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a b s t r a c t

Aim of this study: GCSB-5 is a traditional medicine preparation composed with six oriental herbs which
have been widely used for the inflammatory diseases in Asia. In the present study, we have demonstrated
the anti-inflammatory effects of GCSB-5 in vivo and in vitro along with its underlying mechanism of action.
Methods: The acute and chronic inflammation models in animals were applied to investigate the anti-
inflammatory effects of GCSB-5. To further investigate the mechanism of the anti-inflammatory activity,
lipopolysaccharide (LPS)-induced murine macrophage RAW264.7 cells were also employed.
Results: In in vivo animal model, oral administration of GCSB-5 significantly inhibited TPA- and
carrageenan-induced acute edema and adjuvant-induced arthritis. The vascular permeability, leukocyte
migration, and granuloma formation were also inhibited by GCSB-5. In accordance, GCSB-5 suppressed
the LPS-induced nitric oxide (NO) production by the downregulation of mRNA and protein expressions
of inducible nitric oxide synthase (iNOS). GCSB-5 also suppressed the expressions of cyclooxygenase-2
(COX-2) and inflammatory cytokines such as interleukin-1� and interferon-�. The activation of NF-�B

by LPS was also alleviated by GCSB-5, which correlated with its inhibitory effect on IkB degradation. The
signaling pathway with the activation of Akt was also attenuated by the treatment by GCSB-5.
Conclusions: Taken together, our results demonstrate that GCSB-5 reduces the development of acute and
chronic inflammation and its anti-inflammatory property might in part be a function of the inhibition
of iNOS and COX-2 expression via down-regulation of the Akt signal pathway and inhibition of NF-�B
activation. These findings suggest that GCSB-5 might be an applicable therapeutic traditional medicine

flam
in the regulation of the in

. Introduction

Inflammation is a complex biological response of the body to
ell damage and vascularized tissues (Ferrero-Miliani et al., 2007).
nflammation can be classified as either acute or chronic sta-
us depending on onset time. Acute inflammation is the primary
esponse of the body to injurious stimuli and is involved the local
ascular and immune response. On the other hand, chronic inflam-
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

ation is a pathological condition characterized by progressive
estruction and recovering of injured tissue from the inflammatory
esponse (Nathan, 2002; Sharon and Elizabeth, 2003).
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Macrophages play a central role in inflammation and host
defense mechanism. The inflammatory mediators such as nitric
oxide (NO) and pro-inflammatory cytokines are involved in
host defense mechanisms (Fujihara et al., 2003). The inflamma-
tory response of macrophages initially requires an interaction
of signaling proceedings mediated by various enzymes such
as phosphoinositide 3-kinases (PI3K), mitogen activated pro-
tein kinases (MAPKs) as well as transcription factors (NF-�B)
(Sekine et al., 2006). The nuclear factor-�B (NF-�B) family
is an essential player in controlling inflammatory mediators
such as iNOS and COX-2 (Bresnihan, 1996; Burmester et al.,
1997). NF-�B is activated by phosphorylation of I�B via acti-
vation of the MAPKs and it is a transcription factor which
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

regulates pro-inflammatory cytokine production in the stim-
ulated macrophages (Christman et al., 1998; Kwon et al.,
2002). Because inflammatory mediators can cause severe dam-
age such as sepsis and inflammatory diseases (Stuhlmüller et
al., 2000; Hirose et al., 2001), the effective blockade of these

dx.doi.org/10.1016/j.jep.2010.05.020
dx.doi.org/10.1016/j.jep.2010.05.020
http://www.sciencedirect.com/science/journal/03788741
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Table 1
Composition of GCSB-5.

GCSB-5 Ratio (g)

Ledebouriellae radix 3.0
Achyranthis radix 3.0

i
g

c
u
a
R
i
a
m
i
i
a
a
a
f
d
i

a
l
r
i
t
a
2

2

2

(
L
s
T
a
w
r
w
E

2

A
R
(
w
5
d
u
f
L
s
h

Acanthopanacis cortex 3.0
Cibotii rhizoma 2.0
Glycine semen 2.0
Eucommiae cortex 1.0

nflammatory responses is regarded as an essential therapeutic tar-
et.

GCSB-5 (namely, Chungpa-Juhn) consists of a mixture of six
rude drugs (Table 1) and each of crude drug has been widely
sed in traditional medicine to treat various bone disorders such as
rthritis, disc, and osteoporosisin. It is reported that Ledebouriellae
adix had the anti-inflammatory effect on the Freund’s adjuvant-

nduced arthritis in rats (Kim et al., 2002). Achyranthis Radix (Ida et
l., 1998) has been reported anti-inflammatory properties. Eucom-
iae Cortex (Hong et al., 1988) was earlier investigated in various

nflammatory pain models. Cibotii Rhizoma, which is contained
n GCSB-5, had therapeutic effect for Masugi’s nephritis models
nd the growth hormone secretion of adolescent rats (Wang et
l., 1989). Furthermore, shinbaromecin of Cibotii Rhizoma showed
nti-inflammatory effect (data not shown), which might account
or the strong inhibitory effect of GCSB-5. Therefore, these reported
ata suggest that GCSB-5 might have a potential to alleviate the

nflammatory diseases.
In this study, we investigated the effects of GCSB-5 in vitro

nd in vivo inflammatory models as well as examined its under-
ying molecular mechanism. Our results demonstrate that GCSB-5
educes the development of acute and chronic inflammation and
ts anti-inflammatory property might be a function of the inhibi-
ion of iNOS and COX-2 expression via down-regulation of the ERK
nd Akt signal pathways and inhibition of NF-�B activation in RAW
64.7 macrophages.

. Materials and methods

.1. Animals

Male ICR mice (18–20 g, 5 weeks old) and male Sprague Dawley
SD) rats (150–170 g, 5 weeks old) were purchased from Central
aboratory Animal Inc. (Seoul, Korea). Animals were housed under
tandard laboratory conditions with free access to food and water.
he temperature was thermostatically regulated to 22 ± 2 ◦C, and
12-h light/dark schedule was maintained. Prior to their use, they
ere allowed 1 week for acclimatization within the work area envi-

onment. All animal experiments were carried out in accordance
ith Institutional Animal Care and Use Committee Guidelines of

wha Womans University.

