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Sidastrum paniculatum (L.) Fryxell belongs to the family Malvaceae and is popularly known as “malva roxa” or “malvavisco”. The 
phytochemical study of the hexane, CHCl

3
 and EtOAc phases from the crude ethanol extract of S. paniculatum led to the isolation of 

six compounds: a mixture of b-sitosterol and stigmasterol, 4-methoxy-3-hydroxybenzoic acid, 4-methoxy-3-hydroxybenzaldehyde, 
N-trans-feruloyltyramine and kaempferol-3-O-b-D-(6’’-E-p-coumaroyl) glucoside. The structural identification of the compounds 
was made on the basis of spectroscopic methods such as IR, 1H and 13C NMR with the aid of including two-dimensional techniques, 
besides comparison with literature data. The b-sitosterol and stigmasterol mixture showed a significant anti-inflammatory activity.
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INTRODUCTION

Sidastrum paniculatum (L.) Fryxell is a shrub belonging to 
the family Malvaceae with wide distribution in the neotropics.1 
In Northeast of Brazil this species is popularly known as “malva-
roxa” or “malvavisco”. For long time, this species was belonging 
to the genus Sida, as Sida paniculata L., and was transferred to 
Sidastrum by Frixell.2

Sidastrum Baker f. is one of 70 genera informally included by 
Bayer and Kubitzki as a member of the tribe Malveae, subfamily 
Malvoideae (Malvaceae).3 The genus comprises about eight spe-
cies with neotropical distribution, occurring from Mexico to West 
Indies to Argentina.1,3 In Brazil, the northeast region is probably 
the diversity core of the genus Sidastrum since a great number of 
species can be found there.1

Recent molecular studies of the Sida generic alliance4 strongly 
support the phylogenetic relationships between Sidastrum and the 
genus Meximalva as well as an Australian group of Sida species, 
which form a well-supported clade as suggested before by Fryxell1 
based on morphological characters.

Previous phytochemical studies on species from Malva-
ceae, specially of the genus Sida have reported the presence of 
steroids,5-8 phenols,6,7,9 flavonoids,6-8,10,11 triterpenes,5,9 essential 
oils,12 alkaloids,13 sesquiterpene lactone,14 fatty acids,15 and pha-
eophorbide.6

Aiming at contributing to the chemotaxonomic study of the family 
Malvaceae, subfamily Malvoideae, and considering the absence of 
data in literature concerning the chemical constitution of the genus 
Sidastrum, the species Sidastrum paniculatum was submitted to a 
phytochemical study to isolate and identify its chemical constituents, 
through usual chromatographic and spectroscopic methods, besides 
comparison with literature data. In addition to that, an evaluation 
of the cytotoxic and anti-inflammatory activities with some of the 
isolated compounds will be herein described.

EXPERIMENTAL

General procedures

NMR spectra (HOMOCOSY, HETCOR, HMQC, HMBC and 
NOESY) were registered in CDCl

3, 
CD

3
OD and recorded on a Mer-

cury Varian instrument operating at 200 MHz and 50 MHz for 1H and 
13C, respectively. The solvent signal was used as internal standard. IR 
spectra were measured on a Perkin-Elmer, FT-IR-1750 spectrometer 
in KBr pellets. Chromatography columns were carried out on silica 
gel (Merck) and Sephadex LH-20 (Merck). TLC were performed on 
silica gel PF

254
 plates and the spots were visualized under UV light 

(254 and 366 nm) and by exposure to the iodine vapor.

Plant material

The whole plant of S. paniculatum was collected in Pedra da 
Boca, in the municipality of Araruna, State of Paraíba, on February 
2004, and a voucher specimen (M. F. Agra et al. 6051) was deposi-
ted at the Herbarium Prof. Lauro Pires Xavier (JPB), Universidade 
Federal da Paraíba.

