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The anti-inflammatory effect of brown alga Ecklonia cava is well known, and several phlorotannins
have also been reported. In this study, major active components for anti-allergy and anti-inflammation
were identified by NMR and MS analysis, and the levels of effectiveness were compared. Six major
phlorotannins — phloroglucinol, eckol, eckstolonol, triphlorethol-A, phlorofucofuroeckol A, and dieckol
—were isolated from the ethyl acetate fraction of E. cava. In order to analyze the major active sub-
stances in E. cava, antioxidant, anti-inflammatory, and anti-allergic effects were evaluated for the six
separate substances. Antioxidant capacities of each phlorotannin were evaluated using the 1,1-di-
phenyl-2-picrylhydrazyl (DPPH) and 2,2'-azino-bis(3-ethylbenzothiazoline-6-sulphonic acid) (ABTS) rad-
icals, where phlorofucofuroeckol A and triphlorethol-A had the highest radical scavenging capacity in
respective radical scavenging assays. Phlorofucofuroeckol A exhibited the highest inhibition of nitric
oxide production in LPS-stimulated RAW 264.7 cells among phlorotannins tested. Dieckol inhibited
the release of B-hexosaminidase, a marker for the release of histamine in mast cells, in a dose-depend-
ent manner in antigen-stimulated RBL-2H3 mast cells. Additionally, no cytotoxicities were observed
at 1 and 2 ug/ml in both phlorofucofuroeckol A and dieckol. These results suggest that phlorofucofur-
oeckol A and dieckol may play a key role in allergic inflammatory reactions.
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Introduction

Seaweeds traditionally include macroscopic, multicellular
marine red, green, and brown algae. Ecklonia cava, a brown
alga (Alariaceae), is widely distributed on the southern coast
of Korea. Marine algae are widely used as a source of bio-
active compounds with diversely structural forms. E. cava
has also been reported to have many biological activities in-
cluding anti-diabetes [12], antioxidation [1], neuroprotection
[13], anti-inflammation [14], anti-plasmin activity [8], acetyl
cholinesterase inhibitory activity [28, 37], tyrosinase in-
hibitory activity [10], anti-cancer [18], anti-HIV [4], and hyp-
notic effect [6].

Among the phlorotannins isolated from E. cava, dieckol
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and phlorofucofuroeckol A were identified as major active
compounds [16, 37]. Dieckol isolated from E. cava was found
to have a neuroprotective effect through inhibition of ex-
pression of cycloxygenase-2 and inducible nitric oxide syn-
thase in lipopolysaccharide-stimulated murine BV2 micro-
glial cells [11], as well as inhibited expression of matrix met-
alloproteinase-2 (MMP-2) and MMP-9 in human fibrosarco-
ma HT1080 cells [38]. In addition, dieckol exhibited in-
hibitory effects against elastase and hyaluronidase activity
[3]. On the other hand, fucodiphloroethol G and phlor-
ofucofuroeckol A were identified as active compounds re-
lated to the inhibition of histamine release in human baso-
philic leukemia KU812 and rat basophilic leukemia RBL-2H3
cells [19].

The anti-inflammatory effects of phlorotannins from E.
storonifera, Eisenia arborea, Ei. bicyclis, and Ishige okamura have
recently been reported. However, most studies have been
progressed by the extracts of E. cava. Thus, research is still
needed to investigate which phlorotannins from E. cava has
strong effects on anti-inflammatory and anti-allergic activ-

ities. The objectives of the present study were to isolate and



identify major phlorotannins of E. cava, to evaluate the levels
of antioxidant capacity of each phlorotannins, and ultimately
to investigate whether major phlorotannins showed the an-

ti-inflammatory and anti-allergic effects.

Materials and Methods

Samples

E. cava was collected in July, 2011 in Jeju, Korea and iden-
tified by Dae-Keun Kim, College of Pharmacy, Woosuk
University, Jeonju, Korea. A voucher specimen (KHU
0111107) was deposited at the Laboratory of Natural
Products Chemistry, Kyung Hee University, Yongin, Korea.

