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ABSTRACT

Eighteen known compounds, including lignans, phenylpropanoids, triterpenoids, and phytosterols, were isolated from Balanophora

laxiflora (Balanophoraceae). The inhibitory activities of these compounds on the production of nitric oxide (NO), a pro-inflammatory

mediator, were evaluated. Compounds isolariciresinol (1), ethyl caffeate (13) and ferulic aldehyde (16) showed potent to mild inhibitory
activities on LPS-stimulated NO production in RAW 264.7 macrophages with ICs, values of 0.81, 7.29, and 98.67 uM, respectively. The
results showed that compound 1 had a potent effect on TNF-o production with an ICsy value of 0.87 uM, but practically no effect on

IL-6 synthesis. In addition, an inhibitory effect of compound 1 on nuclear factor-k B (NF-kB) activation was shown by the repression of

LPS-stimulated -lactamase reporter activity. Taken together, these results demonstrated that compound 1 modulates the production of

inflammatory mediators through the attenuation of NF-«xB transcription signaling.
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INTRODUCTION

Balanophora laxiflora Hemsl. ex Forbes & Hemsl.
(synonym: Balanophora spicata Hayata, Balanophoraceae)
is a parasitic herb without chlorophyll growing in roots or
rhizomes of various hosts. With reduced leaves, scale-like
objects hugging the thick stem, the outward appearance of B.
laxiflora looks more like a fungus than a flowering plant. B.
laxiflora can be found in low to medium altitude throughout
the island of Taiwan” and has been used as antipyretic,
antidote, and tonic agent in Formosan folk medicines®.
Some lignans and hydrolysable tannis isolated from B.
laxiflora have been proven to possess DPPH radical scav-
enging activity(3’4). However, it remained unclear whether
this plant displayed anti-inflammatory activity. Our prelimi-
nary screening showed the ethanol (EtOH) extract of B.
laxiflora exhibited an inhibitory activity on NO production
in cultured murine macrophage RAW 264.7 cells activated
with bacterial LPS. The high amount of NO is potentially
cytotoxic, which is capable of injuring the surrounding cells
and tissues indiscriminately. Indeed, it has been reported
that excess production of NO by macrophages and other
cells exposed to endotoxin may contribute to local, e.g.
polyarthritis and osteoarthritis, or systemic inflammatory
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diseases®®. Thus, it was proposed that inhibition of NO
over-production may have the therapeutic benefit in patients
with inflammatory diseases. Based on the finding that the
EtOH extract of B. laxiflora significantly repressed LPS-
induced NO production, it is suggested that this herb may
have anti-inflammatory benefit. In order to identify the
active components, a phytochemical investigation of B. /axi-
flora was carried out. Through solvents partition and repeat-
edly chromatographic purification, 18 known compounds
from the ethanolic extract of B. laxiflora were isolated. The
structures of these compounds were established by extensive
spectroscopic analysis and by comparison with the spectral
data in literatures. The abilities of isolated compounds to
inhibit the production of the pro-inflammatory mediator,
nitric oxide (NO), were evaluated in LPS-stimulated RAW
264.7 macrophages.

MATERIALS AND METHODS
1. Equipment
'H-, 3C- and 2D-NMR spectra were acquired on a
Varian Unity Inova-500 spectrometer. APCI-MS and ESI-MS

were recorded on a Thermo Finnigan LCQ spectrometer.
Column chromatography was performed on Sephadex LH-20
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(Pharmacia). Silica gel 60 (Merck, Darmstadt, Germany)
was used for TLC (0.25 mm) and column chromatography
(230 - 400 mesh). The preparative HPLC system consisted of
a chromatographic pump (LC-8A, Shimadzu, Kyoto, Japan)
and a UV-Visible detector (SPD-10A vp, Shimadzu, Kyoto,
Japan). A Cosmosil 5C18-AR-II column (20 x 250 mm,;
particle size 5 um; Nacalai tesque, Kyoto, Japan) was used
for separation.

