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Abstract

Phytochemical investigation of Cassia alata Linn. led to the isolation of six known anthraquinones: aloe-emodin (1),
emodin (2), w-hydroxyemodin (3), lunatin (4), physcion (5), and ziganein (6), six flavonoids: apigenin (7), 7,4'-dihydroxy-5-
methoxyflavone (8), diosmetin (9), kaempferol (10), luteolin (11), and trans-dihydrokaempferol (12) as well as one stilbene,
trans-resveratrol (13). Their structures were elucidated on the basis of spectroscopic methods, including UV, IR, NMR and
MS. Nine compounds (3-9 and 12-13) were reported for the first time as metabolites of C. alata. Compound 2 exhibited strong
antibacterial activity against methicillin resistant S. aureus (MRSA)-SK1 and B. cereus TISTR 687 with MIC values of 4 and
8 ng/mL, respectively. Compound 10 was found to exhibit antioxidative activity with IC value of 9.67 uM that was three

times stronger than that of ascorbic acid (IC, 25.41 pM).

Keywords: Cassia alata Linn., anthraquinones, flavonoids, antibacterial, antioxidation

1. Introduction

Cassia genus, belong to the Leguminosae family. The
plants in this genus generally produce a variety of secondary
metabolites including anthraquinones, alkaloids, flavonoids,
pyrrolizine and pyrrolizidine alkaloids, triterpenes, steroids
and tannins (Hemlata and Kalidhar, 1993; Miralles and
Gaydou, 1986; Idu et al., 2007) some of which possess
interesting biological and pharmacological activities, such as
antimicrobial, antioxidative, anti-inflammatory, antitumor as
well as cytotoxic activities (Ibrahim and Osman, 1995; Pani-
chayupakaranant and Kaewsuwan, 2004; Fernand et al.,
2008). Due to these properties, Cassia species have attracted
attention as important sources for medicinal treatment. They
have been used to treat eczema, itching and skin infection in
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human (Palanichamy and Nagarajan, 1990). Cassia alata
Linn., locally known in Thai as Chum-Hed-Thed. It was
observed that methanol extracts of leaves, flowers, stem and
root barks of C. alata shown to have a broad spectrum of
antibacterial activity (Khan et al., 2001). On the basis of
DPPH radical scavenging assay-guided isolation, kaempferol
from C. alata leaves exhibited antioxidant activity with ED,
9.99 uM that was six times stronger than that of BHT with
ED,, 57.41 uM and fifty-eight times stronger than that of
emodin with ED,  578.87 uM (Panichayupakaranant and
Kaewsuwan, 2004). Previous research studies have led to the
isolation of a number of constituents with many biological
activities, making these potential agents for the treatment of
diseases (Gurib-Fakim, 2006). In a continuing search for
bioactive metabolites from C. alata, we now report the result
of a phytochemical investigation of C. alata (leaves, roots
and twigs) yielding thirteen compounds. Moreover, this work
demonstrates that C. alata is among the potential sources
of antibacterial and antioxidative compounds.
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2. Experimental
2.1 General

Melting points were measured on a BUCHI B-540
melting point apparatus and uncorrected. Ultraviolet spectra
(UV) were measured with a Perkin Elmer Lambda 35 UV/VIS
spectrophotometer. Principal bands (A ) were recorded as
wavelengths (nm) and log € on methanol solutions. Infrared
spectra (IR) were recorded with a Perkin Elmer Spectrum GX
spectrophotometer. Major bands (v ) were recorded in
wavenumber (cm™). 1D and 2D NMR spectra were performed
on a Bruker AVANCE 300 or a Bruker FTNMR Ultra Shield
400 MHz. Spectra were recorded on CDCI, or acetone-d,
solutions. Quick column chromatography (QCC) was
performed on silica gel 60 GF,,, (Merck). Column chromato-
graphy (CC) was carried out using silica gel 100 (0.063-0.200
mm, Merck).

2.2 Plant materials

The leaves, roots and twigs of C. alata Linn. were
collected from Nong Khai Province, in the northeast of
Thailand, in December 2009. The plant was identified by
Mr. James Maxwell, Chiang Mai University Herbarium, and
a specimen (957) was deposited at Chiang Mai University
Herbarium, Faculty of Science, Chiang Mai University,
Chiang Mai, Thailand.

2.3 Extraction and isolation

The chopped dried leaves (0.267 kg), roots (6.735 kg)
and twigs (2.030 kg) of C. alata were successively extracted
with acetone 6, 31, and 11 liters, respectively, over a period
of 7 days at room temperature. The extracts were evaporated
to dryness on a rotary evaporator to give crude acetone
extracts of the leaves (LA), the roots (RA) and the twigs (TA).

