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Luteolin 5-O-glucoside from Korean Milk Thistle, Cirsium maackii, Exhibits 

Anti-Inflammatory Activity via Activation of the Nrf2/HO-1 Pathway
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Abstract – Luteolin 5-O-glucoside is the major flavonoid from Korean thistle, Cirsium maackii. We previously
reported the anti-inflammatory activities of luteolin 5-O-glucoside in lipopolysaccharide (LPS)-stimulated RAW
264.7 cells. In this study, we determined the anti-inflammatory mechanisms of luteolin 5-O-glucoside through the
inhibition of nitric oxide (NO) production in vitro and in vivo. Results revealed that luteolin 5-O-glucoside dose-
dependently inhibited NO production and expression of iNOS and COX-2 in LPS-induced RAW 264.7 cells.
Luteolin 5-O-glucoside also significantly inhibited the translocation of NF-κB, the activation of MAPKs, and
ROS generation in LPS-induced RAW 264.7 cells. In addition, protein expressions of Nrf-2 and HO-1 were also
upregulated by luteolin 5-O-glucoside treatment. Moreover, luteolin 5-O-glucoside inhibited λ-carrageenan-
induced mouse paw edema by 65.34% and 48.31% at doses of 50 and 100 mg/kg body weight, respectively.
These findings indicate potential anti-inflammatory effect of luteolin 5-O-glucoside particularly by downregulating
NF-κB and upregulating HO-1/Nrf-2 pathway.
Keywords – Luteolin 5-O-glucoside, Cirsium maackii, Anti-inflammation, HO-1/Nrf-2, NF-κB, λ-carrageenan

Introduction

Inflammation is an essential biological response of the

body to many stimuli and leads to the release of

proinflammatory cytokines and mediators. Various factors

such as microbial infections, chemicals, and immunological

reactions are associated with inflammation. Although

inflammation is a beneficial host response to tissue injury,

it may result in chronic conditions such as cancer,

cardiovascular disease, diabetes, pulmonary disorders,

neurological disease, and arthritis.1 The suppression of

inflammatory mediators or signaling pathways including

nitric oxide (NO), inducible nitric oxide synthase (iNOS),

cyclooxygenase (COX-2), prostaglandin E2 (PGE2), nuclear

factor kappa B (NF-κB), mitogen-activated protein kinase

(MAPK), reactive oxygen species (ROS), and proinflam-

matory cytokines (tumor necrosis factor [TNF]-α, interleukin

[IL]-6, and IL-1β) are the treatment focus points of

inflammatory diseases.2 The transcription factor NF-κB

plays a vital role in inflammatory and acute response.3 In

general, NF-κB subunits are inactive and bound to IκB

inside the cytoplasm. Phosphorylation of IκB releases

NF-κB, allowing it to enter the nucleus and activate gene

expression.4 NF-κB is a central regulator of proinflammatory

gene expression and mediates the synthesis of cytokines

such as TNF-α, IL-1β, IL-6, and IL-8.5 It also controls the

transcription of other inflammatory mediators such as

COX-2 and iNOS.5 Activation of NF-κB is also controlled

by cellular kinases such as MAPKs and phosphatidylinositol

3-kinase (PI3K)/protein kinase B (Akt) signaling pathways.

MAPKs, extracellular signal-regulated kinase (ERK), c-

Jun N-terminal kinase (JNK), and p38 MAPK have been

associated with the transcriptional regulation of inflam-

matory genes via NF-κB activation.6 Heme oxygenase-1

(HO-1), an inducible and essential enzyme in heme

catabolism, degrades heme and produces biliverdin, ferrous

iron, and carbon monoxide. These products contribute to

the anti-inflammatory effects of HO-1.7 Recent studies

showed that HO-1 inhibits the excessive production of

proinflammatory cytokines as well as ROS in LPS-

stimulated RAW264.7 cells.8 HO-1 induction is regulated

at the transcriptional level by a transcription factor called

nuclear transcription factor-E2-related factor 2 (Nrf-2).
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Nrf-2 contributes to the anti-inflammatory process