11. Plant Material

The herbs of B. laxiflora Hemsl. ex Forbes & Hemsl.
were collected in November 2008, in San-Xia, Taipei,
Taiwan. Identification of plant materials were confirmed
by authors by comparison with a voucher specimen (NHP-
00577), which was deposited in the Herbarium of National
Research Institute of Chinese Medicine, Taipei, Taiwan.

II1. Extraction and Isolation

The dried tuberous rhizome of B. laxiflora (2.6 Kg) was
extracted with 95% EtOH (6 L x 4). The ethanolic extract
was evaporated to dryness (500 g) and partitioned succes-
sively between H,O and n-hexane, EtOAc and n-BuOH
(each 1 L x 3). The n-hexane fraction (89 g) was subjected
to column chromatography on a silica gel (10 X 75 cm), with
a gradient elution of EtOAc in n-hexane from 5 to 100% to
give 11 fractions (Fr.H1-H11). Fraction H2 (1.9 g) was further
fractionated by silica gel eluting with 10% EtOAc/n-hexane
to yield lupeol (7, 206.9 mg) and lupa-12,20(29)-dien-34-ol
(8, 95.3 mg). The solid precipitates were separated from
Fr.H3 and H6, and recrystalized from CHCls/n-hexane indi-
vidually to give S-sitosterol (10, 234.8 mg) and monoglyceryl
stearate (9, 58.7 mg), respectively. Fr. H9 (1.3 g) was chro-
matographed on a Sephadex-LH-20 with acetone elution and
delivered eight subfractions, Fr. H9-1 - Fr. H9-8. Fr. H9-5
(70.9 mg) was chromatographed on a semipreparative HPLC
(30% ACN-H,0, 15 mL/min) to afford secoisolariciresinol
(2, 19.1 mg). Further chromatography on a Sephadex-LH-20
column with MeOH elution gave lariciresinol (3, 43.1 mg)
and ethyl caffeate (13, 6.9 mg) from Fr. H9-6 (128.3 mg) and
isolariciresinol (1, 58.4 mg) from Fr. H9-8 (188.7 mg). Fr.
HS8 (594 mg) was chromatographed on a Sephadex-LH-20
(MeOH) to afford pinoresinol (4, 119.4 mg).

The EtOAc fraction (145 g) was fractioned on a
silica gel column (10 x 120 cm) with a gradient of EtOAc
in n-hexane and 9 fractions (Fr.E1-E9) were collected. Fr.
E4 (460 mg) was chromatographed on a semipreparative
HPLC (35% ACN-H,0, 15 mL/min) to afford vanillin (6,
18.3 mg) and ferulic aldehyde (16, 28.1 mg). Fr. E6 (1.4 g)
yielded lariciresinol (3, 72.1 mg), cinnamic acid (15, 12.6
mg) and ferulic aldehyde (16, 33.8 mg) after separation on
a Sephadex LH-20 column (MeOH) and a semipreparative
HPLC (35% ACN-H,O0, 15 mL/min). Fr. E8 (6.9 g) yielded
pinoresinol (4, 307.5 mg), caffeic acid (12, 226.7 mg), and
f-sitosterol glucoside (11, 72.7 mg) after separation on a
Sephadex LH-20 column (MeOH) and a silica gel column
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(10% MeOH-CHCl3). Part of Fr. E9 (2 g) was chromato-
graphed on a silica gel column (10% MeOH-CHCI;) to give
isolariciresinol (1, 84.0 mg).

n-BuOH fraction (100 g) was subjected to Sephadex
LH-20 column (10 x 100 c¢m), with MeOH elution to give
7 fractions (Fr.B1-B7). Fr. B2 (3.1 g) yielded coniferin (17,
72.7 mg), methylconiferin (18, 7 mg) and pinoresinol-4-£-0O-
glucoside (5, 63.4 mg) after separation on a Sephadex LH-20
column (MeOH) and a silica gel column (10% MeOH-
CHCI3). Fr. B3 (7.2 g) yielded 1-O-E-caffeoyl-f-glucose
(14, 4.8 g) after separation on a Sephadex LH-20 column
(MeOH).

