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Abstract From the flowers of Chorisia chodatii Hassl.

(family: Bombacaceae), seventeen compounds were isolated

and identified, including: two sterols, b-sitosterol (1) and b-
sitosterol 3-O-b-D-glucopyranoside (10); two furanoids,

5-hydroxymethyl furfural (3) and (3R,4R,5S)-3,4-dihydroxy-

5-methyl-dihydrofuran-2-one (12); two coumarins, scopo-

letin (8) and aesculetin (9); four phenolic acids and esters,

ethyl vanillate (4), vanillic acid (5), protocatechuic acid

ethyl ester (6) and p-hydroxy benzoic acid (7); five flavo-

noids, kaempferol 3-O-b-D-(600-acetyl)-glucopyranoside
(13), kaempferol 3-O-b-D-(600-E-p-coumaroyl)-glucopyra-

noside (14), kaempferol 3-O-b-D-glucopyranoside (15), lu-

teolin 7-O-b-D-glucopyranoside (16) and apigenin 7-O-

neohesperidoside (17), in addition to mono-octyl phthalate

(2) and succinic acid (11). All the isolated metabolites were

reported for the first time from this plant, and among them,

compounds (3), (4), (6), (7), (12) and (13) were isolated for

the first time from family Bombacaceae. Besides, this is the

first report for isolation of (2) in a pure form from a natural

source. These phytochemical data revealed important

chemotaxonomic value and may broaden the use of this

plant in future phytotherapy. Moreover, all of the obtained

phytocompounds were evaluated for their DPPH free radical

scavenging properties and cytotoxic activities against the

human lung cancer cell line A549.
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Introduction

Oxidative stress represents a common and threatening

health theme that is associated with pathogenic mechan-

isms of many degenerative diseases including aging, Alz-

heimer’s, atherosclerosis, neurodegeneration and cancer

(Polterait, 1997). Free radicals produced on disturbance of

normal redox state in biological systems can harmfully

attack several biomolecules like proteins, lipids and DNA,

resulting in cell membrane damage, a decrease in mem-

brane fluidity and DNA mutations leading to cancer (Pietta,

2000). Potent scavengers of these free radical species such

as plant polyphenols, flavonoids, carotenoids, tocopherols

and antioxidant enzymes may serve as a possible preven-

tive intervention for free radical-mediated diseases, sug-

gesting that natural antioxidants could be effective agents

for inhibiting the spread of cancers (Ames et al., 1995).

Lung cancer is now considered the most common cancer

worldwide, comprising 17 % of cancers in men (twice the

worldwide rate of the second-most common cancer in men,

prostate cancer) and the third-most common cancer in

women worldwide, after breast and colorectal cancers

(Ancuceanu and Istudor, 2004). Despite some progress in

recent decades, lung cancer remains the leading cause of

death from cancer in the world (Strassheim et al., 2000).
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Chorisia is a genus of deciduous trees, belongs to family

Bombacaceae and comprises about twenty species. It occurs

naturally throughout the tropical and subtropical regions of

the world, especially South America (Huxley, 1992). These

plants are traditionally used for many health disorders, e.g.,

headache, fever, diabetes, diarrhea, parasitic infections,

peptic ulcer and rheumatism (Adjanohoun, 1988). Chorisia

is mainly cultivated for its ornamental brilliant flowers since

it blooms best during months of autumn, adding a touch of

color at the time when most blooms are fading. It is also

cultivated for the silky white fiber that is obtained from the

ripened seeds. Economically, this floss has been used to

stuff cushions, pillows and vests, and for thermal insulation

at times, which explains the common name of this tree ‘‘silk

floss tree.’’ Moreover, the wood of these trees is employed

in packaging, to make canoes, ropes and as wood pulp to

make paper. Likewise, the vegetable oil obtained from the

seeds is both edible and industrially useful. Some species

are also added to some versions of the hallucinogenic drink

Ayahuasca (Bailey, 1976; Huxley, 1992). Chorisia is

characterized by a bottle-shaped trunk generally bulging in

its lower third, measuring up to two meters in girth and is

studded with thick conical sharp spines as an adaptation for

dry climates to store water, so it is commonly named as

‘‘bottle tree’’ (Ravenna, 1998).

Biologically, it was reported that some Chorisia species

possess wide range of useful anti-inflammatory, hepato-

protective, cytotoxic, antioxidant, hypoglycemic and an-

timicrobial effects with high safety margins and LD50 up to

7–8 g/kg in laboratory animals (Hafez et al., 2003; Hassan,

2009; El-Alfy et al., 2010; Ashmawy et al., 2012). On the

other hand, a limited number of Chorisia species including

C. speciosa A. St.-Hil., C. insignis H.B.K. and C. crispiflora

H.B.K. were subjected to some phytochemical analyses that

provided a number of flavonoids, anthocyanins, sterols,

triterpenes and carbohydrates (Refaat et al., 2013). On the

contrary, the searched literature data indicated that neither

the chemical profile nor the biological potential of C. cho-

datii was previously investigated. Accordingly, these re-

sults provoked us to carry out the first phytochemical visit

of this unstudied species along with its chemotaxonomic

significance, in addition to biological evaluation of the

isolated phytoconstituents for their DPPH free radical

scavenging activities and cytotoxic effects toward the hu-

man lung cancer cell line (A549) by means of MTT assay.

Materials and methods

Chemicals and reagents

Each of the following chemicals and authentic reference

materials, with source indicated in parentheses, was

purchased (or obtained) and used as-received: b-sitosterol,
b-sitosterol 3-O-b-D-glucopyranoside, vanillic acid, and

succinic acid (Pharmacognosy Department, Faculty of

Pharmacy, Minia University, Minia, Egypt). Silica gel 60

(E. Merck, Darmstardt, Germany; 60-120 mesh) was used

for column chromatography (CC), whereas silica gel GF254
for thin layer chromatography (TLC; El-Nasr Company for

Pharmaceuticals and Chemicals, Egypt) was employed for

vacuum liquid chromatography (VLC). Pre-coated silica

gel 60 GF254 plates (E. Merck, Darmstardt, Germany;

20 9 20 cm, 0.25 mm in thickness) were used for TLC

analyses. Spots were visualized by spraying with sulfuric

acid (10 % in methanol) and heating at 110 �C on a hot

plate (Stahl, 1970). Ammonia vapors and spraying with

aluminum chloride reagent (5 % in ethanol) were also used

for detection of flavonoids on TLC (Markham, 1982),

while ferric chloride reagent (1 % in ethanol) was used for

phenolic compounds (Smith, 1960). Sodium methoxide,

sodium acetate, aluminum chloride and hydrochloric acid

were used for UV analysis of flavonoids (Mabry et al.,

1970). All chemicals used for preparation of different

spraying and UV reagents were purchased from El-Nasr

Company for Pharmaceuticals and Chemicals, Egypt. All

of the following chemicals and media, with source indi-

cated in parentheses, were used for the biological studies:

Dulbecco’s modified Eagle’s medium, 2,2-diphenyl-1-

picrylhydrazyl (DPPH), trolox (Sigma-Aldrich, St. Louis,

MO, USA), fetal bovine serum (FBS; GIBCO Life Tech-

nologies, NY, USA), doxorubicin (Wako Pure Chemical

Industry Co., Ltd., Japan) and 3-(4,5-dimethylthiazol-2-yl)-

2,5-diphenyl-tetrazolium bromide (MTT; Nacalai Tesque,

Kyoto, Japan). Solvents used in this work, e.g. light pet-

roleum ether (b.p. 60–80 �C), chloroform, ethyl acetate,

methanol and ethanol, were purchased from El-Nasr

Company for Pharmaceuticals and Chemicals, Egypt.

Deuterated solvents, e.g., CDCl3 (Cica, Japan), CD3OD

(Merck, Germany) and DMSO-d6 (Isotec, Germany) were

used for NMR spectroscopic analysis.

Apparatus

Melting points were measured using Stuart Scientific

(SMPI) melting point apparatus and were uncorrected. UV

spectra of different samples were acquired using a Spec-

tronic� GenesysTM 2PC UV spectrophotometer (Shimazdu,

Japan) as solutions in methanol and with different diag-

nostic UV shift and complexing reagents for flavonoids

(Mabry et al., 1970). 1H and 13C-NMR spectra were

recorded in CDCl3, CD3OD or DMSO-d6 on JEOL JNM a-
400 (400 MHz for 1H and 100 MHz for 13C) and Bruker

AVANCE 600 MHz (600 MHz for 1H and 150 MHz for
13C) spectrometers with tetramethylsilane as an internal

standard. HR-ESI-MS spectra were obtained using a LTQ
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Orbitrap XL mass spectrometer. Portable Ultraviolet lamp

(UVP, LLC, USA) was used for visualization of spots on

thin layer chromatograms at 254 and/or 365 nm.

Plant material

Flowers of C. chodatii were collected during September–

November 2010 from plants cultivated in the campus of

Minia University, Minia, Egypt. Authentication of the plant

species was established by Prof. Ahmed Abdel-Monem,

Department of Horticulture, Faculty of Agriculture, Minia

University, Minia, Egypt. A voucher specimen (Mn-Ph-

Cog-001) has been deposited in the herbarium of Phar-

macognosy Department, Faculty of Pharmacy, Minia

University, Minia, Egypt.

Extraction and isolation of different constituents

from C. chodatii flowers

The air-dried powdered flowers (4.75 kg) were exhaus-

tively extracted with 70 % ethanol (8 L 9 10) and con-

centrated under reduced pressure to a syrupy consistency.

The solvent-free residue (690 g) was suspended in distilled

water (900 ml) and deprived from its major part of rhoi-

folin (17) that precipitated as yellow powder (31.6 g).

After filtration, the precipitate was dissolved in methanol

and allowed to crystallize. The aqueous filtrate was then

transferred to a separating funnel and successively ex-

tracted with light petroleum ether, chloroform and ethyl

acetate. The organic phase in each step was separately

evaporated under reduced pressure to give the corre-

sponding fractions I (94.3 g), II (12.2 g) and III (43.4 g),

respectively. The remaining mother liquor was concen-

trated to provide the aqueous fraction IV (534.6 g).

A part of fraction I (30 g) was subjected to VLC on

silica gel column (6.5 9 30 cm, 500 g). Elution was per-

formed initially using petroleum ether and then with pet-

roleum ether–ethyl acetate gradient mixtures in the order of

increasing polarities (10, 20, 50, 70 and 100 %) and finally

washed with methanol. The effluents were collected in

fractions (250 ml each); each fraction was concentrated

under reduced pressure and monitored by TLC. Similar

fractions were combined together to provide seven sub-

fractions (I1–I7). Upon concentration, subfraction I3 (12 g)

yielded greenish yellow crystals that were purified by re-

crystallization from methanol to give colorless needles

(100.2 mg) of compound 1.

Similarly, the obtained residue of fraction II (12.2 g)

was subjected to VLC on silica gel column (6.5 9 30 cm,

85 g). Elution was performed using petroleum ether–ethyl

acetate gradient mixtures in the order of increasing po-

larities (20, 30, 40, 60 and 100 %) and finally with

methanol. The effluents were collected in fractions (50 ml

each); each fraction was concentrated under reduced

pressure and monitored by TLC. Similar fractions were

grouped together and then concentrated under reduced

pressure to afford six subfractions (II1–II6). Subfraction II1
(0.3 g) was purified on silica gel column using petroleum

ether–ethyl acetate gradient mixtures to provide compound

2 (5.4 mg). Subfraction II2 (1.6 g) was fractionated on

silica gel column using petroleum ether–ethyl acetate

gradient mixtures to give four subfractions (II2-F-1: II2-F-

4). II2-F-2 was further subjected to silica gel CC using

chloroform–methanol gradient elution to yield compounds

3 (40.2 mg) and 4 (12.3 mg). Likewise, II2-F-3 was sub-

jected to silica gel CC using chloroform–methanol gradient

elution to provide compounds 5 and 6 that were recrys-

tallized from methanol to give white needles (19.6 mg) and

colorless needles (8.9 mg), respectively. CC fractionation

of subfraction II3 (1.3 g) on silica gel using petroleum

ether–ethyl acetate gradient mixtures provided four sub-

fractions (II3-F-1: II3-F-4). II3-F-3 was further subjected to

silica gel CC employing gradient elution with chloroform–

methanol to yield compound 7 as white needles (31 mg)

and compound 8 as white powder (10.7 mg). Subfraction

II4 (1.7 g) was chromatographed on silica gel column using

petroleum ether–ethyl acetate gradient mixtures to afford

five subfractions (II4-F-1: II4-F-5). II4-F-2 was further

subjected to silica gel CC employing isocratic elution with

chloroform–methanol (98:2) to yield compound 9

(14.9 mg). Upon concentration, subfraction II5 (2 g)

yielded yellowish white precipitate that was thoroughly

washed with different petroleum ether–ethyl acetate mix-

tures to give white amorphous powder of compound 10

(600 mg).