Extraction and isolation

The plant material (10 kg) was subjected to dehydration in an 
oven in a temperature of 40 ºC for 72 h. After that, it was grounded in 
a mechanical mill, yielding 5.7 kg of a powder which was submitted to 
maceration with ethanol for three consecutive days. This process was 
repeated until the maximum extraction of the chemical constituents. 
The obtained ethanol extractive solution was concentrated in a rotatory 
evaporator, yielding 500 g of crude ethanol extract (CEE). The latter was 
suspended in ethanol:H

2
O (9:1) and successively partitioned with hexane, 

CHCl
3
, EtOAc and n-butanol. The hexane phase (6.0 g) was subjected to 

column chromatography packed with silica gel and eluted with hexane, 
CHCl

3
, EtOAc and methanol. 69 fractions of 20 mL each were collected, 

analysed and combined through analytical thin-layer chromatography 
(TLC). The sub-fraction 37/42 (1.36 g) was rechromatographed on 
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silica gel column eluted with hexane, CHCl
3
 and methanol providing 15 

sub-fractions which were analysed and joined through analytical TLC. 
The sub-fraction 11/15 showed itself as crystals, yielding 0.093 g of a 
b-sitosterol (1) and stigmasterol (2) mixture. The CHCl

3
 phase provided 

a precipitate (5.0 g) and a supernatant (13.0 g). 6.0 g of the latter were 
submitted to chromatography on a column packed with silica gel and 
eluted with hexane, EtOAc and methanol, giving 200 fractions that were 
analysed and joined through analytical TLC. Fraction 5/15 (0.81 g) was 
also chromatographed on silica gel column using the above chromato-
graphic procedures, yielding 120 sub-fractions. 

The sub-fraction 26/57 (0.05 g) showed itself as an amorphous 
solid, defined as 4-hydroxy-3-methoxybenzoic acid (3). Fraction 
26/102 (0.45 g), on the other hand, was chromatographed follow-
ing the same methodology, providing 96 sub-fractions of which the 
sub-fraction 43/56 was recrystallized in chloroform and methanol, 
yielding 0.025 g of the 4-hydroxy-3-methoxybenzaldehyde (3). 0.15 g 
of the precipitate was submitted to preparative TLC, using a mixture 
of hexane:ethyl acetate (1:1) as eluent, resulting on the isolation and 
purification of 0.021 g of N-trans-feruloyltyramine (4). The ethyl 
acetate phase (3.0 g) was subjected to chromatography column packed 
with Sephadex LH-20 and eluted with methanol, providing 23 frac-
tions that were analysed and combined through analytical TLC. The 
sub-fraction 12/16 (0.087 g) was also chromatographed on Sephadex 
LH-20, yielding 14 fractions. The sub-fraction 5/8 (0.032 g) was 
defined as kaempferol-3-O-b-D-(6’’-E-p-coumaroyl) glucoside (5).

4 (N-trans-feruloyltyramine)1H NMR (d, CDCl
3
, 200 MHz): 7.37 

(d, J=15.8 Hz, H-7), 6.96 (d, J=8.4 Hz, H-2’/6’), 6.93 (brd, J=8.4 
Hz, H-6), 6.90 (brs, H-2), 6.74 (d, J=8.4 Hz, H-5), 6.68 (d, J=8.4 Hz, 
H-3’/5’), 6.16 (d, J=15.8 Hz, H-8), 3.79 (s, OCH

3
-3), 3.43 (t, J=6.9 

Hz, H-8’), 2.67 (t, J=6.9 Hz, H-7’). 13C NMR (50 MHz): 167.04 (C-
9), 155.17 (C-4´), 147.69 (C-3), 147.20 (C-4), 155.17 (C-4´), 140.89 
(C-7), 129.68 (C-1´), 129.53 (C-2´/6´), 126.82 (C-1), 121.89 (C-6), 
117.47 (C-8), 115.17 (C-3’/5’), 114.91 (C-5), 109.70 (C-2), 55.56 
(OCH

3-
3), 40.89 (C-8´), 34.41 (C-7’). 

Cells

The cytotoxicity of b-sitosterol and stigmasterol mixture was 
tested against NCI-H292 (carcinoma of human lungs), HEp-2 (human 

larynx epidermoid carcinoma) and KB (mouth carcinoma) cells all 
obtained from the Bank of Cells, Rio de Janeiro, Brazil. The cells 
were grown in DMEM – Minimum Essential Medium Eagle modified 
Dulbecco’s- medium supplemented with 10% fetal bovine serum, 2 
mM glutamine, 100 μg/mL streptomycin, 100 UmL−1 penicillin at 
37 °C with a 5% CO

2
 atmosphere.