Isolariciresinol (1):

'"H NMR (CD;OD) & 1.75 (1H, m, H-8'), 2.00 (1H, m,
H-8),2.76 (2H, d,J="7.5 Hz, H,-7), 3.39 (1H, dd, J=12.0, 5.5
Hz, Ha-9"), 3.66 (3H, m, H,-9, Hb-9"), 3.76 (3H, s, 3-OCHj3),
378 (3H, s, 5-OCHj3), 6.18 (1H, s, H-3), 6.60 (1H, dd, J =
8.0, 2.0 Hz, H-6'), 6.64 (1H, s, H-6), 6.67 (1H, d, J=2.0 Hz,
H-2"), 6.73 (1H, d, J = 8.0 Hz, H-5'); 3C NMR (CD;0D) &
33.6 (C-7), 40.0 (C-8), 48.0 (C-7'/-8"), 56.3/56.4 (5, 3'-OCHj),
62.2 (C-9'), 65.9 (C-9), 112.3 (C-6), 113.8 (C-2"), 116.0 (C-5"),
117.3 (C-3), 123.2 (C-6'), 129.0 (C-1), 134.1 (C-2), 138.6
(C-1), 145.2 (C-4), 1459 (C-4'), 147.2 (C-5), 149.0 (C-3");
[0]*® p +16° (MeOH, ¢ 0.4); EIMS m/z 360 [M]".

Secoisolariciresinol (2):

'H NMR (CD;0D) & 1.90 (2H, br. s, H-8, 8"), 2.55 (2H,
dd, J=13.8, 7.8 Hz, Ha-7, 7'), 2.65 (2H, dd, J = 13.8, 7.2 Hz,
Hb-7, 7'), 3.58 (4H, m, H,-9, 9'), 3.73 (6H, s, 3, 3-OCH,),
6.54 (2H, dd, J="7.8, 1.2 Hz, H-6, 6'), 6.58 (2H, d, J= 1.2 Hz,
H-2,2"), 6.65 (2H, d, J= 7.8 Hz, H-5, 5'); 3C NMR (CD;0D)
§36.0 (C-7, 7'), 44.1 (C-8, 8"), 56.2 (3, 3-OCHs), 62.1 (C-9,
9'), 113.3 (C-2, 2"), 115.8 (C-5, 5"), 122.7 (C-6, 6'), 133.9 (C-1,
1), 145.5 (C-4, 4), 148.8 (C-3, 3"); ESIMS m/z 361 [M-H]-.

Lariciresinol (3):

IH NMR (CD;0D) & 2.35 (1H, m, H-8), 2.48 (1H, dd,
J=12.6, 12.0 Hz, Ha-7"), 2.72 (1H, m, H-8"), 2.92 (1H, dd,
J = 12.6, 4.8 Hz, Hb-7"), 3.63 (1H, dd, J = 10.8, 6.6 Hz,
Ha-9), 3.71 (1H, dd, dd, J = 7.8, 6.0 Hz, Ha-9"), 3.83 (1H,
m, Hb-9), 3.82/3.83 (each 3H, s, 3, 3-OCHj), 3.97 (1H, dd,
J=18, 6.6 Hz, Hb-9'), 474 (1H, d, J = 6.6 Hz, H-7), 6.63
(1H, dd, J = 8.4, 2.0 Hz, H-6"), 6.71 (1H, d, J = 7.8 Hz, H-5"),
6.76 (2H, s, H-5, 6), 6.79 (1H, d, J = 2.0 Hz, H-2"), 6.90 (1H,
s, H-2); 3C NMR (CD;0D) 8 33.7 (C-7"), 43.9 (C-8'), 54.1
(C-8), 56.3/56.4 (3, 3-OCHs3), 60.5 (C-9), 73.5 (C-9"), 84.0
(C-7), 110.6 (C-2), 113.4 (C-2"), 116.0 (C-5), 116.2 (C-5'), 119.8
(C-6), 122.2 (C-6'), 133.5 (C-1), 135.7 (C-1), 145.8 (C-4"),
147.0 (C-4), 149.0 (C-3, 3'); ESIMS m/z 383 [M+Na]".

