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A new labdane diterpene, along with 10 known sterols and flavonoids, was isolated
from the hydroalcoholic extract of the leaves of Saraca indica. The chemical structure
of the new compound was identified as 6,9-epoxy marrubiinic acid on the basis of
spectroscopic analyses including two-dimensional NMR. The antimicrobial potential
of the new compound was evaluated against Gram-positive and Gram-negative bacteria
as well as fungi. It showed a significant antifungal activity against Geotrichum
candidum with MIC 0.48 mg/mL. It also showed potential cytotoxicity against human
cancer cell lines with IC50 ranging from 1.07 to 1.29 mg/well.
Keywords: Saraca indica; labdane diterpene; epoxy marrubiinic acid; antifungal;
cytotoxicity

1. Introduction
Saraca indica L. (Fabaceae), commonly known as Ashoka, is an evergreen tree with numerous
spreading and drooping glabrous branches. The bark of this plant is traditionally used as
astringent, demulcent, emollient and stomachic. The leaves are useful in stomachalgia, and the
flowers are used in syphilis, inflammation, dysentery, haemorrhoids and scabies in children
(Kashyapa & Chand 2006). The aerial part is known for its hypothermic, central nervous system
depressant and diuretic activities (Kokate et al. 2007). This plant has shown many
pharmacological properties such as antidiabetic (Preethi et al. 2010), oxytocic (Satyavati et al.
1970), antiulcer (Maruthappan & Shree 2010), antimicrobial (Sainath et al. 2009; Hawas et al.
2012) and anthelmintic (Sharma et al. 2011) activities. Previous phytochemical studies on the
leaves of S. indica have led to the isolation of quercetin, quercetin 3-O-a-rhamnoside,
kaempferol 3-O-a-rhamnoside, amyrin, ceryl alcohol and b-sitosterol (Darwish & Khalifa 1992;
Sadhu et al. 2007; Pradhan et al. 2009).
In this report, phytochemical investigation on the leaves of S. indica was carried out. A new
labdane diterpene (1) and 10 known compounds were isolated. The structure of the isolated new
compound was evaluated based on spectroscopic data. Its antimicrobial potential and
cytotoxicity were evaluated.
2. Results and discussion
Compound 1 was isolated from the chloroform-soluble fraction of the extract as a colourless oil.
This fraction also afforded b-sitosterol (2), stigmasterol (3) and campesterol (4) (Conolly &

*Corresponding author. Email: sameh.zaid@pharm.bsu.edu.eg
q 2013 Taylor & Francis

