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ABSTRACT

Infections caused by antibiotic-drug-resistant microorganisms are a major global health
concern, and they result in millions of deaths every year. Methicillin-resistant Staphylococcus
aureus (MRSA) is one of such drug-resistant microbial strains, and new and effective
antimicrobial agents are desperately needed to combat infections caused by MRSA. In the
search for effective anti-MRSA agents, the leaves of Citrus grandis (Rutaceae), also known as
C. maxima, were investigated. Implementing a bioassay-guided approach, sinensetin (2),
which is a polymethoxyflavone, was isolated as a promising anti-MRSA compound, showing
inhibitory activity against three (EMRSA-15, MRSA340802 and MRSA274819; MIC values 128-
256 ug/mL) of five MRSA strains tested in the present study. Five other flavonoids 6,7,8,3',4'-
pentamethoxyflavone (1), cirsilineol (3), nobiletin (4), 5-desmethylsinensetin (5) and
hesperidin (6) were isolated from the dichloromethane extract of this plant. They displayed
varied levels of antimicrobial activities against the tested microbial strains, Micrococcus luteus
NCTC 7508, Escherichia coli NCTC 12241 and Pseudomonas aeruginosa NCTC 12903, and a
fungal strain, Candida albicans ATCC 90028, but not against Staphylococcus aureus NCTC
12981. Sinensetin (2) also exhibited strong antimicrobial activity against the fungal strain C.
albicans with an MIC value of 0.0625 mg/mL. The chemical structures of all isolated
compounds were unequivocally elucidated by spectroscopic means (1D and 2D NMR and HR-
ESIMS). The present study revealed sinensetin (2) as a potential structural template for
generating structural analogues and developing anti-MRSA agents and provided scientific

evidence supporting the traditional uses of C. grandis in the treatment of microbial infections.
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Staphylococcus aureus



1. Introduction

One of the major global public health concerns is antibiotic resistance or antimicrobial
drug resistance (AMR) [1], and the condition has become worse because of the irrational
overuse of antibiotics in recent years [2, 3]. The World Health Organization (WHO) estimates
that antimicrobial resistance directly caused 1.27 million deaths and contributed to the death
of ca. 5 million people worldwide in 2019 alone [4, 5]. It is further estimated that by 2050 as
many as ten million deaths may occur annually. This dire situation of AMR has necessitated
the search for novel compounds, particularly those from natural sources, with potential
antimicrobial properties against various drug-resistant microbial strains, e.g., methicillin-

resistant Staphylococcus aureus (MRSA) [6].

Citrus grandis (L.) Osbeck [alt. Citrus maxima (Burm.) Merr.], commonly known as
‘pomelo’ or ‘shaddock’, is a perennial tree (5-15 m) from the family Rutaceae [7]. Pomelo,
native to Southeast Asia (particularly, Malaysia), is the largest citrus fruit (15-30 cm diameter)
and this natural and non-hybrid citrus fruit is also widely grown in Chile, China, Cambodia,
Irag, Japan and Tirkiye [7-10]. Various plant parts of C. grandis have long been used in
traditional medicines for treating fever, oedema, skin infections, pain and anorexia [8, 11]. The
fruit is used as an antipyretic, cardiac stimulant, antitoxic and to treat stomachache, and the
pulp is used as an appetizer [12]. This plant is a part of Chinese medicine for healing colds and
relieving fatigue [9]. In South Korea, leaves are used as a food flavouring agent and used in
making tea [13]. In many Asian countries, the leaf oil of C. grandis is used to treat skin
infections, headaches and abdominal pain, the fruit peel is used for treating cough, swelling,
and epilepsy, the flowers are used as a remedy for anxiety and sleep disorders, and the whole
fruit is used for the treatment of asthma, leprosy, and mental disorders [8]. Previous
phytochemical studies on C. grandis revealed the presence of several bioactive plant
secondary metabolites including, carotenoids, cinnamic acid derivatives, flavonoids (mainly
polymethoxyflavones), alkaloids (mainly acridone type), limonoids, sterols, terpenoids and
vitamin B and vitamin C, whereas the bioactivity evaluation established the anticancer,
antihyperlipidemic, anti-inflammatory, antimicrobial, antioxidant and cytoprotective
(hepatoprotective and nephroprotective) potential of this plant [8]. Most of these studies
were about whole fruits, pulps, peels, and flowers, but the least with the leaves of C. grandis.