Pinoresinol (4):

'H NMR (CD;OD) & 3.12 (2H, br. s, H-8, 8'), 3.82 (2H,
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m, Ha-9, 9"), 3.84 (6H, s, 3, 3-OCH3), 4.22 (2H, dd, J = 9.0,
7.0 Hz, Hb-9, 9'), 4.69 (2H, d, J = 4.0 Hz, H-7, 7'), 6.76 (2H,
d,J=8.0 Hz, H-5, 5"), 6.80 (2H, dd, J = 8.0, 1.5 Hz, H-6, 6'),
6.93 (2H, d, J = 1.5 Hz, H-2, 2'); 13C NMR (CD;0D) 5 55.4
(C-8,8"),56.4(3,3-0OCH;), 72.6 (C-9,9'), 87.5 (C-7,7"), 111.0
(C-2,2%, 116.1 (C-5, 5"), 120.1 (C-6, 6'), 133.8 (C-1, 1'), 147.3
(C-4, 4'), 149.1 (C-3, 3); EIMS m/z 358 [M]".

Pinoresinol-4-O-f-Glucoside (5):

'H NMR (CD;0D) & 3.11 (2H, br. s, H-8, 8"), 3.40 (2H,
m, H-4",5"), 3.46 (2H, m, H-2", 3"), 3.68 (1H, d, J = 9.0 Hz,
Ha-6"), 3.84 (1H, m, Hb-6"), 3.84 (3H, s, 3-OCHjs), 3.85
(3H, s, 3-OCH3), 3.84/4.22 (each 2H, H,-9, 9'), 4.68 (1H, d,
J=4.0Hz, H-7"), 474 (1H, d, J = 3.5 Hz, H-7), 4.88 (1H, d,
J=1.5Hz, H-1"), 6.76 (1H, d, J = 8.0Hz, H-5), 6.79 (1H, d,
J = 8.0 Hz, H-6'), 6.89 (1H, d, J = 8.5 Hz, H-6), 6.93 (1H,
s, H-2), 7.01 (1H, s, H-2), 7.13 (1H, d, J = 8.5 Hz, H-5); 13C
NMR (CD;0D) & 55.3/55.5 (C-8, 8'), 56.4 (3-OCHjs), 56.8
(3-OCHy), 62.4 (C-6""), 71.3 (C-4""), 72.7(C-9,9"), 74.9 (C-2"),
77.8 (C-3"), 78.1 (C-5""), 87.0 (C-7), 87.4 (C-7"), 102.8 (C-1"),
111.0 (C-2), 111.6 (C-2), 116.1 (C-5"), 118.0 (C-5), 119.8 (C-6),
120.0 (C-6), 133.7 (C-1), 137.5 (C-1), 147.2/147.4 (C-4, 4'),
149.1 (C-3"), 150.9 (C-3); ESIMS m/z 519 [M-H]".

Ethyl Caffeate (13):

"H NMR (CD;0D) & 1.30 (3H, t, J = 7.0 Hz, H-2'), 4.20
(2H, g, J= 7.0 Hz, H-1"), 6.24(1H, d, J = 16.0 Hz, H-8), 6.77
(1H, d, J = 8.0 Hz, H-5), 6.93 (1H, dd, J = 8.0, 1.5 Hz, H-6),
7.03 (1H, d, J = 1.5 Hz, H-2), 7.52 (1H, d, J = 16.0 Hz, H-7);
13C NMR (CD;0D) & 14.6 (C-2'), 61.5 (C-1"), 115.1 (C-8),
115.2 (C-2), 116.5 (C-5), 122.8 (C-6), 127.7 (C-1), 146.8 (C-3,
7), 149.5 (C-4), 169.4 (C-9); EIMS m/z 208 [M]".

