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Introduction

Inflammation is the result of the host response to

pathogenic challenges or tissue injuries, and ultimately

leads to the restoration of a normal tissue structure and

function. Normal inflammatory responses are self-limited

by a process that involves the down-regulation of pro-

inflammatory proteins and the up-regulation of anti-

inflammatory proteins [10, 12]. However, unbalanced or

prolonged inflammation leads to progressive tissue

damage and has been implicated in the development of

many chronic diseases such as cancer and neurodegenerative

disorders as well as diabetes and cardiovascular disease

[28]. Lipopolysaccharide (LPS)-stimulated macrophages

can generate a variety of inflammatory mediators, such as

nitric oxide (NO), prostaglandin E2 (PGE2), interleukin 1β

(IL-1β), IL-6, tumor necrosis factor-α (TNF-α), and matrix

metalloprotease-9 (MMP-9) [8, 23, 27].

Nitric oxide has been shown to be an important

regulatory molecule in diverse physiological functions,

including vasodilation, neural communication, and host

defense [16, 17]. NO produced by activated macrophages

via iNOS was initially considered a component of innate

immunity in the fight against infections. Alternatively, NO

is a free oxygen radical (NO·) and can act as a cytotoxic

agent in pathological processes, particularly in inflammatory
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In the present study, an anthraquinone derivative, questinol was successfully isolated from

the broth extract of the marine-derived fungus Eurotium amstelodami for the first time. The

structure of questinol was determined based on the analysis of the MS and NMR spectral data

as well as comparison of those data with the published data. Moreover, the anti-inflammatory

effect of questinol in lipopolysaccharide (LPS)-stimulated RAW 264.7 cells was investigated.

The results showed that questinol did not exhibit cytotoxicity in LPS-stimulated RAW 264.7

cells up to 200 µM. Questinol could significantly inhibit NO and PGE2 production at indicated

concentrations. Questinol was also found to inhibit the production of pro-inflammatory

cytokines, including TNF-α, IL-1β, and IL-6. Furthermore, the western blot analysis showed

that questinol suppressed the expression level of iNOS in a dose-dependent manner.

However, questinol could slightly inhibit the expression of COX-2 at the concentration of

200 µM. Therefore, our study suggests that questinol might be selected as a promising agent

for the prevention and therapy of inflammatory disease.
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disorders [2, 3]. Prostaglandins (PGs) also function as

mediators of the inflammatory response to induce pain,

fever, and other symptoms [8]. The rate-limiting enzyme in

the synthesis of prostaglandins is cyclooxygenase (COX).

Two isoforms of COX have been found: COX-1 and COX-2.

COX-2 is induced by several stimuli, and is responsible for

the production of large amounts of pro-inflammatory

prostaglandins at the inflammatory site [13, 29]. PGE2 is a

major COX product at inflammatory sites, where it

contributes to local blood flow increases, edema formation,

and pain sensitization [7]. The pro-inflammatory cytokines,

such as TNF-α, IL-1β, and IL-6 are known to be important

mediators involved in the progress of several inflammatory

diseases. Therefore, inhibition of NO, PGE2, and cytokines

(TNF-α, IL-1β, and IL-6) may have potential therapeutic

value when related to inflammation. 

The macrophage cell line (RAW 264.7) used in experiments

has been established as a suitable model to investigate

compounds interfering with LPS-inducible inflammatory

cascades in vitro [22, 24]. Therefore, in the present work, we

isolated questinol from the broth extract of a marine-

derived fungus, Eurotium amstelodami, and evaluated its

anti-inflammatory effect in LPS-stimulated RAW 264.7 cells.