.2. Preparation of test samples

The mixture of six crude drugs (Ledebouriellae Radix (300 g),
chyranthis Radix (300 g), Acanthopanacis Cortex (300 g), Cibotii
hizoma (200 g). Glycine Semen (200 g), and Eucommiae Cortex
100 g)) was boiled in tap water (5 L) for 4 h and then the extract
as free-dried to obtain the extract of GCSB-5 (239 g, 17.1%). GCSB-
was administered orally at a dose of 50, 150, or 450 mg/kg in

istilled water (0.3 mL), and the same volume of distilled water was
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

sed as a vehicle control group. The crude drugs were purchased
rom herbal market, Seoul, Korea, and authenticated by Dr. S.H.
ee, Jaseng Hospital of Oriental Medicine, Seoul, Korea. The voucher
pecimens of the plants used in this study were deposited in the
erbarium of Jaseng Hospital of Oriental Medicine.
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2.3. TPA-induced ear edema

12-O-Tetradecanoylphorbol 13-acetate (TPA)-induced ear
edema was performed by the method previously reported by Rao
et al. (1993). TPA (1.0 �g) dissolved in acetone (20 �L) was applied
to the inner and outer surfaces of the right ear of ICR mice. GCSB-5,
vehicle, or indomethacin was given orally administration 30 min
before the TPA application. The animals were sacrificed by cervical
dislocation after 4 h, and ear biopsies were obtained with a punch
(a diameter of 5 mm) and weighed. The increase in the weight of
the right ear punch over the left indicated the edema (Carlson et
al., 1985). The ear sections were homogenized in lysis buffer and
centrifuged at 1500 g for 10 min at 4◦C. iNOS and COX-2 protein
levels of the supernatants were determined by Western blot.

2.4. Carrageenan-induced paw edema

Carrageenan-induced hind paw edema model was used for
the assessment of anti-inflammatory activity (Yeşilada and Küpeli,
2002). Thirty minutes after the administration of GCSB-5, vehicle,
or indomethacin, paw edema was induced by subplantar injection
of 0.1 mL of 1% freshly prepared carrageenan suspension in nor-
mal saline into the right hind paw of each rat. The left hind paw
was injected with 0.1 mL of normal saline. The paw volume was
measured before (0 h) and at intervals of 0.5, 1, 2, 4, and 6 h after car-
rageenan injection using a plethysmometer (Ugo Basile, Comerio,
Italy).

2.5. Acetic acid-induced increase in capillary permeability

Acetic acid-induced increased vascular permeability in mice
was determined according to the modified Whittle method as
described previously (Yesilada et al., 1988). Briefly, 30 min after
the oral administration of GCSB-5, each mouse was injected with
0.1 mL of 4% Evans blue (Sigma, St. Louis, Missouri, USA) in saline
solution (i.v.) to the tail vein. Twenty minutes after the i.v. injec-
tion of the dye solution, 0.2 mL of 0.6% (v/v) acetic acid was injected
intraperitoneally. After 20 min, the mice were sacrificed by cervical
dislocation, and the peritoneal exudates were collected after being
washed with 5 mL of normal saline, and centrifuged at 1200 × g
for 10 min. The dye content in the supernatant was measured at
610 nm by spectrometry.

2.6. Air pouch formation

The formation of air pouch was performed as described previ-
ously (Edwards et al., 1981). Briefly, sterile air (8 mL) was injected
s.c. on the back of the rats, and 24 h later, 8 mL of sterile air was
injected into the same cavity.

2.7. Leukocyte migration

The activity of leukocyte migration in vivo was investigated in
rats using the method described by Ribeiro et al. (1991). Three days
after air pouch formation, 2.5% carrageenan was injected locally in
2 mL of sterile PBS, 30 min after oral administration of GCSB-5. Six
hours after injection, rats were euthanized, and pleural fluid was
collected by washing the pleural cavity twice with 2 mL of PBS.
The cell suspensions were 10-fold diluted in Turk’s stain solution
(0.01% crystal violet in 3% acetic acid). The number of leukocytes
was counted under a light microscope.
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

2.8. Carrageenan-induced granuloma formation

Three days after the air injection, 2.5% carrageenan in sterile
PBS was injected into the air pouch. GCSB-5 was orally adminis-

dx.doi.org/10.1016/j.jep.2010.05.020
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ered for 8 days. On day 9 the rats were sacrificed to study the
ffect of GCSB-5 on granuloma formation. The volume of exudates
nd weight of granulation tissue were measured from the collected
xudates.

.9. Adjuvant arthritis

Complete Freund’s adjuvant, namely 1 mg of Mycobacterium
utyricum (Sigma) in 10 mL of mineral oil, was injected subplan-
arly in the right hind paw of rats. Paw volumes were measured at
he beginning of the experiment by using a plethysmometer. The
hange in paw volume between day 20 and day 0 was used as an
ndex of inflammatory edema. GCSB-5, indomethacin, or vehicle

as administered orally once daily on days 0 through 20.

.10. Chemicals

Dulbecco’s modified Eagle medium (DMEM), fetal bovine serum
FBS), sodium pyruvate, l-glutamine, antibiotics–antimycotics
olution, and trypsin–EDTA were purchased from Invitrogen
o. (Grand Island, NY, USA). Lipopolysaccharide (LPS, E. coli
111: B4), 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium
romide (MTT), and other chemicals otherwise indicated were from
igma (St. Louis, MO, USA).

.11. Cell culture

Mouse macrophage RAW 264.7 cells, obtained from Amer-
can Type Culture Collection (ATCC, Rockville, MD, USA), were
ultured in DMEM supplemented with 10% heat-inactivated FBS,
00 units/mL penicillin, 100 �g/mL streptomycin, and 0.25 �g/mL
mphotericin B. Cells was incubated at 37 ◦C, 5% CO2 in a humidified
tmosphere.

