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Two methyl esters of fatty acids, namely octadecanoic acid methyl ester
(methyl stearate) (1) and hexadecanoic acid methyl ester (methyl palmitate)
(2), in addition to four cinnamyl alcohol derivatives, sinapyl alcohol (3),
coniferyl alcohol (4), p-coumaryl alcohol (5) and coniferyl alcohol
4-O-glucoside (coniferin) (6), were isolated from callus cultures of
Wedelia prostrata. The structure of coniferin was established by spectro-
scopic and chemical methods, while the other compounds were identified
by gas chromatography–mass spectrometry and thin layer chromatography
in comparison with standards.

Keywords: Wedelia prostrata; MS medium; callus cultures; GC-MS;
coniferin

1. Introduction

Wedelia prostrata Hook. et Arn. (Hemsl.) (Asteraceae, tribe Heliantheae)
(Benson, 1976; Lawrence, 1968) is cultivated in Egypt as an ornamental plant. The
genus Wedelia comprises about 70 species, native to the warmer regions of the world
(Bailey, 1963). Economically, the plants of family Asteraceae are of considerable
importance. They comprise numerous food and drug plants, of which many are
ornamentals and several are noxious weeds (Core, 1962). Many species of Wedelia
have valuable biological activities (Gopalakrishnan, Sadique, & Chandra, 1989;
Perry & Metzger, 1980; Watt & Breyer-Brandwijk, 1962). The isolated kaurene
diterpenes have shown antibiotic activity and thus justify the utilisation of Wedelia
species as antitussive agents (Roque, Giannella, Giesbrecht, & Barbosa, 1987).

Previous phytochemical investigations of W. prostrata have led to the isolation
and identification of eudesmanolides, chalcones, phenylpropanoids
(3,5-dicaffeoylquinic acid and 3,4-dicaffeoylquinic acid), a sesquiterpene, kaure-
noids, monoterpenes, stigmasterol, stigmasterol glucoside and flavonoids (Farag,
2001; Farag, El-Emary, Makboul, Hassanean, & Niwa, 1997; Farag, El-Emary,
Makboul, Hassanean, & Niwa, 1998; Farag, El-Emary, & Niwa, 1996).
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In this article, we describe the isolation and structural characterisations of six
compounds (1–6) that have been isolated for the first time from the titled plant.

2. Results and discussion

The acetone extract of W. prostrata callus cultures afforded two methyl esters of
fatty acids (1 and 2) and four cinnamyl alcohol derivatives (3–6) (Figure 1). The
retention time (Rt), MS fragmentation pattern and rate of flow (Rf) for compounds
1–5 were identical to those of the relevant standards. They were identified as
octadecanoic acid methyl ester (methyl stearate) and hexadecanoic acid methyl ester
(methyl palmitate), sinapyl alcohol, coniferyl alcohol and p-coumaryl alcohol,
respectively.

The ESI mass spectrum of compound 6 showed a molecular ion peak at m/z
341 [M–1]–, consistent with the molecular formula C16H22O8. Its UV spectrum
showed absorptions at �max 228 and 280 nm, indicating its phenolic nature. The
1H-NMR spectrum exhibited one methoxyl group at � 3.78 (3H, s), methylene
protons at � 4.09 (2H, br t, J¼ 5.0Hz), and trans-olefinic protons at � 6.25 (1H, dt,
J¼ 15.7, 5.0Hz) and 6.50 (1H, d, J¼ 15.7Hz). In addition, it displayed three
aromatic protons at � 6.89 (1H, dd, J¼ 2.2, 8.0Hz), 7.03 (1H, d, J¼ 8.0Hz) and 7.05
(1H, d, J¼ 2.2Hz). A characteristic doublet of an anomeric proton at � 5.43
(J¼ 7.3Hz) indicated the presence of a �-D-glucopyranosyl moiety (Agrawal, 1992;
Falshaw, Ormand, Mongkolsuk, & Podimuang, 1969). The spectral data of
compound 6 were in good agreement with those reported for coniferin (Sugiyama,
Nagayama, & Kikuchi, 1993). Furthermore, acid hydrolysis of compound 6 gave
glucose and coniferyl alcohol, which was detected by TLC comparison with an
authentic sample.
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Figure 1. The chemical structures of the isolated compounds.
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Coniferyl alcohol, which is the aglycone of coniferin, is known to be a

biosynthetic precursor of important biologically active compounds (Dewick, 2002).
Two coniferyl alcohol moieties dimerise in early steps in lignan (Broomhead &

