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Abstract

Ipomoea stolonifera (I. stolonifera) has been used for the treatment of inflammatory diseases including rheumatism and
rheumatoid arthritis in Chinese traditional medicine. However, the anti-inflammatory activity of I. stolonifera has not been
elucidated. For this reason, the anti-inflammatory activity of n-butanol extract of I. stolonifera (BE-IS) was evaluated in vivo
by using acute models (croton oil-induced mouse ear edema, carrageenan-induced rat paw edema, and carrageenan-
induced rat pleurisy) and chronic models (cotton pellet-induced rat granuloma, and complete Freund’s adjuvant (CFA)-
induced rat arthritis). Results indicated that oral administration of BE-IS significantly attenuated croton oil-induced ear
edema, decreased carrageenan-induced paw edema, reduced carrageenan-induced exudates and cellular migration,
inhibited cotton pellet-induced granuloma formation and improved CFA-induced arthritis. Preliminary mechanism studies
demonstrated that BE-IS decreased the levels of myeloperoxidase (MPO) and malondialdehyde (MDA), increased the activity
of anti-oxidant enzyme superoxide dismutase (SOD) in vivo, and reduced the production of nitric oxide (NO), prostaglandin
E2 (PGE2), tumor necrosis factor-a (TNF-a), interleukin (IL)-1b and IL-6 in lipopolysaccharide-activated RAW264.7
macrophages in vitro. Results obtained in vivo and in vitro demonstrate that BE-IS has considerable anti-inflammatory
potential, which provided experimental evidences for the traditional application of Ipomoea stolonifera in inflammatory
diseases.
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Introduction

The oceans have an abundance of bioactive natural products

[1], many of which exhibit extraordinary chemical and structural

features [2–4]. Likewise, there are special kinds of living organisms

around the oceans, such as coastal plants [5,6], some of which

have pharmacological activities and therapeutic effects [7,8]. For

example, Ipomoea pes-caprae, a species in the Convolvulaceae family, is

recognized to have anti-nociceptive and anti-inflammatory activity

[9–11], and is used in Chinese traditional medicine to treat

rheumatic diseases.

Ipomoea stolonifera (I. stolonifera), another coastal plant belonging to

the same genus as Ipomoea pes-caprae, is believed to have more

potent anti-inflammatory activity, and is distributed in tropical and

sub-tropical regions, along dunes and coastal flats [12]. In the

eastern area of Guangdong Province, China, it is widely used as a

medicinal herb for disorders such as sunstroke, esocolitis and fish

puncture wounds [13]. It also has been used to treat inflammatory

disorders, such as rheumatism and arthritis. It is especially

powerful in the treatment of rheumatoid arthritis.

Inflammation is the body’s immediate response of the immune

system to infection and irritation [14]. It is like a double-edged

sword because although inflammation eliminates invading path-

ogens and initiates the healing process, uncontrolled inflammation

can lead to injury of tissues and cells, chronic inflammation,

chronic diseases and neoplastic transformation [15]. At present,

most inflammatory diseases are treated with conventional anti-

inflammatory drugs, such as steroidal anti-inflammatory drugs

(SAIDs) and nonsteroidal anti-inflammatory drugs (NSAIDs).

However, prolonged use of these drugs may produce many

adverse effects, including gastrointestinal disorders [16,17],

immunodeficiency and humoral disturbances [18]. We aimed to

discover new anti-inflammatory agents with fewer adverse effects,

and that could be developed for long-term administration.

Although I. stolonifera possesses remarkable curative effects, few

studies have been conducted with the purpose of evaluating its

pharmacological properties, including anti-inflammatory effects.

For this reason, we investigated the anti-inflammatory activity of

n-butanol extract from I. stolonifera (BE-IS).

It is well known that inflammation is a complex physiological

response and may be acute and chronic [19]. Acute inflammation
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is to be activated when encountering harmful stimuli, which is

characterized by not only vasodilatation, permeability accentua-

tion and neutrophils infiltration, but also edema formation [20].

The acute inflammatory response will lead to chronic inflamma-

tion that is featured by tissue proliferation, granuloma, and repair

[21].

