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ABSTRACT

Phytochemical investigation of the leaves and steihtzallistemon citrinugCurtis) Skeels
led to the isolation of 12 flavonoid and triterpghcompounds, including one new flavonoid,
callistine A @) and six known flavonoids, 6,7- dimethyl-5,7-dihgrly-4'-methoxy flavone3),
astragalin 8), quercetin 4), catechin %), eucalyptin 6), and 8-demethyleucalyptirY) along
with 5 known triterpenoids, B-acetylmorolic acid §), 38-hydroxy-urs-11-en-13(28)-olide),
betulinic acid 10), diospyrolide {1) and ursolic acid 12). Their chemical structures were
determined by analysis of their 1D- and 2D-NMR &tid-MS data. All isolated compounds
were examined for their inhibitory activity againg?S-activated NO production in macrophage
RAW264.7 cells. Among them, quercetid) (and F-hydroxy-urs-11-en-13(28)-olide9)
showed the most potent activities.

Keywords: Callistemon citrinus (Curtis) Skeels, flavonoid, triterpenoid, RAWZ264.7
macrophage.

1. INTRODUCTION

Nitric oxide (NO) is an important molecule. It acs a defense factor against invading
bacterial pathogens and is an essential elemaheiregulation of immune reactions [1]. While
low concentrations of NO bring valuable benefitsthe immune system to defend against
pathogens, excessive amounts of NO can result iangh inflammation and consequently
various inflammatory disorders including cardioudac, cancer, arthritis, autoimmune diseases,
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etc. [2]. Since decades, NO production becomesrelsdarget in biochemical investigations.
There are a number of reports using NO levels predun the macrophage RAW 264.7 cells
activated by lipopolysaccharide (LPS) as an exotleodel for the screening and subsequent
evaluation of the effects of candidate drugs onitflemmatory pathway [3]. Various natural
compounds including alkaloids [3], sterols [4]namns [5], triterpenoids [1, 2] and flavonoids[6]
are reported to inhibit NO production in LPS-inddd@AW264.7 macrophages, and thus might
have potential therapeutic applications in treatingumber of inflammatory diseases [7].

Callistemon pelonging to family Myrtaceae, is a genus of at®uspecies [8], all of which
originated from Australia [9].Callistemon citrinus (Curtis) Skeels (syn.Callistemon
lanceolantusD.C.) [9], local name “Tram bong do”, is widelyogvn in Vietnam as ornaments
for its beautiful form, glossy green foliage andsseound, red, bottle-brush like flowers [10].
The tree is used in folk medicine for treatmeninfifienza and cough [11]. Phytochemical and
biological studies ofCallistemonspecies have led to the isolation and charactezaf anti-
bacterial acylphloroglucinols [12, 13], anti-stajggoccal neolignans [14], anti-parasitic and
anti-insecticidal essential oil [9], along witht&tipenoids [15] with elastase inhibition and free
radical scavenging activities [16] and flavoneshveihti-diabetic property [17].

In previous papers, we reported the isolation oflgdoroglucinol derivatives and
triterpenoids with soluble epoxide hydrolase intaibyjy activity [18] as well as phenolic
compounds [19] fronCallistemon citrinudeaves and stem&creening for anti-inflammatory
activity revealed that the methanolic crude extraiciC. citrinus leaves and stems showed
inhibitory effect on NO-production in murine RAW284macrophages activated by bacterial
lipopolysaccharide (LPS). In this study, we deseribe isolation and structural elucidation of
active compounds from the chloroform and ethyl @eefractions of this methanol extract. This
resulted in the isolation of seven flavonoids amd friterpenoids including the new callistine A
(1) (6-methyl-5,7-dihydroxy-4'-methoxy flavone) anid &nown flavonoids, 6,7-dimethyl-5,7-
dihydroxy-4’-methoxy flavone2), astragaling), quercetin 4), catechin %), eucalyptin §), and
8-demethyleucalyptin7j, along with # -acetylmorolic acidg), 38-hydroxy-urs-11-en-13(28)-
olide 9), betulinic acid 10), diospyrolide {1) and ursolic acid 12). The structures of the
compounds were elucidated by spectroscopic methetigling 1D- and 2D-NMR and ESI-MS.
Our investigation showed that among investigatetipmunds, quercetind) and F-hydroxy-
urs-11-en-13(28)-olided} are the most potent anti-inflammatory compourglsteown by their
activities against NO production in LPS-stimulatedrine RAW264.7 macrophages.