.12. Nitrite assay

To evaluate the inhibitory activity of the test material on LPS-
nduced NO production, RAW 264.7 cells in 10% FBS-DMEM without
henol red were plated in 24-well plates (5 × 105 cells/mL), and

ncubated for 24 h. Cells were washed with PBS, replaced with
resh media, and then incubated with 1 �g/mL LPS in a presence
r absence of test compounds. After additional 20 h incubation,
he media were collected and analyzed for nitrite accumulation
s an indicator of NO production by the Griess reaction. Briefly,
80 �L of Griess reagents (0.1% N-(1-naphthyl)ethylenediamine
ihydrochloride in H2O and 1% sulfanilamide in 5% H3PO4) were
dded to 100 �L of each supernatant from LPS or sample-treated
ells in 96-well plates. The absorbance was measured at 540 nm and
itrite concentration was determined by comparison with a sodium
itrite standard curve. % Inhibition was expressed as [1 − (NO level
f test samples/NO levels of vehicle-treated control)] × 100. The
C50 value, the sample concentration resulting in 50% inhibition of
O production, was determined using non-linear regression anal-
sis (% inhibition versus concentration).

.13. Cytotoxicity assay (MTT assay)

After Griess reaction, MTT solution (final 500 �g/mL) was added
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

o each well and further incubated for 4 h at 37 ◦C. Media were
iscarded, and dimethyl sulfoxide (DMSO) was added each well
o dissolve generated formazan. The absorbance was measured at
70 nm and % survival was determined by comparison with control
roup.
 PRESS
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2.14. Preparation of total cell lysates

RAW 264.7 cells (5 × 105 cells/mL in 60 mm dish) were incu-
bated with or without various concentrations of GCSB-5 and LPS
(1 �g/mL) for 16 h. To obtain total cell lysates, cells were washed
with ice-cold PBS and lysed in boiling 2× sample loading buffer
(250 mM Tris–HCl (pH 6.8), 4% SDS, 10% glycerol, 0.006% bromophe-
nol blue, 50 mM sodium fluoride, 5 mM sodium orthovanadate,
and 2% �-mercaptoethanol). Cell lysates were boiled for additional
20 min and stored at −20 ◦C. The protein content of cell lysates was
determined by BCA method.

2.15. Western blot analysis

Equal amounts of cell lysates (40–50 �g) were subjected to 8 and
10% SDS-PAGE and electro-transferred onto polyvinylidene diflu-
oride (PVDF) membranes (Millipore, MA, USA). Membranes were
blocked in PBST (PBS with 0.1% Tween-20) containing 5% non-fat
dry milk for 1 h at room temperature. After washing three times
with PBST, membranes were incubated with primary antibodies
against iNOS, COX-2, or IL1ß (Santa Cruz Biotechnology, Santa Cruz,
CA, USA), TNF-�, p-Akt(thr), Akt, p-ERK, ERK (Cell Signaling, Dan-
vers, MA, USA), and �-actin (Sigma) for 3 h at room temperature or
overnight at 4 ◦C. Membranes were washed three times with PBST
and incubated with corresponding secondary antibodies (Santa
Cruz) for 90 min at room temperature. The blots were washed
three times with PBST, and visualized using enhanced chemilumi-
nescence (ECL) Western blotting detection system (Lab Frontier,
Suwon, Korea).

2.16. Reverse transcriptase-polymerase chain reaction (RT-PCR)

RAW 264.7 cells were stimulated with 1 �g/mL LPS in a pres-
ence or absence of GCSB-5 for 4 h. Total cellular RNA was extracted
with TRI reagent (Sigma) according to the manufacturer’s recom-
mended procedure. 1 �g of total RNA was reverse-transcribed using
oligo-(dT)15 primers and avian myeloblastosis virus (AMV) reverse
transcriptase (Promega, Madison, WI, USA). PCR was performed in
a reaction mixture containing the obtained cDNA, 0.2 mM dNTP
mixture (Promega), 10 pmol of target gene-specific primers, and
0.25 unit of Taq DNA polymerase (Promega) using GeneAmp PCR
system 2400 (Applied Biosystems, Foster, CA, USA). Each of PCR
steps was performed as follows: initial denaturation step for 4 min
at 94 ◦C; 25–30 cycles of amplification step consisting denatura-
tion for 30 s at 94 ◦C, annealing for 30 s at 55 ◦C, and elongation for
30 s at 72 ◦C; and final extension step for 5 min at 72 ◦C. PCR prod-
ucts were separated by 2% agarose gel electrophoresis, stained with
SYBR-Gold (Molecular Probes, Eugene, OR, USA), and visualized by
UV transillumination.

2.17. Statistics

All experiments were repeated at least three times. Data were
presented as means ± SD for the indicated number of indepen-
dently performed experiments. The statistical significances within
a parameter were evaluated by one-way and multiple analysis of
variation (ANOVA).

3. Results

3.1. Inhibition of TPA-induced ear edema in mice
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

Ear edema was induced by the applications of TPA in mouse
ears. As shown in Fig. 1, the application of TPA for 4 h increased
the ear edema and the mean weight of ear in control group was
approximately 9.3 mg/mouse. However, the orally administration

dx.doi.org/10.1016/j.jep.2010.05.020
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Fig. 1. Inhibitory effect of GCSB-5 on the TPA-induced ear edema. (A, B) GCSB-5 was orally administered 30 min before the TPA (1.0 �g/ear) application in the right ear of
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CR mice. The mice were sacrificed 4 h after topical TPA treatment, and ear biopsies
nalysis of Western blot. Data represent the mean ± SD (n = 6). *P < 0.01 indicates s
f mouse ear following application of GCSB-5 + TPA (R) or TPA (L). (D) The expressi
estern blot analyses. Data were representative of three separated experiments. �

f GCSB-5 (50, 150, or 450 mg/kg) significantly (P < 0.01) and dose-
ependently inhibited the TPA-induced ear edema. Doses of 50,
50, or 450 mg/kg led to 20.6, 35.0, or 47.2% reduction of the
dema, respectively. Indomethacin (20 mg/kg), a positive com-
ound, exhibited a similar inhibition (52.3%) with GCSB-5 of the
ighest dose (450 mg/kg). In addition, the analysis of ear edema
howed the suppression of anti-inflammatory biomarkers iNOS and
OX-2 protein expressions by GCSB-5 (Fig. 1D).