Downloaded by [rafik mounir] at 08:06 19 November 2013

2

U. Hawas et al.

Hill 1992; Habib et al. 2007). Kaempferol (5), quercetin (6), myricetin (7), quercetin 3-O-arhamnoside (8), myricetin 3-O-a-rhamnoside (9), kaempferol 3-O-a-rhamnoside (10) and
catechin (11) were isolated from the ethyl acetate-soluble fraction of the extract (Aguiar et al.
2005; Ye & Huang 2006; Zheng et al. 2008). These known compounds (2– 10) were identified
based on their chromatographic and spectroscopic properties.
The complete assignment of 1H and 13C NMR signals was achieved by a combination of
COSY, NOESY, HSQC and HMBC experiments (Supplementary material). The analysis of 13C
NMR spectrum (CDCl3) revealed the presence of 20 carbon signals assigned to three methyls
(dC 16.6, 22.3 and 23.0 ppm), six methylenes (dC 18.2, 21.0, 28.6, 28.4, 31.5 and 35.2 ppm), six
methines (dC 32.4, 44.9, 76.3, 110.8, 138.6 and 143.1 ppm) and four quaternary carbons (dC 39.7,
43.8, 76.8 and 125.1 ppm). The presence of the carboxylic group was confirmed by the signal of
the quaternary carbon at dC 184 ppm. The molecular weight of compound 1 was established by
ESI MS in negative and positive mode as m/z 331 [M 2 H]2 and 355 [M þ Na]þ, respectively.
The mass peak at 331 in negative mode of ESI MS/MS which afforded the peak at 287 (100%)
indicated the presence of a carboxylic group. The EI MS of compound 1 showed fragment peaks
at m/z 81 and 95 indicating the presence of a b-monosubstituted furan ring. This was confirmed
by the 1H NMR spectrum (CDCl3) that showed typical signals of a b-monosubstituted furan ring
at dH 6.24 (H-14), 7.33 (H-15) and 7.21 (H-16). The proton NMR spectrum exhibited the
deshielded methylene protons H-12 (dH 2.52 ppm) and the remaining protons of the methylenes
of the two cyclohexane rings of the labdane skeleton between dH 0.94 and 2.21 ppm. All of these
data agreed with the presence of a furanolabdane diterpene, and the structure is very similar to
marrubiinic acid (Meyre-Silva et al. 2005). The COSY spectrum displayed cross-peaks between
the two adjacent methines H-5 (dH 2.21 ppm) and H-6 (dH 4.71 ppm) and correlation between
methine H-8 (dH 2.11 ppm) and H3-17 (dH 0.94 ppm) as well as all expected COSY correlations
between all neighbouring methine and methylene protons. HR ESI MS gave the molecular
formula C20H28O4, suggesting seven double bond equivalents in diterpene molecule. The index
of hydrogen and oxygen deficiency in the molecular formula of compound 1 compared with the
molecular formula of marrubiinic acid (C20H30O5) with only six double bond equivalents
indicated that compound 1 is marrubiinic acid losing a molecule of water and forming an
epoxide ring between oxygenated carbons C-6 and C-9. This was confirmed by the 13C NMR and
HMQC spectra of 1, which exhibited a close similarity to the carbons of marrubiinic acid. There
was, however, a downfield shift (DdC ¼ 11.3 and 0.9 ppm) of C-6 and C-9 carbon resonances,
respectively, of compound 1 compared with the carbon resonances of marrubiinic acid.
The structure of compound 1 was finally confirmed by the HMBC experiment (Figure S1).
The correlation of methine proton H-8 (dH 2.11) with the carbons C-6 (dC 76.3), C-9 (dC 76.8),
C-10 (dC 39.7) and CH3-17 (dC 16.6) confirmed the position of epoxy ring. The correlation of
methylene protons H2-11 (dH 1.88 and 1.69) and H2-12 (dH 2.52) with the carbons of C-13 (dC
125.1), C-14 (dC 110.8) and C-16 (dC 138.6) of furan ring and C-8 (dC 32.4), C-9 (dC 76.8) and
C-10 (dC 39.7) of the two cyclohexane rings of the labdane skeleton confirmed the
furanolabdane diterpene structure. The presence of NOE cross-peaks between H3-18 and H2-11,
H3-17 and H3-20, as expected, clearly established the relative stereochemistry of the chiral
centres as shown in the formula. Thus, compound 1 was identified as 6,9-epoxy marrubiinic acid
as a new natural product isolated for the first time in nature (Figure 1).
The antimicrobial potential of the new compound was evaluated against Gram-positive and
Gram-negative bacteria as well as fungi (Table 1). The results were obtained using Escherichia
coli (RCMBCC 000103), Pseudomonas aeruginosa (RCMBCC 000102), Klebsiella pneumonia
(RCMBCC 0010093), Bacillus subtilis (RCMBCC 000101), Staphylococcus aureus (RCMBCC
000106) and Streptococcus pyogenes (RCMBCC 010015), as test bacterial strains. The fungal
indicators were Aspergillus fumigatus (RCMB 002003), Aspergillus clavatus (RCMB 05096),
Penicillium italicum (RCMB 001003), Geotrichum candidum (RCMB 05096) and Candida
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Figure 1. Chemical structure of compound 1.

albicans (RCMB 005003). The results indicated that compound 1 has a powerful antifungal
activity against G. candidum and P. italicum with MIC values of 0.48 and 3.9 mg/ml,
respectively, compared with amphotericin B.
The cytotoxic effect of compound 1 was demonstrated against five human cancer cell lines
(HEPG2: human liver cancer; HELA: human cervix cancer; MCF7: human breast cancer;
HCT116: human colon cancer and HEP2: human larynx cancer) as well as normal cell line
(HFB4: human normal melanocytes) using sulphorhodamine B assay. As shown in Figure S2,
the new compound exhibited potent cytotoxicity with IC50 ranging from 1.07 to 1.92 mg/well
against all tested human tumour cell lines.