2. MATERIALS AND METHODS
2.1. General experimental procedures

'H-NMR (500 MHz),**C NMR (125 MHz) spectra were measured on a BruRéANCE

500 spectrometer. The ESI-MS spectra were obtamgd a ESI-MicroQ-TOF Il (Bruker
Daltonics Inc.) and a FT-ESI-MS (Varian Inc.) maggctrometer. UV and IR spectra were
obtained on a JASCO V-630 and an Impact 410 NicBlEiR spectrometer, respectively.
Column chromatography (CC) was carried out onaigjel (Si 60 b4 230-400 mesh, Merck).
All solvents were distilled before use. Precoatéates of silica gel 60 k&, were used for
analytical purposes. Compounds were visualized ukblé radiation (254, 365 nm) and by
spraying plates with 10%J80, followed by heating with a heat gun.

2.2. Plant material
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The leaves and stems @fallistemon citrinus(Curtis) Skeels were collected in Hue
province, Vietham. The plants were identified bg thotanist Dr. Tran The Bach (Institute of
Ecology and Biological Resources, VAST). A voucbpecimen (HCTN-2118) is deposited in
the herbarium of the Institute of Natural ProduCkemistry, VAST, Hanoi, Vietnam.

2.3. Extraction and isolation

Dried powdered leaves and stemgsCofcitrinus (3.2 kg) were extracted with MeOH over
the period of 5 days at room temperature and cdrated under reduced pressure to yield a
black crude MeOH extract (190 g). This crude MeO#taet was suspended in hot MeOH-
water (1:1, v/v) and successively partitioned withexane, dichloromethane (DCM), ethyl
acetate (EtOAc) and water. The resulting fractimese concentrated under reduced pressure to
give the corresponding solvent-soluble fractiorigexane (27.3 g), DCM (63.0 g), EtOAc (55.4
g), and water.

The DCM fraction (63.0 g) was subjected to CC aslil silica gel column (400 — 630
mesh) with gradient solvents of DCM — methanol (#@ 1, 20:1, 10:1, 5:1, 2.5:1, 1:1 and 0:1,
viv, 1.5 L each) to afford 6 fractions (Fr. D1 t6é)DThe fraction D1 (10.2 g) was subjected to a
silica gel CC, eluting with an isocratic solventxtore of n-hexane-DCM-acetone (1:2:0.1,
v/vlv), to afford 12 fractions (D1A to D1L). Thesttion D1J was chromatographed on a silica
gel column (400-630 mesh), and eluted withexane-acetone (5:1, v/v) to afford 3 fractions
(D1J1 to D1J3). The fraction D1J1 was filtered awvakhed withn-hexane, recrystaled in
hexane-EtOAc (1:1, v/v) to obtain compouridand?2 (17.9 mg) in mixture. The fraction D1C
(3.8 g) was eluted with-hexane — DCM (1:3, v/v) on a silica gel column{23400 mesh) to
yield compound’ (6.1 mg). The fraction D1-D (2.5 g) was chromasmired on a silica gel CC
using a solvent mixture af-hexane-acetone (6:1, v/v) to produce two fracti@iDl and
D1D2. The subfraction D1D1 (1.0 g) was rechromaipbed over a YMC RP-18 column using
acetone-MeOH (1:2, v/v) to yield compoud(18.3 mg). The fraction D1G (1.2 g) was
subjected for CC on silica gel with solvent mixturdnexane—acetone (5/1, v/v) to afford 4
fractions (D1G1 to D1G4). The fraction D1G4 (80.@)mvas further chromatographed on a
silica gel column withn-hexane-EtOAc-MeOH (4:1:0.1, v/iviv) as eluting soit to afford 2
sub-fractions (D1G4-A and -B). Precipitate falleut o the sub-fraction D1G4-B was filtered,
washed byn-hexane and MeOH (2 x 1 ml) to yield pure compo@(l 0.4 mg). The fraction
D1-I was further purified on a silica gel CC usindnexane-EtOAc (3:1, v/v) to afford 2 sub-
fractions D1I-A and D1I-B. The sub-fraction D1I-29.2 mg) was subjected on a silica gel CC
eluting with solvent mixture CHglacetone (15:1, v/v) to give compouBd(18.5 mg). The
fraction D4 was subjected on a silica gel CC usiFgexane-acetone (3:1, v/v) to afford 2
fractions D4-A and -B. The fraction D4-A was puzii by silica gel CC using a solvent mixture
of CH,CI»-EtOAc (4:1, v/v) to afford compound® (79.0 mg) and.2 (60.0 mg).