through regulation of HO-1 gene expression; therefore, it

has become a drug target for the treatment of inflammatory

diseases.9

Cirsium is a genus of perennial and biennial flowering

plants commonly known as thistles. Cirsium maackii is a

perennial thistle and a member of the Asteraceae family

that grows abundantly in Korea. Traditionally, the roots or

whole plants of Cirsium species have been used as a folk

medicine in the treatment of hemorrhage, inflammation of

the liver and kidney, and a variety of abdominal and

intestinal disorders.10 Luteolin 5-O-glucoside was isolated

previously from C. magofukui and C. sieboldii, and

considered to be a rare flavonoid due primarily to its

stereochemical hindrance between the hydroxyl group at

the 5-position and the adjacent carbonyl group at the 4-

position.11 Interestingly, Luteolin 5-O-glucoside is a

flavonoid that can be isolated from botanical sources such

as C. maackii in large quantity.12 We have previously

reported that luteolin 5-O-glucoside exhibits anti-

inflammatory activity through the inhibition of NO

production, iNOS, and COX-2 protein expression in LPS-

treated RAW 264.7 cells.13 Although these effects of

luteolin 5-O-glucoside have been evaluated, the complete

regulation mechanism of inflammatory signaling pathways

in vitro and the anti-inflammatory effects of luteolin 5-O-

glucoside in vivo remain to be evaluated. Therefore, the

objective of this study was to evaluate the effects of luteolin

5-O-glucoside on the downregulation of inflammatory

mediators such as NO, iNOS, COX-2, NF-κB, and

MAPKs, and upregulation of HO-1 and Nrf-2 protein

expression in vitro and the in vivo anti-inflammatory activity

using a carrageenan-induced mouse paw edema model.

Experimental

Animals – Male ICR mice (male, 25 - 30 g, 10 weeks

old) were purchased from the Samtako Bio Korea

(Gyeonggido, Korea). All animal experiments were

conducted according to experimental protocols and

procedures approved by the Animal Ethics Committee of

Pukyong National University (approval number: 2013–

05). All animals were acclimated for at least one week,

caged as seven per group, and fed a diet of animal chow

and water ad libitum. The animals were housed at 23 ±

0.5 oC and 10% humidity with a 12-h light-dark cycle. 

Chemicals and reagents – LPS from Escherichia coli,

Griess reagent, 3-[4,5-dimethylthiazol-2-yl]-2,5-di-phenyl

tetrazolium bromide (MTT), dimethyl sulfoxide (DMSO),

2',7'-dichlorodihydrofluorescein diacetate (DCFH-DA), 2-

amino-5,6-dihydro-6-methyl-4H-1,3-thiazine hydrochloride

(AMT), 6-hydroxy-2,5,7,8-tetramethylchroman-2-carboxylic

acid (Trolox), phenylmethylsulfonyl fluoride (PMSF),

fetal bovine serum (FBS) and antibiotics were purchased

from Sigma-Aldrich Co. (St. Louis, MO, USA) and

Dulbecco’s modified Eagle’s medium (DMEM) was from

Hyclone (Logan, UT, USA). Various primary antibodies

(against iNOS, COX-2, NF-κB [p65], p-ERK, ERK, p-

JNK, JNK, p-p38, p38, HO-1, Nrf-2, and β-actin) and

secondary antibodies were obtained from Cell signaling

Technology Inc. (Beverly, MA, USA) and Santa Cruz

Biotechnology, Inc., Santa Cruz, CA, USA) and diluted

1:1,000. Polyvinylchloride fluoride (PVDF) membrane

(Immobilon-P) was from Millipore Co. (Billerica, MA,

USA). Super-signal® West Pico Chemiluminescent Substrate

was from Pierce Biotechnology, Inc. (Rockford, IL,

USA). All other chemicals and solvents were purchased

from Sigma-Aldrich Co., unless stated otherwise.

Preparation of luteolin 5-O-glucoside – We isolated

luteolin 5-O-glucoside from C. maakii leaves following

the method described by Jung et al.13 The chemical

structure of luteolin 5-O-glucoside was elucidated on the

basis of spectroscopic evidence including 1H and 13C-

NMR and comparison with published spectra data, and

purity was determined by an HPLC chromatogram.13 

Cell Culture – Murine RAW 264.7 macrophage cells

were obtained from the American Type Culture Collection

(ATCC Rockville, MD, USA). RAW 264.7 cells were

cultured in DMEM supplemented with 10% heat-

inactivated FBS, 1% penicillin-streptomycin, and 0.1%

amphotericin B. The cells were incubated in a humidified

atmosphere with 5% CO2 at 37 oC. 

