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Anti-inflammatory Effect of Dactyloquinone B and Cyclospongiaquinone-1 

Mixture in RAW264.7 Macrophage and ICR Mice
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Abstract – Sesquiterpene-quinone is a class of secondary metabolites frequently encountered from marine sponge.
The present study was designed to examine the anti-inflammatory action of sponge-derived dactyloquinone B
(DQB) and cyclospongiaquinone-1 (CSQ1) mixture using lipopolysaccharide (LPS)-induced inflammatory responses.
We measured the production of nitric oxide (NO), tumor necrosis factor-alpha (TNF-α), interleukin-1β (IL-1β),
and interleukin-6 (IL-6) and expression of inducible nitric oxide synthase (iNOS) and cyclooxygenase-2 (COX-2)
protein. TNF-α, IL-1β, and IL-6 production, which increased by treatment with LPS, were significantly inhibited
by DQB and CSQ1 mixture. It also decreased the production of NO production, and iNOS and COX-2
expression. Furthermore, it reduced 12-O-tetradecanoylphorbol 13-acetate (TPA)-induced ear edema of ICR mice.
These results demonstrate that sesquiterpene-quinone, DQB and CSQ1 mixture, might serve as a chemical
pipeline for the development of anti-inflammatory agent. 
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Introduction

Marine sponge has been served as a prolific source of

diverse secondary metabolites.1 In particular, sesquiterpene-

quinone is a class of compounds frequently encountered

as bioactive marine natural products.2 A wide range of

bioactivities have been described from this class, which

included antimicrobial, anti-HIV, anti-inflammatory, and

cytotoxic activities, and thereby a lot of synthetic attempts

have been made for these compounds.2 Ilimaquinone is

one of the most well-known sesquiterpene-quinones

comprised of sesquiterpene and benzoquinone subunits,3,4

and its mechanism of action associated with Golgi

membrane was reported.5 As a part of the chemical

investigation of marine sponge, a series of cyclospongia-

quinones were isolated from Stelospongia conulata.6

Cyclospongiaquinones contain a characteristic ether linkage

between the sesquiterpene and quinone units, forming an

additional ring system relative to that of most other

sesquiterpene-quinones such as ilimaquinone.6 Recently, a

short synthetic strategy for cyclospongiaquinone-1 was

developed using commercial diterpene alcohol.7 Another

set of example showing the same type of ether connection

is dactyloquinones obtained from Dactylospongia elegans,

but the skeleton of their sesquiterpene unit is rearranged

as was the case for ilimaquinone.8-10 Despite the unique

structural feature of these series of compounds, to our

knowledge, previous reports of their bioactivity have been

limited to moderate cytotoxicity of dactyloquinone B,

neodactyloquinone, and cyclospongiaquinone-2.10-12

Inflammatory response is a defense mechanism of the

body to various stimuli, in which macrophages play an

important role in regulating the reaction via production of

pro-inflammatory mediators and cytokines, such as

nitric oxide (NO), tumor necrosis factor-α (TNF-α), and

interleukin-1β (IL-1β).13 Prolonged or deregulated inflam-

matory responses can lead to various diseases, including

arthritis, hepatitis, septic shock syndrome, neurodegenerative

disorders, and sepsis.14 Accordingly, many studies have

focused on searching for the treatment of inflammatory-
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related diseases. In the course of our studies aiming to

identification of anti-inflammatory metabolites from marine

sponges, we investigated the anti-inflammatory activity of

dactyloquinone B (DQB) and cyclospongiaquinone-1

(CSQ1) mixture obtained from the previous study.15 The

inhibitory mechanism of DQB and CSQ1 mixture was

investigated through the inflammatory reactions in LPS-

stimulated RAW264.7 macrophages and in 12-O-tetrade-

canoylphorbol 13-acetate (TPA)-induced ear edema of

ICR mice.

Experimental

Extraction and isolation – The collection and extraction

of sponges and their extraction has been described in our

earlier work.15 The sponge extract (3.6 kg) was subjected

to silica gel vacuum liquid chromatography (VLC) eluting

with a stepwise gradient of hexane/acetone/methanol/

water to provide 13 fractions (Fr. 1 to 13). Fr. 10 (39.3 g)

was further divided into 9 fractions (Fr. 10-1 to 10-9)

using silica gel VLC with a gradient order of the same

four solvents. C18 MPLC (15.5 × 4 cm) was applied to Fr.