Extraction of Ecklonia cava and isolation of phlor-
otannins by MPLC and preparative HPLC

The dried powder (10 kg) was extracted with 80% (v/v)
aqueous methanol (MeOH) (3 I x3). The phenolic extracts
were partitioned using EtOAc (3 1 x3), n-buthanol (BuOH)
(31 x3) and water (3 ). The EtOAc fraction (120 g) was com-
bined and chromatographed on a MPLC column: Chroma-
torex-PRC (PRC-S5150%2). The fractions were analyzed using
an UV detector at 254 nm. The mobile phases consisted of
solvent A (MeOH) and solvent B (CHCL;). The flow rate was
kept at 15 ml/min. The gradient consisted of 90% B held
for 400 min to 80% B at a rate of 0.25%/min, from 80% B
to 70% B at a rate of 0.01%/min, from 70% B to 0% B at
a rate of 0.25%/min. A total of 15 sub-fractions (ECE-1 to
ECE-15) were collected. Fraction ECE-9 (800 mg) was sub-
jected to a Sephadex LH-20 and eluted with absolute MeOH
to give seven fractions (ECE-9-1 to ECE-9-7) and to yield
compound 1 (45 mg, Ve/V; 0.10-0.15, TLC (RP-18 Fass) R¢
0.65, MeOH-H,O = 1:2). ECE-10 (321 mg) was proceeded by
preparative HPLC column: Kromasil 100-10 C18 (21.2 mm>x
250 mm; particle size 10 ym), using A: H>O, and B: acetoni-
trile as mobile phases at a flow rate of 20 ml/min. The de-
tector was set at 254 nm The gradient consisted of 95% A
to 75% A at a rate of 1.0%/min held for 10 min, from 75%
A to 60% A at a rate of 0.6%/min held for 5 min, and from
60% A to 0% A at a rate of 4%/min held for 15 min.
Compound 2 (48 mg, RT = 30.07 min) and compound 3 (52
mg, RT = 36.43 min) were obtained. And ECE-11 (1 gx9)
was proceeded by preparative HPLC column: Kromasil
100-10 C18 (21.2 mmx250 mm,; particle size 10 pm), using
A: H;0, and B: acetonitrile as mobile phases at a flow rate

of 20 ml/min. and the detector was maintained at 254 nm.
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The gradient consisted of 100% A to 85% A at a rate of
0.5%/min, from 85% A to 60% A at a rate of 0.6%/min.
Compound 4 (20 mg, RT = 7.81 min), compound 5 (110 mg,
RT = 36.9 min), and compound 6 (30 mg, RT = 44.2 min)
were obtained.

General experimental procedures

MPLC (TELEDYNE Isco Inc, Lincoln, NE, USA) and prep-
arative HPLC (Waters, MA, USA) were used for separation.
TLC analysis was performed using Kiesel gel 60 Fasy and
RP-18 Fasss (Merck, Darmstradt, Germany) resins and de-
tected using a UV lamp Spectroline Model ENF-240 C/F
(Spectronics Corporation, New York, NY, USA) and 10%
H,S0; solution. FAB-MS was recorded on a JEOL JMSAX-
700 (Tokyo, Japan). 'H-NMR (400 MHz) and "C-NMR (100
MHz) spectra were recorded on a Varian Unity Inova AS-400
FT-NMR spectrometer (Palo Alto, CA, USA).

Determination of antioxidant capacities

The antioxidant capacity was measured using two radical
chromogens, 2,2’-azino-bis(3-ethylbenzothiazoline-6-sulphonic
acid) (ABTS) and 1,1-diphenyl-2-picrylhydrazyl (DPPH) rad-
icals [20]. Antioxidant capacity of each phlorotannin was ex-
pressed as mg vitamin C equivalents (VCE)/mg. Butylated
hydroxyanisole (BHA) was used as a positive control [32].