Materials and Methods

General Materials

Column chromatographies were carried out on Silica Gel 60 (230–

400 mesh; Merck, Germany), ODS (12 nm; YMC, Japan), Sephadex

LH-20 (Sigma, St. Louis, MO, USA). Thin-layer chromatography

(TLC) was run on pre-coated Merck Kieselgel 60 F254 plates

(0.25 mm). 3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium

bromide (MTT) and LPS were purchased from Sigma Chemical

Co. (St. Louis, MO, USA). Dulbecco’s modified Eagle’s medium

(DMEM), fetal bovine serum (FBS), penicillin-streptomycin, and

trypsineEDTA were purchased from Gibco/BRL (Grand Island,

NY, USA). The enzyme-linked immunosorbent assay (ELISA) kit

for IL-1β, IL-6, TNF-α, and PGE2 were purchased from R&D

Systems Inc. (Minneapolis, MN, USA). Antibodies against iNOS

and COX-2 were obtained from Calbiochem (La Jolla, CA, USA)

and BD Biosciences Pharmingen (San Jose, CA, USA),

respectively. All the solvent and chemicals used in this study were

of reagent grade from commercial sources.

Fungal Material 

The fungal strain (Culture No. 015-2) was isolated from an

unidentified marine animal collected from the Sungsan coast in

Jeju Island, Korea, in 2011. The fungus was identified to be

Eurotium amstelodami, according to a molecular biological protocol

by DNA amplification and sequencing of the ITS region. A voucher

specimen is deposited at Jeju National University with the code

015-2. The fugal strain was cultured (8 L) for 30 days (static) at

29ºC in SWS medium containing soytone (0.1%), soluble starch

(1.0%), and seawater (100%).

Extraction and Isolation of Questinol

The cultured broth of the E. amstelodami strain was filtered

through cheese cloth to separate into broth and mycelia. The

broth was extracted with ethyl acetate (EtOAc), and the EtOAc

solution was concentrated under reduced pressure to give a broth

extract (015-2B) (0.7 g). The broth extract (0.7 g) was subjected to

silica gel flash chromatography (n-hexane/EtOAc, EtOAc/methanol)

to furnish 12 fractions (B1-B12) on the basis of TLC analysis.

Fraction B7 (161.2 mg) was further purified on a Sephadex LH-20

column eluting with MeOH to give the compound (7.6 mg). The

isolated compound was dissolved in 2% DMSO in DMEM.

The 1H NMR and 13C NMR spectra of the isolated compound

were recorded on a JEOL JNM-ECP 400 MHz NMR spectrometer,

using the DMSO-d6 solvent peak (2.50 ppm in 1H and 39.5 ppm in
13C NMR) as an internal reference standard. MS spectra were

obtained on a JEOL JMS-700 spectrometer. 

Questinol: yellow powder; ESI-MS m/z: 299 [M-H]-. 1H NMR

(DMSO-d6, 400 MHz): δ 13.31 (1H, s, OH-1), 7.57 (1H, d, J = 1.6, H-

4), 7.20 (1H, d, J = 1.6, H-2), 7.20 (1H, d, J = 2.3, H-5), 6.83 (1H, d, J=

2.3, H-7), 4.58 (2H, s, CH2OH-3), 3.90 (3H, s, 6-OCH3). 
13C NMR

(DMSO-d6, 100 MHz): δ 186.3 (C-9), 182.3 (C-10), 164.8 (C-1), 163.5

(C-6), 161.7 (C-8), 151.2 (C-3), 136.8 (C-10a), 132.1 (C-4a), 120.9 (C-

2), 115.8 (C-4), 115.1 (C-8a), 112.5 (C-9a), 107.2 (C-5), 105.0 (C-7),

62.0 (CH2OH-3), 56.3 (OCH3-8). 

Cell Culture

The murine macrophage cell line RAW 264.7 was purchased

from the Korean Cell Line Bank (KCLB; Seoul, Korea). RAW 264.7

cells were cultured in DMEM supplemented with 100 U/ml of

penicillin, 100 µg/ml of streptomycin, and 10% FBS. The cells

were incubated in an atmosphere of 5% CO2 at 37ºC and were

subcultured every 3 days.