1-O-E-caffeoyl-f-Glucose (14):

'"H NMR (CD;0D) & 3.39-3.44 (4H, m, sugar-H), 3.68
(IH, dd, J = 12.5, 4.5 Hz, Ha-6'), 3.84 (1H, dd, J = 12.5,
2.0 Hz, Hb-6"), 5.56 (1H, d, J = 8.0 Hz, H-1"), 6.29 (IH, d,
J =155 Hz, H-8), 6.77 (1H, d, J = 8.0 Hz, H-5), 6.96 (1H,
dd, J=2.0, 8.0 Hz, H-6), 7.05 (1H, d, J = 2.0 Hz, H-2), 7.65
(1H, d, J = 15.5 Hz, H-7); '3C NMR (CD;0D) § 62.3 (C-6'),
71.1 (C-4"), 74.0 (C-2"), 78.0 (C-3"), 78.8 (C-5"), 95.8 (C-1'),
114.4 (C-8), 115.2 (C-2), 116.5 (C-5), 123.2 (C-6), 127.6 (C-1),
146.9 (C-3), 148.3 (C-7), 149.9 (C-4), 167.7 (C-9); ESIMS m/z
341 [M-HJ".

Coniferin (17):

"H NMR (CD;0D) 6 3.40 (2H, m, H-4, 5"), 3.46 (1H, m,
H-3"), 3.49 (1H, t, J = 9.0 Hz, H-2"), 3.68 (1H, dd, J = 12.0,
5.4 Hz, Ha-6'), 3.86 (3H, s, 3-OCH3), 3.87 (1H, m, Hb-6"),
420 (2H, d, J = 5.4 Hz, H-9), 4.88 (1H, d, J = 7.2 Hz, H-1"),
6.26 (1H, dt, J=15.6, 5.4 Hz, H-8), 6.53 (1H, d, J = 15.6 Hz,
H-7), 6.94 (1H, dd, J = 1.8, 8.4 Hz, H-6), 7.06 (1H, d, J= 1.8
Hz, H-2), 7.09 (1H, d, J = 8.4 Hz, H-5); 3C NMR (CD;0D)
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§ 56.7 (3-OCHs), 62.5 (C-6'), 63.7 (C-9), 71.3 (C-4"), 74.9
(C-2), 77.8 (C-3'), 78.2 (C-5"), 102.7 (C-1'), 111.3 (C-2), 117.9
(C-5), 120.7 (C-6), 128.9 (C-8), 131.3 (C-7), 133.6 (C-1), 147.6
(C-4), 150.9 (C-3); ESIMS m/z 365 [M+Na]*.

Methylconiferin (18):

'"H NMR (CD;0D) & 3.36 (3H, s, 9-OCHj3), 3.87 (3H,
s, 3-OCHj3), 3.40 (2H, m, H-4', 5'), 3.45 (1H, t, J = 7.8 Hz,
H-3'), 3.49 (IH, t, J = 9.0 Hz, H-2"), 3.68 (1H, dd, J = 12.0,
4.8 Hz, Ha-6'), 3.86 (1H, m, Hb-6'), 4.07 (2H, dd, J = 6.0, 1.2
Hz, H-9), 4.89 (1H, d,J=7.8 Hz, H-1'), 6.22 (1H, dt, J= 15.6,
6.0 Hz, H-8), 6.56 (1H, d, J = 15.6 Hz, H-7), 6.95 (1H, dd,
J=1.8,8.4Hz, H-6),7.03 (1H, d,J= 1.8 Hz, H-2), 7.10 (1H, d,
J = 8.4 Hz, H-5); 3C NMR (CD;0D) & 56.7 (3-OCHj), 58.1
(9-OCHy), 62.5 (C-6'), 71.3 (C-4'), 74.2 (C-9), 74.9 (C-2"),
77.8 (C-3"), 78.2 (C-5'), 102.7 (C-1"), 111.4 (C-2), 117.8 (C-5),
120.9 (C-6), 125.6 (C-8), 133.3 (C-1), 133.6 (C-7), 147.8 (C-4),
150.9 (C-3); ESIMS m/z 379 [M+Na]".