In this study, we evaluated the anti-inflammatory effect of BE-IS

using four in vivo animal models, that is, croton oil-induced mouse

ear edema, carrageenan-induced rat paw edema, carrageenan-

induced rat pleurisy and cotton pellet-induced rat granuloma,

designed for examining the vasodilatation, edema formation,

exudates and cellular migration, and tissue hyperplasia, respec-

tively [21]. In addition, we used complete Freund’s adjuvant

(CFA)-induced rat arthritis to evaluate the therapeutic effect of

BE-IS for the treatment of arthritis.

Furthermore, in order to understand the preliminary anti-

inflammatory mechanisms, we determined the levels of myeloper-

oxidase (MPO), superoxide dismutase (SOD) and malondialde-

hyde (MDA) in vivo, and measured the production of inflammatory

mediators and cytokines (nitric oxide (NO), prostaglandin E2

(PGE2), tumor necrosis factor-a (TNF-a), interleukin (IL)-1b and

IL-6) in lipopolysaccharide (LPS)-activated RAW264.7 macro-

phages in vitro.

Materials and Methods

Plant Material
Entire plants of I. stolonifera, including leaves, flowers, stems and

roots were purchased at the Puning Folk Medicine Market in

Shantou, China, which were collected at the beach of Chaoshan

Area, Guangdong Province, China, and identified by Dr.

Guangxiong Zhou (Department of Pharmacognosy, College of

Pharmacy, Jinan University, Guangzhou, China). The plants were

washed thoroughly with deionized water and dried in the shade at

30uC for 24 h. The voucher specimen of the plant material was

deposited in the laboratory of Division of Traditional Chinese

Medicine, Shantou University Medical College (SUMC), China.

Chemicals and Reagents
Croton oil, carrageenan, CFA, 3-(4,5-dimethylthiazol-2-yl)-2,5-

diphenyl tetrazolium bromide (MTT), dimethyl sulphoxide

(DMSO) and LPS (Escherichia coli serotype 055:B5) were

obtained from Sigma-Aldrich (St. Louis, MO, USA). MPO,

SOD, MDA, total protein and NO kits were purchased from

Nanjing Jiancheng Bioengineering Institute (Nanjing, China).

PGE2 ELISA (enzyme-linked immunosorbent assay) kits were

obtained from Enzo Life Sciences Inc. (NY, USA). TNF-a, IL-1b,

Figure 1. Effect of BE-IS on ear edema (A) and MPO activity (B) induced by croton oil in mice. Mice were divided randomly into five
groups: Control group (0.5% CMC-Na), Ibuprofen group (300 mg/kg) and BE-IS groups (150, 300, and 600 mg/kg). Ear edema was induced by topical
application of 1% croton oil on the outer and inner surfaces of the right ear of each mouse. The left ear remained untreated and served as a control.
Ear edema and MPO activity were measured 4 h after application of croton oil. Values are expressed as mean 6 S.E., n = 20, *P,0.05, **P,0.01 as
compared to the control group.
doi:10.1371/journal.pone.0095931.g001

Figure 2. Effect of BE-IS on carrageenan-induced right hind
paw edema in rats. Rats were divided randomly into five groups:
Control group (0.5% CMC-Na), Ibuprofen group (200 mg/kg) and BE-IS
groups (100, 200, and 400 mg/kg). Paw edema was induced by
subplantar injection of 0.1 ml of 1% freshly prepared carrageenan
suspension in normal saline into the right hind paw of each rat. Paw size
was measured as the paw circumference immediately before and once
an hour for 6 h after carrageenan injection. Values are expressed as
mean 6 S.E., n = 10, *P,0.05, ** ,0.01 as compared to the control
group.
doi:10.1371/journal.pone.0095931.g002
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and IL-6 ELISA kits were purchased from Boster Bioengineering

Limited Company (Wuhan, China). All the other reagents were of

analytical grade. Ultrapure water was used for the experiments.

Animals and Ethics Statement
In vivo experiments were performed with male Kunming mice or

male Sprague-Dawley rats kept under SPF (specific-pathogen free)

conditions from the Laboratory Animal Center, SUMC. Animals

were maintained in a room at a controlled temperature of 2362uC
and a 12-h light/dark cycle with free access to food and water.

This animal study was approved by the Institutional Animal Care

and Use Committee (IACUC) of SUMC, and all animal

procedures were performed according to the IACUC policy.