Animals

Swiss albino female mice weighing 25-30 g, obtained from the 
Animal House of Departamento de Antibióticos from Universidade 
Federal de Pernambuco, Brazil, were used. The animals were housed 
in cages with free access to food and water. All animals were kept 
under 12h light/dark cycle (lights on at 6:00 a.m.). The animals were 
treated according to the ethical principles of animal experimenta-
tion of COBEA (Brazilian College of Animal Experiments), Brazil, 
and the rules of the National Institute of Health Guide for Care and 
Use of Laboratory Animals. The Animal Studies Committee of the 
Universidade Federal de Pernambuco approved the experimental 
protocols (number 116/07). 

Cell proliferation assays

The tumor cell growth was quantified by the ability of living cells 
to reduce the yellow dye 3-(4,5-dimethyl-2-thiazolyl)-2,5-diphenyl-
2H-tetrazolium bromide (MTT) to a purple formazan product. A 
cellular suspension (105 cells/mL) was prepared and distributed in 
96-well (225 mL/well) and incubated during 24 h at 37 °C. After 
that, the b-sitosterol and stigmasterol mixture was added. At the end 
of incubation (72 h), the plate was centrifuged and the medium was 
then replaced by fresh medium (200 μL) containing 25 μL of MTT. 
Three hours later, the MTT formazan product was dissolved in 100 
μL DMSO, and the absorbance was measured using a multiplate 
reader.16,17 The drugs effects were quantified as the percentage of 
control absorbance of reduced dye at 595 nm. The tested concentra-
tions were 10.0; 5.0; 2.5 and 1.25 μg/mL and the experiments were 
done in triplicate. 

Statistical analysis 

Results are presented as means ± s.e.m. for groups of six animals 
for in vivo experiments, and they are representative of two independent 
experiments. The differences between the experimental groups were 
compared by analysis of variance (ANOVA) complemented with 
Student’s t-tests. P < 0.05 was considered as indicative of significance.

Anti-inflammatory activity

Air pouches were produced on the dorsal cervical region of 
mice by subcutaneous injection of 2.5 mL on day 0, followed by 
a second injection of 2.5 mL of sterile air 3 days later. At day 6, 1 
mL of a carrageenan solution 1% (w/v) was injected into the cavity. 
The B-sitosterol and stigmasterol mixture (10, 30 and 90 mg/kg) 
and dexamethasone (3 mg/kg) were administered (p.o.) 1 h before 
injection of carrageenan. After killing the animals (6 h after inflam-
mation induction), pouches were washed with 3 mL of saline solution 
containing 3 mM EDTA. Samples from the air pouch exudates were 
collected for determinations of total and differential leukocyte con-
tents. Total leukocyte counts were performed in a Neubauer chamber 
after diluting the exudates with Turk’s solution (1:20) and cytospin 
preparations of exudates were stained with May-Grunwald Giemsa 
for the differential leukocyte count, which was performed under an 
oil immersion objective.16

Figure 1. Chemical constituents isolated from Sidastrum paniculatum
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RESULTS AND DISCUSSION

The structural assignments of compounds 1-3 and 5 were made 
based on the spectral analysis and are in good agreement with those 
reported in the literature. Thus, their structures were identified as the 
mixture of the steroids b-sitosterol and stigmasterol (1),18 4-hydroxy-
3-methoxybenzoic acid (2),7,19 4-hydroxy-3-methoxybenzaldehyde 
(3)20 and kaempferol 3-O-b-D-(6’’-E-p-coumaroyl) glucopyranoside 
(5) (tiliroside).6,7,10 All compounds are being reported here for the 
first time in the genus Sidastrum. The compound 5 (tiliroside) was 
previously isolated from the Malvaceae species Sida galheirensis,6 
Bakeridesia pickelli,7 Herissantia crispa,8 and Herissantia tiubae.10 
However, the presence of the compound 5 (tiliroside) in species of 
Malvaceae does not represent it as a chemical marker, because it 
was reported also to be present in other species of angiosperms like 
Solanum21 belonging to the Solanaceae family, as an example.