IV. Cell Culture and Nitrite Assay

The macrophage cell line RAW 264.7 was obtained
from ATCC (Rockville, MD), cultured in DMEM containing
10% heat-inactivated fetal calf serum, 100 U/mL penicillin
and 100 pg/mL streptomycin and grown at 37°C with 5%
CO, in fully humidified air. Cells were plated at a density
of 2 x 10° cells/well in a 96-well culture plate and stimu-
lated with LPS (1 pg/mL) for 18 h in the presence or absence
of various concentrations of tested compounds simultane-
ously. All compounds were dissolved in dimethyl sulfoxide
(DMSO) and further diluted with sterile phosphate buffered
saline (PBS) and sterilized via a 0.2 pm filter. Nitrite (NO,")
accumulation in the medium, as an indicator of NO produc-
tion, was measured by adding Griess reagent (1% sulfa-
nilamide and 0.1% naphthylenediamine in 5% phosphoric
acid). Nitrite production was determined by measuring the
optical density at 550 nm and NaNO, was used as a standard.
All experiments were performed in triplicate. NO produc-
tion by LPS stimulation was designated as 100% for each
experiment.

V. Enzyme-Linked Immunosorbent Assay (ELISA)

TNF-a and IL-6 contents in the culture medium were
measured by ELISA using anti-mouse TNF-o or IL-6 anti-
bodies and biotinylated secondary antibody according to the
manufacturer’s instruction (R&D Systems, Inc., USA).

VL. Cell Viability

Cell respiration, an indicator of cell viability, was
determined by the mitochondrial-dependent reduction of
3-(3,4-dimehylthiazol-2-yl)-2,5-diphenyltetrazolium
bromide (MTT) to formazan. The extent of the reduction of
MTT to formazan within cells was quantified by measuring
the optical density at 550 nm.
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VII. NF-xB Activity Assay

The CellSensor NF-kB-bla RAW 264.6 cells from
Invitrogen (Carlsbad, CA), which stably express a plasmid
containing f-lactamase under the control of a NF-kB
promoter, and the LiveBLAzer FRET B/G Loading Kit
(Invitrogen) were used. All protocol was performed
according to the manufacturing guideline. Imiquimod (a
Toll-like receptor 7 activator) was introduced to the assay
system to stimulate NF-xB transcription while pyrrolidine
dithiocarbamate (PDTC, an NF-«B inhibitor) was used to
repress. Fluorescence was read on a fluorescent plate reader
in bottom read mode (409 nm excitation, 460 nm emission
followed by 409 nm excitation, 530 nm emission). The back-
ground, defined as the fluorescence of the substrate with no
cells present, was subtracted from each reading, and then the
ratio of the emission at 460 nm to the emission at 530 nm was
calculated and represented as NF-kB activity.

VIIL. Statistical Analysis

Results were expressed as mean + SE Nitrite production
was indicated as absolute concentrations in uM. Computa-
tion of 50% effective concentration (ECsg) to inhibit LPS-
induced NO production was computer-assisted (PHARM/
PCS v4.2).

RESULTS AND DISCUSSION

The ethanolic extract from the herb of B. laxiflora was
partitioned using n-hexane, EtOAc, n-BuOH and H,O. These
four fractions exhibited middle to high inhibitory effects
on NO production in LPS-activated macrophages, and all
of them did not show harmful effects on cell viability. The
ICs values of n-hexane, EtOAc and n-BuOH fractions were
28.85, 2.44, and 1.56 pg/mL, respectively. Upon repeated
column chromatographic purification, compounds 1 - 18
were isolated from these fractions.

