were from 
Sigma (USA).

Cytotoxicity assay

The antiproliferative activity of the extract 
against hepatocellular carcinoma (Hep-G2) 
and colon carcinoma (HCT-116) cells and Raw 
264.7 macrophages (MQ) was estimated by the 
3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-2H-
tetrazolium bromide (MTT) assay (Hansen et 
al., 1989). The yellow tetrazolium salt of MTT 
is reduced by mitochondrial dehydrogenases in 
metabolically active cells to form insoluble pur-
ple formazan crystals, which are solubilized by 
the addition of a detergent. Cells (5 · 104 cells/
well) were incubated with various concentrations 
of the compounds at 37 ºC in FBS-free medium, 
before submitted to the MTT assay. The absorb-
ance was measured with an ELISA reader (Bio-
Rad, München, Germany) at 570 nm. The relative 
cell viability was determined by the amount of 
MTT converted to the insoluble formazan salt. 
The data is expressed as the mean percentage of 
viable cells as compared to the respective control 
cultures treated with DMSO.

Antioxidant assay

The antioxidant capacity of the tested com-
pound was studied through its scavenging activ-
ity against 1,1-diphenyl-2-picryl-hydrazyl (DPPH) 
radicals (Gerhäuser et al., 2003; Van Amsterdam 
et al., 1992). The bleaching of DPPH was moni-
tored at an absorbance of 515 nm. The percentage 
of DPPH bleaching utilized for SC50 (half maxi-
mal scavenging concentration) was calculated as 
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follows: 0% is the absorbance of DPPH with sol-
vents (ethanol) and 100% is the absorbance of 
DPPH with an effi cient scavenger (10 mM ascor-
bic acid, AA).

Statistical analysis

MTT assay data were analyzed using two-
factorial analysis of variance (ANOVA), includ-
ing fi rst-order interactions (two-way ANOVA), 
followed by the Tukey post hoc test for multiple 
comparisons. P < 0.05 indicated statistical signifi -
cance.

[2,4-Dihydroxy-6-(β-D-glucopyranosyloxy)phe-
nyl]-butan-1-one (1): Pale yellow powder, [α]D

25 
– 59.3º (c 0.015, MeOH). – IR (KBr): νmax = 3273, 
1630, 1585, 1460, 1075 cm–1. – HR-EIMS: 358.1245 
(calcd. for C16H22O9 358.1264). – EIMS: m/z (rel. 
int.) = 358 [M]+ (70), 330 (15). – 1H, 13C NMR and 
HMBC analyses: see Table I.
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