On the other hand, a part of fraction III (40 g) was

subjected to VLC on silica gel column (6.5 9 30 cm,

500 g). Elution was performed initially using petroleum

ether–ethyl acetate gradient mixtures in the order of in-

creasing polarities (30, 50, 80 and 100 %), then with ethyl

acetate–methanol (90:10), and finally with methanol. The

effluents were collected in fractions (100 ml each); each

fraction was concentrated under reduced pressure and

monitored by TLC. Similar fractions were combined to-

gether and concentrated under reduced pressure to afford

six subfractions (III1–III6). Subfraction III2 (3.2 g) was

subjected to silica gel CC using petroleum ether–ethyl ac-

etate gradient elution to give five subfractions (III2-F-1:

III2-F-5). Compound 11 (54.6 mg) was obtained from

subfraction III2-F-4 after purification on silica gel column

using gradient elution with chloroform–methanol. CC

fractionation of subfraction III3 on silica gel using gradient

mixtures of petroleum ether–ethyl acetate, ethyl acetate and

then with ethyl acetate–methanol provided seven subfrac-

tions (III3-F-1: II3-F-7). Subfraction III3-F-4 was further

purified on silica gel CC using chloroform–methanol
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gradient elution to yield compound 12 by crystallization as

colorless needles (8.6 mg) from III3-F-4-3. Subfraction III4
(6.2 g) was chromatographed on silica gel column using

gradient elution with petroleum ether–ethyl acetate (1:1),

ethyl acetate, ethyl acetate–methanol (8:2) and finally with

methanol to afford four subfractions (III4-F-1: III4-F-4).

Subfraction III4-F-1 was further subjected to silica gel CC

using gradient mixtures of chloroform–methanol to give

compound 13 (4.5 mg). Upon concentration, subfraction

III4-F-2 yielded compound 14 as yellowish white powder

(2.3 g) that was then crystallized from methanol to give

yellow needles. Similarly, 11.5 mg of compound 15 was

obtained as yellow powder from subfraction III4-F-3. Ad-

ditional amount (47.3 mg) of compound 15 was also ob-

tained after silica gel CC fractionation of subfraction III5
(10 g) using ethyl acetate–methanol gradient mixtures,

followed by precipitation from subfraction III5-F-1-3. Be-

sides, compound 16 (20 mg) was obtained from subfraction

III5-F-1-4 after silica gel CC fractionation of subfraction

III5-F-1. Likewise, further amount (3.1 g) of compound 17

was also obtained by precipitation from subfraction III5-F-

3. On the other hand, fraction IV was kept for future phy-

tochemical investigation.

DPPH radical scavenging activity

Determination of the free radical scavenging activity was

carried out using a quantitative DPPH assay (Matsunami

et al., 2011). The absorbance with various concentrations

of the test compounds dissolved in methanol (100 lL) in
96-well microtiter plates was measured at 515 nm as Ablank.

Then, a 200 lM DPPH solution (100 lL) was added to

each well, followed by incubation in a dark chamber at

room temperature for 30 min. The absorbance was then

measured again as Asample. The % inhibition of free radicals

was calculated according to the following equation:

% Inhibition ¼ 1� Asample � Ablank

� �
= Acontrol � Ablankð Þ

� �

� 100

where Acontrol is the absorbance of the control reaction

mixture containing DMSO and all reagents, except for the

test compound. IC50 was determined as the sample con-

centration required to inhibit the formation of the DPPH

radical by 50 %. Measurements were carried out in

triplicates.

Human cancer cell growth inhibition assay

This assay was performed according to the method de-

scribed by Phan et al. (2006) using the human lung cancer

cell line A549 (obtained from the National Institute of

Biomedical Innovation JCRB Cell Bank, Japan). The

viability of cells was estimated by means of the colori-

metric MTT assay. Dulbecco’s modified Eagle’s medium

supplemented with 10 % heat-inactivated FBS and 100 lg/
mL of kanamycin was used as the cell culture medium. The

test compounds were dissolved in DMSO and then added to

the wells of 96-well microtiter plates to the final concen-

tration of 1 %. A549 cells (5 9 103 cells/well) were cul-

tured in a 5 % CO2 incubator at 37 �C for 72 h, then a

MTT solution was added to each well, and the plates were

incubated for further 1.5 h. The formed formazan pre-

cipitates were then dissolved in DMSO, and the optical

density value for each well was measured at 540 nm using

a microplate reader. Doxorubicin was used as a positive

control. The cell growth inhibition was calculated using the

following equation:

% Inhibition ¼ 1� Asample � Ablank

� �
= Acontrol � Ablankð Þ

� �

� 100

where Acontrol is the absorbance of the control reaction

mixture containing DMSO and all reagents except for the

test compound. IC50 was determined as the sample con-

centration required to inhibit the formation of MTT for-

mazan by 50 %.

Results and discussion

Identification of compounds (1–17)

Structures of the isolated compounds (Fig. 1) were identi-

fied based on their physicochemical and chromatographic

properties, UV, HR-ESI-MS, 1H- and 13C-NMR, DEPT,
1H-1H COSY, HMQC and HMBC spectral analyses (Refer

to the supplementary files as ‘‘Online Resource 1’’), as well

as comparison with authentic samples.

b-sitosterol (1) Colorless needles, m.p. 140–142 �C. It

was identified by comparison of its physical and chro-

matographic properties with an authentic sample, and this

is the first report for its isolation from this species.

Mono-octyl phthalate (2) Yellow oil, UV kmax (MeOH)

nm (log e): 264 (4.87) and 227 (4.80). 1H NMR (600 MHz,

CDCl3): d 7.64 (1H, dd, J = 9, 3 Hz, H-3), 7.63 (1H, dd,

J = 9, 3.6 Hz, H-6), 7.46 (1H, ddd, J = 9, 6, 3.6 Hz, H-4),

7.45 (1H, ddd, J = 9, 6, 3 Hz, H-5), 4.23 (2H, t,

J = 6.7 Hz, H2-1
0), 1.65 (2H, m, H2-2

0), 1.38 (2H, m, H2-

70), 1.18 (8H, br.s, H2-3
0: H2-6

0), 0.81 (3H, t, J = 7.2 Hz,

H3-8
0). 13C NMR (150 MHz, CDCl3): d 132.4 (C-1), 132.3

(C-2), 128.85 (C-3), 130.9 (C-4, C-5), 128.81 (C-6), 163.6

(C-7), 171.9 (C-8), 65.5 (C-10), 29.6 (C-20), 29.3 (C-30),
29.7 (C-40, C-50), 31.9 (C-60), 22.7 (C-70), 14.1 (C-80).
Positive-ion mode HR-ESI-MS: m\z 301.1412 [M ? Na]?
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(calcd. for C16H22O4 Na: 301.1410), Negative-ion mode

HR-ESI-MS: m\z 277.1452 [M - H]- (calcd. for

C16H21O4: 277.1445).