Also, the anti-MRSA potential of this plant was not previously evaluated. As a part of our on-
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going endeavour to discover phytochemicals with anti-MRSA activity [6, 14-16], we now
report on the bioassay-guided isolation of sinensetin (2) as a potential anti-MRSA agent
against multiple MRSA strains, as well as five other flavonoids, 7,8,3',4'-pentamethoxyflavone
(1), cirsilineol (3), nobiletin (4), 5-desmethylsinensetin (5) and hesperidin (6) from the leaves
of C. grandis collected from Iraqg, where this plant has long been traditionally used to treat

infections.
2. Materials and Methods

2.1. General

Chromatographic solvents were from Fisher Scientific, UK, and used without further
purification. The NMR experiments were performed on a Bruker AMX600 NMR spectrometer
(600 MHz for 'H, and 150 MHz for '3C). MS was conducted using high-resolution mass
spectroscopy facility (HR-MS) at the National Mass Spectrometry Facility (NMSF) (Swansea,
UK) on Xevo G2-S ASAP or LTQ Orbitrap XL1 spectrometers. Low and high-resolution MS
analyses were also obtained at Liverpool John Moores University; HR-MS using Agilent 6200
Series Accurate-Mass Time-of-Flight (TOF) LC/MS using electro-spray ionisation (ESI) in
positive ion mode connected to an Agilent auto-sampler injection system. The vacuum liquid
chromatographic (VLC, silica gel, Sigma-Aldrich, UK) fractions were analyzed on a Dionex
Ultimate 3000 UHPLC coupled with a photodiode array (PDA) detector. A Phenomenex
Gemini-NX 5 U C18 column (150 x 4.6 mm, 5 um, Phenomenex, USA), and gradient solvent
systems comprising acetonitrile (ACN, solvent B) and water (solvent A) (both contained 0.1%
TFA, flow rate: 1 mL/min) were employed for method developments for preparative-scale
separation and isolation of compounds. The reversed-phase preparative HPLC purification
was performed on an Agilent Technologies, 1260 Infinity Series prep-HPLC coupled with a
photo-diode-array detector, (Germany) using a Phenomenex LC-18 Cig stainless steel column
(150x21.2 mm, 5 um, Phenomenex, USA) with the same solvent system as mentioned above,

but with a 10 mL/min flow rate. The column temperature was set at 25°C.
2.2.  Plant material

The leaves of Citrus grandis (L.) Osbeck were collected from Diyala, Central Iraq (N

33.79684 E 44.623337) in September 2015, air-dried at room temperature, and ground to fine



powder using a coffee grinder. A voucher specimen (No. 15324) for this collection was

deposited at the National Herbarium of Iraq.
2.3.  Extraction

The air-dried ground leaves (351 g) of C. grandis were extracted sequentially with
solvents of increasing polarity, i.e., n-hexane, dichloromethane (DCM) and methanol (MeOH)
using a Soxhlet apparatus (900 mL, ten cycles each). The crude extracts were concentrated to
dryness using a rotary evaporator and stored at 4oC for further work. The active DCM extract
with the highest level of antimicrobial activity in the initial in vitro antimicrobial screening
using resazurin as an indicator of cell growth [17] was subjected to further fractionation

leading to the isolation of active compounds.
2.4.  Antimicrobial assay (resazurin assay)

The modified resazurin test described by Sarker et al. [17] was used to determine the
minimum inhibitory concentration (MIC) using a microtitre plate. The key feature of this assay
is the use of a standard concentration of bacterial suspension. This assay was performed
under aseptic conditions. Two Gram-positive (Micrococcus Iluteus NCTC 7508 and
Staphylococcus aureus NCTC 12981) and two Gram-negative (Escherichia coliNCTC 12241 and
Pseudomonas aeruginosa NCTC 12903) bacterial strains and a fungal strain, Candida albicans
ATCC 90028 were used in this study. All these microorganisms were obtained from the
properly identified and appropriately maintained cultures at the Microbiology Laboratory of

the School of Pharmacy and Biomolecular Sciences, Liverpool John Moores University, UK.