Dewick, 1990; Molog et al., 2001; Seidel et al., 2002; Umezawa, Davin, & Lewis,

1991), e.g. podophyllotoxin. Flavonolignans, e.g. silymarin, arise from a combina-

tion of a flavonoid and a phenylpropanoid, usually coniferyl alcohol (Dewick, 2002;
Wenzig et al., 2005). Coumarinolignans, e.g. silybin, are a combination of a

coumarin with a cinnamyl alcohol, usually coniferyl alcohol (Dewick, 2002). Also,

coniferyl alcohol is a precursor to a number of flavour components of spices, e.g.
eugenol and isoeugenol (Wang, Dudareva, Bhakta, Raguso, & Pichersky, 1997).

The isolated phenylpropanoids (3–6) are pharmacologically active compounds.

(E )-p-coumaryl alcohol has shown antioxidative activity (Ly, Shimoyamada, Kato,

& Yamauchi, 2003). Sinapyl alcohol exhibited in vitro anti-inflammatory and
antinociceptive effects; in addition, some sinapyl alcohol derivatives were found to be

cytotoxic agents (Choi et al., 2004; Zhao et al., 2002). Coniferin was shown to have

in vitro anti-inflammatory activity (Diaz Lanza et al., 2001).
The previous phytochemical studies of W. prostrata resulted in the identification

of two phenylpropanoids, 3,5-dicaffeoylquinic acid and 3,4-dicaffeoylquinic acid,

from the aerial parts and roots (Farag et al., 1997, 1998; Farag, 2001).
In this article, we report the occurrence of four cinnamyl alcohol derivatives:

sinapyl alcohol, coniferyl alcohol, p-coumaryl alcohol and coniferin.
It has been suggested that phenolic compounds have been formed in the callus

cultures as a response to vitamins and hormones present in the MS medium and as a

response to external stress in the entire plant (Hart, 1981).
L-Phenylalanine and L-tyrosine, as C6C3 building blocks, are precursors for a

wide range of natural products. In plants, a frequent first step is the elimination of

ammonia from the side-chain by specific lyases to generate the appropriate trans (E )

cinnamic acid. In the case of phenylalanine, this would give cinnamic acid, whilst
tyrosine could yield 4-coumaric (p-coumaric) acid; other cinnamic acids are obtained

by further hydroxylation and methylation reactions, sequentially building up

substitution patterns typical of shikimate pathway metabolites, i.e. an ortho
oxygenation pattern. Some of the more common natural cinnamic acids are

4-coumaric, caffeic, ferulic and sinapic acids. These can be found in plants in free

form and in a range of esterified forms, e.g. with quinic acid, as in chlorogenic acid
(5-O-caffeoylquinic acid, 3,5-dicaffeoylquinic acid and 3,4-dicaffeoylquinic acid)

(Dewick, 2002).

3. Experimental

3.1. General procedures

Gas chromatographic–mass spectrometric (GC-MS) analyses were carried out with
a Finnigan TSQ 700 triple-stage quadrupole mass spectrometer (Thermo Quest,

Bremen, Germany) coupled to a Hewlett Packard 5890A gas chromatograph

(Hewlett-Packard, Waldbronn, Germany). The GC was equipped with a 3m fused

silica guard column (deactivated, Phenomenex, 0.32mm ID) and a 30m analytical
column (ZB 1, Phenomenex, 0.32mm ID, 0.25 mm film thickness).
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The 1H-NMR spectrum was measured on a Bruker AM-400MHz instrument
(Bruker, Germany) with tetramethylsilane (TMS) as an internal standard. UV
spectra were recorded on an Ultrospec 1000, UV-vis spectrophotometer (Pharmacia,
Biotech., England). The negative-ion electrospray ionisation (ESI) mass spectrum
was performed on a MAT 95 XL Trap hybrid tandem mass spectrometer
(ThermoFinnigan MAT, Bremen, Germany). Column chromatographic separation
was performed with silica gel (60–200mesh, Merck).