MTT Assay

The RAW 264.7 cells were seeded in 96-well plates at a

concentration of 1 × 105 cells/ml (180 µl). After 16 h incubation at

37ºC under a humidified atmosphere, the cells were treated with

10 µl of the compound at the concentration of 50, 100, and 200 µM

and LPS (1 µg/ml) , and further incubated for 30 min. Then 50 µl

of MTT stock solution (2 mg/ml) was applied to the wells, to a

total reaction volume of 250 µl. After 4 h of incubation, the plates

were centrifuged for 5 min at 800 ×g, and the supernatants were

aspirated. The formazan crystals in each well were dissolved in

150 µl of dimethylsulfoxide (DMSO), and the absorbance was

measured via ELISA at a wavelength of 540 nm. The percentage

inhibitory effect was evaluated in accordance with the quantity of

MTT converted to the insoluble formazan salt. The optical density
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of the formazan generated in the control cells was considered to

represent 100% viability. The data are expressed as the mean

percentages of viable cells versus the respective control.

Determination of Nitric Oxide Production

RAW 264.7 cells (1 × 105 cells/ml) were plated and incubated

with the compound in the absence or presence of LPS (1 µg/ml)

for 24 h. The nitrite concentration in the culture medium was

measured as an indicator of NO production, according to the

Griess reaction. One hundred microliters of culture supernatant

was mixed with the same volume of Griess reagent (0.1%

naphtylethylenediamine dihydrochloride and 1% sulfanilamide in

5% H3PO4). The absorbance of the mixture was measured with a

microplate reader (Ultraspec 2100 pro) at 540 nm. The concentration

of nitrite was calculated with sodium nitrite as a standard.

Determination of PGE2 Production

RAW 264.7 macrophages were plated on 24-well plates at a

density of 1 × 105cells/ml. The cells were pre-treated for 1 h with

the compound at the concentrations of 50, 100, or 200 µM prior to

24 h of stimulation with LPS (1 µg/ml). The culture supernatants

were immediately utilized for PGE2 determination. The PGE2

concentration in the culture medium was quantified using a

competitive enzyme immunoassay kit according to the manufacturer’s

instructions. The production of PGE2 was measured relative to

that following control treatment.

Measurement of Pro-Inflammatory Cytokines (TNF-α, IL-1β,

and IL-6) Production

To determine the effects of the compound on production of pro-

inflammatory cytokines, including TNF-α, IL-1β, and IL-6, the

RAW 264.7 macrophages were incubated with the compound (50,

100, or 200 µM) in the presence or absence of LPS (1 µg/ml) for

24 h. The inhibitory effects of the compound on the pro-inflammatory

cytokines (TNF-α, IL-1β, and IL-6) production from LPS-treated

RAW 264.7 cells was determined as described in the Cho et al. [5]

protocols. Supernatants were used for pro-inflammatory cytokines

assay using a mouse ELISA kit.

Western Blot Analysis

Murine macrophage RAW 264.7 cells were pre-incubated for

24 h, and then stimulated with LPS (1 µg/ml) in the presence of

the test compound for the indicated time. After incubation, the

cells were collected and washed twice with cold PBS. The cells

were lysed in a lysis buffer (50 mM Tris-HCl (pH 7.5), 150 mM

NaCl, 1% Nonidet P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVO3,

10 mM NaF, 1 mM dithiothreitol, 1 mM phenylmethylsulfonylfluoride,

25 µg/ml aprotinin, and 25 µg/ml leupeptin) and kept on ice for

30 min. Cell lysates were washed by centrifugation, and protein

concentrations were determined by using a BCA protein assay kit.

Aliquots of the lysates (30-50 µg of protein) were separated on a

12% SDS-polyacrylamide gel and transferred onto a polyvinylidene

fluoride membrane (Bio-Rad, CA, USA) with a glycine transfer

buffer (192 mM glycine, 25 mM Tris-HCl (pH 8.8), and 20% MeOH

(v/v)). After blocking the nonspecific site with 1% bovine serum

albumin, the membrane was then incubated with specific primary

antibody at 4ºC for overnight. The membrane was further

incubated for 60 min with a peroxidase-conjugated secondary

antibody (1:5,000; Vector Laboratories, Burlingame, USA) at room

temperature. The immune-active proteins were detected using an

enhanced chemiluminescence western blotting detection kit.