The EtOAc fraction (55.4 g) was chromatographed diash silica gel column (400 — 630
mesh, Merck) with gradient solvents of DCM — methiaii:0, 40:1, 20:1, 10:1, 5:1, 2.5:1, 1:1
and 0:1, v/v, 1.5 L each) to produce 7 fractions &1 to E7). The fraction E4 (21.8 g) was
separated on a silica gel column, eluting with ad@gnt of chloroform-methanol-water (4:1:0.1
+ 3:1:0.1, viviv), to afford 06 fractions (E4A talE). The fraction E4C was was subjected on a
silica gel CC, eluting with a solvent mixture ofe&mne-chloroform-water (2:1:0.1, v/v/v) to
afford 6 subfractions (Fr. E4C-1 to E4C-6). Thecfian E4C-3 (0.5 g) was further
chromatographed on a silica gel column using aeslmixture of chloroform-methanol-water
(4:1:0.1, viviv) to yield compoun8 (11.7 mg). The fraction E3 (1.1 g) was subjecte@ailica
gel column chromatography, eluting with a £H-MeOH (15:1, v/v) to afford 2 fractions E3A
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and E3B. The fraction E3B (0.55 g) was further safgal on a silica gel column
chromatography, eluting with a mixture fhexane- MgCO (2:1, v/v), to yield compound
(11.9 mg). The fraction E4C1 was rechromatograpbeekr a RP-18 column, eluting with
MeOH-H,O (1:1) to afford 4 sub-fractions (C1lA to C1D). Thsb-fraction C1A was
rechromatographed over a RP-18 column eluting Mig©OH-H,O (1:3, v/v) to yield compound
5(46.0 mg).

The n-hexane fraction (27.0 g) was chromatographed aili@a gel column, using-
hexane — EtOAc (1:0, 40:1, 20:1, 10:1, and 5:1, ¥/® L each) to afford 5 fractions (Al to A5).
The fraction H4 was rechromatographed on silicacgkimn, eluting with DCM — EtOAc (20:1,
v/Vv) to yield compound (11 mg).

2.4.Spectral and physical data

2.4.1 Callistine A (6-methyl-5,7-dihydroxy-4'-methoflavone) (1) yellow solid, soluble in
MeOH and chloroformR; = 0.50 in dichloromethane / EtOAc, 6/1,7/8,4,0s (MW = 298).1H-
NMR (500 MHz, DMSO#dg) 64: 6.83 (s, H-3), 13.14 (s, 5-OH), 1.97 (s, 6-M&.,0T (s, 7-OH),
6.55 (s, H-8), 8.00 (d] = 8.5 Hz, H-2", 7.08 (d] =8.5 Hz, H-3"), 3.84 (s, 4'-OMe), 7.08 (&
8.5 Hz, H-5'), 8.00 (dJ= 8.5 Hz, H-6")."*C-NMR &¢: 162.9 (C-2), 103.1 (C-3), 181.7 (C-4),
158.4 (C-5), 106.8 (C-6), 8.2 (6-Me), 162.1 (C93,0 (C-8), 154.9 (C-9), 103.4 (C-10), 122.9
(C-19, 128.1 (C-2, 114.5 (C-3), 162.1 (C-4%,.% (4'- OMe), 114.5 (C-5", 128.1 (C-6"). HR-
ESI-MS (m/2): 299.0844 [M+H] (calcd for G/H1s0s, 299.0914).