Cell culture

RAW 264.7 cells, a murine macrophage cell line, and
RBL-2H3 cells, a rat basophilic leukemia cell line, were pur-
chased from the Korean Cell Line Bank (KCLB, Seoul,
Korea). RAW 264.7 cells were cultured in DMEM (Gibco-
BRL, Rockville, MD, USA) containing 1% antibiotics (penicillin/
streptomycin) and 10% heat-inactivated fetal bovine serum
(FBS, Gibco BRL). RBL-2H3 cells were grown in MEM (Gibco
BRL) with 10% FBS and 1% penicillin/streptomycin. Both
cell lines were grown in a 37C humidified incubator with
5% CO; in air.

Cell viability assay

To determine the cytotoxicity of the phlorotannins, cell
viability was determined using the MTT assay, in which ac-
tive mitochondria reduce MTT into formazan dye. RAW
264.7 and RBL-2H3 cells were seeded at a density of 1x10°
cells/well and 3x10* cells/well in 96-well microplates, re-
spectively, and then incubated for 24 hr. Both cells were
treated with various concentrations (0-10 pg/ml) of phlor-
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otannins at 37°C. After 48 hr, 100 pl of MTT (5 mg/ml) was
added to each well, and plates were incubated at 37C for
4 hr. One hundred microliters of DMSO were added to each
well to dissolve formazan. The absorbance was measured
at 550 nm using a multiwell spectrophotometer (Molecular
Devices, Sunnyvale, CA, USA). Cytotoxicity of each phlor-
otannins in IgE-sensitized RBL-2H3 cells was also assessed
using the MTT assay. The cells (3x10* cells/well) were seed-

ed and incubated with 450 ng/ml DNP-specific IgE at 37°C
overnight before treatment with phlorotannins.

Determination of lipopolysaccharide (LPS)-induced
NO production from RAW 264.7 cells

RAW 264.7 cells were seeded in 96-well plates (1x10°
cells/well) overnight and treated with various concen-

trations of samples dissolved in 0.1% DMSO in the presence

Fig. 1. Chemical structures of phlorotannins isolated from Ecklonia cava. (1) phloroglucinol, (2) eckol, (3) eckstolonol, (4) triphlor-

ethol-A, (5) phlorofucofuroeckol A, (6) dieckol.



of LPS (final concentration, 100 ng/ml) at 37°C for 24 hr.
After LPS stimulation for 24 hr, NO production in the cell
culture medium was measured using the Griess Reagent
System. Briefly, the culture supernatant (100 ul) was mixed
with the same volume of Griess reagent (1% sulfanilamide
and 0.1% naphtylethylendiamine in 2.5% phosphoric acid)
for 10 min, and absorbance was measured at 540 nm. The
NO concentration was calculated from a standard curve of
NaNO,. N-nitro-l-arginine-methyl ester (L-NAME) was used
as iNOS inhibitor at a concentration of 250 uM [29].

Determination of antigen-induced release of B-
hexosaminidase from RBL-2H3 cells

The inhibitory effect of the extract on release of B-hexosa-
minidase in RBL-2H3 cells was evaluated as reported by
Matsuda et al. [24] with modifications. In brief, RBL-2H3
cells seeded in 24-well plates (2x10° cells/well) were sensi-
tized with anti-DNP IgE (450 ng/ml) at 37°C overnight. The
cells were washed with Siraganian buffer followed by in-
cubation in 160 pl of incubation buffer at 37C for 20 min.
The cells were then treated with 20 pl of extract for 10 min,
followed by addition of 20 ul of antigen (DNP-BSA, 10 ng/
ml) at 37C for 10 min in order to stimulate the cells for
granulation. The reaction was stopped by cooling in an ice
bath for 10 min. Twenty-five microliters of the supernatant
were transferred into a 96-well plate and incubated with 25
ul of substrate (1 mM p-nitrophenyl-N-acetyl-3-p-glucosami-
nide) in 0.1 M citrate buffer (pH 4.5) at 37C for 1 hr. The
reaction was stopped by addition of 200 ul of stop solution
(0.1 M NayCO3/NaHCOs, pH 10.0), and absorbance was
measured at 405 nm using a microplate reader. The extract
was dissolved in 0.1% DMSO and added to incubation
buffer. Wortmannin was used as a positive control at a con-
centration of 500 nM [17].