3. Experimental
3.1. General
UV: Shimadzu double beam recording spectrophotometer model UV-150-02; 1H NMR spectra:
Joel 500 (500 MHz); 13C NMR spectra: Joel 500 (125 MHz); MS (Joel mass spectrometer,
70 eV), National Research Centre, Cairo, Egypt. Column chromatography (CC), silica gel 60,
0.040 –0.063 mm (E. Merck, Darmstadt, Germany), polyamide 6, 50– 160 mm (Ridel de Häen
AG, Seelze, Hannover, Germany) and Sephadex LH-20 (Pharmacia Fine Chemical, Uppsala,
Sweden) were used. Thin layer chromatography analysis was carried out using silica gel 60 F254

Table 1. Antimicrobial activity of compound 1.
Minimum inhibitory concentration (mg/mL)
Tested microorganism
Indicator fungi
A. fumigatus (RCMB 002003)
P. italicum (RCMB 001003)
C. albicans (RCMB 005003)
G. candidum (RCMB 05096)
A. clavatus (RCMB 05096)
Indicator bacteria (Gram positive)
S. aureus (RCMBCC 000106)
B. subtilis (RCMBCC 000101)
S. pyogenes (RCMBCC 010015)
Indicator bacteria (Gram negative)
P. aeruginosa (RCMBCC 000102)
E. coli (RCMBCC 000103)
K. pneumonia (RCMBCC 0010093)