Preparative thin layer chromatography (TLC) was conducted on silica gel layers
using silica gel 60 F254 (Merck). TLC analyses were carried out on a pre-coated silica
gel 60 F254 aluminium sheets (Merck).

The following solvent systems were used for TLC:

(1) n-Hexane–ethyl acetate (85 : 15).
(2) Chloroform–methanol (70 : 30).
(3) n-Butanol–acetone–formic acid–water (60 : 17 : 8 : 15).

Compounds were detected by spraying with 10% H2SO4 followed by heating at
110�C for 2min.

Melting points were determined by Electrothermal 9100 digital melting point
instrument (Electrothermal Engineering Ltd, UK) and are uncorrected.

3.2. Chemicals

All the media components were purchased from Merck (Darmstadt, Germany). The
authentic compounds methyl stearate, methyl palmitate, sinapyl alcohol, coniferyl
alcohol and p-coumaryl alcohol were provided by Professor Dr L. Beerhues,
Institute for Pharmaceutical Biology, Braunschweig University of Technology,
Germany.

3.3. Plant material

The fresh young shoots of W. prostrata Hook. et Arn. (Hemsl.) were obtained from
the plants cultivated in the Experimental Station of Medicinal Plants, Faculty of
Pharmacy, Assiut University, Assiut, Egypt. The identification of the plant was
confirmed by Professor Dr Abdel-Aziz Fayed (Professor of Plant Taxonomy,
Faculty of Science, Assiut University, Assiut, Egypt). A voucher specimen has been
deposited in the Herbarium of the Department of Pharmacognosy, Faculty of
Pharmacy, Assiut University, Assiut, Egypt.

3.4. Callus induction

Callus cultures were initiated from the fresh W. prostrata young shoots cultivated in
Murashige and Skoog (MS) medium (Murashige & Skoog, 1962) supplemented with
4.5mM of 1-naphthaleneacetic acid, 4.5 mM of 6-benzylaminopurine and 1 g of
casamino acid. The calli were maintained in the dark at a temperature of 25� 2�C
and subcultured to a new MS medium (50mL) every four weeks.
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3.5. Extraction and isolation of the constituents

About 100 g of fresh W. prostrata cultured cells were ground in 700mL acetone and
the homogenate was filtered. The residue was extracted twice with 500mL acetone.
The acetone phases were combined and evaporated under reduced pressure to
dryness (Beerhues & Berger, 1995). The solvent-free residue (10 g) was partitioned
between distilled water and n-hexane (3� 100mL), EtOAc (3� 100mL) and
n-BuOH (3� 100mL) to give the corresponding solubles (2.0 g), (4.0 g), (1.5 g) and
aqueous (2.5 g), respectively. The obtained soluble fractions were separately
concentrated under reduced pressure and screened for different constituents by TLC.

3.5.1. n-Hexane fraction

About 2.0 g of the n-hexane soluble fraction was chromatographed on silica gel
column (60 g, 30� 2 cm) using n-hexane–ethyl acetate step gradients. Fractions of
30mL were collected, concentrated under reduced pressure and monitored by TLC
using solvent system I. Similar fractions were combined. The fractions eluted with
n-hexane–ethyl acetate (90 : 10) were concentrated to give an oily residue (50mg).
The oily residue contained a crude mixture of compounds 1 and 2. This was
subjected to GC-MS analysis.

3.5.2. Ethyl acetate fraction

About 4.0 g of the ethyl acetate soluble fraction was subjected to column chroma-
tography on silica gel (120 g, 75� 3 cm) with chloroform containing gradually
increasing amounts of methanol. Fractions of 30mL were collected, concentrated
under reduced pressure and monitored by TLC using solvent system II.
Similar fractions were grouped together to obtain five main groups, A (800mg,
eluted with chloroform), B (500mg, eluted with chloroform–methanol 90 : 10), C (1 g,
eluted with chloroform–methanol 85 : 15), D (700mg, eluted with chloro-
form�methanol 80 : 20) and E (900mg, eluted with chloroform–methanol 70 : 30).
Both groups B and C were purified separately by preparative TLC on silica gel layers
with solvent system II to obtain pure compounds 3 (15mg) and 4 (50mg), respectively.
Group D contained a crude mixture of compounds 5 and 6. It was subjected to
preparative TLC on silica gel layers using solvent system II to afford pure compounds
5 (15mg) and 6 (20mg).