Animal studies including infection, intraperitoneal injection, and

orbital venous bleeding of animals, were conducted in accordance

with the recommendations in the Guidelines for the Care and Use

of Laboratory Animals of the Ministry of Science and Technology

of the People’s Republic of China ([2006]398).

Preparation of Extracts from I. stolonifera
Dried I. stolonifera (1000 g) was ground to powder with a grinder,

and extracted with 95% ethanol (5000 ml) for 3 days at 25uC, this
procedure of which was repeated three times. After filtration and

evaporation to dryness under reduced pressure at 50uC, the

extract was decolored by light petroleum and exhaustively

extracted with chloroform, ethyl acetate, n-butanol and water in

turns, to obtain the respective extract. Of all the fractions

obtained, the n-butanol extract of I. stolonifera (BE-IS) showed

the strongest anti-inflammatory activity based on the carrageenan-

induced paw edema test in rats. Therefore, we chose this extract to

characterize anti-inflammatory activity. The dried BE-IS was

dissolved in a solution of 0.5% sodium carboxymethyl cellulose

(CMC-Na) for administration to test animals.

Croton Oil-Induced Ear Edema in Mice and Assay for MPO
Activity
Croton oil-induced ear edema was performed as described

previously [22–24]. Mice (18,22 g, 28-day-old) were divided

randomly into the following five groups (20 mice per group) for

oral gavage treatment once a day for 5 days: control group (0.5%

CMC-Na, 0.2 ml); positive treatment group (300 mg/kg ibupro-

fen); and BE-IS groups (150, 300, and 600 mg/kg BE-IS). One

hour after the last drug administration, ear edema was induced by

topical application of 1% croton oil in mixture solvent (v/v, croton

oil: ethanol: pyridine: ethyl ether = 1:10:20:69, 100 ul) on the

outer and inner surfaces of the right ear of each mouse. The left

ear remained untreated and served as a control. An ear disk,

8.0 mm in diameter, was punched out and weighed 4 h after the

application of the irritant. The weight difference between the left

and the right ear disk of the same animal was evaluated as the

extent of edema. The inhibition percentage was calculated by the

following equation:

Inhibition(%)~ (Econtrol{Etreated )7Econtrol|100

where Econtrol and Etreated is the extent of edema from the control

group and treated groups.

Ear samples were collected and assayed for MPO activity

[25,26], which was performed according to the manufacturer’s

instruction. The absorbance at 460 nm was measured using a

microplate reader to determine the enzyme activity. The

Table 1. Effect of BE-IS on rat pleurisy induced by carrageenan.

Group Dose (mg/kg) Exudate volume (ml) Leukocyte number (103/ul) Protein (mg/ml) MDA (nmol/ml) SOD (U/ml)

Blank – 0.0360.01*** 51.3612*** 19.9561.29*** 8.3660.68** 254.7268.02**

Control – 1.7760.12 119614.6 35.0363.37 13.7461.16 204.0168.69

DEX 2.5 0.6360.13** 64.9613.4*** 25.3264.51** 8.961.25** 225.7269.73**

BE-IS 100 1.6060.19** 114.8620.6 29.2363.44** 13.4162.07 220.85616.10**

BE-IS 200 1.1360.17** 109.5616.3 28.0463.41** 12.9562.43 225.22616.76**

BE-IS 400 1.1260.18** 82.4619.7** 24.0765.35** 12.2761.19* 229.17612.43**

Each value represents as mean 6 S.E., n = 10.
*P,0.05,
**P,0.01,
***P,0.001 compared to control group.
doi:10.1371/journal.pone.0095931.t001

Figure 3. Effect of BE-IS on cotton pellet-induced granuloma in
rats. With rats under ether anesthesia, sterile cotton pellets weighing
5061 mg were implanted subcutaneously in both axillae regions of
each rat by a single needle incision. Then rats were divided randomly
into five groups: Control group (0.5% CMC-Na, p.o), Dexamethasone
(DEX) group (2.5 mg/kg, i.p.) and BE-IS groups (100, 200, and 400 mg/
kg, p.o). On day 8, granuloma tissue was carefully dissected. The pellets
were incubated at 37uC for 24 h and dried at 60uC to constant weight.
The increase in dry weight of the pellets was used to measure
granuloma formation. Values are expressed as mean 6 S.E., n = 10, *P,
0.05, **P,0.01 as compared to the control group.
doi:10.1371/journal.pone.0095931.g003
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inhibition percentage was calculated as (1-MPO activity of the

treated group/MPO activity of the control group) 6100%.