Cell viability – Cell viability was assessed using the

MTT assay. Briefly, RAW 264.7 cells were seeded into

96-well plates at a density of 1 × 105 cells per well and

incubated at 37 oC for 24 h. The cells were then treated

with the test sample at various concentrations. After

incubation for an additional 24 h at 37 oC, 100 µL MTT

(0.5 mg/ml in PBS) was added to each well and incubation

continued for another 2 h. The resulting color was assayed

at 540 nm using a microplate spectrophotometer (Molecular

Devices, Sunnyvale, CA, USA).

NO production – The nitrite concentration in the

medium was measured using Griess reagent as an

indicator of NO production. Briefly, RAW 264.7 cells (2

× 105 cells/well in a 24-well plate with 500 µL culture

medium) were pretreated with various concentrations of

the test sample for 2 h and then incubated for 18 h with

LPS (1 µg/mL). After incubation, the nitrate concentration

of the supernatants (100 µL/well) was measured by addition
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of 100 µL Griess reagent. The absorbance values of

mixtures were determined using a microplate spectro-

photometer (Molecular Devices) at 540 nm. The iNOS

inhibitor, AMT was used as a positive control.

Measurement of Intracellular ROS – The intracellular

ROS scavenging activity of luteolin 5-O-glucoside was

measured using the fluorescent probe DCFH-DA. Cells

were plated in a black 96-well plate at a density of 1 × 105

cells/well and co-treated with various concentrations of

the compound and LPS (1 µg/mL) for 2 h. Cells were

treated with 20 µM DCFH-DA for 30 min at 37 oC. The

fluorescence intensity was measured at an excitation

wavelength of 485 nm and an emission wavelength of

528 nm using a fluorescence microplate reader (Dual

Scanning SPECTRAmax, Molecular Devices).

Western blot analysis – Western blotting was performed

to measure the protein expression of iNOS, COX-2,

MAPKs, HO-1, and Nrf-2. First, RAW 264.7 cells (5 ×

105 cells/mL) were cultured in 100-mm culture dishes in

the presence or absence of LPS (1.0 µg/mL) and with or

without test sample for 18 h. After treatment, the cells

were washed twice with ice-cold PBS and lysed with cell

lysis buffer (50 mM Tris-HCl, 150 mM NaCl, 1% Nonidet

P-40, 1% Tween 20, 0.1% SDS, 1 mM Na3VO4, 10 µg/

mL leupeptin, 50 mM NaF, and 1 mM PMSF, pH 7.5) on

ice for 30 min. Cell extracts were obtained by centrifugation

at 14,000 × g at 4 oC for 20 min. Protein amount was

determined by Protein Bradford assay. Proteins were

separated by SDS-PAGE and transferred to PVDF

membranes. Membranes were immediately blocked with

nonfat dry milk (50 g/L) in Tris-buffered saline containing

0.1% Tween-20 (pH 7.4) (TBST) buffer at room tem-

perature for 1 h. The membranes were then washed three

times (10 min each) in TBST buffer and incubated with

primary antibody diluted 1:1,000 in nonfat dry milk (50 g/

L) in TBST buffer at 4 oC overnight. After three washes

with TBST buffer (10 min), the membranes were incubated

with a horseradish peroxidase (HRP)-conjugated secondary

antibody diluted 1:2,000 in nonfat dry milk (50 g/L) in

TBST buffer at room temperature for 2 h. After three

washes in TBST buffer (10 min), antibody labeling was

visualized with the Supersignal West Pico Chemilumine-

scent Substrate (Pierce, Rockford, IL, USA) according to

the manufacturer’s instructions and exposed to X-ray film

(GE Healthcare Ltd., Amersham, United Kingdom). Pre-

stained blue markers were used for molecular weight

determination. Bands were quantified by densitometry

analysis using an ATTO CS analyzer.