3.6. GC-MS analysis

The column oven temperature was rapidly raised at the rate of 40�Cmin�1 to 190�C
and held at this temperature for 2min. The temperature was then programmed to
increase linearly at the rate of 5�Cmin�1 to 320�C, where it was maintained for
5min. The temperature for the injector was 280�C. The injected volume was 1 mL.
The carrier gas used was helium with a split ratio of 1 : 20 and 1.6mLmin�1 constant
flow. Mass spectra were obtained in electron impact (EI) mode with an electron
energy of 70 eV. Ion source and transfer-line temperatures were 180�C and 280�C,
respectively. The mass spectrometer was equipped with a digital alpha station
computer data system. The identification of compounds 1–5 was based on sample
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retention time data, comparison with the relevant standards and electron
impact–mass spectrometry (EI-MS) data.

3.7. Acid hydrolysis

Compound 6 (5mg) was dissolved in 5mL methanol to which an equal volume of
N/2 methanolic sulphuric acid was added. The mixture was refluxed on a boiling
water bath for 3 h and cooled; the aglycone was extracted with chloroform, purified
and subjected to TLC (using solvent system II). The resultant sugar was identified by
TLC using solvent system III.

3.8. Spectral data of compounds

Octadecanoic acid methyl ester (methyl stearate) (1): Rf¼ 0.75 (solvent system I);
Rt¼ 18.75min; EI-MS (70 eV) m/z (relative intensity): 298 [M]þ for C19H38O2 (45),
267 (10), 255 (15), 241 (4), 227 (14), 213 (6), 199 (13), 185 (15), 171 (5), 157 (13), 143
(44), 129 (18), 115 (15), 97 (35), 87 (95), 74 (100), 69 (52), 55 (90), 43 (90).

Hexadecanoic acid methyl ester (methyl palmitate) (2): Rf¼ 0.60 (solvent system I);
Rt¼ 18.32min; EI-MS at (70 eV) m/z (relative intensity): 270 [M]þ for C17H34O2 (40),
239 (10), 227 (14), 213 (2), 199 (4), 185 (5), 171 (5), 157 (2), 143 (17), 129 (8), 115 (2),
97 (5), 87 (73), 83 (6), 74 (100), 69 (12), 55 (15), 43 (15).

Sinapyl alcohol (3): colourless gum; Rf¼ 0.60 (solvent system II); Rt¼ 18.96min; UV
�max (MeOH) nm: 222, 273; EI-MS (70 eV) m/z (relative intensity): 210 [M]þ for
C11H14O4 (100), 192 (6), 182 (28), 167 (68), 154 (24), 133 (12), 121 (14), 103 (11),
91 (9), 77 (14), 65 (6), 55 (8), 39 (7).

Coniferyl alcohol (4): colourless gum; Rf¼ 0.58 (solvent system II); Rt¼ 16.38min;
UV �max (MeOH) nm: 229, 280; EI-MS (70 eV) m/z (relative intensity): 180 [M]þ for
C10H12O3 (82), 162 (4), 147 (9), 137 (100), 131 (13), 124 (47), 119 (22), 103 (13), 91
(26), 77 (13), 65 (10), 55 (10), 39 (4).

p-Coumaryl alcohol (5): colourless gum; Rf¼ 0.41 (solvent system II);
Rt¼ 18.69min; UV �max (MeOH) nm: 226, 273; EI-MS (70 eV) m/z (relative
intensity): 150 [M]þ for C9H10O2 (100), 132 (10), 121 (15), 103 (9), 91 (6), 77 (10),
65 (5), 55 (6), 39 (4).