2.4.2.6,8-dimethyl-5,7-dihydroxy-4'-methoxy flavo{®: yellow solid, soluble in MeOH and
chloroform.R; = 0.50 in dichloromethane / EtOAc 6/1;68:05 (MW = 312).1H- NMR (500
MHz, DMSOdg) 64: 6.83 (s, H-3), 13.07 (s, 5-OH), 2.04 (s, 6-MeR72(s, 8-Me), 8.00 (d] =
8.5 Hz, H-2"), 7.08 (d, J =8.5 Hz, H-3'), 3.84450Me), 7.08 (dJ = 8.5 Hz, H-5"), 8.00 (dJ=
8.5 Hz, H-6").*C-NMR &¢: 163.0 (C-2), 103.4 (C-3), 182.1 (C-4), 156.0 (C4#7.0 (C-6), 7.3
(6-Me), 159.7 (C-7), 101.8 (C-8), 8.0 (8-Me), 15p49), 103.6 (C-10), 123.2 (C-1", 128.2 (C-
2, 114.6 (C-3"), 162.1 (C-4"), 55.5 (4- OMe)4H (C-5), 128.2 (C-6"). HR-ESI-MSn/z
311.0947 [M'H] (CaICd for Q8H1505, 3111000)

2.2. NO inhibitory activity

The assay for NO inhibitory activity was conductectording to procedures previously
described in the literature [1]. RAW 264.7 macrapds (ATCC, Manassas, VA, USAyere
cultured on 100 mm culture dishes in DMEM suppletedrnwith 10 % FBS (fetal bovine
serum), penicillin (100 Ul/ml) and streptomycin QLQg/ml) at 37C with 5 % CQ. The
medium was changed every 48 h. For the NO produatiibitory assay, the cells were
harvested in logarithmic phages and seeded intoe6plates (10 cells per well). Different
concentrations of isolated compounds (10; 20 andgA®L) were prepared in FBS-free DMEM
to give a total volume of 500L in each well of a microtiter plate. After 1 h atenent, cells
were stimulated with Juig/mL of LPS for 24 h. Sulfuretin (Sigma-Aldrich, fity 98.0%) was
used as a positive control. The nitrite concerdgrain the culture supernatant was determined by
the Griess reaction. Briefly, 100 mL of cell cukunedium (without phenol red) was mixed with
an equal volume of Griess reagent (equal volumes &6 (w/v) sulfanilamide in 5 % (v/v)
phosphoric acid and 0.1% (w/v) naphthylethylenedhrtHCl), incubated at room temperature
for 10 min, and then the absorbance was measurg80abm using a microplate reader. Fresh
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culture medium was used as the blank in all exparis) The amount of nitrite in the samples
was obtained by means of the NaN&&rial dilution standard curve and the nitriteduction
was measured.

2.3. Cytotoxic assay

Cell viability of the compounds was measured usWigT (3-(4,5-Dimethythiazol-2-yl)-
2,5-diphenyl-tetrazolium bromide) (Sigma-Aldrichgsays, where the mitochondrial-dependent
reduction of MTT to formazan was used as an indicat cell viability [1]. Briefly, RAW 264.7
cells were harvested and seeded into 96-well pktta cells/well, different concentrations of
compounds were added and incubated for 24h @ 3nd 5 % C@ The cells growth was
guantified by the ability of living cells to redudbe yellow dye MTT to a purple formazan
product. At the end of the incubation, @0 of MTT (5 mg/mL, in PBS) was added to each well.
After incubated for another 3 h, the medium was ttemoved and the formazan precipitate was
dissolved in 150 mL DMSO. The absorbance was medsatr 550 nm on a microplate reader
(BD PharMingen, CA, USA).

3.4. Statistical Analysis

All data are presented as means of three replitBminations + standard deviation (SD).
In all comparisons$<0.05 was considered significant. The statisticallygsis was carried out by
analysis of variance (ANOVA) followed by Tukey’'sste The data were evaluated with SPSS
20.0 (SPSS Inc., Chicago, IL, USA).

3. RESULTS AND DISCUSSION

Compoundl was isolated as yellow powder. Its molecular fdanwas determined as
C17H1405 from pseudo-molecular peak at 299.0844 ([M%Hhlcd. for G/H150s: 299.0919) in
HR-ESI-MS spectra. ThéH-, °C- and DEPT NMR spectra (Table 1) showed the ariomat
proton signals characteristic for the 1,4-disubstid ring B of a flavonoid, & 7.08 (2H, dJ =
8.5Hz, H-3', H-5') and 8.00 (2H, d,= 8.5 Hz, H-2', H-6"). Four singlet signals (eadH) 1
observed ad, 13.14, 13.07, 6.83 and 6.55 were assigned foopsdb-OH, 7-OH, H-3 and H-8
respectively. The bonding of 6-Me on the quarterraarbon C-6 & 106.8) of the flavonoid
ring was confirmed by the HMBC cross-peaks betwidsenmethyl group 6-Med(| 1.97) and
carbons C-5g: 158.4), C-6 (106.8) and C-7 (162.1). Based orsflectroscopic evidences, the
structure ofl has been identified as 6-methyl-5,7-dihydroxy-&tmoxy flavone (Figure 1).
CompoundLl is isolated from nature for the first time and &med callistine A.