10-6 (2.7 g) with an isocratic solvent of methanol/water

(85:15) to yield 7 subfractions (Fr. 10-6-1 to 10-6-7). A

mixture of DQB and CSQ1 (4.3 mg) was obtained from

repeated column chromatography of Fr. 10-6-2 (458 mg)

using C18 HPLC (250 × 20.0 mm, 5 µm) with isocratic

methanol/water (78:22).15

Materials – Dulbecco's modified Eagle's medium (DMEM),

fetal bovine serum (FBS), and other tissue culture

reagents were purchased from Gibco BRL Co. All other

chemicals were obtained from Sigma Chemical Co. (St.

Louis, MO) unless indicated otherwise. RAW264.7 cells

were obtained from the American Type Culture Collection

(Manassas, VA). Primary antibodies, including those

raised against COX-2 and iNOS appropriate secondary

antibodies used for western blot analysis were purchased

from Santa Cruz Biotechnology (Santa Cruz, CA).

Enzyme-linked immunosorbent assay (ELISA) kits for

TNF-α, IL-6, and IL1-β were purchased from R&D

Systems (Minneapolis, MN).

Cell culture and viability assay – RAW264.7 cells

were maintained at 5 × 105 cells/mL in DMEM medium

supplemented with 10% heat-inactivated FBS, penicillin

G (100 units/mL), streptomycin (100 mg/mL), and L-

glutamine (2 mM), and were incubated at 37 oC in a

humidified atmosphere containing 5% CO2 and 95% air.

The effects of various experimental modulations on cell

viability were evaluated by determining mitochondrial

reductase function with an assay based on reduction of

tetrazolium salt, 3-[4,5-dimethylthiazol-2-yl]-2,5-dipheny-

ltetrazolium bromide (MTT), into fomazan crystals. The

formation of formazan is proportional to the number of

functional mitochondria in living cells. For determination

of cell viability, 50 mg/mL of MTT was added to cell

suspension for 4 h. The formazan formed was dissolved

in acidic 2-propanol and optical density was measured at

590 nm. The optical density of formazan formed in

control (untreated) cells was taken as 100 % viability.

Nitrite (NO production) determination – Production

of nitrite, a stable end product of NO oxidation, was used

for measurement of iNOS activity. Nitrite present in

conditioned media was determined by a method based on

the Griess reaction. An aliquot of each supernatant (100

µL) was mixed with the same volume of Griess reagent

(0.1% (w/v) N-(1-naphathyl)-ethylenediamine and 1% (w/

v) sulfanilamide in 5% (v/v) phosphoric acid) for 10 min

at room temperature. The absorbance of the final product

was measured spectrophotometrically at 525 nm using an

ELISA plate reader and the nitrite concentration in

samples was determined from a standard curve of sodium

nitrite made up in phenol red-free DMEM.

TNF-α, IL-6, and IL-1β assay – Levels of TNF-α, IL-

6, and IL-1β present in each sample were determined

using a commercially available kit from R&D Systems

(Minneapolis, MN, USA). The assay was performed

according to the manufacturer’s instructions. Briefly,

RAW264.7 cells were cultured in 24-well plates, pre-

incubated for 12 h with different concentrations of DQB+

CSQ1 and then stimulated for 18 h with LPS. Cell culture

supernatants were collected immediately after treatment

and spun at 13,000 × g for 2 min to remove particulate

matter. The medium was added to a 96-well plate pre-

coated with affinity-purified polyclonal antibodies specific

for mouse TNF-α, IL-6, or IL-1β. An enzyme-linked

polyclonal antibody specific for mouse TNF-α, IL-6, or

IL-1β was added to the wells and left to react for 2 h,

followed by a final wash to remove any unbound antibody-

enzyme reagent. A substrate solution was added, and the

intensity of color produced, measured at 450 nm (correction

wavelength set at 540 nm or 570 nm), as proportional to

the amount of TNF-α, IL-6, or IL-1β present.