.2. Reduction of carrageenan-induced paw edema in rats

To assess the anti-inflammatory effect of GCSB-5, carrageenan-
nduced paw edema model in rats was performed. Paw edema was
nduced by the injection of carrageenan (0.1 mL in 1% solution)
nd monitored the volume of paw edema for 6 h. The paw edema
as increased and reached maximally at 4 h after treatment of car-

ageenan. The treatment of GCSB-5 significantly (P < 0.01) reduced
he paw edema formation in a dose-dependent manner as shown in
ig. 2. The inhibition rate at 4 h was shown as 37.7, 42.9, and 51.8%
ith the treatment of GCSB-5 50, 150, and 450 mg/kg, respectively.

n the same experimental condition, indomethacin (20 mg/kg) was
hown as 56.3% inhibition which was comparable to the treatment
f GCSB-5 450 mg/kg.

.3. Inhibition of acetic acid-induced capillary permeability in
ice

To evaluate whether GCSB-5 protects the capillary permeabil-
ty induced by acetic acid Evans blue dye was injected into tail
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

ein in mice and acetic acid was administered intraperitoneally.
he leakage of dye into peritoneal cavity was determined by spec-
rophotometer. As shown in Fig. 3, GCSB-5 significantly (P < 0.05)
nd dose-dependently reduced the capillary permeability induced
y acetic acid.
obtained for determination of edema formation by measurement of ear weight and
cally significant differences from the TPA treated group. (C) Corresponding image
iNOS and COX-2 were determined in the prepared homogenate of ear biopsies by
was used as an internal standard.

3.4. Inhibition of leukocyte migration in rats

In the process of inflammation leukocyte migration is gener-
ally activated. In order to determine whether GCSB-5 inhibits the
migration of leukocytes induced by carrageenan the number of
leukocytes in pleural fluids of air pouch was counted. GCSB-5 exhib-
ited the inhibition of leukocyte migration in carrageenan-induced
air pouch model in rats in a dose-dependent manner (P < 0.01)
(Fig. 3C and D).

3.5. Inhibition of granuloma formation in carrageenan-induced
air pouch

Carrageenan-induced granuloma formation in air pouch is well-
established inflammation model in rats. To investigate whether
GCSB-5 affects to the carrageenan-induced granuloma formation
carrageenan (2.5%) was injected into the preformed air pouch and
the volume and weight of granulation tissues were monitored after
GCSB-5 treatment as described in Section 2. As a result, the volume
of exudates in the air pouch was significantly (P < 0.01) decreased
by the treatment of GCSB-5 (Fig. 4A and B) and the weight of gran-
ulation tissue was also reduced by the GCSB-5 (Fig. 4C and D).

3.6. Adjuvant arthritis

To investigate the anti-inflammatory effects of GCSB-5 in
chronic inflammatory disease, adjuvant-induced arthritis model in
rats was performed. As illustrated in Fig. 5, oral administration of
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

GCSB-5 for 20 days after adjuvant injection showed the reduction of
paw edema in rats compared to the vehicle-treated control group.
At the end of the experiment (on day 20), doses of 50, 150, and
450 mg/kg GCSB-5 led to 28.7, 43.3, and 48.8% inhibition of the paw
edema, respectively (P < 0.01).

dx.doi.org/10.1016/j.jep.2010.05.020
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ig. 2. Inhibitory effect of GCSB-5 on the carrageenan-induced paw edema. (A, B) GC
D rats. The paw volume was measured before (0 h) and at intervals of 0.5, 1, 2, 4, an
n = 6). *P < 0.01 indicates statistically significant differences from the control group

.7. Inhibition of NO production in LPS-stimulated RAW 264.7
ells
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

In order to evaluate whether GCSB-5 affects to the NO pro-
uction, the production of nitrite, the stable metabolite of NO
nd used as an indicator for NO production, was monitored in
ultured LPS-stimulated RAW 264.7 macrophage cells. The treat-

ig. 3. Inhibitory effect of GCSB-5 on the acetic acid-induced increase in capillary permea
efore injection of acetic acid. Data represent the mean ± SD (n = 6). *P < 0.05 indicates st
dministered 30 min before the carrageenan injection in the air pouch of SD rats. At 6 h aft
ata represent the mean ± SD (n = 6). *P < 0.01 indicates statistically significant difference
was orally administered 30 min before the carrageenan injection in the right paw of
after carrageenan injection using a plethysmometer. Data represent the mean ± SD
orresponding image of carrageenan-induced paw edema.

ment with LPS (1 �g/mL) markedly increased the production of
NO from the basal level of 1.9 ± 0.9 to 25.5 ± 1.5 �M for 20 h incu-
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

bation. In this assay system, L-NMMA, a positive control of a
non-selective inhibitor of NOS, exhibited an IC50 of 6.5 �M. When
the cells were simultaneously treated with various concentrations
of GCSB-5 (0–800 �g/mL) and LPS, NO production was significantly
inhibited in a concentration-dependent manner with an IC50 value

bility and leukocyte migration. (A, B) Mice recevied oral administrations of GCSB-5
atistically significant differences from the control group. (C, D) GCSB-5 was orally
er carrageenan injection, the collected leukocyte was counted under a microscope.
s from the TPA treated group.

dx.doi.org/10.1016/j.jep.2010.05.020
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Fig. 4. Inhibitory effect of GCSB-5 on the carrageenan-induced granuloma formation. (A, B) Inhibitory effect of GCSB-5 on the volume of exudates induced by carrageenan.
(C, D) Inhibitory effect of GCSB-5 on the granulation tissue induced by carrageenan. GCSB-5 was orally administered 30 min before the carrageenan injection in the air pouch
of SD rats. At 8 days after carrageenan injection, the exudates were collected and weighted. Data represent the mean ± SD (n = 6). *P < 0.01 indicates statistically significant
differences from the control group.