Compound2 was isolated as yellow powder in mixture with campd 1. Its molecular
formula was determined agdd1s0s from HR-ESI-MS pseudo-molecular ion peak at 314709
[M-H]~ (Calcd for GgH150s, 311.1000). ThéH- and**C-NMR data of2 were similar to those
of compoundl except for the presence of an additional methglugr This methyl group was
determined to attach on carbon C-8 of the flavomoid system by the HMBC correlations of
Me-8 protons &, 2.27) to carbons C-73{ 159.7), C-8 (101.8) and C-9 (152.4). From the
spectroscopic data, the structure of compa2Ziméhs determined as 6,8-dimethyl-5,7-dihydroxy-
4’-methoxy flavone, isolated also froBGallistemon lanceolatudl 7] (Figure 1).

Compounds3 - 12 (Figure 1) are the known flavonoids astraga8h [@0], quercetin 4)
[21], catechin §) [16], eucalyptin §) [22] and 8-demethyleucalyptirf)([22], and the known
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triterpenoids B -acetylmorolic acid & [23], 38-hydroxy-urs-11-en-13(28)-olide9) [24],
betulinic acid 10) [16], diospyrolide 1) [25] and ursolic acidl2) [26], which were found and
described by us previously [18]. Their structuresyavelucidated by comparing their spectral
data {H- and*C-NMR, ESI- and HR-ESI-MS) with those publishediieratures.

Qc

_OMe

OH
OH O OH

1 R=H 3 R=0GIc; Ry;=R,=OH; Ry=H s

2 R=Me 4 R1=R2=R3=R4=OH

Figure 1.Flavonoids and triterpenoids isolated fr@allistemon citrinugeaves and stems.

All isolated compounds1E12 were assayed for cytotoxic effects and NO inbityit
activity. In the MTT assays for cytotoxic effectsll isolated compound4+€12, LPS (at tested
concentration of Jug/ml) and sulfuretin did not affect the cell viatyilof RAW 264.7 cells
(data not shown). The isolated compouridd?) inhibited the NO production in LPS-induced
RAW264.7 macrophages in a dose-dependent manner.

As shown in Figure 2, at 1M the inhibitory effect on NO production of the\tanoids3 -
7 are as follows: eucalypti) (9.3 %) < cateching) (9.2 %) < callistin A/B 1/2) (31.8 %) < 8-
demethyleucalyptin (7) (32.1 %) < astragal®) (34.6 %) < quercetird] (57.3 %). At 20uM,
guercetin 4) and cateching) decreased approximately 50 % of the LPS-induc@dpikbduction
by 80 and 61.8%, respectively. Among all testirdinoids, quercetindf showed the most
notable NO-production inhibitory effect with 57.3 80.0 % and 91.6 % inhibition at increasing
testing concentration of 10, 20 and 4QN), respectively.
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100.00 ~ Flavonoids: NOInhibition (%)
90.00
80.00
70.00 -
60.00 -
50.00
40.00 -
30.00
20.00 -
10.00 -
0.00 -

illistin A/B (1/2) Astregalin(3) | Quercetin (4) | Catechin(5) | Eucelyptin (6) 8-DME|7)

Figure 2.Inhibitory effects of flavonoids isolated fro@citrinuson NO production (n = 3).

100.0 - Triterpenoids: NO Inhibition (%)
90.0
80.0
70.0
60.0
50.0
40.0
30.0
20.0
10.0

0.0

Ifuretin AMA (8) 13(28)-olide(9) |betulinic acid (10)| diospyrolide (11)| ursolic acid (12)

Figure 3.Inhibitory effects of triterpenoids (b) isolated C.citrinuson NO production (n = 3).