Western blot analysis – Western blot analysis was

performed by lysing cells in 20 mM Tris-HCl buffer (pH

7.4) containing a protease inhibitor mixture (0.1 mM

PMSF, 5 mg/mL aprotinin, 5 mg/mL pepstatin A, and 1

mg/mL chymostatin). Protein concentration was determined

using a Lowry protein assay kit (P5626; Sigma). An equal

amount of protein for each sample was resolved by 12%

sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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(SDS-PAGE) and then electrophoretically transferred onto

a Hybond enhanced chemiluminescence (ECL) nitro-

cellulose membrane (Bio-Rad, Heracules, CA). The

membrane was blocked with 5% skim milk and sequen-

tially incubated with primary antibody (Santa Cruz Biote-

chnology) and horseradish peroxidase-conjugated secondary

antibody, followed by ECL detection (Amersham Pharmacia

Biotech, Piscataway, NJ).

Animal experiment – The Institutional Animal Care

and Use Committee at Johnson & Johnson approved all

procedures used in these experiments. ICR mice (male,

25-30 g) were purchased from the Samtako Bio Korea

Co. (Gyeonggido, Korea) and permitted free access to a

standard chow diet and tap water. All mice were accli-

matized for 1 week prior to the experiments and

maintained at 22 ± 2°C with a relative humidity of 50 ±

5% and 12 h light–dark cycle.

TPA-induced ear edema – TPA-induced ear edema

was performed as described previously.16,17 Biopsies of

9 mm diameter were taken from mouse ears that had been

challenged with TPA only or treated with DQB+CSQ1

after TPA challenge. 

Statistical analysis – Data are expressed as mean ±

S.D. for at least three independent experiments. To

compare three or more groups, one-way analysis of

variance followed by Newman-Keuls post hoc test was

used. Statistical analysis was performed using GraphPad

Prism software, version 3.03 (GraphPad Software Inc,

San Diego, CA).

Results and Discussion

Repeated purification using a reverse-phase HPLC

method afforded a biologically active mixture of DQB

and CSQ1, and their structures were identified by com-

parison of 1H and 13C NMR data with literature values.6,8

The 1H NMR data showed signals for two different

sesquiterpene moieties, including an exo-methylene unit

(δH 4.90, s; 4.80, s), an isolated methylene unit (δH 2.64,

d, J = 19 Hz; 2.11, d, J = 19 Hz), seven methyl groups (δH

1.38, s; 1.22, s; 1.13, s; 0.90, s; 0.87, s; 0.83, s; 0.76, d,

J = 6.7 Hz), together with complex aliphatic region. In

addition, observation of signals for two olefinic singlets

(δH 5.76, s; 5.73, s) and coincident two methoxy groups

(δH 3.80, s) implied presence of two closely related

compounds in this sample. The 13C NMR data clearly

displayed two sets of signals, and characteristic shift

values for the four carbonyl carbons (δC 182.4, 181.7,

181.6, 181.2) suggested that both components of this

mixture contain a quinone unit. Furthermore, two

oxygenated sp3 carbons (δC 88.2, 82.0) are indicative of

an ether linkage in both components, while all the sp3

carbons of typical sesquiterpene-quinones are not oxy-

Fig. 1. Chemical structures of dactyloquinone B (DQB) and
cyclospongiaquinone-1 (CSQ1).

Fig. 2. Effect of DQB and CSQ1 mixture on cell viability or NO
production in RAW 264.7 cells. Cells were plated and cultured
for 24 h in the absence or presence of different concentration of
DQB and CSQ1 mixture (A). Cells were treated with DQB and
CSQ1 mixture and LPS (100 ng/ml) for 24 h (B). NO production
was calculated in culture media by Griess reagent (B). Each bar
represents means ± S.D. of three independent experiments. *p <
0.05 compared to the group treated with LPS.
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genated. Therefore, the two components presumed to be

both sesquiterpene-quinones containing an ether linkage,

but differing by their sesquiterpene structure based on the

presence of only one unit of exo-methylene and odd

number of methyl groups. Analysis of 1H and 13C NMR

data for each component and comparison of the data with

literature reports6,8 enabled identification of this sample as

a 3:4 mixture of DQB and CSQ1 (Fig. 1).