Preparation of standard microbial colonies: Microbial strains were cultured on 20 mL
nutrient agar in Petri dishes and incubated for 12-48 h at 35 °C. Single colonies from incubated
plates were transferred to sterilized tubes containing 100 mL nutrient broth and incubated at
35 °C for 24 -48 h. After the incubation, the tubes were centrifuged at 4000 rpm for 5 min.
The supernatant was discarded, and 20 mL sterile normal saline was added to the tubes and
again centrifuged at the same conditions. Centrifugation was repeated until the supernatant
became clear. A spectrophotometer was used at 500 nm to determine the optical density of
the bacterial suspension with dilution factor and calculations to obtain a concentration of 5 x

106 cfu/mL.



Preparation of resazurin solution: The resazurin solution was prepared by dissolving 1
mg of resazurin (resazurin sodium salt purchased from Aldrich, USA) in 5 mL of sterile distilled
water. A vortex mixer was used to ensure that it was a well-dissolved and homogeneous

solution. Resazurin was used in this assay as an indicator of cell growth.

Preparation of tested materials: The stock concentration was prepared by dissolving
the tested materials in 10% (v/v) DMSO or sterilized water. The stock concentration was 10

mg/mL for crude extracts, while 1 mg/mL for the fractions and pure compounds.

Preparation of 96-well plates: All wells on 96-well plates were filled with 50 pL
sterilized normal saline. The test material (100 pL) was added to the first row of the plate and
serial dilutions were made using multichannel pipettes by transferring 50 uL. Resazurin (10
uL) was added to all wells and finally, 10 pL of bacterial suspension (5 x 10° cfu/mL) was added
to each well. To prevent bacterial dehydration, each plate was wrapped loosely with cling
film. Every plate contained the antibiotic ciprofloxacin as a positive control for the bacterial

strains and nystatin for the fungal strain C. albicans.

Interpretation of results: The normal resazurin colour is blue. During incubation, if the
test materials inhibited the microorganisms, they acquire the resazurin’s blue colour, or
become purple or colourless, which is considered a positive result, whereas the development
of pink colour represents no effect of the test materials on the microbes. The lowest
concentration at which the colour change occurs is considered an MIC (minimum inhibitory

concentration) value. The mean of three values was calculated.
2.5. Anti-MRSA screening

The anti-MRSA screening was performed against five methicillin-resistant S. aureus
strains, SA1199B, XU212, MRSA340702, EMRSA-15, MRSA274819, and against the standard
strain ATCC25923. All the bacterial strains were obtained from the UCL School of Pharmacy

and the experiments were performed at the University of East London.

Preparation of culture medium: Mueller-Hinton broth (MHB) was prepared according
to the instruction given by the supplier. The MHB was adjusted to contain cations- 20 mg/L

Ca%* and 10 mg/L of Mg**.



Preparation of tested compounds: Compounds and antibiotics were dissolved in
predetermined amounts of DMSO (less than 1% concentration in the final well), which was

further diluted with MHB to obtain the targeted starting concentration (128 pg/mL).

Preparation of 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)
solution: It was achieved by dissolving the required amount of MTT in MeOH to obtain a

concentration of 5 pg/mL.

Suspension of subculture of the bacteria: All bacterial strains were subcultured one
day before the experiment. Bacterial strains were subcultured in nutrient agar slopes by

streaking the bacteria with a loop followed by incubation at 37° for 12-18 h.

Anti-MRSA assay: This experiment was performed using 96-well plates. The first step
in this assay was to add (100 pL) of MHB to all wells except those in column 12. To the first
row of the plate, 100 uL of test compounds or antibiotics were added. Using a multi-channel
pipette, the materials of the first well were mixed properly, followed by the transfer of 100
uL of the well contents to the wells of the second column and so on until column 10. Finally,

100 pl content from the wells of column 10 was transferred to the wells of column 12.