λ-Carrageenan-induced paw edema in mice – The in

vivo anti-inflammatory activity of luteolin 5-O-glucoside

was determined using the λ-carrageenan-induced edema

test in the hind paws of mice.14 Male ICR mice (seven per

group, 25 - 30 g) fasted for 12 h before the experiment

with free access to water. A 1% suspension of carrageenan

in saline was prepared 30 min before each experiment and

50 µL was injected into the plantar side of the right hind

paws of mice. Luteolin 5-O-glucoside and indomethacin

were suspended in Tween-80 plus 0.9% (w/v) saline

solution. The final concentration of Tween-80 did not

exceed 5% and did not cause any detectable inflammation.

Luteolin 5-O-glucoside at doses of 50 and 100 mg/kg

body weight was administered orally 1 h before carrageenan

treatment. Indomethacin was administered orally at a dose

of 10 mg/kg 1 h before the carrageenan treatment. The

paw volume was measured immediately after carrageenan

injection and at 2, 5, and 7 h intervals after the adminis-

tration of the edematogenic agent using a plenthysmometer

(model 7159, Ugo Basile, Varese, Italy). The degree of

induced swelling was evaluated using the equation (a-b),

where ‘a’ was the volume of the right hind paw after

carrageenan treatment and ‘b’ was the volume of the right

hind paw before carrageenan treatment. Indomethacin

was used as a positive control.

Statistical analysis – Data were expressed as the mean

± standard deviation (SD) of at least three independent

experiments unless otherwise indicated. Data were

compared using one-way ANOVA. P values < 0.05 were

considered statistically significant. All analyze were

performed using SPSS for windows, version 23 (SPSS

Inc., Chicago, IL, USA).

Result

Effects of luteolin 5-O-glucoside on RAW 264.7 cell

viability – The MTT cell viability assay was used to

determine the effects of luteolin 5-O-glucoside on RAW

264.7 cells. Cell viability was tested for the appropriate

concentration ranges of luteolin 5-O-glucoside. As shown

in Fig. 1, luteolin 5-O-glucoside showed no cytotoxicity

to RAW 264.7 cells at concentrations of 10, 50, and

100 µM. These non-toxic concentrations were used for all

further experiments.

Effects on NO production – Griess reagent was used

for determination of nitrite concentration in the culture

media to evaluate the anti-inflammatory activities of

luteolin 5-O-glucoside in LPS-stimulated RAW 264.7

cells. Nitrite, a stable metabolite of NO, was used as an

indicator of NO production in the medium. During the

18-hour incubation with LPS (1 µg/mL), NO production

increased dramatically. As shown in Fig. 2, pretreatment
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with the luteolin 5-O-glucoside significantly suppressed

LPS-stimulated NO production in RAW 264.7 cells. The

results clearly indicated that luteolin 5-O-glucoside dose-

dependently inhibited LPS-induced NO production in

RAW 264.7 cells. AMT, a positive control for iNOS

inhibition, significantly inhibited LPS-induced NO pro-

duction (Fig. 2).

Effects on the production of iNOS and COX-2 – We

next used western blot analysis to assess the activity of

luteolin 5-O-glucoside on the expression of iNOS and

COX-2, which are well characterized markers of NF-κB-

responsive inflammation.15 As shown in Fig. 3., iNOS

and COX-2 protein expressions in unstimulated RAW

264.7 cells were almost undetectable, but were significantly

stimulated upon treatment with 1 µg/mL of LPS. Pre-

treatment with luteolin 5-O-glucoside at concentrations of

10, 50, and 100 µM significantly downregulated the

expression of iNOS protein in a concentration-dependent

manner. However, the effect of luteolin 5-O-glucoside

against COX-2 protein levels were less pronounced, and

only at 100 µM did there appear to be a potential decrease

in COX-2. 

Effects on the activation of NF-κB – The effects of

luteolin 5-O-glucoside on the transcriptional activation of

NF-κB in LPS-induced RAW 264.7 cells were examined

by Western blot analysis. Fig. 4, clearly shows that a

number of p65 (NF-κB) subunits in the cells rapidly

increased after LPS treatment in the control group and

this effect was only inhibited in the 100 µM sample

treated group. This result revealed that LPS induced the

translocation of NF-κB into the nucleus and pretreatment

with luteolin 5-O-glucoside slight suppressed this process

at higher concentration (Fig. 4).