The IR spectrum of compound 4 showed a large absorption band 
at 3300-3350 cm-1 (N-H bending) and at 1658 cm-1 (C=O stretch) 
suggesting an amide function. The aromatic skeleton was evidenced 
by the absorptions between 1600 and 1450 cm-1. The 1H NMR spectra 
showed a pair of doublets at d 6.68 and 6.96 (2H, J = 8.4 Hz), which 
suggests an AA’BB’-type system of hydrogens bonded to aromatic 
carbon. It showed yet a doublet at d 6.74 (1H, J = 8.4 Hz) together 
with a broad doublet at d 6.93 (1H, J = 8.4 Hz) and a broad singlet 
at d 6.90 (1H), characterizing AMX system.

Those IR and 1H NMR data together with a pair of doublets at d 
6.16 (H-8, J = 15.8 Hz) and 7.37 (H-7, J = 15.8 Hz) referring to trans 
olefinic hydrogens and a pair of triplets at d 2.67 and 3.43 (H-7’and 
H-8’), suggested the presence of the coumaroyl and tyramine units, 
respectively. A methoxyl group in one of the aromatic nuclei was 
inferred by the signal at d 3.79.

The 13C NMR spectral data strengthened the information provided 
by the IR and 1H NMR spectra, emphasizing the presence of the am-
ide function due to the signal at d 167.04 (α,b-unsaturated carbonyl) 
thus reinforcing the coumaroyl unit because of the α,b-unsaturated 
carbons (C-8 and C-7) at d 117.47 and 140.89, respectively, as well 
as the tyramine unit whose methylene carbons were shown to be at 
d 34.41 (C-7’) and 40.89 (C-8’). The absorptions at d 115.17 and 
129.53 (2C, C-3’/5’ and C-2’/6’) corroborated the AA’BB’ system, 
while a methoxyl group was suggested by the signal at d 55.56. Non-
hydrogenated carbons bound to oxygen groups were inferred by the 
signals at d 147.20, 147.60 and 155.12.

The heteronuclear correlation spectrum HMBC confirmed the 
suggestion of the α,b-unsaturated amide strengthening the presence 
of the coumaroyl and tyramine units since it showed, respectively, 
two- and three-bond correlations (2,3J

CH
) between H-7’ and H-8’ with 

C-1’, and 2J
CH

 and 3J
CH

 correlations between H-8 and H-7 with the 
carbonyl carbon, respectively (Figure 2).

The homonuclear correlation spectrum NOESY revealed the 
space interactions between the methoxyl hydrogens with H-2, thus 
determining the meta position for the methoxyl group in the couma-
royl portion of the molecule (Figure 2).

The other assignments of carbons and hydrogens were determined 
based on all spectral data and in comparison with the literature ones,22 
which allowed to unambiguously identify substance 4 as being N-
trans-feruloyltyramine (Figure 3), substance already isolated from 
other vegetal species23 with studies demonstrating its action against 
weeds and improvement of seed germination,24 as well as its activity 
as a melanin biosynthesis inhibitor,22 being described for the first time 
in the family Malvaceae.

In vitro activity of b-sitosterol and stigmasterol mixture against 
three human tumor cell lines was determined. However, the mixture 
assayed did not show cytotoxicity at the tested concentrations.

According to the protocol of National Cancer Institute (NCI-
USA), natural products from plants are considered cytotoxic if IC

50
 

£ 30 μg/mL. The mixture tested exhibited IC
50

 values greater than 10 
μg mL−1 for all tumor cell lines tested. The results suggested that the 
compounds tested showed low cell toxicity, which is desirable in case 
of anti-inflammatory activity. Literature shows that some compounds 
isolated from Hisbiscus taiwanensis (Malvaceae) also did not show 
cytotoxic activity against human cells H.549 (lung carcinoma) and 
NC5-7 (breast carcinoma) up dose of 20 mg/mL.25

The b-sitosterol and stigmasterol mixture showed a significant 
anti-inflammatory activity when compared to control group, inhibiting 
the carrageenan-induced cell migration by at rates of 30, 56.8 and 
81.2% of doses 10, 30 and 90 mg/kg, respectively (Figure 3). The 
number of polymorphonuclear leucocytes which migrated to the peri-
toneal cavity in the control group was 4.53 ± 0.8 and in dexamethasone 
pattern was 0.90 ± 0.3 x 106 cells per cavity (p<0.05 for all doses).