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). Then
microtitre plates were incubated at 37°C for 18 h. To determine the minimum inhibitory
concentrations (MICs), 20 puL of MTT was added to the microtitre plate and incubated for 20
min. It is a colourimetric method, bacterial growth was indicated by the colour changing from
yellow to dark blue and the MIC was recorded as the lowest concentration at which no growth

was observed. As a positive control norfloxacin, a well-known antibiotic was used.

The method used to determine the MIC is considered a broth microdilution method
according to National Committee for Clinical Laboratory Standards with modification using

nutrient broth as the medium [15, 19-22].

2.6. Isolation of compounds



The most active DCM extract of C. grandis was subjected to vacuum liquid
chromatographic (VLC) separation [23] on silica gel using a step-wise mobile phase of
increasing polarity using the solvent mixture comprising chloroform (CHClz) and MeOH as
follows 100% CHCls, 2% MeOH in 100% CHCls, 4% MeOH in 100% CHCls, 6% MeOH in 100%
CHCls3, 8% MeOH in 100% CHCl3, 10% MeOH in 100% CHCls, 20% MeOH in 100% CHCls and
30% MeOH in 100% CHCIs (each fraction was 200 mL). The VLC fractions were assessed for
antimicrobial activity and the most active fraction F7 (20% MeOH in 100% CHCls) was analysed
by reversed-phase analytical HPLC to develop the optimum separation conditions for
preparative HPLC separation. Reversed-phase preparative HPLC analysis [linear gradient 20-
80% acetonitrile (ACN) in water over 30 min, isocratic 80% ACN for the next 5 min, linear
gradient 80-20% ACN in water for 5 min, and isocratic 20% ACN in water for 5 min] of the VLC
fraction F7 afforded six compounds (1-6), the structures of which were unambiguously
confirmed by extensive 1D and 2D NMR data analyses and MS spectroscopic data

interpretation as well as comparison with the respective literature data.
3. Results and Discussion

The Soxhlet extraction of the dried ground leaves of C. grandis afforded three extracts,
n-hexane (5.9 g, 1.68%), DCM (13.5 g, 3.84%) and MeOH (15.9 g, 4.53%). Initial antimicrobial
screening of these extracts revealed the most activity in the dichloromethane (DCM) extract
(Table 1), which was active against all the tested microorganisms (MIC = 0.3125-0.625
mg/mL). The n-hexane extract was only active against Micrococcus luteus (MIC = 0.625
mg/mL), Escherichia coli (MIC = 5 mg/mL) and Candida albicans (MIC = 5 mg/mL), while the
MeOH extract was active against all five microbial strains. However, the MIC values of the
MeOH extract against the tested microorganisms (0.625 - 5 mg/mL) were much higher than
those of the DCM extract (Table 1). The most active DCM extract was subjected to VLC
fractionation affording eight fractions. Among the VLC fractions, fraction F7 (20% MeOH in
CHCIs fraction) displayed the highest level of antimicrobial activity, and it was active against
all five microbial strains tested in this study with the MIC values ranging between 0.0156 and
0.625 mg/mL (Table 1). While fractions F1-F5 and F-8 were not at all active against any of the
tested microbial strains at the highest tested concentration, fraction F-6 (10% MeOH in 100%
CHCl3) was active against all the tested microbial strains (MIC = 0.5-1 mg/mL), but the activity

was much less potent than that of F7 (Table 1).
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Reversed-phase preparative HPLC analysis of the most active VLC fraction F7 of the
DCM extract [linear gradient 20-80% acetonitrile (ACN) in water over 30 min, isocratic 80%
ACN for the next 5 min, linear gradient 80-20% ACN in water for 5 min, and isocratic 20% ACN
in water for 5 min] afforded six compounds (1-6) (Figure 1) with the retention times (tr) 14.58,
19.00, 20.27, 21.19, 23.93 and 28.45 min, respectively, which were identified unequivocally
as 6,7,8,3',4'-pentamethoxyflavone (1; 2.5 mg) [24], sinensetin (2; 3.5 mg) [24], cirsilineol (3;
2.9 mg) [25], nobiletin (4; 4.3 mg) [26], 5-desmethylsinensetin (5; 2.7 mg) [27] and hesperidin
(6; 3 mg) [28] by 1D and 2D NMR as well as MS data analyses. While the MS data (Table 2)
confirmed the molecular mass of all these compounds, the experimental *H and 3C NMR data
(Table 3) were comparable with the published data available in the literature for respective
compounds. Five (1-5) of the six isolated flavonoids are polymethoxyflavones, which are

typical of the genus Citrus and known to have various bioactivities [29].