Carrageenan-Induced Paw Edema in Rats
This rat model was performed as previously described [27].

Rats (130,150 g, 35-day-old) were divided randomly into the

following five groups (10 rats per group) for oral gavage treatment

once a day for 7 days: control group (0.5% CMC-Na, 1 ml);

positive treatment group (200 mg/kg ibuprofen); and BE-IS

groups (100, 200, and 400 mg/kg BE-IS). One hour after the

last administration, acute paw edema was induced by subplantar

injection of 0.1 ml of 1% freshly prepared carrageenan suspension

in normal saline into the right hind paw of each rat. Paw size was

measured by wrapping a piece of cotton thread round the paw of

each rat and recording the length of the thread, the paw

circumference, by use of a metric ruler. Paws were measured

immediately before and once an hour for 6 h after carrageenan

injection. Inhibitory activity was calculated at 1–6 h after

carrageenan injection with the following formula:

Inhibition(%)~½(Ct{C0)control{(Ct{C0)treated�7

(Ct{C0)control|100

where Ct is paw size after carrageenan injection and C0 is paw size

before carrageenan injection.

Carrageenan-Induced Pleurisy in Rats
The method of Mikami and Miyasaka [28] was used. Rats

(130,150 g, 35-day-old) were divided randomly into five groups

(10 rats per group) for the treatment once a day for 7 days: control

group (0.5% CMC-Na, 1 ml, gavage); positive treatment group

(2.5 mg/kg dexamethasone, i.p.); and BE-IS groups (100, 200, and

400 mg/kg BE-IS, gavage). One hour after the last administration

of drug, rats were lightly anaesthetized under ether, and then

0.2 ml of normal saline or 1% carrageenan in normal saline was

injected into the pleural cavity of each rat. 4 h after injection, rats

were lightly anaesthetized, and blood samples were taken from the

orbital pit. The serum was separated and stored at 220uC for

measurement of MDA and SOD. Animals were then killed by an

overdose of ether, and pleural cavities were exposed. The exudate

volume was measured and the pleural cavity was washed with 2 ml

ice-cold phosphate-buffered saline (pH 7.2) with heparin (5 U/

ml). The exudates and washing were combined as the pleural

exudates for the measurement of total protein. Exudates contam-

inated with blood were discarded. The total leukocyte number in

the pleural exudates was counted in a Neubauer chamber.

Cotton Pellet-Induced Granuloma in Rats
This experiment was performed as described [29] with slight

modifications. A single needle incision was used to implant sterile

cotton pellets, weighing 5061 mg, into both axillae regions in rats

(130,150 g, 35-day-old) under ether anesthesia. Then rats were

divided randomly into the following five groups (10 rats per group)

for the treatment once a day for 7 days: control group (0.5%

CMC-Na, 1 ml, gavage); positive treatment group (2.5 mg/kg

dexamethasone, i.p.); and BE-IS groups (100, 200, and 400 mg/kg

BE-IS, gavage). On day 8, granuloma tissue was carefully

dissected. The pellets were incubated at 37uC for 24 h and dried

at 60uC to constant weight. The increase in dry weight of the

pellets was used to measure granuloma formation.

CFA-Induced Chronic Arthritis in Rats
The rats (160,180 g, 40-day-old) were divided randomly into

the following five groups (10 rats per group) for oral gavage

treatment once a day for 21 days: control group (0.5% CMC-Na,

1 ml); positive treatment group (200 mg/kg ibuprofen); and BE-IS

groups (100, 200, and 400 mg/kg BE-IS). Arthritis was induced by

Table 2. Effect of BE-IS on complete Freund’s adjuvant-induced chronic arthritic rats.

Day Arthritic rat paw edema (mm)

Control IBU(200 mg/kg) BE-IS (100 mg/kg) BE-IS (200 mg/kg) BE-IS (400 mg/kg)

3 3.8360.08 3.7060.10* 3.7660.12* 3.6660.11** 3.5860.17**

6 4.1760.05 3.7360.06** 4.0960.10 3.9560.06** 3.6560.08**

9 3.5460.08 3.4360.05 3.5260.11 3.5360.10 3.4360.05

12 3.4360.04 3.4460.05 3.3760.09 3.3960.06 3.4460.05

21 4.1460.18 3.7760.14** 4.1560.16 4.1060.10 3.7860.17**

Each value represents as mean 6 S.E., n = 10.
*P,0.05,
**P,0.01 compared to control group.
doi:10.1371/journal.pone.0095931.t002

Table 3. Sighting study in acute oral toxicity assay–fixed dose procedure.