Statistical Analysis

All the data were presented as the mean ± SD from three

independent experiments unless stated otherwise. Statistical

comparisons between different treatments were done by one-way

ANOVA with Student Newman Keul's post hoc tests using the

SPSS program (ver. 19.0). *p < 0.05 and **p < 0.01 vs. LPS-stimulated

group.

Results and Discussion

Isolation and Identification of Bioactive Natural Product

from E. amstelodami

Based on the results of the bioactivities of marine-derived

fungi, the strain Eurotium amstelodami has been selected for

isolation of the bioactive compounds, especially the broth

extract. Therefore, 8 L of E. amstelodami was cultured in

SWS medium for 30 days (static) at 29ºC. The broth was

extracted with EtOAc to obtain the B extract. Then, the B

extract was purified using silica column chromatography

followed by Sephadex LH-20 chromatography. The compound

was successfully isolated. The structure of the isolated

compound was determined by analysis of the MS and

NMR spectral data as well as comparison of those data

with previous reports.

Questinol was isolated as a yellow powder, and its

molecular weight was determined as m/z 299 [M-H]-, which

corresponded with C16H12O6. The 1H and 13C NMR signals

Fig. 1. Chemical structure of questinol isolated from marine-

derived fungus Eurotium amstelodami.
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indicated it might be an anthraquinone compound. In

comparison of the NMR data with those of questinol in the

literature [11, 14], it was determined as questinol, as shown

in Fig. 1. This compound was first isolated from the

marine-derived fungus E. amstelodami, according to our

best knowledge.

Cell Viability in Raw 264.7 Cells

To investigate the cytotoxic effect of questinol in RAW

264.7 cells, MTT assays were employed. As shown in Fig. 2,

treatment of LPS (1 µg/ml) alone showed cytotoxic effect

to RAW 264.7 macrophages, whereas there ware no

significant differences between the LPS-treated group and

control group. When the cells were treated with 50, 100,

and 200 µM of questinol in the presence of LPS, no

significant differences of cell viability were found between

these groups and the control group, respectively. The

results indicated that up to the concentration of 200 µM,

questinol did not affect the cell viability in RAW 264.7 cells.

Thus, the concentrations of 50, 100, and 200 µM of

questinol will be used in further experiments.

Effects of Questinol on NO Production in LPS-Treated

RAW 264.7 Cells

To determine the inhibitory effect of questinol on NO

production, RAW 264.7 cells were incubated with LPS

(1 µg/ml) for 24 h. The production of NO in the culture

medium was evaluated by measurement of the release of

nitrite, which is a stable metabolite of NO. As shown in

Fig. 3, LPS treatment could significantly elevate the

production of NO. The concentration of NO in the LPS

treatment group was defined as 100% of NO production.

Pre-treatment with questinol could significantly inhibit

LPS-induced NO production in a concentration-dependent

manner, respectively. The NO production of questinol-

treated groups was 80.9%, 42.1%, and 23.0% at the

concentrations of 50, 100, and 200 µM, respectively. Taking

together the results of cell viability and NO production

inhibitory effects, the inhibitory effect of questinol on NO

production was not caused by cytotoxic effects in RAW

264.7 cells.

Effect of Questinol on PGE2 Production in LPS-Treated

RAW 264.7 Cells

To determine the potential effect of questinol on the

inhibition of PGE2 production, the amount of released PGE2

was measured using anti-PGE2-coated ELISA plates.

Conditioned media were prepared by treating the RAW

264.7 cells with questinol (50, 100, and 200 µM) for 1 h

followed by 24 h of stimulation with LPS (1 µg/ml). As

shown in Fig. 4, the PGE2 production was significantly

increased by the treatment of LPS. However, pre-treatment

with questinol could significantly inhibit LPS-induced

PGE2 production in a concentration-dependent manner.