All six compounds (1-6) were subjected to resazurin assay as the extracts and fractions
mentioned earlier, and sinensetin (2) was found to be active against all tested microorganisms
with the minimum inhibitory concentration (MIC) values ranging from 0.0625 to 0.50 mg/mL
(Table 1), and among the tested compounds, it was the only compound active against
Staphylococcus aureus (MIC = 0.25 mg/mL). Sinensetin (2) was highly active against the fungal
strain Candida albicans (MIC = 0.0625 mg/mL), which is line with a recent finding where a
combination of this compound (2) and lysozyme, phytoalexin, chitosan oligosaccharide, 18
beta/20 alpha-glycyrrhizin and betaine has been observed to be effective in the treatment of
vulvovaginal candidiasis [30]. Hesperidin (6) did not show any antimicrobial activity against
the tested microbial strains, but all polymethoxyflavones (1-5) were active against
Micrococcus luteus (MIC =0.25—0.50 mg/mL). Furthermore, 6,7,8,3',4'-pentamethoxyflavone
(1), sinensetin (2), nobiletin (4) and 5-desmethylsinensetin (5) exhibited antimicrobial activity
against Pseudomonas aeruginosa and Candida albicans (MIC = 0.0625 — 0.50 mg/mL) (Table
1).

Because of the observed antimicrobial activity of sinensetin (2) against S. aureus (MIC
=0.25 mg/mL) and none other compounds being active against S. aureus, sinensetin (2) was
tested for its anti-MRSA potential against the MRSA strains SA1199B, XU212, MRSA340702,
EMRSA-15MRSA274819, and against the standard strain ATCC25923 (Table 4). Except for the
MRSA strains XU212 and SA119B, this methoxylated flavone (2) showed significant anti-MRSA



activity against the other three MRSA strains, EMRSA-15, MRSA340702 and MRSA274819
(MIC = 128-256 ug/mL) as well as the standard S. aureus strain ATCC25923. The anti-MRSA
activity of sinensetin (2) against MRSA340702 was just two-fold less active than the positive

control norfloxacin (MIC = 64 pg/mL).

Sinensetin (2), which is well distributed in the Citrus genus, e.g., C. aurantium, C.
reticulata and C. sinensis [31, 32], has been shown to possess antibacterial activity [33-35],
particularly against Staphylococcus aureus and this activity is mediated by targeting
staphylocoagulase and preventing biofilm formation [36]. This polymethoxyflavone (2)
together with lysozyme, phytoalexin, chitosan oligosaccharide, 18 beta/20 alpha-glycyrrhizin
and betaine was effective (bacteriostatic) against aerobic vaginitis and bacterial vaginosis [30].
However, to the best of our knowledge, this is the first report on the potential anti-MRSA
activity of sinensetin (2) against five MRSA strains. In addition to the antimicrobial property,
sinensetin (2) has been shown to have various other bioactivities with therapeutic potentials
[30, 33, 34], e.g., anti-adipogenic [37], anticancer [38, 39], anti-inflammatory [40], antioxidant
[34, 40], immunomodulatory [41], nephroprotective [42] and neuroprotective [41] properties.
Compounds 1-5 are polymethoxyflavones, and the only structural differences among them
are in the number of methoxylations and the position of the methoxyl functionality on the
flavone skeleton (Figure 1). Sinensetin (2), a pentamethoxyflavone, which showed the best
antimicrobial activity against the tested microbial strains, has the methoxyl functionality at C-
5 C6, C-7, C-3 and C-4, whereas another pentamethoxyflavone, 6,7,8,3'4'-
pentamethoxyflavone (1) has the methoxyl functionality at C-6, C-7, C-8, C-3’ and C-4’, but was
not active against S. aureus. The only structural difference between sinensetin (2) and
6,7,8,3',4'-pentamethoxyflavone (1) is the presence of the methoxyl group at C-5 in 2, but at
C-8 in 1, and this slight difference in the structure might have contributed to better
antimicrobial profile, particularly the activity against S. aureus, of sinensetin (2) than
6,7,8,3',4'-pentamethoxyflavone (1). It also appears that having fewer methoxyl functionality
in cirsilineol (3), which is a trimethoxyflavone, has made this compound among the
polymethoxyflavones isolated in this study, the least active against the tested microorganisms.
Therefore, it may be inferred that the position and the number of methoxyl functionality on
the flavone skeleton contribute to the overall antimicrobial profile of polymethoxyflavones (1-