Dose (mg/kg) The result of the sighting study

750 100% survival rate, no severe toxic effect*

1500 100% survival rate, no severe toxic effect*

3000 100% survival rate, no severe toxic effect*

6000 100% survival rate, no severe toxic effect*

*Clinical signs and conditions associated with pain, suffering, and impending death, are described in detail in a separate OECD Guidance Document [31].
doi:10.1371/journal.pone.0095931.t003

Anti-Inflammatory Activity of Ipomoea stolonifera

PLOS ONE | www.plosone.org 4 April 2014 | Volume 9 | Issue 4 | e95931



intradermal injection of complete Freund’s adjuvant (0.1 ml) into

the right hind paw [30]. The adjuvant contained heat-killed

Mycobacterium tuberculosis (10 mg) in paraffin oil (1 ml).

Swellings in the injected and contralateral hind paws were

measured daily. The thickness of the paw was assessed by use of

a vernier scale. The experimental and control groups were

compared for differences in severity of arthritis.

Acute Oral Toxicity – Fixed Dose Procedure
A fixed dose procedure was adopted to evaluate the acute oral

toxicity of BE-IS according to Organization for Economic Co-

operation and Development (OECD) Guidelines for the Testing of

Chemicals [31]. Each animal, at the commencement of its dosing,

was about 8 weeks old, and its weight fell within an interval of

620% of the mean weight of any previously dosed mice. Groups

of 10 mice were dosed in a stepwise procedure using the fixed

doses of 750, 1500, 3000 and 6000 mg/kg. The initial dose level

was selected on the basis of a sighting study as the dose expected to

produce some signs of toxicity without causing severe toxic effects

or mortality. Clinical signs and conditions associated with pain,

suffering, and impending death, are described in detail in a

separate OECD Guidance Document [32]. Additional groups of

mice were dosed at higher or lower fixed doses, depending on the

presence or absence of signs of toxicity or mortality. This

procedure continues until the dose causing evident toxicity or no

more than one death is identified, when no effects are seen at the

highest dose or when deaths occur at the lowest dose.

Cell Culture
The murine macrophage cell line, RAW264.7, was obtained

from the Cell Bank, Chinese Academy of Science (Shanghai,

China). Cells were cultured in Dulbecco’s modified Eagle’s

medium (DMEM) (Gibco, USA) supplemented with 10% heat-

inactivated fetal bovine serum (FBS) (HyClone, USA) and 1%

penicillin (100 U/ml)-streptomycin (100 mg/ml) and incubated at

37uC in a humidified atmosphere with 5% CO2.

Cell Viability Test
RAW264.7 cells (,16105 cells/ml) were plated onto 96-well

plates and incubated overnight. The cells were untreated or

treated with 0.1% DMSO, 1 mg/ml LPS, various concentrations

of BE-IS (1.25, 2.5, 5, 10, 20 mg/ml, dissolved in 0.1% DMSO)

and then incubated at 37uC under a humidified atmosphere with

5% CO2 for 24 h. Cell viability was determined by MTT assay

[33]. MTT (0.5 mg/ml) was added to each well, and cells were

incubated for another 4 h. Then MTT was removed, and cells

were lysed by addition of 150 ml/well DMSO. The optical density

was measured at 550 nm on a microplate reader.

Determination of NO, PGE2, TNF-a, IL-1b and IL-6
RAW264.7 cells (,26105 cells/ml) were plated onto a 24-well

plate and incubated at 37uC under a humidified atmosphere with

5% CO2 for 24 h. Then the cells were incubated with BE-IS (0,

Figure 4. Effect of BE-IS on the viability of RAW264.7 cells. Cells
were incubated for 24 h in the presence of 0.1% DMSO, 1 mg/ml LPS, or
BE-IS (1.25, 2.5, 5, 10, 20 mg/ml, dissolved in 0.1% DMSO). Cell viability
was determined by MTT assay. The optical density was measured at
550 nm on a microplate reader. Values are expressed as mean6 S.E. for
three different experiments performed in triplicate.
doi:10.1371/journal.pone.0095931.g004