Fig. 5. Inhibitory effect of GCSB-5 on the adjuvant-induced arthritis. (A, B) Arthritis was induced by injecting rats subplantarly with Complete Freund’s adjuvant on day 0.
GCSB-5 was administered orally once daily on days 0 through the end of the experiments (20 days). Paw volumes were measured at the beginning of the experiment by
using a plethysmometer. The change in paw volume between day 20 and day 0 was used as an index of inflammatory edema. Data represent the mean ± SD (n = 6). *P < 0.01
indicates statistically significant differences from the control group. (C) Representative photographs of joint swelling in the hind paw of GCSB-5-treated and a saline treated
rat on day 20.

dx.doi.org/10.1016/j.jep.2010.05.020
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ner. As illustrated in Fig. 7, GCSB-5 significantly decreased iNOS
mRNA levels induced by LPS in a concentration-dependent man-
ner, but not COX-2 mRNA, suggesting that the inhibitory activity
of NO production by GCSB-5 might be correlated to the suppres-
ig. 6. Inhibitory effects of GCSB-5 on LPS-induced NO production in macrophage
CSB-5. After 20 h, cultured media were collected and analyzed nitrite concentratio
as considered statistically significant. (B) The cell viability was measured by MTT m
ith GCSB-5 was observed under the inverted phase-contrast microscope and phot

f 690 �g/mL (Fig. 6A). Over 63% inhibition of NO production was
hown at 800 �g/mL GCSB-5. No significant effect on cell viabil-
ty was observed at a test concentration up to 800 �g/mL GCSB-5
s determined by MTT assay (>90% cell survival), indicating that
he inhibition of NO production by GCSB-5 was not mediated by
ytotoxic effect (Fig. 6B).

.8. Suppression of pro-inflammatory cytokine expression in
PS-stimulated RAW 264.7 cells

To investigate the effect of GCSB-5 on the expression of
ro-inflammatory cytokines the steady-state levels of TNF-�,

nterleukin-1� (IL-1�), and interferone-� (IFN-�) were analyzed
y RT-PCR. RAW 264.7 cells expressed very low levels of IL-1�,
nd TNF-� mRNA in un-stimulated states. As shown in Fig. 7,
he treatment with LPS (1 �g/mL) for 4 h markedly increased the
xpressions of pro-inflammatory cytokines, but co-treatment with
CSB-5 (0–750 �g/mL) and LPS suppressed the expression of IL-1�
nd IFN-� in a concentration-dependent manner. However, TNF-�
RNA expression was not affected by GCSB-5 treatment. In addi-

ion, Western blot analysis showed that GCSB-5 also suppressed
he expressions of TNF-� and IL-1� protein in LPS-stimulated RAW
64.7 in a concentration-dependent manner (Fig. 7B)..

.9. Suppression of iNOS and COX-2 protein and mRNA
xpression in LPS-stimulated RAW 264.7 cells
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

To further elucidate the mechanism of action of GCSB-5 on
he inhibition of NO production, the effects of GCSB-5 on the
rotein and mRNA expressions of some pro-inflammatory medi-
tors was determined. As shown in Fig. 8A, the treatment with
PS (1 �g/mL) for 16 h markedly increased the expression of
A) RAW 264.7 cells were stimulated with 1 �g/mL LPS in a presence or absence of
g Griess reaction. The data were expressed as mean ± SD of triplicate tests. *P < 0.01
as described in Section 2. (C) Morphlogical change of RAW 264.7 cells by treatment

hed.

iNOS and COX-2 protein, but this event was suppressed by the
co-treatment with GCSB-5 in a concentration-dependent man-
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

Fig. 7. Effect of GCSB-5 on LPS-induced pro-inflammatory cytokine mRNA expres-
sion in macrophage cells. RAW 264.7 cells were treated with LPS (1 �g/mL) and
GCSB-5 for 4 h. Total RNA was isolated and further analyzed by RT-PCR as described
in Section 2. Data were representative of three separated experiments. �-actin was
used as an internal standard.

dx.doi.org/10.1016/j.jep.2010.05.020
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Fig. 8. (A) Effects of GCSB-5 on iNOS and COX-2 protein expressions in LPS-stimulated RAW 264.7 cells. RAW 264.7 cells (5 × 105 cells/mL) were incubated for 24 h, and then
treated with LPS (1 �g/mL) and GCSB-5 for additional 4 and 16 h. After incubation, total cell extracts were obtained and subjected to Western blot analysis as described in
Section 2. Data were representative of three separated experiments. �-actin was used as an internal standard. (B) Effects of GCSB-5 on TNF-� and IL-1� protein expressions
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n LPS-stimulated RAW 264.7 cells. (C) Effects of GCSB-5 on the activation of NF-�B
he phosphorylation of Akt and ERK in LPS-stimulated RAW 264.7 cells. RAW264.7 c
fter stimulation with LPS for an additional 30 min, proteins were extracted and an

ion of iNOS expression at the translational and transcriptional
evel.

.10. Suppression of the NF-�B activation and I�B˛ degradation
n LPS-stimulated RAW 264.7 cells

The activation of NF-�B is an essential step in the onset of the
nflammatory response. Since p65 and p50 are the major com-
onent of NF-�B activated by LPS-stimulated macrophages, we
xamined the protein levels of p65 and p50 in nuclear extracts. As
hown in Fig. 8C, the treatment with LPS (1 �g/mL) for 1 h markedly
ncreased the expressions of p65 and p50 protein, but co-treatment

ith GCSB-5 (0–750 �g/mL) and LPS suppressed the expression of
65 and p50 in a concentration-dependent manner. Since nuclear
ranslocation is preceded by I�B� degradation, we determined the
ytoplasmic levels of I�B� degradation by GCSB-5. The IKK pathway
s also involved in the activation of NF-�B, we next examined the
ffect of GCSB-5 on IKK activation. GCSB-5 showed the effects on
he inhibition of I�B� degradation and IKK activation as shown in
ig. 8C. These finding suggest that GCSB-5 may have the inhibitory
ffect for LPS-stimulated I�B� degradation and IKK activation.

.11. Suppression of the phosphorylation of Akt and ERK in
PS-stimulated RAW 264.7 cells

To investigate the molecular mechanism of NF-�B inhibition by
CSB-5, we examined the effect of GCSB-5 on LPS-induced phos-
horylation of Akt and ERK in RAW 264.7 cells using Western
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

lot analysis. As shown in Fig. 8C, GCSB-5 suppressed LPS-induced
ctivation of Akt in a concentration-dependent manner, whereas
hat of ERK was not affected by treatment with GCSB-5. These
esults indicate that GCSB-5 inhibited LPS-induced NF-�B activa-
ion through down-regulation of Akt phosphorylation.
e degradation of I�B-� in LPS-stimulated RAW 264.7 cells. (D) Effects of GCSB-5 on
re treated with various concentrations of GCSB-5 for 30 min prior to LPS treatment.
by Western blot analysis.