Effects on MAPK signaling pathways – The phos-

phorylation levels of MAPKs, a group of signaling

Fig. 1. Cell viability of luteolin 5-O-glucoside measured by the
MTT assay. Values represent the mean ± SD of three independent
experiments.

Fig. 2. Inhibitory effects of luteolin 5-O-glucoside on the
production of NO in LPS-stimulated RAW 264.7 cells. Cells
were pretreated with different concentrations of luteolin 5-O-
glucoside for 2 h and then stimulated with LPS (1 µg/ml) for
24 h. The culture media were used to measure the amount of
nitrite to determine NO production. Data are presented as
mean ± SD of three independent experiments. #p < 0.05 indicates
a significant difference from the control group. *p < 0.05
indicates a significant difference from the LPS-treated group. 

Fig. 3. Inhibitory effects of luteolin 5-O-glucoside on the expression of iNOS and COX-2 in LPS-stimulated RAW 264.7 cells. Cells were
pretreated with the indicated concentration of luteolin 5-O-glucoside for 2 h and stimulated with LPS (1 µg/ml) for 18 h. The expression
of iNOS, COX-2, and β-actin was detected by Western blotting using corresponding antibodies. The results presented are representative
of three independent experiments. #p < 0.05 indicates a significant difference from the control group. *p < 0.05 indicates a significant
difference from the LPS-treated group.
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molecules that play a vital part in regulating the LPS-

induced inflammatory process, were measured in LPS-

treated RAW 264.7 cells by Western blot analysis. The

phosphorylation of MAPKs is also closely linked to the

regulation of NF-κB activation. Fig. 5, shows the inhibitory

activities of luteolin 5-O-glucoside on ERK, JNK, and

p38 phosphorylation after 2 h of LPS stimulation in RAW

264.7 cells. The results revealed that luteolin 5-O-glucoside

significantly inhibited the phosphorylation of ERK in

dose dependent manners (Fig. 5A), and mediocre inhibition

at a concentration of 100 µM against phosphorylation of

JNK, and p38 in LPS-treated RAW 264.7 cells.

Effects on Intracellular ROS production – Inflam-

mation is mediated by cellular oxidative stress; therefore,

Fig. 4. Inhibitory effects of luteolin 5-O-glucoside on the expression of NF-κB in LPS-stimulated RAW 264.7 cells. Cells were pretreated
with the indicated concentration of luteolin 5-O-glucoside for 2 h and stimulated with LPS (1 µg/ml) for 18 h. The expression of NF-κB
and β-actin was detected by Western blot using the corresponding antibodies. The results presented are representative of three
independent experiments. #p < 0.05 indicates a significant difference from the control group. *p < 0.05 indicates a significant difference
from the LPS-treated group.

Fig. 5. Inhibitory effects of luteolin 5-O-glucoside on the expression of MAPKs in LPS-stimulated RAW 264.7 cells. Cells were
pretreated with the indicated concentration of luteolin 5-O-glucoside for 2 h and stimulated with LPS (1 µg/ml) for 18 h. The expression
of MAPKs was detected by Western blotting using corresponding antibodies. The results presented are representative of three independent
experiments. #p < 0.05 indicates significant differences from the control group. *p < 0.05 indicates significant differences from the LPS-
treated group.
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we determined the inhibitory effects of luteolin 5-O-

glucoside on LPS-induced ROS generation in RAW 264.7

cells. The cells were treated with LPS to generate ROS,

and DCFH-DA was added for detection of ROS generation

using a fluorescence microplate reader. As shown in Fig.

6, luteolin 5-O-glucoside did not show any inhibitory

activity at 10 µM concentration against ROS generation.

However, as the concentration of luteolin 5-O-glucoside

was increased up to 100 µM, it exhibited significant

inhibitory activity against ROS production compared with

the positive control (Trolox).

Effects on the regulation of HO-1 – HO-1 is a

cytoprotective enzyme that provides cellular protection

against oxidative stress. Western blotting was used to

evaluate the effects of luteolin 5-O-glucoside on the

upregulation of HO-1 protein expression. As shown in

Fig. 7A, luteolin 5-O-glucoside at concentrations of 50

and 100 µM induced HO-1 protein exoression, while

luteolin 5-O-glucoside at a concentration of 10 µM did not

affect HO-1 expression. Therefore, the results revealed

that luteolin 5-O-glucoside has the affinity to increased

HO-1 protein expression significantly at higher concentra-

tion in LPS-induced RAW 264.7 cells (Fig. 7A). 