Statistical analysis

All experiments were performed three to five times. Data
are expressed as the means * standard deviation (SD). One
way ANOVA test (using SPSS 20 statistical software) was
used to compare the mean values of each treatment.
Significant differences were verified by Duncan’s multiple

range tests (p<0.05).

Results and Discussion

Isolation and identification of Phlorotannins
The dried powder of Ecklonia cava was extracted in 80%
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MeOH, and concentrated extracts were successively parti-
tioned using EtOAc, n-BuOH, and H>O. The EtOAc fraction
was proceeded by preparative HPLC and MPLC system
equipped with ODS column, six phlorotannins were
purified. Six phenolic compounds isolated from E. cava were
phloroglucinol (compound 1), eckol (compound 2), eck-
stolonol (compound 3), triphlorethol-A (compound 4), phlor-
ofucofuroeckol A (compound 5), and dieckol (compound 6)
based on interpretation of the spectroscopic data, including
NMR, FAB/MS, IR, and were confirmed by comparison of
the data with those reported in the literatures [22, 27] as

shown in Table 1.

Antioxidant capacities of six phlorotannins

Antioxidant capacities of phlorotannins measured by two
different assays using ABTS and DPPH radical chromogens
found in E. cava are shown in Table 2. In weight basis of
six phenolic compounds, their antioxidant capacities in
DPPH assay were in decreasing order as follows: phlor-
ofucofuroeckol A > phloroglucinol > eckstolonol > dieckol
> triphlorethol-A > eckol. Phlorofucofuroeckol A exhibited
approximately 1.3 time higher antioxidant capacity than eck-
ol in the DPPH assay. As in ABTS assay, antioxidant capaci-
ties of these phlorotannins were in decreasing order as fol-
lows: triphlorethol-A > phlorofucofuroeckol A > dieckol >
eckstolonol > eckol > phloroglucinol. Triphlorethol-A had
about 1.4 time higher antioxidant capacity than phlorogluci-
nol. Previously, antioxidant capacity (in 50% effective con-
centration) of phlorotannins measured by the DPPH assay
was in decreasing order as follows: phlorofucofuroeckol A
> dieckol > eckol, whereas in superoxide anion scavenging
activities, three phlorotannins ranked as: dieckol > phlor-
ofucofuroeckol A > eckol [31]. The different ranking of anti-
oxidant capacities of phlorotannins may be attributed to dif-

ferent radicals used and reaction mechanisms [36].

Inhibitory effects of phlorotannins from E. cava
on NO production in LPS-treated RAW 264.7 cells

To evaluate the anti-inflammatory effects of the six major
phlorotannins from E. cava, NO production and cytotoxicity
were measured in untreated and LPS-treated RAW 264.7
cells. As shown in Fig. 2, phloroglucinol, eckol, phlorofuco-
furoeckol A, and dieckol at the concentrations of 1 and 2
ug/ml inhibited NO production without affecting cell
viability. In particular, phlorofucofuroeckol A at 1 and 2 ng/
ml markedly suppressed the NO production with approx-
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Table 1. Identification of six phlorotannins in Ecklonia cava and data from FAB-MS, "H-NMR and ®C-NMR

Compounds

Characteristic physical data

Phloroglucinol
(Compound 1)

Amorphous powder (CD;OD); 'H-NMR (400 MHz, CDCls, &) 5.80 (3H, s, H-2,4,6); "C-NMR
(100 MHz, CD;0D, 6¢) 158.7 (C-1, 3, 5), 94.0 (C-2, 4, 6)

Eckol
(Compound 2)