4. Discussion

The search for natural products with anti-inflammatory activity
has extremely increased in recent years. Herbal extracts, espe-
cially crud drugs, are known to possess a diversity of components
or secondary metabolites which have various biological activities.
However, to identify the active substances and to clarify their
unambiguous mechanism of action is a still facing task. GCSB-5 is
a complex preparation with six traditional folk medicines which
each of these components has been widely used to treat a variety of
inflammatory diseases in Asia. GCSB-5 has also been used clinically
to treat inflammation-related diseases in Korea. However, the exact
pharmacological studies and underlying mechanisms of actions of
the preparation were poorly elucidated yet. Therefore, the present
study was performed to investigate the anti-inflammatory activity
of GCSB-5 in acute and chronic models in animals and to further
elucidate the underlying mechanisms of actions in in vitro and in
vivo.

Primarily, the anti-inflammatory activity of GCSB-5 was eval-
uated in acute and chronic animal models. Acute inflammation is
a short-term process which is characterized by the typical signs of
inflammation, such as swelling, pain, and loss of function due to the
infiltration of the tissues by plasma and leukocytes. Among them,
edema is one of the fundamental actions of acute inflammation
and it is an essential parameter to be considered when evaluat-
ing compounds with a potential anti-inflammatory activity (Morris,
2003). Therefore, we first tested the anti-inflammatory activity of
GCSB-5 on mouse ear edema model. As shown in Fig. 1A and 1B,
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

GCSB-5 significant inhibited the TPA-induced ear edema, suggest-
ing the anti-inflammatory activity of GCSB-5 in acute animal model
system. As one possible mechanism of action the suppression of
TPA-induced expression of iNOS and COX-2 by GCSB-5 might be
suggested in this acute inflammation mouse ear model (Fig. 1D).

dx.doi.org/10.1016/j.jep.2010.05.020


 ING

J

nopha

r
1
a
G
c
a
m

o
v
a
I
v
r
a

i
t
a
s
c

i
t
f
o
F
g

i
f
a
m
s
o
h
a

i
m
b
a
a
i
t
i
d
w
c
(
i
e
R
e
8
s

a
(
o
T
m
t
m
G

ARTICLEModel

EP-6108; No. of Pages 10

H.-J. Chung et al. / Journal of Eth

Subsequently, the carrageenan-induced paw edema model in
ats was employed (Vinegar et al., 1987; Otterness and Moore,
988). In this study, the formation of edema reaches a maximum
t 4 h after carrageenan injection and the oral administration of
CSB-5 dose-dependently inhibited the paw edema induced by
arrageenan (Fig. 2). These findings demonstrate that GCSB-5 has
potent in vivo anti-inflammatory activity in acute inflammation
odel systems.
It is also known that the increase of vascular permeability is

ne of the major events of the acute inflammatory process. The
ascular permeability induced by acetic acid in mouse model is
fundamental capillary permeability assay (Winter et al., 1962).

n this assay system, GCSB-5 significantly reduced the increase of
ascular permeability, indicating the suppression of the vascular
esponse in the process of acute inflammation by GCSB-5 (Fig. 3A
nd B).

The migration of leukocytes at the site of inflammation is an
mportant parameter in the inflammatory response. The migra-
ion of leukocyte occurs as a result of different processes including
dhesion and cell mobility (Meade et al., 1986). The present study
howed that GCSB-5 inhibited the leukocyte migration induced by
arrageenan in rats (Fig. 3C and D).

The chronically inflamed tissue in chronic inflammation
ncludes a proliferation of fibroblasts and the infiltration of neu-
rophils and exudation (Dunne, 1990). The method of granuloma
ormation is widely used to evaluate the anti-inflammatory action
n proliferation phase of the chronic inflammation. As shown in
ig. 4, GCSB-5 showed a significant anti-inflammatory activity on
ranuloma formation in chronic inflammatory conditions.

Arthritis is a well-known chronic disease which affects joints
ncluding the cartilage, synovium, tendons, and muscle. There-
ore, adjuvant-induced arthritis in rats provides a useful model for
ssessment of anti-inflammatory agents against chronic inflam-
ation (Billingham, 1983). In this study, GCSB-5 was shown to

uppression the inflammation of adjuvant-induced arthritis with-
ut any side effects (Fig. 6). These results suggest that GCSB-5 might
ave a potential to improve the chronic inflammation as well as
cute inflammation responses.

Additionally, the mechanisms underlying the anti-
nflammatory activity of GCSB-5 were investigated in a mouse

acrophage cell line, RAW 264.7. Stimulation of macrophages
y LPS induced in the expression of iNOS (Xie and Nathan, 1994)
nd COX-2 (Lee et al., 1992). The overproduction of NO plays
n important role in the process of macrophage activation and
s associated with acute and chronic inflammations. Therefore,
he inhibition of NO production by down-regulation of iNOS in
nflammatory cells is a very significant therapeutic strategy in the
evelopment of anti-inflammatory agents. In this study, GCSB-5
as demonstrated to inhibit LPS-induced NO production in a

oncentration-dependent manner in RAW 264.7 macrophages
Fig. 7). To further explore the mechanism responsible for the
nhibitory effect of GCSB-5 on LPS-induced NO production, the
ffect on iNOS protein and gene expressions in LPS-stimulated
AW 264.7 macrophages was examined. GCSB-5 inhibited the
xpressions of iNOS and COX-2 protein and mRNA (Figs. 7A and
). These results support that GCSB-5 exerts its effect through the
uppression of the iNOS mRNA transcription step.