Effects on the regulation of Nrf-2 – Nrf-2, a transcription

factor that regulates the expression of HO-1, provides

protection against oxidative damage at the site of inflam-

mation. Western blotting was performed to measure Nrf-2

protein expression in LPS-treated RAW 264.7 cells. As

shown in Fig. 8, luteolin 5-O-glucoside significantly

upregulated Nrf-2 expression in LPS-treated RAW 264.7

cells. As shown in Fig. 7B, the activation of Nrf-2 was

shown by luteolin 5-O-glucoside at a concentration of 100

µM. However, luteolin 5-O-glucoside at concentrations of

10 and 50 µM did not show any noticeable upregulation

of Nrf-2. Therefore, the results showed that luteolin 5-O-

glucoside at higher concentration significantly upregulates

Nrf-2 expression in LPS-treated RAW 264.7 cells.

Effects on λ-carrageenan-induced mouse paw

edema – As in vitro studies of luteolin 5-O-glucoside

showed anti-inflammatory effects, we further evaluated

the in vivo anti-inflammatory activity of luteolin 5-O-

glucoside using a λ-carrageenan- induced mouse paw

Fig. 7. Inhibitory effects of luteolin 5-O-glucoside on the expression of HO-1 and Nrf-2 in LPS-stimulated RAW 264.7 cells. Cells were
pretreated with the indicated concentration of luteolin 5-O-glucoside for 2 h and stimulated with LPS (1 µg/ml) for 18 h. Expression of
HO-1 and Nrf-2 was detected by Western blotting using the corresponding antibodies. The results presented are representative of three
independent experiments. #p < 0.05 indicates a significant difference from the control group. *p < 0.05 indicates a significant difference
from the LPS-treated group.

Fig. 6. Inhibitory effects of luteolin 5-O-glucoside on the
production of ROS in LPS-stimulated RAW 264.7 cells. Cells
were pretreated with different concentration of luteolin 5-O-
glucoside for 2 h and then stimulated with LPS (1 µg/ml) for
24 h. ROS levels were measured by fluorescence analysis of
DCFH-DA. Data are presented as means ± SDs of three inde-
pendent experiments. #p < 0.05 indicates a significant difference
from the control group. *p < 0.05 indicates a significant difference
from the LPS-treated group.
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edema model. Paw edema was markedly attenuated after

treatment with luteolin 5-O-glucoside at doses of 100 and

50 mg/kg body weight after 2, 5, and 7 h of λ-carrageenan

stimulation. Furthermore, luteolin 5-O-glucoside at a dose

of 100 mg/kg body weight reduced paw edema to a

greater extent than the positive control group (*p < 0.05)

(Fig. 8). Indomethacin is a common clinical NSAID that

was used as a positive control; pretreatment with 10 mg/

kg of indomethacin significantly reduced paw edema after

5 and 7 h of stimulation by carrageenan (*p < 0.05).

Specifically, luteolin 5-O-glucoside at a dose of 100 mg/

kg inhibited paw edema by 48.31% after 2, 5, and 7 h of

λ-carrageenan stimulation, which was more effective than

indomethacin (60.43%) (data not shown).

Discussion

Cirsium maackii is a herbaceous perennial plant that

grows abundantly in Korea, Japan, and China.16 A total of

250 species of thistle have been identified worldwide to

date, and about 10 of these species have been found in

Korea.17 The whole plant of C. maackii has been used in

folk medicine for its anti-inflammatory properties.10

Luteolin 5-O-glucoside is the major compound isolated

from C. maackii.13 The present work was undertaken to

understand the molecular mechanism of luteolin 5-O-

glucoside in the inhibition of inflammatory mediators. We

demonstrated the in vitro effects of luteolin 5-O-glucoside

on NF-κB and Nrf-2 signaling in LPS-stimulated RAW

264.7 cells and it’s in vivo anti-inflammatory activity.