Crude LA (15.88 g) was subjected to QCC over silica
gel eluted with CH,Cl./Me,CO (100:0 to Me,CO 100%) to give
nine fractions (LA1-LA9). Fractions LA3 and LA4 were
combined (0.10 g) and purified by CC eluted with hexane/
acetone (80:20 to acetone 100%) to give compounds 1 (17.8
mg) and 2 (20.7 mg). Fraction LAS8 (3.86 g) was isolated by
CC using hexane/EtOAc (50:50 to EtOAc 90%) to give
compounds 9 (3.2 mg) and 10 (54.1 mg). Crude RA (40.42 g)
was separated by QCC over silica gel using CH,CL/Me,CO
(100:0 to Me,CO 100%) in a polarity gradient manner to give
twenty fractions (RA1-RA20). Fraction RA2 (26.4 mg) was
purified by CC eluted with hexane/CH,Cl, (100:0 to CH,CI,
15%) to give compound 6 (10.5 mg). Fraction RA4 (0.17 g)
was purified by CC eluted with hexane/CH,Cl, (100:0 to
CH,Cl, 15%) to yield compound 5 (35.0 mg). Fraction RA14
(3.92 g) was subjected to QCC and CC over silica gel eluted
with CH,CL/ Me,CO (100:0 to Me,CO 100%) to give
compounds 3 (17.0 mg), 7 (3.0 mg), and 13 (110.9 mg). Crude
TA (10.30 g) was subjected to QCC over silica gel using a
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gradient of CH,CL/ Me,CO (100:0 to Me,CO 100%) as a
solvent system to give ten fractions (TA1-TA10). Fraction
TA7 (1.31 g) was separated by CC and gradiently eluted with
CH,C1/Me,CO (95:5 to Me,CO 40%) to give compound 12
(1.3 mg). Fraction TAS8 (0.92 g) was subjected to CC eluted
with hexane-EtOAc (100:0 to EtOAc 40%) to give compounds
4 (2.7 mg) and 11 (17.0 mg). Fractions TA9 and TA10 were
combined (3.34 g) and subjected to CC eluted with hexane-
Me,CO (70:30 to Me,CO 75%) to afford compound 8 (7.8 mg).
Their structures were elucidated on the basis of UV, IR, NMR,
and MS data as well as by comparison of their NMR spectral
data with reported values (Lim, 1999; Jadulco ef al., 2002;
Miyazawa and Hisama, 2003; Fujimoto et al., 2004; Chu et al.,
2005; Kametani et al., 2007; Lee et al., 2007; Mboungouere
etal.,2007; Jeonget al.,2009; Ahn et al., 2011).

2.4 Antibacterial assay

Five microorganism cultures (Bacillus cereus TISTR
687, Escherichia coli TISTR 780, Pseudomonas aeruginosa
TISTR 781, Salmonella typhimurium TISTR 292 and Staphy-
lococcus aureus TISTR 1466) were derived from the Micro-
biological Resources Centre of the Thailand Institute of
Scientific and Technological Research whereas Methicillin
resistant Staphylococcus aureus (MRSA)-SK1 was donated
by the Department of Microbiology, Faculty of Science, Prince
of Songkla University. The minimum inhibitory concentra-
tions (MICs) were determined by a two-fold serial dilution
method (CLSI, 2002). The test samples were dissolved in
DMSO. Serial 2-fold dilutions ofthe test samples were mixed
with melted Mueller Hinton broth (MHB) in microtiter plates.
The final concentrations of the test crude sample and pure
compounds in broth ranged from 2.5-1,280 pg/mL and 0.25-
128 pg/mL, respectively. 50 puL of inoculum suspension was
added to each well (final concentration of 1x10* CFU/well).
The inoculated plates were incubated at 35-37°C for 16-18 h.
10 pL of 0.18% resazurin was added to the microtiter plate
and incubated at 35-37°C for 2-3 h. A blue color indicated that
the sample was capable of inhibiting bacterial growth, while
a pink color indicated that the sample was incapable of in-
hibiting bacterial growth. MICs were recorded by reading
the lowest concentration capable of inhibiting visible growth.
The tests were performed at least in triplicate. Vancomycin
and gentamicin were used as positive control drugs.

2.5 Antioxidation assay

The DPPH assay is one of the methods used for the
evaluation of antioxidative activity. The following assay
procedure was modified from that described in a previous
report (Deachathai et al., 2006). The pure compound was
dissolved in absolute ethanol to give a 3.05 mM solution. The
solution of each sample (50 uL) was mixed with 0.05 mM
DPPH ethanolic solution (3 mL) in a cuvette to give a 50 uM
final solution. The trapping effect was assessed by measur-
ing the absorbance change of the solution at 517 nm against
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0.05 mM DPPH ethanolic solution after 15, 30, 45 and 60 min.
Ascorbic acid and BHT were used as positive controls. The
degree of loss in color is a measure of the activity. The absor-
bances were measured at 517 nm for 30 min. The concentra-
tion needed to decrease % inhibition of the DPPH solution
to 50% inhibition (IC,)) was obtained by linear regression
analysis of the dose-response curve.