Coniferyl alcohol 4-O-glucoside (coniferin) (6): colourless needles; Rf¼ 0.33 (solvent
system II); m.p. 186–188�C; UV �max (MeOH) nm: 228, 280; ESI–MS at m/z: 341
[M�1]– for C16H22O8;

1H-NMR spectrum (400MHz, DMSO-d6): � 3.1–3.3 (4H, m,
H-200-500), 3.52 (1H, dd, J¼ 11.7, 5.5Hz, H-600b), 3.72 (1H, dd, J¼ 11.7, 2.0Hz,
H-600a), 3.78 (3H, s, OMe), 4.09 (2H, br t, J¼ 5.0Hz, H-30), 5.43 (1H, d, J¼ 7.3Hz,
H-100), 6.25 (1H, dt, J¼ 15.7, 5.0Hz, H-20), 6.50 (1H, d, J¼ 15.7Hz, H-10), 6.89 (1H,
dd, J¼ 8.0, 2.2Hz, H-6), 7.03 (1H, d, J¼ 8.0Hz, H-5), 7.05 (1H, d, J¼ 2.2Hz, H-2).

Acknowledgements

The authors are grateful to Prof. Dr L. Beerhues (Institute for Pharmaceutical Biology,
Braunschweig University of Technology, Germany) for providing the authentic samples,

50 A.M.A. Abd El-Mawla et al.

D
ow

nl
oa

de
d 

by
 [

A
ca

di
a 

U
ni

ve
rs

ity
] 

at
 1

1:
51

 1
6 

M
ay

 2
01

3 



and Prof. Dr L. Ernst and Dr U. Papke (Institute for Organic Chemistry, Braunschweig
University of Technology, Germany) for NMR and ESI-MS measurements, respectively.

References

Agrawal, P.K. (1992). NMR spectroscopy in the structural elucidation of oligosaccharides and

glycosides. Phytochemistry, 31(10), 3307–3330.
Bailey, L.H. (1963). The standard cyclopedia of horticulture (Vol. 3, p. 3510). New York:

Macmillan.

Beerhues, L., & Berger, U. (1995). Differential accumulation of xanthones in

methyl-jasmonate-and yeast-extract-treated cell cultures of Centaurium erythraea and

Centaurium littorale. Planta, 197, 608–612.

Benson, L. (1976). Plant classification (2nd ed., pp. 295–302). Oxford: IBH Publishing Co.

Pvt. Ltd.
Broomhead, A.J., & Dewick, P.M. (1990). Tumor-inhibitory aryltetralin lignans in

Podophyllum versipelle, Diphylleia cymosa and Diphylleia grayi. Phytochemistry,

29(12), 3831–3838.

Choi, J., Shin, K.M., Park, H.J., Hung, H.J., Kim, H.J., Lee, Y.S., et al. (2004).

Anti-inflammatory and antinociceptive effects of sinapyl alcohol and its glucoside

syringin. Planta Medica, 70(11), 1027–1032.

Core, E.L. (1962). Plant taxonomy (pp. 412–428). Englewood Cliffs, New Jersey: Prentice-

Hall, Inc.
Dewick, P.M. (2002). Medicinal natural products: A biosynthetic approach (2nd ed.).

Chichester: John Wiley & Sons Ltd.

Diaz Lanza, A.M., Abad Martinez, M.J., Fernandez Matellano, L., Recuero Carretero, C.,

Villaescusa Castillo, L., Silvan Sen, A.M., et al. (2001). Lignan and phenylpropanoid

glycosides from Phillyrea latifolia and their in vitro anti-inflammatory activity.

Planta Medica, 67(3), 219–223.

Falshaw, C.P., Ormand, K.L., Mongkolsuk, S., & Podimuang, V. (1969). The spectroscopic

identification of coniferin. Phytochemistry, 8, 913–915.
Farag, S.F. (2001). Phytochemical investigation of the aerial parts and roots of Wedelia

prostrata. Bulletin of Faculty of Pharmacy, Cairo University, 39(3), 189–194.

Farag, S.F., El-Emary, N.A., Makboul, M.A., Hassanean, H.A., & Niwa, M. (1997).

Phytochemical investigation of Wedelia prostrata Hook et Arn. (Hemsl.); II – The ethyl

acetate soluble fraction of the methanol extract. Bulletin of Pharmaceutical Sciences,

Assiut University, 20(1), 37–48.

Farag, S.F., El-Emary, N.A., Makboul, M.A., Hassanean, H.A., & Niwa, M. (1998). Revised
13C-NMR assignments of kaurenoids from Wedelia prostrata Hook et Arn (Hemsl.).