These findings indicated that luteolin 5-O-glucoside

effectively inhibits the production of NO through

suppression of iNOS, COX-2, NF-κB, and MAPK

signaling pathways as well as upregulation of Nrf-2/HO-1

signaling pathways. These data indicate that luteolin 5-O-

glucoside may be applied as a pharmaceutical agent for

prevention of inflammatory disease.

MTT assay is a sensitive, accurate, and colorimetric

assay for testing cell metabolic activity and is widely used

for the measurement of cytotoxicity.18 Non-toxic con-

centrations of luteolin 5-O-glucoside that did not show

any cytotoxicity against RAW 264.7 cells were determined

using the MTT assay. These safe concentrations of

luteolin 5-O-glucoside were used for further evaluation of

anti-inflammatory activity in LPS-induced RAW 264.7

cells. It has been reported that luteolin 5-O-glucoside did

not significantly affect cell viability at concentrations of

up to 200 µM.13

Excess production of NO and PGE2 is related to the

inflammatory process. Several studies have shown that

excess production of NO can lead to inflammatory

disorders.19-20 Therefore, inhibition of NO and PGE2

production and inhibition of iNOS and COX-2 protein

expression might have vital therapeutic value for the

prevention of inflammatory diseases. Luteolin 5-O-

glucoside inhibited NO production in a dose-dependent

manner in LPS-induced RAW 264.7 cells. Our study also

showed that luteolin 5-O-glucoside significantly inhibited

iNOS and COX-2 protein expression levels at a higher

concentration in LPS-stimulated RAW 264.7 cells. Even

if NO production was higher at high concentration in

compared to positive control (AMT), the significant

inhibition was shown in iNOS inhibition. These happened

due to cell condition. However, we did not determine

levels of PGE2 production. Further studies may be

required to examine the inhibition of PGE2 production by

luteolin 5-O-glucoside in LPS-induced RAW 264.7 cells.

A number of studies have shown that LPS-induced

inflammation is highly related to various intracellular

signaling pathways such as NF-κB and MAPK pathways.

NF-κB is a vital regulator of a number of proinflammatory

genes, including iNOS, COX-2, TNF-α, IL-1β, and IL-6,

in LPS-induced inflammation.21-23 Generally, the inactive

complex of NF-κB with IκB exists in the cytoplasm. IκB

is rapidly phosphorylated in response to proinflammatory

stimuli, leading to dissociation of the complex.24 Free NF-

κB rapidly translocates to the nucleus and promotes the

transcription of target genes responsible for inflammation.

Therefore, NF-κB could be an operative therapeutic target

Fig. 8. Effects of luteolin 5-O-glucoside on carrageenan-induced
hind paw edema in mice. Luteolin 5-O-glucoside was administered
at doses of 25 mg/kg and 50 mg/kg 1 h before injection of
carrageenan into the mice to alleviate acute inflammation. Paw
volume was measured using a plethysmometer at 2 h, 5 h, and
7 h after carrageenan injection. The increase in paw volume was
calculated based on the difference in volume between before
carrageenan injection and at different time intervals after
carrageenan injection. Values are expressed as the mean ± SD;
n = 6 mice per group. *p < 0.05 indicates a significant difference
from the vehicle control group. Indomethacin was used as a
positive control.
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for the treatment of inflammatory diseases. The present

data showed that luteolin 5-O-glucoside has a tendency to

inhibit NF-κB protein expression at a higher concentration

in LPS-induced RAW 264.7 cells.

ERK1/2, JNK, and p38 are members of the MAPK

family that control cellular signal transduction in response

to inflammation and ultimately activate NF-κB.25 The

mechanism of NF-κB inactivation is linked to inhibition

of phosphorylation of ERK1/2, JNK, and p38. Luteolin 5-

O-glucoside significantly inhibited the phosphorylation of

ERK, and has a tendency to inhibit the phosphorylation of

JNK, and p38 at a higher concentration in LPS-stimulated

RAW 264.7 cells. Furthermore, luteolin 5-O-glucoside

more strongly inhibited the phosphorylation of ERK

compared to that of JNK and p38.