Amorphous powder (CD;OD); positive FAB/MS m/z: 372 [M]+; "H-NMR (400 MHz, CDCl,,
6n) 614 (1H, s, H-3), 597 (2H, brs, H-8, 4), 5.96 (3H, 6, 2, €'); BC.NMR (100 MHz, CD:0D,
6c) 1604 (C-1'), 158.7 (C-3', 5), 153.1 (C-7), 145.8 (C-9), 145.6 (C-2), 142.8 (C-5a), 141.9 (C-4),
1371 (10a), 1241 (C-1), 1234 (C-9a), 123.1 (C-4a), 984 (C-8), 97.9 (C-3), 9%6.2 (C-4), 949 (C-6),
B3 (C-2, 6)

Eckstolonol
(Compound 3)

Off-white powder (CD;OD); negative FAB/MS m/z: 369[M]; "H-NMR (400 MHz, CDCl;, &)
6.15 (1H, s, H-7), 6.02 (1H, d, | = 2.8 Hz, H-2), 6.01 (1H, d, ] = 2.8 Hz, H-10), 599 (1H
d, | = 24 Hz, H4), 59 (1H, d, ] = 2.8 Hz, H-12); "C-NMR (100 MHz, CD30D) 153.3
(C-3), 152.9 (C-11), 1458 (C-1), 1455 (C-9), 142.3 (C-4a), 142.1 (C-12a), 1399 (C-6), 137.8 (C-7a),
131.6 (C-13b), 126.4 (C-5a), 123.5 (C-8a), 123.3 (C-13a), 123.1 (C-14a), 98.6 (C-2), 98.4 (C-10),
975 (C-7), 944 (C-4), 942 (C-12)

Triphlorethol-A
(Compound 4)

Amorphous powder (CD;OD); 'H-NMR (400 MHz, CDCls, s1) 6.05(1H, d, | = 2.8 Hz, H-5),
6.00 (2H, d, J = 2.0 Hz, H-2", 6"), 593 (1H, t, ] = 2.0 Hz, H4"), 589 (2H, s, H-3, 5),
575 (1H, t, ] = 2.4 Hz, H-3); "C-NMR (100 MHz, CD30D) 160.9 (C-1“), 158.8 (C-3", 5),
1549 (C-4), 154.7 (C-4), 152.3 (C-6), 151.1 (C-2), 150.6 (C-2', 6"), 1242 (C-1), 123.1 (C-1)
9.5 (C-3), 96.0 (C-4"), 94.7 (C-%, 5), 93.9 (C-27, 6"), 935 (C-5)

7

Phlorofucofuroeckol-A
(Compound 5)

Amorphous powder (CD;OD); positive FAB/MS m/z 742 [M]’; "H-NMR (400 MHz, CDCl,,
6u), 618 (1H, s, H-3"), 6.16 (1H, s, H-3), 612 (2H, s, H-8), 6.09 (1H, d, | = 2.0 Hz, H-8"),
6.01 (1H, br.s, H2, 6*), 598 (1H, d, ]=1.6 Hz, H-6), 5.95 (4H, s, H-2, 4, ¢, 6"); "C-NMR
(100 MHz, CD30D) 160.4 (C-1'), 158.7 (C-3'), 158.7 (C-5), 1564 (C-1"), 1545 (C-7), 153.1
(C-77), 150.9 (C-3"), 150.9 (C-5), 145.9 (C-2), 145.8 (C-9”), 145.7 (C-9), 1455 (C-2), 142.8
(C-5a"), 142.7 (C-5a), 1419 (C-4“), 141.8 (C-4), 1372 (C-10a), 137.0 (C-10a"), 125.0 (C-4),
1247 (C9a), 124.2 (C-4a), 124.1 (C-4a"), 123.4 (C-9a”), 123.2 (C-1"), 123.1 (C-1), 98.4 (C-8"),
98.3 (C-3), 98.0 (C-3"), 97.9 (C-8), 962 (C-4), 947 (C-2, 6™), 944 (C-6"), 943 (C-2, 6,
93.9 (C-6)

Dieckol
(Compound 6)