The spectroscopic data of compound 2 revealed the

presence of a long saturated alkyl chain attached to a ph-

thalic acid moiety. The 1H NMR spectrum showed two

overlapping doublet of doublets at dH 7.64 and 7.63 for H-3

and H-6, respectively, in addition to another two overlap-

ping doublet of doublet of doublets at dH 7.46 and 7.45 for

H-4 and H-5, respectively, consistent with an ortho-dis-

ubstituted benzene ring. The significant 1H-1H COSY

correlations (Fig. 2) observed between H-3 and H-4 as well

as H-5 and H-6 came also in complete harmony with the

previous assignment. The two triplets at dH 4.23

(J = 6.7 Hz) and 0.81 (J = 7.2 Hz) were characteristic for

the oxymethylene group (CH2-1
0) and the terminal methyl

group (CH3-8
0). Moreover, the remaining protons of the

Fig. 1 Structures of the isolated

compounds from Chorisia

chodatii flowers

Fig. 2 Important 1H–1H COSY and HMBC correlations of com-

pound 2
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hydrocarbon chain resonated as two two-proton multiplets

at dH 1.65 and 1.38 for CH2-2
0 and CH2-7

0, respectively,
along with a broad singlet at dH 1.18 integrating for eight

protons due to four further methylene groups. These as-

signments were also corroborated by the observed corre-

lations in the 1H–1H COSY spectrum between H2-2
0 and

both H2-1
0 and H2-3

0, in addition to those of H2-7
0 with H2-

60 and H3-8
0 (Fig. 2).

On the other hand, the 13C NMR spectrum displayed

two quaternary carbon signals at dC 163.6 and 171.9

characteristic for an ester carbonyl and another free car-

boxyl group, respectively. Besides, the carbon signal at dC
65.5 attributable to the oxygenated methylene (C-10) indi-
cated acylation at one carboxyl group only, and that

compound 2 is a mono-alkyl phthalate ester. The carbon

resonances at dC 132.4, 132.3, 130.9, 128.85 and 128.81

were characteristic for the aromatic ring, whereas those

between dC 31.9 and 22.7—all are methylenes in DEPT—

were indicative to the long hydrocarbon chain. Different

carbons were also distinguished with the aid of HMQC and

HMBC experiments. Important HMBC correlations were

detected between H-3 and C-4, H-6 and C-5, H2-1
0 and the

carbonyl C-7, as well as H2-2
0 and C-10. Another correla-

tion was observed between the terminal methyl CH3-8
0 and

C-60 and C-70. The H2-5
0 and H2-7

0 showed two significant

HMBC correlations with C-60 (Fig. 2).
Furthermore, positive- and negative-ion mode HR-ESI-

MS spectra showed pseudomolecular ion peaks at m/z

301.1412 [M ? Na]? and 277.1452 [M - H]-, respec-

tively, in agreement with the molecular formula C16H22O4.

Therefore, compound 2 was identified as mono-octyl ph-

thalate. This compound was only formerly identified in the

gel of Aloe vera leaves by GC–MS (Yamaguchi et al.,

1993), while this is the first report for its isolation in a pure

form from a natural source along with its spectroscopic

data.

5-hydroxymethyl furfural [5-(hydroxymethyl) furan-2-car-

baldehyde] (3) Yellow oil, UV kmax (MeOH) nm (log e):
280 (4.55). 1H NMR (600 MHz, CDCl3): d 9.54 (1H, s,

CHO), 7.22 (1H, d, J = 3.5 Hz, H-3), 7.50 (1H, d,

J = 3.5 Hz, H-4), 4.69 (2H, s, H2-6);
13C NMR (150 MHz,

CDCl3): d 152.2 (C-2), 123.2 (C-3), 110.0 (C-4), 161.0 (C-

5), 57.4 (C-6), 177.8 (C-7). The physical and spectral data

were in accordance with those reported in the literature (Li

et al., 2009). This is the first report for its isolation from

family Bombacaceae.

Ethyl vanillate (4) Colorless needles, m.p. 41–43 �C, UV
kmax (MeOH) nm (log e): 264 (4.71) and 295 (4.76). 1H

NMR (600 MHz, DMSO-d6): d 7.36 (1H, d, J = 2.4 Hz,

H-2), 7.31 (1H, dd, J = 8.4, 2.4 Hz, H-6), 6.80 (1H, d,

J = 8.4 Hz, H-5), 3.47 (2H, q, J = 7.2 Hz, H2-8), 1.09

(3H, t, J = 7.2 Hz, H3-9), 3.67 (3H, s, OCH3-3).
13C NMR

(150 MHz, CDCl3): d 121.7 (C-1), 115.1 (C-2), 149.9 (C-

3), 144.8 (C-4), 116.5 (C-5), 121.8 (C-6), 167.3 (C-7), 66.3

(C-8), 18.5 (C-9), 55.9 (OCH3-3). It was previously iden-

tified during characterization of aroma compounds in apple

cider by GC–MS (Xu et al., 2007), while this is the first

report for its isolation from family Bombacaceae.

Vanillic acid (5) White needles, m.p. 208–210 �C, UV
kmax (MeOH) nm (log e): 260 (4.64) and 284 (4.68). 1H

NMR (600 MHz, CD3OD): d 7.55 (1H, d, J = 1.8 Hz,

H-2), 7.54 (1H, dd, J = 9, 1.8 Hz, H-6), 6.82 (1H, d,

J = 9 Hz, H-5), 3.89 (3H, s, OCH3-3).
13C NMR

(150 MHz, CD3OD): d 123.2 (C-1), 113.8 (C-2), 152.6 (C-

3), 148.6 (C-4), 115.8 (C-5), 125.2 (C-6), 170.1 (C-7), 56.4

(OCH3-3). The physical and spectral data were in accor-

dance with those reported in the literature (Chen et al.,

2010; Yu-Bo et al., 2011). It was also confirmed by com-

parison with an authentic sample, and this is the first report

for its isolation from the genus Chorisia.