The PGE2 production of questinol-treated groups was

Fig. 2. Effect of questinol on cell viability in RAW 264.7 cells. 

Cells were cultured with different concentrations (50, 100, and 200 µM)

of questinol and LPS (1 µg/ml) for 24 h. Then, the viability of cells

was determined by MTT assay. Values are the mean ± SD of triplicate

experiments.

Fig. 3. Inhibitory effect of questinol on NO production in LPS-

stimulated RAW 264.7 cells. 

Cells (1 × 105 cells/ml) were stimulated by LPS (1 µg/ml) for 24 h in

the presence of questinol (50, 100, and 200 µM). The NO production

was assayed in the culture medium. Values are the mean ± SD of

triplicate experiments. *p < 0.05 and **p < 0.01 indicate significant

differences from the LPS-stimulated group.



1350 Yang et al.

J. Microbiol. Biotechnol.

93.8%, 78.9%, and 56.5% at the concentrations of 50, 100,

and 200 µM, respectively. 

Effects of Questinol on Production of Pro-Inflammatory

Cytokines in LPS-Stimulated RAW 264.7 Cells

The release of pro-inflammatory cytokines is an important

mechanism by which the immune cells regulate the

inflammatory responses and contribute to various inflammatory

and autoimmune disorders. Therefore, we examined the

effects of questinol on LPS-induced TNF-α, IL-1β, and IL-6

production using an ELISA kit. LPS could induce a

significant increase of cytokines TNF-α (Fig. 5A), IL-1β

(Fig. 5B), and IL-6 (Fig. 5C) compared with the control

group. However, pre-treatment with questinol was found

to reduce the TNF-α level. At the concentrations of 50, 100,

and 200 µM, the levels of TNF-α were significantly reduced

compared with the LPS-treated group. 

The results of IL-1β production inhibitory effects by

questinol are shown in Fig. 5B. The questinol could

significantly reduce the production of IL-1β at the concentrations

of 100 and 200 µM. However, no significant difference was

found between LPS-treated and 50 µM questinol-treated

RAW 264.7 cells

Similar to the results of IL-1β production inhibitory

effects by questinol, pre-treatment with questinol at the

concentrations of 100 and 200 µM could significantly

inhibit the production of IL-6, whereas at 50 µM, questinol

could not significantly inhibit the production of IL-6.

Effect of Questinol on Expressions of iNOS and COX-2 in

LPS-Stimulated RAW 264.7 Cells

To determine the mechanism by which the compound

reduces LPS-induced NO and PGE2 production, we

investigated the effect of questinol on the expressions of

iNOS and COX-2 in LPS-stimulated RAW 264.7 cells. As

shown in Fig. 6, treatment of LPS (1 µg/ml) could

Fig. 4. Inhibitory effect of questinol on PGE2 production in

LPS-stimulated RAW 264.7 cells. 

Cells (1 × 105 cells/ml) were stimulated by LPS (1 µg/ml) for 24 h in

the presence of questinol (50, 100, and 200 µM). Supernatants were

collected, and the PGE2 production in the supernatants was determined

by ELISA. Values are the mean ± SD of triplicate experiments. **p <

0.01 indicates significant difference from the LPS-stimulated group.

Fig. 5. Inhibitory effect of questinol on the production of

TNF-α (A),  IL-1β (B), and IL-6 (C) in LPS-stimulated RAW

264.7 cells. 

Values are the mean ± SD of triplicate experiments. *p < 0.05 and **p <

0.01 indicate significant differences from the LPS-stimulated group.
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significantly increase the expression levels of iNOS and

COX-2 compared with the control without LPS and

questinol in RAW 264.7 cells. However, pre-treatment with

questinol could inhibit the expression of iNOS in a dose-

dependent manner. On the other hand, the expression of

COX-2 was also found to decrease by treatment of

questinol at the concentration of 200 µM (Fig. 6).