Bulletin of Pharmaceutical Sciences, Assiut University, 21(1), 81–87.
Farag, S.F., El-Emary, N.A., & Niwa, M. (1996). Eudesmanolides from Wedelia prostrate.

Chemical & Pharmaceutical Bulletin, 44(4), 661–664.
Gopalakrishnan, S., Sadique, J., & Chandra, T. (1989). Antihepatotoxic activity of Wedelia

calendulacea in rats. Fitoterapia, 60(5), 456–459.
Hart, J.H. (1981). Role of phytostilbenes in decay and disease resistance. Annual Review of

Phytopathology, 19, 437–458.
Lawrence, G.H.M. (1968). Taxonomy of vascular plants (12th ed., pp. 726–732). New York:

Macmillan.

Ly, T.N., Shimoyamada, M., Kato, K., & Yamauchi, R. (2003). Isolation and characteriza-

tion of some antioxidative compounds from the rhizomes of Smaller galanga

(Alpinia officinarum Hance). Journal of Agricultural and Food Chemistry, 51(17),

4924–4929.

Natural Product Research 51

D
ow

nl
oa

de
d 

by
 [

A
ca

di
a 

U
ni

ve
rs

ity
] 

at
 1

1:
51

 1
6 

M
ay

 2
01

3 



Molog, G.A., Empt, U., Kuhlmann, S., Van Uden, W., Pras, N., Alfermann, A.W., et al.
(2001). Deoxypodophyllotoxin 6-hydroxylase, a cytochrome P450 monooxygenase from
cell cultures of Linum flavum involved in the biosynthesis of cytotoxic lignans. Planta,
214, 288–294.

Murashige, T., & Skoog, F. (1962). A revised medium for rapid growth and bioassays with
tobacco tissue culture. Physiologia Plantarum, 15, 473–497.

Perry, L.M., & Metzger, J. (1980). Medicinal plants of East and Southeast Asia. Cambridge,

Massachusetts and London: The MIT Press.
Roque, N.F., Giannella, T.L., Giesbrecht, A.M., & Barbosa, R.C.S.B.C. (1987). Kaurene

diterpenes from Wedelia paludosa Barbosa. Revista Latinoamericana de Quimica, 18(3),

110–111.
Seidel, V., Windhovel, J., Eaton, G., Alfermann, A.W., Arroo, R.R.J., Medarde, M., et al.

(2002). Biosynthesis of podophyllotoxin in Linum album cell cultures. Planta, 215,

1031–1039.
Sugiyama, M., Nagayama, E., & Kikuchi, M. (1993). Lignan and phenylpropanoid glycosides

from Osmanthus asiaticus. Phytochemistry, 33(5), 1215–1219.
Umezawa, T., Davin, L.B., & Lewis, N.G. (1991). Formation of lignans, secoisolariciresinol

and matairesinol with Forsythia intermedia cell-free extracts. Journal of Biological
Chemistry, 266(16), 10210–10217.

Wang, J., Dudareva, N., Bhakta, S., Raguso, R.A., & Pichersky, E. (1997). Floral scent

production in Clarkia breweri (Onagraceae): II. Localization and developmental
modulation of the enzyme s-adenosyl-l-methionine:(iso) eugenol O-methyltransferase
and phenylpropanoid emission. Plant Physiology, 114, 213–221.

Watt, J.M., & Breyer-Brandwijk, M.G. (1962). The medicinal and poisonous plants of southern
and eastern Africa (2nd ed., p. 299). Edinburgh and London: E. & S. Livingstone, Ltd.

Wenzig, E., Kunert, O., Ferreira, D., Schmid, M., Schuhly, W., Bauer, R., et al. (2005).
Flavonolignans from Avena sativa. Journal of Natural Products, 68(2), 289–292.

Zhao, Y., Hao, X., Lu, W., Cai, J., Yu, H., Sevenet, T., et al. (2002). Syntheses of two
cytotoxic sinapyl alcohol derivatives and isolation of four new related compounds from
Ligularia nelumbifolia. Journal of Natural Products, 65(6), 902–908.

52 A.M.A. Abd El-Mawla et al.

D
ow

nl
oa

de
d 

by
 [

A
ca

di
a 

U
ni

ve
rs

ity
] 

at
 1

1:
51

 1
6 

M
ay

 2
01

3 