Protocatechuic acid ethyl ester (6) Colorless needles,

m.p. 127–129 �C, UV kmax (MeOH) nm (log e): 254 (4.67)

and 290 (4.72). 1H NMR (600 MHz, CD3OD): d 7.43 (1H,

s, H-2), 7.41 (1H, d, J = 8.4 Hz, H-6), 6.78 (1H, d,

J = 8.4 Hz, H-5), 4.11 (2H, q, J = 7.2 Hz, H2-8), 1.25

(3H, t, J = 7.2 Hz, H3-9).
13C NMR (150 MHz, CD3OD):

d 122.8 (C-1), 115.7 (C-2), 146.0 (C-3), 151.4 (C-4), 117.7

(C-5), 123.8 (C-6), 169.1 (C-7), 61.4 (C-8), 14.5 (C-9). The

physical and spectral data were in accordance with those

reported in the literature (De-Wu et al., 2010). This com-

pound was previously isolated from some Leguminous

plants, e.g., peanut seeds (Huang et al., 2003) and vines of

Pueraria lobata (Willd.) Ohwi (De-Wu et al., 2010). This

is the first report for its isolation from family

Bombacaceae.

p-hydroxy benzoic acid (7) White needles, m.p.

213–215 �C, UV kmax (MeOH) nm (log e): 252 (4.54). 1H

NMR (600 MHz, CD3OD): d 7.87 (2H, d, J = 8.8 Hz,

H-2, H-6), 6.81 (2H, d, J = 8.8 Hz, H-3, H-5). 13C NMR

(150 MHz, CD3OD): d 122.8 (C-1), 133.0 (C-2, C-6),

116.0 (C-3, C-5), 163.3 (C-4), 170.5 (C-7). The physical

and spectral data were in accordance with those reported in

the literature (Chen et al., 2010; De-Wu et al., 2010). This

is the first report for its isolation from family

Bombacaceae.

Scopoletin (8) White powder, m.p. 204–206 �C, UV kmax

(MeOH) nm (log e): 296 (4.75), 344 (4.82); ?NaOAc 242

(4.67), 392 (increase intensity) (4.88). 1H NMR (600 MHz,

CD3OD): d 6.19 (1H, d, J = 9 Hz, H-3), 7.85 (1H, d,

J = 9 Hz, H-4), 6.77 (1H, s, H-5), 7.11 (1H, s, H-8), 3.90

(3H, s, OCH3-7).
13C NMR (150 MHz, CD3OD): d 164.1

(C-2), 110.0 (C-3), 146.1 (C-4), 112.5 (C-5), 147.1 (C-6),

153.0 (C-7), 104.0 (C-8), 151.4 (C-9), 112.6 (C-10), 56.8
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(OCH3-7). The physical and spectral data were in accor-

dance with those reported in the literature (El-Demerdash

et al., 2009). In addition, the observed bathochromic shift

in the UV spectrum from 344 to 392 nm after addition of

NaOAc—with increasing the intensity of this band—dif-

ferentiated it from isoscopoletin and confirmed the scopo-

letin skeleton (El-Demerdash et al., 2009). This is the first

report for its isolation from the genus Chorisia.

Aesculetin (9) Yellow oil, UV kmax (MeOH) nm (log e):
290 (4.71) and 344 (4.79). 1H NMR (600 MHz, DMSO-

d6): d 6.15 (1H, d, J = 9.6 Hz, H-3), 7.85 (1H, d,

J = 9.6 Hz, H-4), 6.74 (1H, s, H-5), 6.98 (1H, s, H-8). 13C

NMR (150 MHz, DMSO-d6): d 160.7 (C-2), 110.6 (C-3),

144.3 (C-4), 112.2 (C-5), 142.8 (C-6), 150.4 (C-7), 102.5

(C-8), 148.4 (C-9), 111.4 (C-10). The physical and spectral

data were in accordance with those reported in the lit-

erature (Liu et al., 2005). This is the first report for its

isolation from the genus Chorisia.

b-sitosterol 3-O-b-D-glucopyranoside (10) White pow-

der, m.p. 290–292 �C. It was identified by comparison of its

physical and chromatographic properties with an authentic

sample, and this is the first report for its isolation from this

species.

Succinic acid (11) Colorless needles, m.p. 180–182 �C.
1H NMR (600 MHz, CD3OD): d 2.56 (4H, s, H-2, H-3).
13C NMR (150 MHz, CD3OD): d 176.2 (C-1, C-4) and

29.9 (C-2, C-3). The physical and spectral data were in

accordance with those reported in the literature (Parker,

1997; Chatwal and Anand, 2001). It was also confirmed by

comparison with an authentic sample, and this is the first

report for its isolation from the genus Chorisia.

(3R,4R,5S)-3,4-dihydroxy-5-methyl-dihydrofuran-2-one

(12) Colorless needles, 1H (600 MHz, CD3OD) and
13C

NMR (150 MHz, CD3OD): see Tables 1 and 2. The 1H

NMR spectrum of compound 12 showed two doublet

proton signals at dH 1.44 (3H, J = 6 Hz) and 4.30 (1H,

J = 9 Hz) assignable to one methyl and one oxymethine

proton, respectively. In addition to one doublet of doublets

proton signals at dH 3.78 (1H, J = 9, 7.8 Hz) and

one doublet of quartets at 4.18 (1H, J = 8.2, 6.4 Hz)

attributable to two oxymethine protons. The 13C NMR

spectrum exhibited three oxymethine carbons at dC 75.6,

78.6, and 80.7 for C-3, C-4, and C-5, respectively, along

with a methyl carbon signal at dC 18.1 and another carbonyl

carbon at dC 176.4 in coincidence with a 3, 4-dihydroxy-5-

methyl-dihydrofuran-2-one structure. The stereochemistry

at C-3, C-4 and C-5 was explicitly determined by compar-

ison with the 1H and 13C NMR spectral data of some related

stereoisomers (Fernandez et al., 1997; Ley et al., 2004) as

mentioned in Tables 1 and 2. The stereocenter C-3 in

compound 12 was assigned as (R) due to the considerable

upfield shift (*2–4 ppm) of H-3 of the (3R,4R,5S)-isomer,

together with its large coupling constant (J = 9 Hz) com-

pared to the other stereoisomers (Ley et al., 2004). Fur-

thermore, the downfield shift (*2–5 ppm) of C-3 was also

in complete agreement with the previously deduced

stereochemistry. In contrast to its (3R,4S,5R) and (3S,4R,5S)

counterparts, H-4 of the (3R,4R,5S)-isomer resonated as a

doublet of doublets with a characteristic upfield shift

(*0.4–0.5 ppm) and larger coupling constants (J = 9 and

8 Hz). Moreover, the methine carbon C-4 of compound 12

was further downfield shifted (*1.5–2.2 ppm) compared to

that of the (3R,4S,5R)- and (3R,4S,5S)-isomers, indicating

the (R) configuration at C-4 (Fernandez et al., 1997; Ley

et al., 2004).