Figure 3 shows the inhibitory effects of the tytenoids8 - 12 against NO production.
Activities were found to be in this ordep-Bydroxy-urs-11-en-13(28)-olid®) > betulinic acid
(10) > 3 -acetylmorolic acid&) > diospyrolide {1) > ursolic acid 12). Compound showed
the most remarkable inhibitory effect against NOduction with inhibition of 61.5 %, 72.4 %
and 97.2 % at concentrations 10, 20 and 4fM) respectively. Compound9) has been
previously isolated fronfieris japonica[27] andlsodon loxothyrsu$28], but this is the first
report about its anti-inflammatory activity.

4. CONCLUSION

Phytochemical investigation of the leaves and steh@allistemon citrinugCurtis) Skeels
led to the isolation of one new flavonoid namellistane A (1) and six known flavonoids, 6,7-
dimethyl-5,7-dihydroxy-4'-methoxy flavone2)( astragalin §), quercetin 4), catechin %),
eucalyptin 6), and 8-demethyleucalyptin7); along with 5 known triterpenoids, /8-
acetylmorolic acid &), 34-hydroxy-urs-11-en-13(28)-olide), betulinic acid 10), diospyrolide
(11 and ursolic acid12). Their chemical structures were determined byyaig of their 1D-
and 2D-NMR and HR-MS data. Among isolated compougdsrcetin 4) and 3-hydroxy-urs-
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11-en-13(28)-olide 9) showed potential inhibition activity against NQogduction in LPS-
stimulated RAW264.7 cells.
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Flavonoids and triterpenoids from Callistemon citrinus and their inhibitory effect ...

TOM TAT

CAC HOP CHAT FLAVONOID VA TRITERPENOID PHAN LAP TU LA VA CANH LOAI
CALLISTEMON CITRINUS'A TAC DUNG UC CHE CUA CHUNG POI VI SU' SAN
SINH NO TREN DONGDPAI THUC BAO RAW264.7 B KICH THICH VIEM BOI LPS

Nguyén Manh Qrong', Plam Ngoc KhanH, Ho Viét ic?, Tran Thu Hrong',
Youn-Chul Kin?, Pram Qubc Longd', Young Ho Kinf

'Vién Hoa tpc cac typ chit thién nhién, \dn Han lam Khoa bc va Cong nghViét Nam,
18 Hoang Qduc Viet, Cau Giay, Ha Ni

’Khoa Dwpc, Treong Pai hoc Y Deoc HWE, Pai hoc HWE, 06 Ngbd Qugn, Hg, Viét Nam
*khoa Duor, Trwong Pai hoc Wonkwang, Iksan 570-749, Korea
*Khoa Diroc, Treong Pai hoc Quic gia Chungnam, Daejeon 305-764, HaroQu

T cac phanrioan n-hexane, dichloromethane va EtOA@da va canh loai Tram bordgd
Callistemon citrinus(Curtis) Skeelstd phan 4p va xacdinh dugc ciu tric @a 12 hp chit
flavonoid va triterpenoid, bacdg mot hop chit flavonoid nwi la callistine A (), sau flavonoid
da biét 14 6,7- dimethyl-5,7-dihydroxy-4'-methoxy flavor(8), astragalin 3), quercetin 4),
catechin §), eucalyptin §), va 8-demethyleucalyptin7), cung Wi 5 triterpenoid la -
acetylmorolic acid§), 35-hydroxy-urs-11-en-13(28)-olidé), betulinic acid 10), diospyrolide
(12) va ursolic acid12). Ciu tric hda hc aia cac lp chit tréndugc xacdinh nhy cac phrong
phap héa ly va cac phng phap ph bao @m phbd cong hrong tir nhan 1 chiu, 2 chéu va plo
khéi lwong. Tac dng khang viémin vitro cia cac bp chit (1-12) dugc nghién ¢u trén © so
xac dinh hat tinhtc ché sy san sinh NO trén dondai thuc bao RAW264.7 bkich thich gay
viém hoi lipopolysaccharide phamp tir vi khudn. Két qua cho thiy hoat tinh dia cac p chit
guercetin 4) va 3-hydroxy-urs-11-en-13(28)-olid®) ladang chu y nét.

T khéa: Callistemon citrinugCurtis) Skeels, flavonoit, triterpenoit.
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