The production or function of pro-inflammatory cytokines, such
s TNF-� and IL-1�, play roles in many inflammatory responses
De Nardin, 2001). Thus, the modulation of cytokine production
r function is a major mechanism in the control of inflammation.
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

NF-�, a potent activator of macrophages, is initially produced by
onocytes, and has various pro-inflammatory effects on many cell

ypes. IL-1� is also an important cytokine, primarily released by
acrophages (Dayerihj, 2003). In the present study, we show that
CSB-5 inhibited the protein expression of the pro-inflammatory
 PRESS
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cytokines TNF-� and IL-1� in RAW264.7 cells stimulated by LPS.
These findings provide evidence that GCSB-5 possesses a useful
anti-inflammatory activity (Fig. 7).

NF-�B is known to be a major transcription factor to regu-
late the expressions of pro-inflammatory enzymes and cytokines,
such as iNOS, COX-2, and TNF-� (Kujubu et al., 1991; Karin and
Ben-Neriah, 2000). NF-�B subunits (p65 and/or p50) are normally
sequestered in the cytosol as an inactive complex by binding to
inhibitory factor I�B-� in un-stimulated cells. Upon stimulation of
pro-inflammatory signals including LPS, I�B-� is phosphorylated
by I�B kinase (IKK) and inactivated through ubiquitin-mediated
degradation. The resulting free NF-�B is translocated into the
nucleus and acts as a transcription factor. As shown in Fig. 8C, the
treatment with GCSB-5 blocks the degradation of IkB, activation
of IKK, and activation of NF-�B in RAW 264.7 macrophages by LPS.
Therefore, these results suggest that GCSB-5 inhibits the expression
of iNOS and COX-2, and thus NO production through inactivation
of NF-�B by reducing I�B� degradation and IKK activation.

Various intracellular signaling pathways are involved in the reg-
ulation of NF-�B activation and cytokine expression. The activation
of Akt and MAPK has been demonstrated to be significant in the
modulation of iNOS and COX-2 expression through control of the
activation of NF-�B (Suh et al., 2006; Pergola et al., 2006). To fur-
ther investigate the mechanisms of NF-�B inactivation and NO
inhibition by GCSB-5, the effects of GCSB-5 on the LPS-induced acti-
vation of Akt were examined. The data demonstrated that GCSB-5
inhibited the phosphorylation of Akt in LPS-stimulated RAW 264.7
macrophages (Fig. 8D). These results suggest that the inhibition
of NF-�B activation by GCSB-5 might be due to the inhibition of
Akt phosphorylation. Overall, our results indicate that the down-
regulation of Akt phosphorylation is involved in the inhibitory
effect of GCSB-5 on LPS-induced NO production and iNOS and COX-
2 expression via NF-�B inactivation. These in vitro findings were
well correlated with the in vivo anti-inflammatory effects of GCSB-
5.

Taken together, our results suggest that GCSB-5 has a poten-
tial anti-inflammatory activity in in vitro and in vivo inflammatory
model systems. The underlying mechanisms of actions by GCSB-5
are correlated with the inhibition of iNOS and COX-2 expression
via down-regulation of the Akt signal pathways and inactivation of
NF-�B. The data in the present study support the pharmacological
basis of the use of GCSB-5 as a traditional herbal medicine for the
treatment of inflammation.

Acknowledgment

This work was supported by a grant from JASENG Hospital of
Oriental Medicine (JS-2008-1).

References

Billingham, M.E., 1983. Models of arthritis and the search for anti-arthritic drugs.
Pharmacology and Therapeutics 21, 389–428.

Bresnihan, B., 1996. Pathogenesis of joint damage in rheumatoid arthritis. Journal
of Rheumatology 26, 717–719.

Burmester, G.R., Stuhlmuller, B., Keyszer, G., Kinne, R.W., 1997. Mononuclear phago-
cytes and rheumatoid synovitis. Mastermind orworkhorse in arthritis? Arthritis
and Rheumatism 40, 5–18.

Christman, J.W., Lancaster, L.H., Blackwell, T.S., 1998. Nuclear factor kappa B: a piv-
otal role in the systemic inflammatory response syndrome and new target for
therapy. Intensive Care Medicine 24, 1131–1138.

Carlson, R.P., O’Neill-Davis, L., Chang, J., Lewis, A.J., 1985. Modulation of mouse ear
edema by cyclooxygenase and lipoxygenase inhibitors and other pharmacologic
agents. Agents Actions 17, 197–204.
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020

Dayerihj, J.M., 2003. The pivotal role of interleukin-1 in the clinical manifestations
of rheumatoid arthritis. Rheumatology (Oxford) 42, ii3–ii10.

De Nardin, E., 2001. The role of inflammatory and immunological mediators in peri-
odontitis and cardiovascular disease. Annals of Periodontology 6, 30–40.

Dunne, M.W., 1990. In: Porth, C.M. (Ed.), Pathophysiology: Concepts of Altered
Health States with Contributors. Lippincott, Philadelphia, pp. 165–176.

dx.doi.org/10.1016/j.jep.2010.05.020


 ING

J

1 nopha

E

F

F

H

H

I

K

K

K

K

L

M

M

N

ARTICLEModel

EP-6108; No. of Pages 10

0 H.-J. Chung et al. / Journal of Eth

dwards, J.C., Sedgwick, A.D., Willoughby, D.A., 1981. The formation of a structure
with the features of synovial lining by subcutaneous injection of air: an in vivo
tissue culture system. Journal of Pathology 134, 147–156.

errero-Miliani, L., Nielsen, O.H., Andersen, P.S., Girardin, S.E., 2007. Chronic inflam-
mation: importance of NOD2 and NALP3 in interleukin-1beta generation. Clincal
and Experimental Immunology 147, 227–235.

ujihara, M., Muroi, M., Tanamoto, K., Suzuki, T., Azuma, H., Ikeda, H., 2003. Molecular
mechanisms of macrophage activation and deactivation by lipopolysaccharide:
roles of the receptor complex. Pharmacology and Therapeutics 100, 171–194.

irose, M., Ishihara, K., Saito, A., Nakagawa, T., Yamada, S., Okuda, K., 2001. Expres-
sion of cytokines and inducible nitric oxide synthase in inflamed gingival tissue.
Journal of Periodontology 72, 590–597.