The anti-inflammatory activity of b-sitosterol26 in the carrageenan 
paw edema model has been reported. It has been demonstrated that 
the stigmasterol was active in reducing the edema by 41% inhibi-
tion at doses of 0.5 mg/ear.27 Most articles on anti-inflammatory 
activity describe the most common type of evaluation which are the 
carrageenan-induced paw edema26 and the TPA-induced ear edema.27 
However, as several authors describe in the literature, the paw edema 
test is not specific for anti-inflammatory drugs, as anti-cholinergic 
drugs also reduce the edema. Furthermore, we found only one study 
that evaluates the activity of MPO;27 however, no studies evaluate 
the cell migration of the mixture b-sitosterol and stigmasterol, and 
it is known that cell migration is an important step in the developing 
of acute inflammation. Besides, we also aimed at verifying whether 
the mixture of those steroids possess synergistic action, and our data 
suggest that they do, since anti-inflammatory effects of b-sitosterol 
isolated in the model of carrageenan-induced paw edema were not 

Figure 2. Main correlations observed at the HMBC (nJ) and NOESY (NOE) 
spectra of 4

Figure 3. PMNL = polymorphonuclear leucocytes; PMNL count is expressed 
as total cell number by volume of exudate. Values represent average ± stan-
dard deviation
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observed.28 The b-sitosterol and stigmasterol mixture showed a prom-
ising anti-inflammatory activity, when compared to dexamethasone, 
being greater than that of the isolated products, suggesting synergistic 
action between b-sitosterol and stigmasterol. However, this was only 
one preliminary study with the mixture; further studies are necessary 
to provide the investigation of its mechanism of action. 

SUPPLEMENTARY MATERIAL

Available in http://quimicanova.sbq.org.br, in format .PDF, with 
free access.
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Figure 1S. IR spectrum of 4 (KBr, cm-1)
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Figure 2S. 1H NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 

Figure 3S. Expansion of the 1H NRM spectrum of 4 (δ, CDCl
3
, 200 MHz) 
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Figure 4S. Expansion of the 1H NMR spectrum of 4 (δ, CDCl
3
, 200 MHz)

Figure 5S. 13C-APT NMR spectrum of 4 (δ, CDCl
3
, 50 MHz)
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Figure 6S. Expansion of the 13C-APT NMR spectrum of 4 (δ, CDCl
3
, 50 MHz)

Figure 7S. Expansion of the 13C-APT NMR spectrum of 4 (δ, CDCl
3
, 50 MHz)
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Figure 8S. 1H x 1H-COSY NMR spectrum of 4 (δ, CDCl
3
, 200 MHz)

Figure 9S. Expansion of the 1H x 1H-COSY NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 
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Figure 10S. Expansion of the 1H x 1H-COSY NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 

Figure 11S. 1H x 13C-HETCOR NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 
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Figure 12S. Expansion of the 1H x 13C-HETCOR NMR spectrum of 4 (δ, CDCl
3
, 200 MHz)

Figure 13S. Expansion of the 1H x 13C-HETCOR NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 
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Figure 14S. 1H x 13C-HMBC NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 

Figure 15S. Expansion of the 1H x 13C-HMBC NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 
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Figure 16S. Expansion of the 1H x 13C-HMBC NMR spectrum of 4 (δ, CDCl
3
, 200 MHz)

Figure 17S. 1H x 1H-NOESY NMR spectrum of 4 (δ, CDCl
3
, 200 MHz)
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Figure 18S. Expansion of the 1H x 1H-NOESY NMR spectrum of 4 (δ, CDCl
3
, 200 MHz) 