Compounds 1 - 11 were identified, on the basis of their
spectral data of 'H, '*C NMR and mass spectra, as the known
isolariciresinol (1), secoisolariciresinol (2)7), lariciresinol
37, pinoresinol @®, pinoresinol-4-0-f-glucoside (5)9,
lupeol (710, lupa-12,20(29)-dien-34-ol (81, [-sitosterol
(10), and p-sitosterol glycoside (11), vanillin (6) and mono-
glyceryl stearate (9).

Compounds 12 - 16 were considered to be aromatic
compounds with trans styrene groups according to the
NMR spectral data which were identified as caffeic acid
(12), ethyl caffeate (13), 1-O-E-caffeoyl-g-glucose (14)12),
cinnamic acid (15), and ferulic aldehyde (16). Examining the
'H and '3C NMR spectra of 17 showed a coniferyl alcohol
and a glucosyl moiety in the molecule. HMBC correlations
of 17 from anomeric-H (6 4.87) to C-4 (6 147.8) indicated
the linkage of C-4 and glucosyl moiety. Therefore, 17 was
deduced as coniferin®. Comparison of 'H and '3C spectra
of 18 with those of 17 suggested that the main difference
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between them was an additional methoxy group in 18. A low-
field shifted of C-9 from 6¢ 63.7 (17) to ¢ 74.2 (18) indicated
that the additional methoxy group lays in C-9 of 18. Thus,
18 was deduced as methylconiferin. Compound 18 could
be existential in plant originally or be an artificial product of
17 derived from the purification process, which could not be
differentiated here.

The abilities of isolated compounds to inhibit the
production of NO in LPS -stimulated RAW 264.7 macrophage
cells were evaluated. Aminoguanidine (AMG), a well known
inducible NO synthase (iNOS) inhibitor, was used as a refer-
ence control. The results (Table 1) showed that compounds
1 and 13 displayed significant NO inhibitory activities
with ICs value of 0.81 uM and 7.29 uM, respectively, and
16 showed mild inhibitory activity with ICsq of 98.67 uM.
The effects of compounds were significantly distinguished
from the vehicle (data not shown). Cell viability under this
condition was still greater than 98% as measured by MTT
assay, indicating that the inhibition of nitrite production by
compounds 1 and 13 was not due to cell death. As shown in
Table 1, the 50% toxic concentrations (TCsg) of the tested
compounds for killing the cells were greater than 100 uM
and even greater than 1000 uM in some cases.

Since compound 1 showed the most potent effect
to repress NO production, we further analyzed whether
compound 1 inhibited the synthesis of other proinflamma-
tory cytokines such as TNF-a and IL-6. TNF-o and IL-6
production in resting cells was very low (0.1 vs. 25.4 pg/mL),
but their release was significantly enhanced in response to
LPS (1 pg/mL) for 18 h stimulation (6446.3 vs. 2102.9 pg/mL)

Table 1. TCsp and ICsg of isolated compounds from B. laxi-

flora on nitrite production induced by LPS in RAW 264.7

macrophages
Compound TCso (LM) IC50 (UM)

1 >100 0.81+0.12
) >100 >100
3) >100 >100
@) >100 >100
5) >100 >100
(6) >1000 >100
) >100 >100
(12) >1000 >100
(13) >100 7.29 £ 1.45
(14) >1000 >100
(15) >1000 >100
(16) >1000 98.67 + 4.06
17 >100 >100

AMG >1000 2094 +2.13

TCs indicated the 50% toxic concentration to induce cells death.
IC5( represented the 50% effective concentration to inhibit LPS-
induced NO production. Data are expressed as mean + standard
deviation (n = 6). AMG: positive control.
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(Figure 2). Compound 1 treatment seriously and concentra-
tion-dependently inhibited TNF-a production (ICs, value of
0.87 uM) as equal potent to repress NO synthesis, but failed
to affect IL-6 level. The proinflammatory cytokines such as
TNF-a and IL-6 are small secreted proteins, which mediate
and regulate immunity and inflammation. Bacterial LPS acts
on macrophages to release NO and TNF-a, and the secreted
TNF or LPS then induces the cells to release secondary
IL-613-19) We found that the suppressive effects of compound
1 on NO or TNF-a production were greater than that on IL-6,
which supports that compound 1 has a greater inhibitory
effect on the production of primary cytokines. These results
also suggested that the effects of compound 1 on inflamma-
tory mediators are focused, regulatory and specific in nature.

