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Abstract

A sesquiterpene, zederone (1), was isolated from the crude ethanolic extract of the rhizomes of Zingiber zerumbet (L.) Smith. It is the first time
report of isolation of this compound from the genus Zingiber. Its structure was established by a series of spectral data including high-field NMR (both 1D and
2D) and MS. The antibacterial activity of this compound was determined against a number of multi-drug resistant and methicillin-resistant Staphylococcus
aureus strains (SA1199B, ATCC25923, XU212, RN4220 and EMRSA15) and minimum inhibitory concentration (MIC) values were found to be in the range
of 64-128 pg/ml.
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Resumen

Un sesquiterpeno, zederona (1), fue aislado del extracto crudo metanolico de los rizomas de Zingiber zerumbet (L.) Smith. Esta es la primera vez
que se reporta este compuesto en el género Zingiber. Su estructura se establecid tras una serie de analisis espectrales incluyendo NMR de alto campo (1D y
2D) y espectrometria de masa. La actividad antibacteriana de este compuesto se determine frente a varias cepas multi-farmaco resistentes y meticilina-
resistentes Staphylococcus aureus (SA1199B, ATCC25923, XU212, RN4220 and EMRSA15) y las concentraciones inhibidoras minimas se encontraron en el
rango de 64-128 pg/ml.
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INTRODUCTION

Zingiber  zerumbet (L.) Smith (Fam.
Zingiberaceae) locally known as ‘Bon Ada’ is a
vigorous ginger with leafy stems growing to about
1.2 m in height that is widely cultivated throughout
the tropics including Southeast Asia, Korea, India
and Bangladesh for its medicinal properties (Kritikar
and Basu, 1984; Fansworth and Bunyapraphatsara,
1992; Saadiah and Halijah, 1995). The most common
use of Z. zerumbet is as a shampoo and conditioner
for the hair (Burkill, 1966; Petard, 1986). Its
rhizomes are used in traditional medicine for the
treatment of inflammation, swelling, loss of appetite,
lumbago, diabetes, chest pain, rheumatic pains,
bronchitis, dyspepsia and sore throat (Burkill, 1966;
Kritikar and Basu, 1984; Farnsworth and
Bunyapraphatsara, 1992). The juice of the boiled
rhizomes has also been used in indigenous medicine
for worm infestation in children (Petard, 1986).
Previous phytochemical investigations on this plant
have revealed the isolation of several sesquiterpenes,
flavonoids and aromatic compounds (Matthes et al.,
1980; Masuda et al., 1991; Dai et al., 1997; Jang et
al, 2004; Jang et al, 2005). The volatile oil of the
rhizomes has been shown to contain zerumbone,
humulene, camprene a-caryophyllene and camphene
(Hasnah, 1991; Srivastava et al., 2000; Bhuiyan et al.,
2009). Zerumbone, a predominant sesquiterpene from
this plant, has been studied intensively for its use as
anti-inflammatory, and in chemoprevention and
chemotherapy strategies (Dai et al., 1997; Kitayama
et al., 2001; Murakami et al., 1999; Murakami et al.,
2002; Tanaka et al., 2001). From the pharmacological
point of view, Z. zerumbet has been reported to
inhibit colon and lung carcinogenesis in mice (Kim et
al., 2009) and CXCL12-induced invasion of breast
and pancreatic tumor cells (Sung et al.,, 2008),
suppresses phorbol ester-induced expression of
multiple scavenger receptor genes in THP-1 human
monocytic cells and inhibits Epstein-Barr Virus
activation (Vimala et al., 1999; Murakami et al.,
1999). As a part of our research focused on bioactive
compounds from indigenous medicinal plants, we
here report the isolation and identification of a
compound (1) from the ethanolic extract of Zingiber
zerumbet (L.) Smith and its ant-staphylococcal
activity against a series of multi-drug resistant
(MDR) and methicillin resistant Staphylococcus
aureus strains: SA1199B, ATCC25923, XU212,
RN4220 and EMRSALS.
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MATERIALS AND METHODS

General experimental procedures

NMR spectra (both 1D and 2D) were
acquired on a Bruker Avance 500 MHz NMR (500
MHz for 'H and 125 MHz for "*C) spectrometer
using the residual solvent peak as internal standard.
The IR spectra were recorded with a Perkin-Elmer
Lambda spectrophotometer and the Mass spectra
were recorded with HRTOF-MS in positive mode.
The melting point were determined using a Digital
Melting point Apparatus (model IA 8103,
Electrothermal Engineering LTD, Southend-on-Sea,
Essex, UK) and are uncorrected. All solvents used in
this study were of analytical grade and purchased
from BDH and Merck.

Plant materials

Fresh rhizomes of Z. zerumbet were collected
from the hilly areas of Chittagong, Bangladesh in
October 2007 and identified by a taxonomist, Dr.
Mohammed Yusuf, BCSIR Laboratory, Chittagong,
Bangladesh where a voucher specimen (No. 1061) of
this collection has been maintained.