On the other hand, the stereochemistry at the neighboring

asymmetric carbon C-5 could be unambiguously determined

as (S) from the characteristic splitting pattern of H-5—that

resonated as a doublet of quartets—along with its strong

coupling (J = 8 Hz) with H-4. Conversely, a much weaker

coupling (J = 2.6 Hz) was witnessed between H-5 (qd) and

H-4 (dd) in the (3R,4S,5S)-isomer, whereas they showed no

coupling in the (3S,4R,5S)-isomer (H-5 appeared as a quartet

only). Both protons resonated also as a two-proton multiplet

at dH 4.19–4.21 in case of the (3R,4S,5R)-configurations.

Additionally, H-5 of compound 12 suffered an upfield shift

(*0.4–0.5 ppm) compared to that of the remaining isomers.

It is also worth mentioning that the characteristic downfield

shift (*3.5–6 ppm) observed for C-5 in compound 12was in

complete accordance with the (3R,4R,5S)-configuration. Be-

sides, the marked downfield shift (*1–4 ppm) of the methyl

group CH3-6 relative to other stereoisomers was also typical

for that stereochemistry (Fernandez et al., 1997; Ley et al.,

2004). This lactone was formerly naturally obtained from

flowers of Pterospermum acerifolium L. (family Sterculi-

aceae; Dixit et al., 2011), while this is the first report for its

isolation from its closely related family; Bombacaceae.

Kaempferol 3-O-b-D-(600-acetyl)-glucopyranoside (13) Yel-

low oil, UV kmax (MeOH) nm (log e): 266 (5.11), 350

(5.23); ?NaOMe 268 (5.12), 398 (5.29); ?NaOAc 272

(5.13), 356 (5.24); ?AlCl3 272 (5.13), 392 (5.28), 302 sh

(5.17); ?AlCl3/HCl 272 (5.13), 392 (5.28), 302 sh (5.17).
1H NMR (600 MHz, CD3OD): d 8.01 (2H, d, J = 8.9 Hz,

H-20, H-60), 6.85 (2H, d, J = 8.9 Hz, H-30, H-50), 6.40 (1H,

br.d, J = 2 Hz, H-8), 6.20 (1H, d, J = 2.0 Hz, H-6), 5.14

(1H, d, J = 7.3 Hz, H-100), 3.30 (1H, m, H-200), 3.41 (1H,

m, H-300), 3.18 (1H, m, H-400), 3.43 (1H, m, H-500), 4.15
(1H, dd, J = 12, 1.8 Hz, H-600a), 4.03 (1H, dd, J = 12,

6.6 Hz, H-600b), 1.82 (3H, s, H3-8
00); 13C NMR (150 MHz,

CD3OD): d 158.6 (C-2), 135.8 (C-3), 179.7 (C-4), 163.5

(C-5), 98.6 (C-6), 166.5 (C-7), 94.9 (C-8), 159.6 (C-9),

104.3 (C-10), 123.1 (C-10), 132.2 (C-20, C-60), 116.0 (C-30,
C-50), 161.6 (C-40), 102.7 (C-100), 75.7 (C-200), 78.5 (C-300),
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71.1 (C-400), 77.9 (C-500), 64.2 (C-600), 20.4 (COCH3), 168.2

(COCH3). The physical and spectral data were in accor-

dance with those reported in the literature (Slimestad et al.,

1995). This is the first report for its isolation from family

Bombacaceae.

Tiliroside [kaempferol 3-O-b-D-(600-E-p-coumaroyl)-glu-
copyranoside] (14) Yellowneedles,m.p. 259–260 �C,UV
kmax (MeOH) nm (log e): 266 (5.20), 314 (5.27); ?NaOMe

272 (5.21), 368 (5.34); ?NaOAc 278 (5.22), 314 (5.27);

?AlCl3 308 (5.26), 362 (5.33);?AlCl3/HCl 310 (5.26), 362

(5.33). 1H NMR (400 MHz, CD3OD): d 7.96 (2H, d,

J = 8.8 Hz, H-20, H-60), 7.37 (1H, d, J = 16.0 Hz, H-7¢¢¢),
7.29 (2H, d, J = 8.6 Hz, H-2¢¢¢, H-6¢¢¢), 6.80 (2H, d,

J = 8.8 Hz, H-30, H-50), 6.78 (2H, d, J = 8.8 Hz, H-3¢¢¢,
H-5¢¢¢), 6.29 (1H, d, J = 2.2 Hz, H-8), 6.12 (1H, d,

J = 2.2 Hz, H-6), 6.04 (1H, d, J = 16.0 Hz, H-8¢¢¢), 5.21
(1H, d, J = 6.9 Hz, H-100), 3.30 (1H, m, H-200), 3.44 (1H, m,

H-300), 3.28 (1H, m, H-400), 3.45 (1H, m, H-500), 4.27 (1H, dd,
J = 11.7, 2 Hz, H-600a), 4.15 (1H, dd, J = 11.7, 6.6 Hz,

H-600b); 13CNMR (100 MHz, CD3OD): d 158.4 (C-2), 135.2
(C-3), 179.4 (C-4), 162.9 (C-5), 100.1 (C-6), 166.2 (C-7),

94.9 (C-8), 159.3 (C-9), 105.5 (C-10), 122.7 (C-10), 131.1 (C-
20, C-60), 116.0 (C-30, C-50), 161.4 (C-40), 104.3 (C-100), 75.7
(C-200), 78.1 (C-300), 71.7 (C-400), 75.8 (C-500), 64.3 (C-600),
127.1 (C-1¢¢¢), 132.1 (C-2¢¢¢, C-6¢¢¢), 116.8 (C-3¢¢¢, C-5¢¢¢),
161.1 (C-4¢¢¢), 146.5 (C-7¢¢¢), 114.7 (C-8¢¢¢), 168.7 (C-9¢¢¢).
The physical and spectral data were in accordance with those

reported in the literature (Costa et al., 2007). This is the first

report for its isolation from this species.