Figure 5. Effect of BE-IS on LPS-induced production of NO (A) and PGE2 (B) in RAW264.7 cells. Cells were incubated with BE-IS (0, 1.25,
2.5, 5, 10, 20 mg/ml) for 1 h before stimulation with LPS (1 mg/ml) for 24 h. The concentrations of NO and PGE2 in the cell supernatants were
determined by the Griess reaction and ELISA, respectively, according to the manufacturers’ instructions. Values are expressed as mean6 S.E. for three
independent experiments. # P,0.001 as compared to the control group, *P,0.05, **P,0.01, ***P,0.001 as compared to LPS-alone group.
doi:10.1371/journal.pone.0095931.g005
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1.25, 2.5, 5, 10, 20 mg/ml, dissolved in 0.1% DMSO) for 1 h

before stimulation with LPS (1 mg/ml) for 24 h. The supernatants

were collected and stored at 220uC before analysis. The

concentrations of PGE2, TNF-a, IL-1b and IL-6 in the cell

supernatants were determined by ELISA kits according to the

manufacturers’ instructions. Nitrite accumulated in the culture

medium was measured as an indicator of NO production based on

the Griess reaction according to the manufacturer’s instructions.

Statistical Analysis
Experimental results were expressed as mean 6 standard error

(S.E.). Individual group comparisons were analyzed by one-way

analysis of variance (ANOVA), and the differences were calculated

by using Tukey’s test (P,0.05) with SPSS 13.0 (SPSS Inc.,

Chicago, IL, USA). Values of P,0.05 were considered statistically

significant.

Results and Discussion

Effect of BE-IS on Croton Oil-Induced Mouse Ear Edema
and Tissue MPO Activity
Croton oil-induced ear edema is a widely used model for

identifying potential anti-inflammatory agents [26]. Topical

application of croton oil markedly elicited an inflammatory

response in mice, as judged by edema formation and neutrophilic

infiltration determined by the increase in the weight of the ear and

in tissue MPO activity, respectively. BE-IS inhibited ear edema in

a dose-dependent manner, with 10.3%, 30.1% and 45.8%

inhibition occurring at doses of 150, 300 and 600 mg/kg,

respectively (Figure 1A). At 600 mg/kg, BE-IS reduced ear edema

to a greater extent than a 300 mg/kg dose of ibuprofen (P,0.01).

These results indicate that BE-IS possesses anti-inflammatory

activity against acute inflammation induced by croton oil. MPO is

an enzyme present in the intracellular granules of neutrophils and

is used as a marker for polymorphonuclear leukocyte infiltration

into inflamed tissues, an indicator for inflammatory reaction [34].

Treatment with BE-IS at 150, 300 and 600 mg/kg, dose-

Figure 6. Effect of BE-IS on LPS-induced production of TNF-a (A), IL-1b (B) and IL-6 (C) in RAW264.7 cells. Cells were incubated with BE-
IS (0, 1.25, 2.5, 5, 10, 20 mg/ml) for 1 h before stimulation with LPS (1 mg/ml) for 24 h. The concentrations of TNF-a, IL-1b and IL-6 in the cell
supernatants were determined by ELISA according to the manufacturers’ instructions. Values are expressed as mean 6 S.E. for three independent
experiments. # P,0.001 as compared to the control group, *P,0.05, **P,0.01, ***P,0.001 as compared to LPS-alone group.
doi:10.1371/journal.pone.0095931.g006
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dependently reduced MPO activity with a maximal effect of

63.3%. The reference drug ibuprofen (300 mg/kg) inhibited MPO

activity by a similar 66.9% (Figure 1B).

Effect of BE-IS on Carrageenan-Induced Rat Paw Edema
To estimate the effect of BE-IS on acute inflammation, we used

carrageenan-induced rat paw edema as an assay to reflect edema

that occurs during the early stages of acute inflammation [35].

This model has been commonly employed to assess the anti-

edematous effect of natural products [36]. The edematous

response that occurs 0–2 h after carrageenan injection has been

correlated with the exudative stage of inflammation, which is

featured with the release of histamine, serotonin, and bradykinin

[37]. The late phase, occurring about 3 h after carrageenan

exposure when edema reaches its peak volume, is characterized by

the presence of prostaglandins. Oral treatment with BE-IS

significantly inhibited carrageenan-induced paw edema in rats.