Extraction and isolation of compound (1)

The powdered plant material (800 g) of Z.
zerumbet was extracted with ethanol (4 L) in an
aspirator bottle for a week and then filtered and
concentrated by using a rotary evaporator at 45°C
under reduced pressure. The crude ethanol extract
(2.0 g) was subjected to column chromatography
over silica gel (Merck) eluting with petroleum ether
and ethyl acetate of increasing polarity and finally
with ethanol which yielded a total of 105 fractions.
Based on TLC analysis, fractions 15-18 were
combined together and then subjected to preparative
TLC using the solvent system petroleum ether and
ethyl acetate in a ratio of 20:1 to yield compound 1
(8.0 mg; white powder; R¢ 0.45 in 5% EtOAc in
petroleum ether). The structure of the compound (1)
was confirmed by analysis of its IR, "H-NMR, "*C-
NMR and TOF- Mass spectral data at The School of
Pharmacy, University of London, UK.

Compound 1: White powder; mp. 58-600C;
IR (KBr): 1662, 1521, 1533, 1558, 914, 861 cm™'; 'H-
NMR (500 MHz, CDCl3): & 5.49 (1H, dd, J = 12.0,
4.0 Hz , H-1), 2.25 (1H, m, H-2a), 2.53 (1H, m, H-
2b), 1.29 (1H, m, H-3a), 2.31 (1H, dt, J= 13.0, 3.5
Hz, H-3b), 3.81 (1H, s, H-5), 3.69 (1H, d, J= 16.0
Hz, H-9a), 3.77 (1H, d, J= 16.0 Hz, H-9b), 7.10 (1H,
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s, H-12), 1.61 (3H, s, H-13), 1.35 3H, s, H-14), 2.12

(3H, s, H-15); "C-NMR (125 MHz, CDCl;): 131.4

(C-1), 24.9 (C-2), 38.2 (C-3), 64.2 (C-4), 66.8 (C-5),

192.4 (C-6), 122.5 (C-7), 157.3 (C-8), 42.1 (C-9),

131.3 (C-10), 123.5 (C-11), 138.3 (C-12), 16.0 (C-

13), 154 (C-14), 10.5 (C-15); HR-TOF-ESIMS
+

[M+H] m/z 247.0889.

Bacterial strains

The antibacterial assay was performed
against a panel of multi-drug and methicillin-
resistant strains of Staphylococcus aureus. S. aureus
standard strain ATCC 25923 and tetracycline-
resistant strain XU212 which possesses the TetK
tetracycline efflux protein provided by Dr Edet Udo
(Gibbons and Udo, 2000). Strain SA-1199B which
overexpresses the norA gene encoding the NorA
MDR efflux pump was provided by Professor Glenn
Kaatz (Kaatz et al., 1993). Strain RN4220 which
possesses the MsrA macrolide efflux protein was
provided by Dr Jon Cove (Ross et al, 1989).
EMRSA-15 (Richardson and Reith, 1993) was the
generous gift of Dr Paul Stapleton.

Minimum inhibitory concentration (MIC) assay.

All five S. aureus strains were cultured on
nutrient agar (Oxoid) and incubated for 24 h at 37°C
prior to MIC determination. Norfloxacin was
purchased from the Sigma Chemical Co. Mueller-
Hinton broth (MHB; Oxoid) was adjusted to contain
20 and 10 mg/l of Ca*" and Mg”', respectively. An
inoculum density of 5 x 10° cfu of each of the test
organisms was prepared in normal saline (9 g/l) by
comparison with a 0.5 MacFarland standard. MHB
(125 pl) was dispensed into 10 wells of a 96 well
microtitre plate (Nunc, 0.3 ml volume per well). A
stock solution of norfloxacin was prepared by
dissolving the antibiotic in DMSO (Sigma) and
dilution in MHB to give a final concentration of
0.625%. A DMSO control was included in all assays.

Compounds were serially diluted into each of
the wells followed by the addition of the bacterial
inoculum and the microtitre plate was incubated at
37°C for 18 h. The MIC recorded as the lowest
concentration at which no growth was observed. This
was facilitated by the addition of 20 pl of a 5 mg/ml
methanolic solution of 3-[4,5-dimethylthiazol-2-yl]-
2,5-diphenyltetrazolium bromide (MTT; Sigma) to
each of the wells and incubation for 20 minutes. A
blue colouration indicated bacterial growth (Shiu and
Gibbons, 2006).

www.blacpma.org
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RESULTS AND DISCUSSION

Identification of compound (1)