Compound 1
7.81
3.9
62.5
0.48
3.9
15.63
1.95
3.9
250
15.63
0.48

Drug reference
Amphotericin B
0.97
7.81
0.48
0.48
1.95
Ampicillin
0.12
0.03
0.24
Gentamicin
31.25
7.81
0.24
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plates (Merck, Darmstadt, Germany). Paper chromatography (1 and 3 mm) was visualised under
UV light at 240 and 366 nm and sprayed with acidic vanillin reagent (Aldrich, Steinheim,
Germany).
3.2. Plant material
The leaves of S. indica were collected on April 2009 from El-Orman garden (Giza, Egypt) and
identified by Prof. Abdel Megeed Ali, Plant Taxonomy Department, Agriculture Research
Centre, Giza, Egypt. Voucher specimen (No. E00317653) was deposited in the herbarium of the
Agriculture Research Centre, Giza, Egypt.
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3.3. Extraction and isolation
The air-dried powdered leaves of S. indica (1 kg) were extracted with 70% aqueous methanol (£2)
at room temperature. The extracts were combined and concentrated under reduced pressure to
give 66 g residue. The crude extract was dissolved in water and successively partitioned against nhexane, CHCl3 and ethyl acetate. The chloroform fraction was evaporated to dryness (10 g) and
chromatographed on silica gel (800 g) using n-hexane and mixtures of n-hexane –EtOAc and
EtOAc – MeOH as eluents. Fractions were purified with successive CC of silica gel and Sephadex
LH-20 giving 1 (7 mg), 2 (12 mg), 3 (40 mg) and 4 (25 mg) compounds. The ethyl acetate fraction
was evaporated to dryness (40 g), dissolved in water and subjected to a polyamide CC (200 g).
The column was eluted with water containing increasing amounts of MeOH. Fractions showing
similar paper chromatography profiles in BAW and 15% acetic acid were pooled to provide
combined fractions. These fractions were re-chromatographed on preparative paper
chromatography (3 mm) using 15% acetic acid as eluent. The separated bands were scraped off
and eluted with 70% methanol and further purified on Sephadex LH-20 column using MeOH as
eluent to get compounds 5 (6 mg), 6 (35 mg), 7 (35 mg), 8 (6 mg), 9 (6 mg) and 10 (6 mg).
3.3.1. 6,9-Epoxy marrubiinic acid (1)
2
Colourless oil; ½a25
D : þ 41 (c 0.1, CHCl3); ESI MS (neg. mode) m/z: 331 [M 2 H] , 663
2
2
[2M 2 H] ; ESI MS/MS (neg. mode) 287 [M 2 COOH] ; ESI MS (pos. mode) 687
[2M þ Na]þ, 355 [M þ Na]þ; HR ESI MS (pos. mode) 355.18798, calc. for (C20H28O4Na:
355.1885); 1H NMR (CDCl3, 500 MHz): dH 1.69 (1H, m, H-1a), 1.4 (1H, m, H-1b), 1.68 (2H, m,
H-2), 2.12 (1H, m, H-3a), 1.26 (1H, m, H-3b), 2.21 (1H, d, J ¼ 4.5 Hz, H-5), 4.71 (1H, q, H-6),
2.12 (1H, m, H-7a), 1.65 (1H, m, H-7b), 2.11 (1H, m, H-8), 1.88 (1H, m, H-11a), 1.69 (1H, m,
H-11b), 2.52 (2H, m, H-12), 6.24 (1H, d, J ¼ 1.2 Hz, H-14), 7.33 (1H, d, J ¼ 1.2 Hz, H-15), 7.21
(1H, s, H-16), 0.94 (3H, d, J ¼ 6 Hz, H-17), 1.25 (3H, s, H-18), 1.00 (3H, s, H-20); 13C NMR
(CDCl3, 125 MHz): dC 31.5 (C-1), 18.2 (C-2), 28.4 (C-3), 43.8 (C-4), 44.9 (C-5), 76.3 (C-6),
28.6 (C-7), 32.4 (C-8), 76.8 (C-9), 39.7 (C-10), 35.2 (C-11), 21.0 (C-12), 125.1 (C-13), 110.8
(C-14), 143.1 (C-15), 138.6 (C-16), 16.6 (C-17), 23.0 (C-18), 184.0 (C-19), 22.3 (C-20).
3.4. Antimicrobial assay
The antimicrobial spectrum and activity of compound (1) were determined by the agar plate
diffusion assay (Bauer et al. 1966). Antifungal (Amphotericin B) and antibacterial (Ampicillin
and Gentamicin) were used as drug references. Ten micro litres of the compound were applied to
sterile paper disc (Whatman) of 6-mm diameter, placed on the surface of indicator test plate and
incubated at the temperature that permitted the optimal growth of the test organisms. For
determination of antibacterial and antifungal activities, indicator bacteria were grown overnight
in LB medium, yeasts were grown in YPG medium (10 g/L yeast extract, 10 g/L peptone and
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100 g/L glucose) for 24 h and fungi were grown in potato dextrose agar for 3 –4 days. The MIC
of compound (1) was expressed as mg/mL by the serial dilution method.
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3.5. Cytotoxic activity
Cytotoxic activity for compound 1 was measured according to a reported method (Shehan &
Storing 1990). The cells were seeded in 96-well microtitre plates at a concentration of 5 £
104 2 105 cell/well in a fresh medium and left to attach to the plates for 24 h. The cells were
incubated with the appropriate concentration ranges of the drug, completed to total of 200 mL/
well using fresh medium, and incubation was continued for 24, 48, 72 h. Control cells were
treated with vehicle. After these, cells were fixed with 50 mL cold 50% trichloroacetic acid for
1 h at 48C. Wells were washed five times with distilled water and stained for 30 min at room
temperature with 50 mL 0.4% sulphorohodamine B dissolved in 1% acetic acid, and then four
times with 1% acetic acid. The plates were air-dried, and the dye was solubilised with 100 mL/
well of 10 mM Tris base (pH 10.5) for 5 min on an orbital shaker at 1600 rpm. The optical
density (OD) of each well was measured spectrophotometrically at 564 nm with an ELIZA
microplate reader (Meter Tech. S960, Warminster, PA, USA). The percentage of cell survival
was calculated as follows: survival fraction ¼ OD (treated cells)/OD (control cells).
4. Conclusion
In conclusion, a new labdane diterpene was isolated from the hydroalcoholic extract of the
leaves of S. indica. The structure of the isolated compound was identified as 6,9-epoxy
marrubiinic acid based on spectroscopic analysis. The new compound showed potential
antifungal and cytotoxic activities.
Supplementary material
Supplementary material relating to this article is available online, alongside Figures S1 and S2.
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