5).
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4. Conclusions

The present work afforded the antimicrobial assay-guided isolation of five
methoxylated flavones, 6,7,8,3',4'-pentamethoxyflavone (1), sinensetin (2), cirsilineol (3),
nobiletin (4), 5-desmethylsinensetin (5) and a well-known flavanone glycosides hesperidin (6)
from the leaves of Citrus grandis of Iraqgi origin, for the first time. Among the flavonoids,
sinensetin (2) was found to be the most active antibacterial compound against all test
organisms and displayed considerable anti-MRSA potential against three (EMRSA-15,
MRSA340802 and MRSA274819) of five MRSA strains assessed in this study. The anti-MRSA
potential of sinensetin (2) is also presented here for the first time. Based on the current
findings, it can be assumed that sinensetin (2) could be an ideal structural template for
generating structural analogues and developing potential anti-MRSA therapeutic agents. The
current findings provide some scientific evidence in support of the traditional uses of C.

grandis in the treatment of microbial infections.
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Figure 1. Structures of flavonoids isolated from the most active VLC fraction (F7) of the

active DCM extract of the leaves of C. grandis
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Table 1.

Antimicrobial activity of the extracts of the leaves of C. grandis, the VLC fractions of the DCM extract, and the isolated compounds (1-6) from

the active VLC fraction

Tested samples

MIC values in mg/mL

Gram-positive bacteria

Gram-negative bacteria

Fungus

Micrococcus luteus Staphylococcus aureus Escherichia coli

Pseudomonas aeruginosa Candida albicans

n-Hexane extract 0.625

DCM extract
MeOH extract

VLC fractions of the DCM extract

F1
F2
F3
F4
F5
F6
F7
F8

0.3125
0.625

Not active
Not active
Not active
Not active
Not active
0.5
0.0156
Not active

Isolated compounds (1-6)

1

u A WN

0.25
0.25
0.50
0.50
0.25

Not active
0.625
5.00

Not active
Not active
Not active
Not active
Not active
1.0

0.25

Not active

Not active
0.25

Not active
Not active
Not active

5.00
0.3125
1.25

Not active
Not active
Not active
Not active
Not active
1.0

0.625

Not active

Not active
0.50

Not active
Not active
Not active

Not active
0.3125
5.00

Not active
Not active
Not active
Not active
Not active
0.5

0.125

Not active

0.50
0.25
Not active
0.25
0.50

5.00
0.625
2.5

Not active
Not active
Not active
Not active
Not active
0.5
0.0312
Not active

0.25
0.0625
Not active
0.25

0.50
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6 Not active Not active Not active Not active Not active
Positive controls

Ciprofloxacin 9.76 x 104 9.76 x 104 1.55x 102 1.95x 10% Not applicable
Nystatin Not applicable Not applicable Not applicable Not applicable 9.76 x 104
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Table 2.

HR-ESIMS data of the isolated flavonoids (1-6)

Pseudomolecular ion and Flavonoids
molecular formula 1 2 3 4 5 6
[M+H]* ion m/z 373.1317 m/z 373.1284 m/z 345.0974 m/z 403.1388 m/z 359.1141 m/z 611.1953
(calculated (calculated (calculated (calculated (calculated (calculated
373.1287) 373.1287) 345.0974) 403.1392) 359.1130) 611.1976)
Molecular formula C20H2007 C20H2007 C18H1607 C21H220s C19H1807 Ca8H34015
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Table 3.