ong, N.D., Rho, Y.S., Kim, J.W., Won, D.H., Kim, N.J., Cho, B.S., 1988. Studies on the
general pharmacological activities of Eucommia ulmoides Oliver. Korean Journal
of Pharmacognosy 19, 102–110.

da, Y., Satoh, Y., Katsumaata, M., Nagasao, M., Hirai, Y., Kajimoto, T., Katada, N.,
Tasuda, M., Yamamoto, T., 1998. Two novel oleanolic acid saponins having a
sialyl Lewis X mimetic structure from Achyranthes fauriei root. Bioorgarnic and
Medical Chemistry Letters 8, 2555–2558.

arin, M., Ben-Neriah, Y., 2000. Phosphorylation meets ubiquitination: the control
of NF-�B activity. Annual Review of Immunology 18, 621–663.

im, H.W., Kwon, Y.B., Ham, T.W., Roh, D.H., Yoon, S.Y., Han, H.J., Kang, S.K.,
Lee, H.J., Mar, W.C., Yang, I.S., Beitz, A.J., Lee, J.H., 2002. The antinociceptive
and anti-inflammatory effect of ethylacetate extracts from Bang-Poong (Radix
ledebouriellae) on the Freund’s adjuvant-induced arthritis in rats. Journal of Vet-
erinary Science 3, 343–349.

ujubu, D.A., Fletcher, B.S., Varnum, B.C., Lim, R.W., Herschman, H.R., 1991. TIS10, a
phorbol ester tumor promoter-inducible mRNA from Swiss 3T3 cells, encodes a
novel prostaglandin synthase/cyclooxygenase homologue. Journal of Biological
Chemistry 266, 12866–12872.

won, K.H., Kim, K.I., Jun, W.J., Shin, D.H., Cho, H.Y., Hong, B.S., 2002. In vitro and
in vivo effects of macrophage-stimulatory polysaccharide from leaves of Perilla
frutescens var. crispa. Biological and Pharmaceutical Bulletin 25, 367–371.

ee, S.H., Soyoola, E., Chanmugam, P., Hart, S., Sun, W., Zhong, H., Liou, S., Simmons,
D., Hwang, D., 1992. Selective expression of mitogen-inducible cyclooxygenase
in macrophages stimulated with lipopolysaccharide. Journal of Biological Chem-
istry 267, 25934–25938.
Please cite this article in press as: Chung, H.-J., et al., Modulation of acute and
GCSB-5 both in vitro and in vivo animal models. J. Ethnopharmacol. (2010)

eade, C.J., Turner, G.A., Bateman, P.E., 1986. The role of polyphosphoinositides and
their breakdown products in A23187-induced release of arachidonic acid from
rabbit polymorphonuclear leucocytes. Biochemical Journal 238, 425–436.

orris, C.J., 2003. Carrageenan-induced pawedema in the rat and mouse. Methods
in Molecular Biology 225, 115–121.

athan, C., 2002. Points of control in inflammation. Nature 19-26 420, 846–852.
 PRESS
rmacology xxx (2010) xxx–xxx

Otterness, I.G., Moore, P.F., 1988. Carrageenan foot edema test. Methods in Enzy-
mology 162, 320–327.

Pergola, C., Rossi, A., Dugo, P., Cuzzocrea, S., Sautebin, L., 2006. Inhibition of nitric
oxide biosynthesis by anthocyanin fraction of blackberry extract. Nitric Oxide
15, 30–39.

Rao, T.S., Currie, J.L., Shaffer, A.F., Isakson, P.C., 1993. Comparative evaluation of
arachidonic acid (AA)- and tetradecanoylphorbol acetate (TPA)-induced dermal
inflammation. Inflammation 17, 723–741.

Ribeiro, R.A., Flores, C.A., Cunha, F.Q., Ferreira, S.H., 1991. IL-8 causes in vivo
neutrophil migration by a cell-dependent mechanism. Immunology 73, 472–
477.

Sekine, Y., Yumioka, T., Yamamoto, T., Muromoto, R., Imoto, S., Sugiyma, K., Oritani,
K., Shimoda, K., Minoguchi, M., Akira, S., Yoshimura, A., Matsuda, T., 2006. Mod-
ulation of TLR4 signaling by a novel adaptor protein signal-transducing adaptor
protein-2 in macrophages. Journal of Immunolgy 176, 380–389.

Sharon, B., Elizabeth, A.A., 2003. Wound Care Essentials: Practice Principles. Lippin-
cott Williams & Wilkins, pp. 91–93.

Stuhlmüller, B., Ungethüm, U., Scholze, S., Martinez, L., Backhaus, M., Kraetsch, H.G.,
Kinne, R.W., Burmester, G.R., 2000. Identification of known and novel genes
in activated monocytes from patients with rheumatoid arthritis. Arthritis and
Rheumatism 43, 775–790.

Suh, S.J., Chung, T.W., Son, M.J., Kim, S.H., Moon, T.C., Son, K.H., Kim, H.P., Chang,
H.W., Kim, C.H., 2006. The naturally occurring biflavonoid, ochnaflavone, inhibits
LPS-induced iNOS expression, which is mediated by ERK1/2 via NF-kappaB
regulation, in RAW264.7 cells. Archives of Biochemistry and Biophysics 447,
136–146.

Vinegar, R., Truax, J.F., Selph, J.L., Johnston, P.R., Venable, A.L., McKenzie, K.K., 1987.
Pathway to carrageenan-induced inflammation in the hind limb of the rat. Fed-
eration Proceedings 46, 118–126.

Wang, S.Q., Du, X.R., Lü, H.W., Wang, T.L., Li, H., 1989. Experimental and clinical
studies of “Shen Yan Ling” in treatment of chronic glomerulonephritis. Journal
of Tradittional Chinese Medicine 9, 132–134.

Winter, C.A., Risley, E.A., Nuss, G.W., 1962. Carrageenan-induced oedema in hind
paw of the rat as an assay for anti-inflammatory drugs. Proceedings of the Society
for Experimental Biology Medicine 111, 544–547.

Xie, Q., Nathan, C., 1994. The high-output nitric oxide pathway: role and regulation.
Journal of Leukocyte Biology 56, 576–582.
chronic inflammatory processes by a traditional medicine preparation
, doi:10.1016/j.jep.2010.05.020
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