ROS generation is an important factor in the

pathogenesis of inflammation because it can damage cellular

components such as cellular macromolecules, DNA,

lipids, and proteins.26 LPS increases the cellular ROS

levels, which are related to NF-κB-dependent inflammatory

signaling pathways.27 Several studies revealed that oxidative

stress is associated with NF-κB activation.28 It is also

reported that antioxidants can inhibit the production of

proinflammatory cytokines including IL-8.29 Our studies

revealed that luteolin 5-O-glucoside significantly reduces

LPS-activated ROS production at a 100 µM concentration

in RAW 264.7 cells. 

Recently, the inducible HO-1 enzyme was reported to

be a stress-responsive protein.30 HO-1 produces iron,

carbon monoxide, and biliverdin through the catalysis of

heme, and biliverdin is subsequently converted into

bilirubin, which acts as a strong antioxidant. A number of

studies indicated that the induction of HO-1 suppresses

LPS-induced inflammatory response and activates the

Nrf-2 pathway.31-32 Activation of Nrf-2 is the primary

defense mechanism against cellular oxidative stress. Nrf-2

translocates into the nucleus after detachment from keap1

and binds to antioxidant response elements (AREs) to

regulate the transcription of HO-1 protein in LPS-induced

RAW 264.7 cells.33 Inducible HO-1 inhibits the excess

production of TNF-α and IL-1β through Nrf-2 activation.34

In this study, we found that luteolin 5-O-glucoside

significantly upregulates both HO-1 and Nrf-2 protein

expression in LPS-induced RAW 264.7 cells.

λ-Carrageenan-induced edema is a widely used inflam-

mation model for assessing the protective activity of

natural products against the pathological changes associated

with acute inflammation. Acute inflammation can be

induced by carrageenan, which increases infiltration of

phagocytes and oxidative stress as well as the release of

inflammatory mediators such as TNF-α and NO.35-36 In

vivo experiments showed that carrageenan stimulates

local inflammation and induces edema in paw tissues.

Pretreatment with luteolin 5-O-glucoside at doses of 100

and 50 mg/kg body weight markedly attenuated paw

edema at different time intervals after carrageenan

stimulation. Based on both in vitro and in vivo experi-

ments, the potent anti-inflammatory activity of luteolin 5-

O-glucoside may contribute, at least in part, to inhibition

of ROS generation and the release of pro-inflammatory

mediators via the NF-κB and MAPK signaling pathway

and to upregulation of HO-1/Nrf-2 signaling pathways.

It has been reported that natural flavonoids have anti-

inflammatory effects in mammalian cells, which may be

due to their ability to suppress the production of pro-

inflammatory cytokines and mediators.37 It has also found

that some flavonoids inhibit chronic inflammation in

animal models.38 Flavonoids have long been put to use in

Chinese medicine as an anti-inflammatory agent in the

form of crude plant extracts. However, their overall

function in vivo has yet to be clarified. In addition, it has

been proven that a small fraction of ingested dietary

flavonoids is absorbed in either the aglycone or glycoside

form, while the major part is extensively degraded into

different phenolic acids or carbon dioxide.39 It might be

expected that the absorbed flavonoids and their metabolites

display an in vivo anti-inflammatory activity. Therefore, it

has suggested that flavonoids must be administered orally

in their glycosidic form in order to be applied as anti-

inflammatory agents.40 Interestingly, it has found that

luteolin 5-O-glucoside is the high-yield active flavonoid

of C. maackii rather than only luteolin.13 However, in vivo

beneficial/harmful effects of luteolin 5-O-glucoside should

be investigated further. 

In conclusion, the mechanism underlying the anti-

inflammatory activity of luteolin 5-O-glucoside was

investigated using in vitro and in vivo models. Our

findings confirmed that luteolin 5-O-glucoside exhibits

anti-inflammatory activity via suppression of NF-κB

activation at a higher concentration in RAW 264.7 cells,

which in turn suppresses the release of the pro-inflammatory

mediators NO, iNOS, and COX-2. In addition, the up-

regulatory activity of luteolin 5-O-glucoside on the HO-1/

Nrf-2 pathway might provide an extra advantage in the

treatment of inflammatory diseases. Therefore, understanding

the mechanisms of action of the anti-inflammatory activity

of luteolin 5-O-glucoside may lead to the development of

more operative therapies for the treatment of inflammation-

associated diseases.
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