Astragalin [kaempferol 3-O-b-D-glucopyranoside]
(15) Yellow powder, m.p. 198–200 �C, UV kmax (MeOH)

nm (log e): 266 (5.08), 344 (5.18); ?NaOMe 272 (5.08),

398 (5.25), 302 sh (5.13); ?NaOAc 274 (5.09), 348 (5.19),

302 sh (5.13); ?AlCl3 272 (5.08), 392 (5.24); 302 sh

(5.13); ?AlCl3/HCl 272 (5.08), 392 (5.24), 306 sh (5.14).
1H NMR (600 MHz, CD3OD): d 8.04 (2H, d, J = 8.4 Hz,

H-20, H-60), 6.88 (2H, d, J = 8.4 Hz, H-30, H-50), 6.40 (1H,

br s, H-8), 6.20 (1H, br s, H-6), 5.23 (1H, d, J = 7.2 Hz,

H-100), 3.30 (1H, m, H-200), 3.39 (1H, m, H-300), 3.19 (1H,

m, H-400), 3.41 (1H, m, H-500), 3.67 (1H, dd, J = 11.4,

1.8 Hz, H-600a), 3.51 (1H, dd, J = 11.4, 6.6 Hz, H-600b);
13C NMR (150 MHz, CD3OD): d 158.5 (C-2), 135.5 (C-

3), 179.5 (C-4), 163.1 (C-5), 99.9 (C-6), 166.0 (C-7), 94.7

(C-8), 159.1 (C-9), 105.7 (C-10), 122.8 (C-10), 132.3 (C-

20, C-60), 116.1 (C-30, C-50), 161.6 (C-40), 104.1 (C-100),
75.7 (C-200), 78.4 (C-300), 71.4 (C-400), 78.0 (C-500), 62.6

(C-600). The physical and spectral data were in accordance

with those reported in the literature (Lee et al., 2007).

This is the first report for its isolation from the genus

Chorisia.

Cynaroside [luteolin 7-O-b-D-glucopyranoside] (16) Yel-

low powder, m.p. 262–264 �C, UV kmax (MeOH) nm (log

e): 266 (5.08), 332 (5.17); ?NaOMe 266 (5.08), 386 (5.23);

?NaOAc 266 (5.08), 332 (5.17); ?AlCl3 272 (5.09), 388

(5.24); ?AlCl3/HCl 272 (5.09), 344 (5.19). 1H NMR

(400 MHz, DMSO-d6): d 7.41 (1H, d, J = 8.4 Hz, H-60),
7.40 (1H, s, H-20), 6.88 (1H, d, J = 8.4 Hz, H-50), 6.77
(1H, br s, H-8), 6.71 (1H, br s, H-6), 6.43 (1H, s, H-3), 5.05

Table 1 1H NMR spectral data of compound 12 and some related stereoisomers

H Compound 12
(CD3OD,

600 MHz)

(3R,4R,5S)-3,4-dihydroxy-5-

methyl-dihydrofuran-2-one

(CD3OD, 400 MHz)

(3R,4S,5R)-3,4-dihydroxy-5-

methyl-dihydrofuran-2-one

(CD3OD, 400 MHz)

(3R,4S,5S)-3,4-dihydroxy-5-

methyl-dihydrofuran-2-one

(CD3OD, 400 MHz)

(3S,4R,5S)-3,4-

dihydroxy-5-methyl-

dihydrofuran-2-one

(D2O, 400 MHz)

H-3 4.30 (d, 1H, J = 9 Hz) 4.33 (d, 1H, J = 8.8 Hz) 4.65–4.78 (m, 1H) 4.55 (d, 1H, J = 4.8 Hz) 4.76 (d, 1H, J = 5.1 Hz)

H-4 3.78 (dd, 1H, J = 9, 8 Hz) 3.78 (dd, 1H, J = 8.8, 8.7 Hz) 4.19–4.21 (m, 2H) 4.25 (dd, 1H, J = 4.7, 2.8 Hz) 4.25 (d, 1H, J = 5.1 Hz)

H-5 4.18 (dq, 1H, J = 6.2, 8 Hz) 4.19 (dq, 1H, J = 6.3, 8.3 Hz) 4.57 (qd, 1H, J = 6.6, 2.6 Hz) 4.64 (q, 1H, J = 7.0 Hz)

H-6 1.44 (d, 3H, J = 6 Hz) 1.46 (d, 3H, J = 6.3 Hz) 1.34 (d, 3H, J = 6.7 Hz) 1.41 (d, 3H, J = 6.5 Hz) 1.36 (d, 3H, J = 7.0 Hz)

Table 2 13C NMR spectral data of compound 12 and some related stereoisomers

C Compound

12 (CD3OD,

150 MHz)

(3R,4R,5S)-3,4-dihydroxy-5-

methyl-dihydrofuran-2-one

(CD3OD, 100 MHz)

(3R,4S,5R)-3,4-dihydroxy-5-

methyl-dihydrofuran-2-one

(CD3OD, 100 MHz)

(3R,4S,5S)-3,4-dihydroxy-

5-methyl-dihydrofuran-2-

one (CD3OD, 100 MHz)

(3S,4R,5S)-3,4-

dihydroxy-5-methyl-

dihydrofuran-2-one

(D2O, 100 MHz)

DEPT

C-2 176.4 176.5 177.2 178.6 178.7 C

C-3 75.6 75.7 74.0 72.3 69.0 CH

C-4 80.7 80.8 79.2 78.5 83.7 CH

C-5 78.6 78.7 75.0 72.6 72.8 CH

C-6 18.1 18.2 14.8 14.2 17.4 CH3
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(1H, d, J = 7.1 Hz, H-100), 3.26 (1H, m, H-200), 3.42 (1H,

m, H-300), 3.17 (1H, m, H-400), 3.44 (1H, m, H-500), 3.69
(1H, d, J = 10.4 Hz, H-600a), 3.44 (1H, d, J = 10.4 Hz,

H-600b), 12.9 (1H, s, H-bonded OH-5); 13C NMR

(100 MHz, DMSO-d6): d 164.4 (C-2), 103.1 (C-3), 181.7

(C-4), 161.0 (C-5), 99.4 (C-6), 162.8 (C-7), 94.6 (C-8),

156.8 (C-9), 105.2 (C-10), 121.3 (C-10), 113.5 (C-20), 145.7
(C-30), 149.8 (C-40), 115.9 (C-50), 119.0 (C-60), 99.9 (C-100),
73.0 (C-200), 76.3 (C-300), 69.5 (C-400), 77.1 (C-500), 60.5 (C-

600). The physical and spectral data were in accordance with
those reported in the literature (Gohari et al., 2011). This is

the first report for its isolation from this species.