NF-xB has been implicated in the transcriptional
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activation of various inflammatory mediators including NO
and TNF-a. Lines of evidence further pointed out that the
promotor region of TNF-a contained a strong NF-kB binding
motifand such binding site is required for the maximal induc-
tion by LPSU). Therefore, the effect of compound 1 on this
signaling pathway was further investigated by B-lactamase
reporter assay as described in methods. As shown in
Figure 3, NF-kB activity was dramatically enhanced by LPS
stimulation for 18 h. Compound 1 treatment significantly
and concentration-dependently suppressed the upregulated
NF-kB activity as the reference control PDTC did (data not
shown). This result indicated that compound 1-mediated
suppression of NF-«kB activation might be one of the possible
mechanisms underlying its inhibitory actions on NO and
TNF-a productions.

OH
OH

CHy0~C—(CHy)ysCHg

QH-OH
CH,OH
9
RO 4 R=H
5 R=glucosyl
R-0O
10 R=H
11 R=glucosyl
7 9
H3CO 1 \8 OR
glc-O
17 R=H
12 R=H 18 R=CHj
13 R= C2H5
14 R= glucosyl

Figure 1. Chemical structures of isolated compounds from B. laxiflora.
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Figure 2. Effect of isolariciresinol (compound 1) on LPS-induced
productions of IL-6 and TNF-a in RAW 264.7 macrophages. Results
are expressed as the mean = SEM of five independent experiments
each performed in triplicate. * p < 0.05, ** p <0.01 and *** p <0.001,
compared with LPS alone.

Previously, Cho et al.® also found that isolariciresinol
(1) inhibited NO (ICs(: 17.8 uM) and TNF-a (ICsp: 123.8 uM)
productions in LPS/IFN-y co-stimulated RAW 264.7 cells but
at much higher effective concentration as compared to our
system. The possible explanation is that combined stimula-
tion with LPS plus IFN-y in their assay system might trigger
more complex signaling pathways or other transcription
factors different from NF-«kB participating in regulating NO
and/or TNF-a synthesis as compared to LPS alone. In fact,
evidence has demonstrated that IFN-y alone was able to stim-
ulate the expression of inducible iNOS and the subsequent
production of NO through the activation of Janus kinase-2
(JAK-2)-mediated phosphorylation and activation of the
signal transducers, and activation of transcription-1 (STAT-
1), a pivotal transcription factor in IFN-y-induced expres-
sion of inflammatory genes!'”. Held et al.?? also reported
that [FN-y augmented macrophage activation by LPS at the
signal transduction level. That is, a synergy between IFN-y
and LPS by which they cross-regulate the signal-transducing
molecules was observed. These phenomenon may account
for the requirement of higher concentration of compound 1
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Figure 3. Effect of isolariciresinol (compound 1) on imiquimod-
induced NF-kB activity in NF-kB-bla RAW 264.6 cells. Results are
expressed as the mean = SEM of three independent experiments each
performed in duplicate. * p < 0.05, ** p < 0.01 and *** p < 0.001,
compared with imiquimod alone.

to suppress NO production in response to combined stimula-
tion with LPS and IFN-y in Cho’s study.

CONCLUSIONS

The results demonstrated that phenylpropanoids and
lignans are two important components in the title plant.
Compounds 1 and 13 from B. laxiflora exerted inhibi-
tion activity on NO production, especially compound 1,
which significantly repressed not only NO, but also TNF-a
production at an impressively low effective concentration
by blocking NF-«B transcription. This suggested that
compound 1 may be useful for the treatment of inflamma-
tory-related diseases. Nevertheless, further studies would
be carried to determine the biological efficacy of compound
1 in ex vivo or in vivo studies.
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