1H (600 MHz) and 3C (150 MHz) NMR data for the isolated flavonoids (1-6)

Carbon H NMR chemical shift 84 in ppm (coupling constant J in Hz) 13C NMR chemical shift 8¢ in ppm
number 1 2 3 4 5 6 1 2 3 4 5 6
2 - - - - - 5.50 dd 161.2 161.7 1644 1614 1644 78.8
(12.0, 3.1)
3 6.60s 6.60s 6.58 s 6.64 s 6.60s 2.78 dd 107.7 107.6 104.7 107.1 1049 425
(3.1,17.2)
4 - - - - - - 177.6 177.7 183.3 177.7 183.0 197.5
5 6.97 s - - - - - 96.9 152.3 153.6 149.6 153.6 163.5
6 - - - - - 6.14d(2.5) 158.0 144.8 133.1 144.4 133.1 96.8
7 - - - - - - 146.0 158.1 159.1 152.2 159.1 165.6
8 - 6.97 s 6.55s - 6.55s 6.12d(2.5) 140.7 96.6 91.1 1381 91.0 96.0
9 - - - - - - 143.0 154.9 1535 148.7 153.4 163.0
10 - - - - - 113.2 113.1 106.5 115.1 106.5 103.8
1 - - - - - - 1245 1244 123.8 124.2 124.2 1314
2 7.33d 7.33d 7.33d(2.1) 7.41d(2.1) 7.34d(2.1) 6.93d(2.1) 109.1 109.1 108.7 111.3 109.2 114.6
(2.1) (2.1)
3 - - - - - 149.7 149.7 147.2 149.6 149.7 146.9
4 - - - - - 153.0 1529 149.6 1529 152.7 1484
5’ 6.96 d 696d 7.04d(8.3) 7.00d(8.5) 6.98d(8.0) 6.95d(8.4) 111.5 111.5 1154 111.5 111.6 112.5
(8.4) (8.4)
6’ 7.51 dd 7.51 dd 7.50 dd 7.57 dd 7.51 dd 6.91 dd 120.0 120.0 121.1 1199 1204 1184
(8.4,2.1) (8.4,2.1) (8.3,2.1) (8.5,2.1) (8.0,2.1) (8.4,2.1)
5-OMe - 3.92s - 3.95s - - - 619 56.7 625 - -
6-OMe 3.99s 3.99s 3.93s 3.95s 3.98s - 56.7 62.6 612 62.2 56.7 -
7-OMe 3.99s 3.96s 3.97s 4.10s 3.93s - 61.9 56.5 - 619 61.2 -
8-OMe 3.92s - - 4.02s - - 62.5 - 56.5 62.1 - -
3’-OMe 3.96s 3.96s 3.97s 3.96s 3.99s 3.78 s 56.5 56.4 - 56.3 56.5 56.2

22



4’-OMe 3.98s 3.99s - 3.97s 3.97s - 56.4 56.7 - 56.2 56.5 -

Glucose 1 - - - - - 498 d (8.5) - - - - - 101.1
Glucose 2 - - - - - 3.63* - - - - - 76.0
Glucose 3 - - - - - 3.45%* - - - - - 78.8
Glucose 4 - - - - - 3.40* - - - - - 70.7
Glucose 5 - - - - - 3.54* - - - - 76.7
Glucose 6 3.42m 66.8
Rhamnose 1 - - - - 4.52d(1.9) - - - 103.8
Rhamnose 2 - - - - 3.27%* - - - 71.7
Rhamnose 3 - - - - 3.28* - - - 72.5
Rhamnose 4 - - - - 3.18* - - - 73.4
Rhamnose 5 - - - - 3.38* - - - 68.8
Rhamnose 6 - - - - 1.09d (6.2) - - - 18.3

Spectra obtained in CDCl; for compounds 1-5, and in CD30D for compound 6

*Unresolved peaks, determined by 2D COSY, HSQC and HMBC experiments
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Table 4.

Anti-MRSA activity of sinensetin (2)

Tested compounds MIC values in ug/mL
MRSA strains Standard S. aureus strain
XU212 SA1199B EMRSA-15 MRSA340702 MRSA274819 ATCC25923
Sinensetin (2) Not active Not active 256 128 256 128
Norfloxacin 16 32 1 64 64 2

24