The concentration of DQB and CSQ1 mixture which

possibly cause cytotoxic effect toward RAW264.7 cells

was determined by MTT assay. The cell viability was not

significantly decreased at the concentration of DQB and

CSQ1 mixture up to 200 µM as shown in Fig. 2A. Thus,

the concentration range of 10-200 µM was employed for

all subsequent experiments. Pre-treatment of the RAW264.7

cells with DQB and CSQ1 mixture for 12 h resulted in

decrease of NO production (Fig. 2B). Because suppression

of LPS-induced pro-inflammatory mediators (e.g., NO)

was observed by the addition of DQB and CSQ1 mixture,

effects of this mixture on LPS-induced cytokines production

were further examined. Prior to the LPS stimulation, the

RAW264.7 cells were pre-treated with DQB and CSQ1

mixture for 1 h. As shown in Fig. 3, TNF-α, IL-6, and IL-

1β productions were decreased upon addition of DQB

and CSQ1 mixture in a concentration-dependent manner,

which was measured by enzyme immunoassay. The

expression of pro-inflammatory enzymes, including COX-2

and iNOS play a crucial role in immune-activated

macrophages by producing COX-2-derived PGE2 and

iNOS-derived NO.13,14 The RAW264.7 cells were treated

with LPS in the presence or absence of non-cytotoxic

concentrations of DQB and CSQ1 mixture, and levels of

iNOS and COX-2 protein expression were recorded. Pre-

treatment of the RAW264.7 cells with DQB and CSQ1

mixture for 1 h resulted in decrease of iNOS and COX-2

Fig. 3. Effect of DQB and CSQ1 mixture on LPS-induced pro-
inflammatory cytokines in RAW 264.7 cells. Cells were treated
with various concentrations of DQB and CSQ1 mixture for 1 h
and incubated with LPS during 24 h. Productions of TNF-α (A),
IL-1β (B), and IL-6 (C) were measured in culture media by
ELISA. Each bar represents means ± S.D. of three independent
experiments. *p < 0.05 compared to the group treated with LPS.

Fig. 4. Effect of DQB and CSQ1 mixture on LPS-induced iNOS
and COX-2 expression in RAW 264.7 cells. Cells were treated
with various concentrations of DQB and CSQ1 mixture for 1 h
and incubated with LPS during 24 h. The expression levels of
iNOS and COX-2 in cells were analyzed by Western blot. Each
bar represents means ± S.D. of three independent experiments. *p
< 0.05 compared to the group treated with LPS.
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protein expression (Fig. 4). TPA is a main active

compound found in croton oil, inducing vasodilation,

erythema, and edema within 5 hours after its application

to skin.18 Reduction of TPA-induced edema response was

observed by the treatment of DQB and CSQ1 mixture in

a mouse model of TPA-induced ear edema, and curcumin,

a positive control, also showed the similar activity (Fig.

5). These results suggested that DQB and CSQ1 mixture

suppressed the inflammatory condition in LPS-stimulated

RAW264.7 macrophages and in TPA-induced ear edema

of ICR mice.

In conclusion, the present study revealed anti-inflam-

matory activity of DQB and CSQ1 mixture. These

sesquiterpene-quinones suppressed production of NO,

TNF-α, IL-6, and IL-1β and expression of iNOS and

COX-2 in the LPS-induced RAW264.7 cells. In addition,

inhibition of the TPA-induced ear edema was observed in

ICR mice upon treatment of DQB and CSQ1 mixture,

suggesting that these sesquiterpene-quinones may serve as

a potential chemotype for the development of anti-

inflammatory agent.
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Fig. 5. Effect of DQB and CSQ1 mixture on TPA-induced ear
edema in ICR mouse. Mice were administrated with or without
the various concentrations of DQB and CSQ1 mixture. Curcumin
was used as a positive control. TPA (2 µg/ear) was dropped onto
the surface of the ear. The mice were sacrificed 4 h after the
application of TPA. An ear disc 9.0 mm diameter was punched
out of each ear and weighted. Values are shown as means ± S.D.
of n=5 mice. *p < 0.05 compared to the group treated with TPA.