Amorphous powder (CD;OD); positive FAB/MS m/z: 602 [M]"; '"H-NMR (400 MHz, CDCl,,
6u) 6.67 (1H, s, H-13), 641 (1H, s, H-9), 6.27 (1H, s, H-3), 5.98 (2H, d, | = 2.0 Hz, H4,
4", 59 (1H, t, | = 2.0 Hz, H-2), 593 (1H, t, ] = 2.0 Hz, H-¢"), 589 (2H, d, ] = 2.8 Hg,
H-2", 6”); "C-NMR (100 MHz, CD30D) 1604 (C-1°, 1), 158.7 (C-3', 5, 3“, 5"), 151.7 (C-12a),
150.3 (C-10), 149.7 (C-11a), 146.8 (C-2), 146.8 (C-8), 144.5 (C-14), 142.5 (C-4), 136.9 (C-15a),
133.8 (C-5a), 126.6 (C-14a), 123.5 (C-4a), 1232 (C-1), 1209 (C-11), 103.9 (C-7), 103.8 (C-6), 98.5
(C9), 97.5 (C-3), 96.3 (C-4"), 9%6.2 (C-4), 94.8 (C-13), 94.0 (C-2, 6), 94.0 (C-2"), 93.9 (C-6")

imately 64.46% and 71.99% inhibition, respectively. At 10 pg/
ml, however, phlorofucofuroeckol A significantly decreased
cell viability up to 34%, suggesting its cytotoxicity to RAW
264.7 cells. Except for eckstolonol) and triphlorethol-A which
showed significant cytotoxicity even at 1 ug/ml, the other
four phlorotannins showed relatively high inhibitory effects
of approximately 50-65% at 1 ng/ml and 56-72% at 2 pg/ml.

Water extract and carbohydrase-treated extract of E. cava
are known to exhibit anti-inflammatory activity in LPS-
stimulated RAW 264.7 cells [14]. Among phlorotannins from
E. cava, only dieckol suppressed LPS-induced production of

NO and prostaglandin E2 in BV2 microglial cells [11]. On
the other hand, phlorofucofuroeckol A separated from E. sto-
lonifera had strong inhibition activity against NO production
induced by LPS in RAW 264.7 cells through down-regulation
of iNOS protein expression [16]. NO can be produced by
bacterial LPS or immunological stimuli through iNOS, and
NO mediates inflammatory reactions in macrophages and
other cells. Excess NO production can cause cerebral injury
[2], myocardial ischemia [23], and inflammatory disorders
[26, 30, 33]. Therefore, inhibition of NO synthesis might be
a target for prevention of inflammatory reactions. RAW



Table 2. Antioxidant capacities of six phlorotannins found in
Ecklonia cava"

Radicals DPPH ABTS
Phloglucinol 0.99 +0.08 1.66 £0.29
Eckol 0.80 £0.15 1.84 +0.22
Eckstolonol 0.96 +0.17 1.96 £ 0.78
Triphlorethol-A 0.89 £0.17 2.35+0.85
Phlorofucofuroeckol A 1.05 £0.12 215£051
Dieckol 0.95£0.17 2,04 £0.39
Butylated hydroxyanisole 474 £0.21 394 +024

(BHA)

YData are represented as the means + SD of three independent
experiments. Antioxidant capacity was expressed as mg vita-
min C equivalents/mg of each chemical. BHA was used as
a positive control (ICsp, 11g/ml).
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Fig. 2. Effects of the six phlorotannins from Ecklonia cava on
LPS-induced NO production in RAW 264.7 cells. Nitrite
levels were measured in the supernatants. Data are rep-
resented as the means*SD of three independent experi-
ments. Values with different superscript letters are sig-
nificantly different (p<0.05). The asterisk (*) represents
significantly different from control (p<0.05). L-NAME
used as a positive control at a concentration of 250 M.
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264.7, a murine macrophage-like cell line, is well charac-
terized as a model system for characterizing the actions of
various immunomodulatory compounds at the molecular
levels [5, 7, 21].