Compound (1) was isolated as an amorphous
off-white powder from the crude ethanol extract of
the rhizomes of Zingiber zerumbet (L.) Smith. The
high-resolution TOFMS showed the pseudo
molecular ion, [M+H]" at m/z 247.0889,
corresponding to the molecular formula as C;5H;50;
The 'H-NMR spectrum of compound 1 showed a
downfield one proton singlet at & 7.10, an olefinic
proton signal at & 5.49, another methine signal at
0 3.81, three methyl proton resonances at & 1.35,
1.61, 2.12, and methylene proton resonances between
81.29-3.77 integrating for four protons. The "“C-
NMR spectrum displayed a total of 15 carbons while
the DEPT-135 and HMQC experiments indicated that
9 out of 15 carbons had attached protons. Analysis of
the °C and DEPT135 spectra allowed discernment of
the carbon resonances into three methyls (8¢ 10.5,
15.4, 16.0), three methylenes (8¢ 24.9, 38.2 and
42.1), three methines (3¢ 66.8, 131.4, 138.3), and six
quaternary carbons, including a carbonyl group (d¢c
192.4). The assignment of all carbons and protons
and thereby the structure of the compound was
resolved by 2D experiments, notably COSY, HMQC
and HMBC experiments. In the COSY experiment,
the olefinic proton at & 5.49 (H-1; 6c 131.4 from
HMQC) showed strong interaction with H,-2 protons
at & 2.25 and 2.53 along with a weak connectivity
with the methyl singlet at & 1.61 (Hs-15). The
methylene protons (H,-2) showed coupling with H,-3
protons at 6 1.29 and 6 2.31 in the COSY experiment.
The presence of a methine (66.8; oy 3.81 from
HMQC) and a quaternary (64.2) in the “C
experiment confirmed the presence of an epoxide in
the molecule. The C-5 methine proton at & 3.81
showed HMBC connectivities over two bonds (*J) to
a quaternary carbon at 8 64.2 (C-4) and the carbonyl
group at 8 192.4 (C-6). The methyl protons at 1.35 (3¢
15.4 from HMQC) revealed *J connectivities to &
38.2 (C-3) and 8 66.8 (C-5) and thereby confirmed its
linkage at C-4. The methylene protons at & 3.70 and
3.77 (Hy-9, 8¢ 42.1 from HMQC) showed 2J
correlations over two bonds to quaternary carbons at
8 131.3 (C-10) and & 157.3 (C-8) and a *J interactions
to methyl (8¢ 16.0), olefinic (6¢ 131.4, C-1) and
quaternary (8¢ 122.5, C-7) carbons. Furthermore, *J
connectivities from the methyl protons at & 1.61 to o
131.4 (C-1) and 6 42.1 (C-9) confirmed its placement
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at C-10. The remaining methyl resonance at 6 2.12
(8¢ 10.5 from HMQC) showed connectivities to Oc
122.5 (C-7) and a methine carbon at & 138.3 (C-12)
over three bonds. This allowed the placement of this
methyl group at C-11. Accordingly, compound 1 was
identified as zederone. Its NMR data were in
agreement with those reported previously (Hikino et
al.,, 1971). Although, it is a known natural product
reported before from a number species of the genus
Curcuma including C. zedoaria (Matthes et al.,
1980), C. aromatic (Phan and Phan 2000), C.
comosa (Qu et al., 2009), C. kwangsiensis ( Zhu et
al., 2009), C. ochrorhiza. (Sirat et al. 2009), C.
xanthorrhiza (Sukari et al., 2008), this is the first
isolation from the genus, Zingiber.

Zederone from the rhizomes of Zingiber zerumbet and its anti-staphylococcal activity

The compound was tested for the
antibacterial activity against a panel of five strains of
Staphylococcus aureus: SA1199B, ATCC25923,
XU212, RN4220 and EMRSA15 and showed weak
activity with minimum inhibitory concentration
(MIC) values in the range of 64-128ug/ml (Table 2).

Figure 1. Structure of compound 1

Table 1 'NMR (500 MHz), *C NMR (125 MHz) and HMBC data of compound 1 in CDCl5.

Position Sy 8¢ HMBC
2 ’J
1 5.49,dd, J=12.0,4.0 Hz 1314 C-2,C-10 C-9,C-15
2 2.25,brd; 2.53, m 249 C-3 -
3 1.29, m; 2.31, dt, J= 13.0, 3.5 Hz 38.2 C-2,C-4 -
4 - 64.2 - -
5 3.81,s 66.8 C-4,C-6 C-14
6 - 192.4 - -
7 - 122.5 - -
8 - 157.3 - -
9 3.69, d,J=16.0 Hz; 3.77,d, J=16.0 Hz 42.1 C-8,C-10 C-7,C-15
10 - 131.3 - -
11 - 123.5 - -
12 7.10, s 138.3 C-11 C-7,C-8,C-13
13 1.61,s 16.0 - C-7,C-12
14 1.35,s 154 C-4 C-3,C-5
15 2.12,s 10.5 - C-1,C-9
Table 2. MICs of 1 and standard antibiotic in pg/ml
SA1199B Xu212 ATCC 25943 RN 4220 EMRSA 15
Compound 1 128 64 64 128
Norfloxacin 16 4 0.5 0.5
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