3. Results and Discussion

Phytochemical investigation of the leaves, roots, and
twigs of C. alata led to the isolation and identification of
thirteen known compounds (Figure 1). Four compounds
[aloe emodin (1), emodin (2), diosmetin (9) and kaempferol
(10)] were isolated from the leaves. Five compounds [c-
hydroxyemodin (3), physcion (5), ziganein (6), apigenin (7)
and trans-resveratrol (13)] were isolated from the roots and
four compounds [lunatin (4), 7,4'-dihydroxy-5-methoxyfla-
vone (8), luteolin (11), and trans-dihydrokaempferol (12)]
were isolated from the twigs. Nine of the compounds (3-9 and
12-13) were isolated and reported for the first time as meta-
bolites of C. alata. The crude extracts of C. alata (LA, RA
and TA) were tested for antibacterial activity against Gram-
positive (B. cereus TISTR 687, methicillin resistant S. aureus
(MRSA)-SK1, S. aureus TISTR 1466) and Gram-negative (E.
coli TISTR 780, Ps. aeruginosa TISTR 781, S. typhimurium
TISTR 292) by Broth Microdilution Method (CLSI, 2002).
Crude RA exhibited strong antibacterial activity against B.
cereus with a MIC value of 40 pg/mL. The crude LA and TA
showed moderate antibacterial activity against Gram-positive
in the range of MICs 160-320 pg/mL. All crude extracts (LA,
RA, and TA) showed weak antibacterial activity against
Gram-negative bacteria with MIC values of 640-1280 pg/mL
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(Table 1). Some of the pure compounds were evaluated for
their antibacterial activity. Emodin (2) showed strong anti-
bacterial activity against MRSA with MIC value of 4 pug/mL
and moderate antibacterial activity against B. cereus and S.
aureus MIC value of 16 pg/mL, whereas compounds 1, 3, 5,
6,7, 10, 11, and 13 showed weak antibacterial activity against
Gram-positive bacteria with a MIC range of 64-128 pg/mL.
This strong antibacterial activity of emodin (2) against MRSA
was supported by antimicrobial activity of emodin isolated
from Rheum palmatum L., and the compound showed anti-
microbial activity against 17 different strains of MRSA with
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Figure 1. Structure of compounds (1-13)

Table 1. Antibacterial activity of crude extracts and isolated compounds

from C. alata

MICs (ug/mL)
Sample Gram-positive Gram-negative

BC MRSA S.A EC Ps.A S.T
LA 160 320 160 640 1280 1280
RA 40 160 160 640 1280 1280
TA 160 320 320 640 1280 1280

2 16 4 16 - 128 128

3 128 128 128 128 128 128

5 128 - - - 128 128

6 128 - - - 64 128

7 64 64 128 64 128 128

10 128 128 128 128 128 128

11 128 64 128 128 128 128

13 64 64 - 128 64 128
Gentamicin - - - 0.5 1 0.5

Vancomycin 0.5 0.5 0.5 - - -
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the minimum inhibitory concentrations (MICs) in the range
of 1.5-25 pug/mL (Lee et al., 2010). All isolated compounds
showed weak antibacterial activity against Gram-negative
bacteria (MICs 64-128 pg/mL) as shown in Table 1.

Antioxidation activity of crude LA, RA, and TA
extracts was tested at a final concentration of 100 pg/mL
(Table 2). Crudes TA and RA showed moderate antioxidative
activity with IC, values of 26.23 and 29.51 pg/mL, respec-
tively, whereas crude LA showed antioxidation activity with
an IC, value 0f41.80 pg/mL. Compounds 1, 2, 3,5, 6, 7, 8, 10,
and 13 were tested for screening scavenging assay whereas
the other compounds 4, 9, 11, and 12 were not tested. The
activity was monitored by following the decrease of absor-
bance of the solution at 517 nm for 30 min. Compounds 10
and 13 showed % inhibition more than 50%; both compounds
were further tested for 50% inhibition concentration (IC,).
Kaempferol (10) showed antioxidative activity with IC, 9.67
puM that was three times stronger than that of ascorbic acid
with IC, 25.41 uM and five times stronger than that of BHT
with IC, 46.56 uM (Table 3). Kaempferol (10) has been
reported antioxidant activity with ED, 9.99 uM that was six
times stronger than that of BHT with ED,  57.41 uM (Pani-
chayupakaranant and Kaewsuwan, 2004). trans-Resveratrol
(13) showed moderate antioxidative activity (IC, 45.90 uM)
which was almost effective than BHT (IC,; 46.56 uM) as
shown in Table 3.

4. Conclusion

Phytochemical investigation of the C. alata has led
to the isolation and identification of thirteen compounds: six
anthraquinones (1-6), six flavonoids (7-12) and one stilbene
(13). Moreover, nine compounds (3-9 and 12-13) were
reported for the first instance as constituents of C. alata.
Emodin (2) exhibited strong antibacterial activity against
methicillin resistant S. aureus with MIC value of 4 pug/mL.
In addition, kaempferol (10) showed antioxidative activity
(IC,, 9.67 uM) that was three times stronger than that of
ascorbic acid (IC, 25.41 pM). trans-Resveratrol (13) showed
moderate activity (IC,; 45.90 uM), which was almost better
than BHT (IC, 46.56 uM).
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