Inhibitory effects of phlorotannins from E. cava on
release of B-hexosaminidase induced by IgE with
DNP-BSA in RBL-2H3 cells

RBL-2H3 rat mast cells were used to investigate the in
vitro anti-allergy effect of each phlorotannin and the release
of B-hexosaminidase, a marker of mast cell degranulation,
into the cell media was measured. The inhibitory effects of
phlorotannins to inhibit release of -hexosaminidase from
IgE-sensitized RBL-2H3 cells induced by DNP-BSA are
shown in Fig. 3. Dieckol significantly inhibited the release
of B-hexosaminidase by approximately 51.4% at 10 pg/ml
without affecting cell viability of RBL-2H3 cells. The other
five phlorotannins tested in this study showed less in-
hibitory effects with approximately 20.5-37.8% inhibition.
We tested cell viability using the MTT assay to ensure that
the decrease in NO production was not due to cell death.
Eckol decreased the cell viability to approximately 69%,
however, the other phlorotannins showed no toxicity at 10
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Fig. 3. Inhibitory effects of the six phlorotannins from Ecklonia
cava on [-hexosaminidase release in RBL-2H3 cells in-
duced by IgE with DNP-BSA' The levels of released -
hexosaminidase were measured in the supernatants. Data
are represented as the meansSD of three independent
experiments. Values with different superscript letters are
significantly different (p<0.05). The asterisk (*) represents
significantly different from control (p<0.05). Wortmannin
was used as a positive control at a concentration of 500
nM.
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Fig. 4. Cytotoxicity and inhibitory effects of dieckol on {3-hex-
osaminidase release from RBL-2H3 cells induced by IgE
with DNP-BSA. Letters on bars indicate significant dif-
ferences according to Duncan’s multiple range test (p<0.05,
n=3).

ng/ml.

Because dieckol exhibited a significantly higher inhibitory
effect on release of B-hexosaminidase in antigen-stimulated
RBL-2H3 cells, its regulatory effect was further evaluated.
The release of B-hexosaminidase was suppressed in a dose-
dependent manner without cytotoxicity (Fig. 4). Li et al. [19]
reported that two bioactive phloroglucinol derivatives, fuco-
diphloroethol G and phlorofucofuroeckol A, from E. cava ex-
erted significant inhibitory activity against histamine release
in RBL-2H3 cells. Allergic reactions mediated by IgE, such
as asthma and allergic rhinitis, can be activated by release
of B-hexosaminidase and various pharmacological agents [5,
37]. B-Hexosaminidase is stored in secretory granules within
mast cells and is released with histamine in response to an
antigen. Release of histamine from mast cells occurs in re-
sponse to an antigen or a degranulation inducer. Therefore,
B-hexosaminidase is a marker for histamine release from
mast cell degranulation. There are several inhibitors of £
-hexosaminidase release, including flavonoids [21], diary-
lheptanoids [25], sesquiterpenes [9], anthraquinones [35],
and alkaloids [34].

In conclusion, six phlorotannins obtained from a brown
alga, E. cava included phloroglucinol, eckol, eckstolonol, tri-
phlorethol-A, phlorofucofuroeckol A, and dieckol, which
identified by MS and NMR analyses. Antioxidant capacities
of six phlorotannins were ranked by the DPPH and ABTS
assays, where phlorofucofuroeckol A and triphlorethol-A

had the highest antioxidant capacity in respective assays.
Among phlorotannins tested in LPS-stimulated RAW 264.7
cells, phloroglucinol, eckol, phlorofucofuroeckol A, and die-
ckol at 1 and 2 pg/ml inhibited NO production without
cytotoxicity. Phlorofucofuroeckol A exhibited the highest in-
hibition of NO production. On the other hand, dieckol
dose-dependently inhibited the release of B-hexosaminidase
in antigen-stimulated RBL-2H3 cells, suggesting that dieckol
act as an anti-allergic agent. Thus, phlorofucofuroeckol A
and dieckol may play a key role in allergic inflammatory
reactions.
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