Discussion

Marine microorganisms, particularly marine-derived

fungi, are fertile producers of new structurally interesting

compounds, and are recognized as an important source of

structurally novel and bioactive secondary metabolites for

drug discovery. In this study, we have isolated questinol

from a marine-derived fungus, Eurotium amstelodami, for

the first time according to the activity-guided isolation

method. Questinol was found to inhibit LPS-induced NO,

PGE2, and pro-inflammatory cytokines TNF-α, IL-1β, and IL-6

production in RAW 264.7 cells. 

NO plays a vital role in regulation of the vascular and

immune system. It has been proven to be an important

signaling molecule involved in regulating a wide range of

biological activities in vascular, neural, and immune systems

[18]. However, overproduction of NO from inflammatory

cells is found to cause the pathophysiology in a variety of

diseases, carcinogenesis, and inflammation. NO is formed

from L-arginine by NO synthase (NOS), which is generated

by many cell types [4]. Three distinct isoforms of NOS have

been identified, including constitutive endothelial NOS

(eNOS), neuronal NOS (nNOS), and inducible NOS (iNOS)

[20]. In the macrophages, iNOS is significantly induced by

LPS stimulation. PGE2 is considered one of the strongest

inflammatory mediators in the inflammatory response. It is

transformed from arachidonic acid via the COX-2 catalytic

reaction. COX-2 enzymatic activity catalyzes the first

committed step in prostaglandin synthesis [21]. Inhibition

of iNOS, the enzyme mediating macrophage NO production,

has been shown to block prostaglandin release in RAW 264.7

macrophages [1]. COX-2 also could be affected directly at

its enzymatic activity by NO and iNOS [26]. In our study,

questinol was found to significantly inhibit the LPS-induced

NO and PGE2 production in a concentration-dependent

manner in RAW 264.7 cells. Accordingly, the levels of

iNOS were also significantly suppressed by questinol at the

concentration of 100 and 200 µM. However, questinol

exhibited weak effect on the down-regulation of COX-2 at

the concentration of 200 µM. Furthermore, the inhibitory

effects of questinol on the LPS-induced NO and PGE2

production, and iNOS and COX-2 expression were not due

to the cytotoxicity, according to the results of cell viability

in RAW 264.7 macrophages.

Activated macrophages secrete a number of different

inflammatory mediators, including TNF-α, IL-1β, and IL-6.

The overproduction of these mediators has been implicated

in several inflammatory diseases and cancer [15]. TNF-α is

an important pro-inflammatory cytokine and, like NO, is

involved in normal physiological immune and inflammatory

processes. However, when inappropriately expressed,

TNF-α also plays a role in the development of chronic

inflammation and associated diseases [19, 25]. IL-1β and

IL-6 are also considered to be pivotal pro-inflammatory

cytokines; for example, IL-1β is believed to play an important

role in the pathophysiology of rheumatoid arthritis [6, 9],

and IL-6 is regarded an endogenous mediator of LPS-

induced fever [10]. Our finding indicated that treatment of

questinol significantly inhibited the production of pro-

inflammatory cytokines TNF-α, IL-1β, and IL-6 in the LPS-

stimulated RAW 264.7 macrophages.

In conclusion, we have demonstrated that questinol

isolated from the marine-derived fungus E. amstelodami

inhibited the production of NO and PGE2 through suppression

of iNOS and COX-2 expresion in LPS-stimulated RAW

264.7 macrophages. The compound questinol was found to

Fig. 6. Inhibitory effect of questinol on the expressions of iNOS

and COX-2 in LPS-stimulated RAW 264.7 cells. 

The RAW 264.7 cells were pre-incubated for 18 h, and then stimulated

with LPS (1 µg/ml) for 24 h in the presence of questinol (50, 100, and

200 µM). The expression levels of iNOS and COX-2 were determined

using the immunoblotting method. 
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inhibit the production of pro-inflammatory cytokines TNF-α,

IL-1β, and IL-6 as well. Therefore, our study suggests that

this compound might be selected as a promising agent for

the prevention and therapy of inflammatory diseases.
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