Rhoifolin [apigenin 7-O-neohesperidoside] (17) Yellow

needles, m.p. 243–245 �C, UV kmax (MeOH) nm (log e):
266 (5.18), 338 (5.29); ?NaOMe 242 (5.15), 386 (5.35),

?NaOAc 266 (5.18), 338 (5.29); ?AlCl3 272 (5.20), 380

(5.34); ?AlCl3/HCl 272 (5.20), 344 (5.30). 1H NMR

(400 MHz, CD3OD): d 7.82 (2H, d, J = 8.4 Hz, H-20,
H-60), 6.89 (2H, d, J = 8.4 Hz, H-30, H-50), 6.73 (1H, br s,

H-8), 6.60 (1H, br s, H-6), 6.42 (1H, s, H-3), 5.16 (1H, d,

J = 7.6 Hz, H-100), 3.29-3.73 (4H, m, H-200, H-300, H-400,
H-500), 3.69 (1H, dd, J = 11.3, 2.4 Hz, H-600a), 3.58 (1H,

dd, J = 11.3, 6.7 Hz, H-600b), 5.28 (1H, s, H-1¢¢¢), 3.40-3.95
(4H, m, H-2¢¢¢, H-3¢¢¢, H-4¢¢¢, H-5¢¢¢), 1.30 (3H, d,

J = 6.2 Hz, H3-6¢¢¢); 13C NMR (100 MHz, CD3OD): d
166.7 (C-2), 104.1 (C-3), 184.0 (C-4), 162.8 (C-5), 101.0

(C-6), 164.3 (C-7), 95.9 (C-8), 158.9 (C-9), 107.0 (C-10),

123.0 (C-10), 129.6 (C-20), 117.0 (C-30), 162.8 (C-40), 117.0
(C-50), 129.6 (C-60), 99.8 (C-100), 79.0 (C-200), 78.3 (C-300),
71.4 (C-400), 79.1 (C-500), 62.4 (C-600), 102.5 (C-1¢¢¢), 72.2
(C-2¢¢¢), 72.3 (C-3¢¢¢), 74.0 (C-4¢¢¢), 70.0 (C-5¢¢¢), 18.2 (C-

6¢¢¢). The physical and spectral data were in accordance

with those reported in the literature (Eldahshan, 2013).

This is the first report for its isolation from this species.

DPPH free radical scavenging activity

Compounds 1–17 were examined for their anti-radical ac-

tivities using the DPPH free radical scavenging test. Com-

pound 4 showed moderate scavenging activity (IC50:

37.17 ± 2.35), while compounds 9 and 6 showed weak ac-

tivities (IC50: 56.5 ± 6.60 and 73.2 ± 4.60 lM, respectively)

comparable with the standard trolox (IC50:16.6 ± 2.2 lM).

The remaining compounds demonstratedmuchweaker effects

with IC50[100 lM.

Cytotoxic activity

Compounds 1–17 were tested for their tumor cell growth

inhibitory effects toward A549 by means of MTT assay.

Compounds 7, 2, 6, 8, 5 and 3 exhibited weak inhibitory

activities toward A549 (IC50: 64.2 ± 6.45, 80.1 ± 2.30,

85.6 ± 1.65, 86.3 ± 4.23, 91.0 ± 6.43 and 91.8 ±

6.87 lM, respectively). The results were compared with

those of doxorubicin as a positive control (IC50:

1.12 ± 0.02 lM). IC50 values of the remaining compounds

exceeded 100 lM.

Chemotaxonomic significance

Investigation of secondary metabolites of the unstudied spe-

cies C. chodatii drew an important image concerning the

chemotaxonomic situation within the genus Chorisia and

family Bombacaceae. The isolation of compounds (1–17)

reflected important chemical homogeneity in terms of the

metabolic profile of plants of the genus Chorisia. Previous

phytochemical analyses of otherChorisia species have shown

that their phenolic pool comprises mostly flavonoids and

phenolic acids, with rhoifolin and tiliroside are two major

phenolic metabolites produced by all species (Coussio, 1964;

Ashmawy et al., 2012; Eldahshan, 2013). Up to now, Cho-

risia plants are considered the exclusive Bombacaceous

source of these two glycosides (Refaat et al., 2013). Besides,

cynaroside and protocatechuic acid were also previously

obtained from Chorisia crispiflora flowers and leaves, re-

spectively (Hassan, 2009; Ashmawy et al., 2012). In the same

way, Bombax ceiba L. flowers have recently provided astra-

galin, protocatechuic acid and vanillic acid (Joshi et al.,

2013), whereas succinic acid was earlier detected in the fruit

pulp of Adansonia digitata L. (De Caluwé et al., 2010).

On the other hand, among various Bombacaceous

plants, coumarins have been only identified in Ochroma

(Paula et al., 1996) and lately from Bombax (Joshi et al.,

2013). However, based on our findings, they can now be

added to the phenolic pool of Chorisia. Moreover, it is

worth mentioning that kaempferol 3-O-b-D-(600-acetyl)-
glucopyranoside represents the second example of acylated

flavonoidal glycosides in Bombacaceae after isolation of

tiliroside. This may refer to the availability of a divergent

group of acylating acids within the biosynthetic system of

Chorisia plants. Recently, a phthalate ester was isolated

from Ceiba pentandra L. Gaertn. leaves and identified as

di-n-octyl phthalate (Ibrahim et al., 2012), whereas the

present study described the isolation and identification of

the mono-octyl ester for the first time from Bombacaceae.

On the other hand, some members of Bombacaceae yielded

a number of furanoids and lactones including Quararibea

funebris Llave., Chorisia crispiflora and Bombax ceiba

(Raffauf et al., 1984; Matsuda et al., 1994; Wu et al., 2008;

Faizi et al., 2011), and in harmony with these former

findings, the current study provided 5-hydroxymethyl fur-

fural and 3,4-dihydroxy-5-methyl-dihydrofuran-2-one from

C. chodatii flowers for the first time in the family.
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As a final point, it is noteworthy that so far, different

phytochemical investigations of Chorisia plants revealed

their lacking of isoflavones, naphthoquinones, sesquiterpe-

nes and sesquiterpene lactones that were previously isolated

from the genus Ceiba. This fact may oppose the recent

botanical opinion to incorporate Chorisia within Ceiba as a

single genus (Ravenna, 1998; Gibbs and Semir, 2003) on a

strong chemotaxonomic basis and in turn supports their

separation. Consequently, the current phytochemical work

intensely complements our chemotaxonomic knowledge

about the genus Chorisia.

Conclusion

In this study, the chemical composition of C. chodatii

flowers was studied for the first time and resulted in

characterization of seventeen compounds belonging to

different structural classes. All the isolated compounds

were reported for the first time from this plant, and phe-

nolics were found to prevail among the identified phyto-

constituents. Compounds 4, 9 and 6 were the most active

among the tested compounds as DPPH radical scavengers,

respectively, whereas compounds 7, 2, 6, 8, 5 and 3 ex-

hibited weak inhibitory activities toward the human lung

cancer cell line A549. On the other hand, the phyto-

chemical results of this study enlighten the chemo-

taxonomic situation of this plant species and may also

broaden its use in future phytotherapy.
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