At a dose of 400 mg/kg, edema was remarkably suppressed at 1–

3 h after carrageenan treatment, with inhibition being 70.1%,

56.5% and 49% at 1, 2, 3 h, respectively. At 4–6 h after

carrageenan treatment, the 200 mg/kg BE-IS group exhibited

the most potent inhibitory effect, with inhibition being 58.5%,

67.6%, 84.4% at 4, 5, 6 h, respectively. Ibuprofen (IBU) at

200 mg/kg inhibited paw edema induced by carrageenan

significantly compared with the control group (P,0.01 at 1–3 h

and P,0.05 at 4–6 h). The inhibition of BE-IS on each phase

demonstrates that the extract has a non-selective inhibitory effect

on the release or actions of those mediators mentioned before

(Figure 2).

Effect of BE-IS on Carrageenan-Induced Rat Pleurisy
One of the well-characterized acute inflammation models,

carrageenan-induced pleurisy in rat, permits the quantitation and

correlation of both exudates and cellular migration with changes

in other inflammatory parameters [38]. Compared to the control

group, oral pre-treatment with 400 mg/kg BE-IS significantly

reduced the volume of pleural exudates and total leukocyte

migration (P,0.01), inhibited the production of total protein in the

pleural exudates (P,0.01), decreased the serum level of mal-

ondialdehyde (MDA) (P,0.05), an indicator of lipid peroxidation,

and increased the serum level of superoxide dismutase (SOD) (P,

0.01), an antioxidant enzyme. Dexamethasone (DEX), used as the

reference drug, had a similar effect on total protein and SOD, but

it is significantly more potent on exudate volume, leukocyte

number and MDA (Table 1). The results showed that BE-IS had

potent effect on increasing the serum level of SOD, which implies

that BE-IS scavenges oxygen radicals by enhancing the activities of

antioxidant enzymes. Thus, the anti-oxidative properties of BE-IS

may contribute to the alleviation of the inflammatory response.

Effect of BE-IS on Cotton Pellet-Induced Rat Granuloma
We used the rat cotton pellet-induced granuloma model for

chronic inflammation to assess the effect of anti-inflammatory

drugs on the proliferation phase of inflammation [39]. BE-IS at

200 and 400 mg/kg, as well as dexamethasone at 2.5 mg/kg,

markedly inhibited granuloma formation surrounding cotton

pellets compared with the vehicle control group. BE-IS reduced

the formation of granuloma tissue in a dose-dependent manner.

BE-IS at 400 mg/kg produced a maximal 50.8% inhibition,

whereas 100 and 200 mg/kg produced 14.6% and 39.4%

inhibition, respectively, as compared to 51.4% for dexamethasone

(Figure 3). Thus, BE-IS can inhibit granuloma formation in the

proliferation phase of the inflammatory process.

Effect of BE-IS on CFA-Induced Rat Arthritis
CFA-induced chronic arthritis in rats is a convenient model for

studying drugs affecting human arthritis. We administered BE-IS

once daily to rats for 14 consecutive days and measured degree of

swelling in treated and untreated hind paws. In adjuvant-induced

arthritic animals, the soft swelling seen around the ankle joints is

due to edema of periarticular tissues. Increased granulocytes and

monocytes were associated with changes in ankle diameter [40].

BE-IS at 200 and 400 mg/kg gave potent inhibitory activity of

chronic arthritis during the first 6 days, as evidenced by a

significant reduction of paw edema in arthritic animals. Ibuprofen

at 200 mg/kg inhibited paw edema induced by CFA to a similar

extent as BE-IS at the dose of 400 mg/kg (Table 2).

Acute Oral Toxicity of BE-IS in Mice
No mortality or severe toxic effects are seen even at the highest

dose of 6000 mg/kg (Table 3). Hence, based on the OECD

criteria, BE-IS is of relatively low acute toxicity hazard and its

expected LD50 value exceeds 6000 mg/kg without the need for

testing.

Cell Viability
The potential cytotoxicity of BE-IS was evaluated by the MTT

assay [33] after incubating cells for 24 h with 1.25, 2.5, 5, 10, or

20 mg/ml BE-IS to RAW264.7 cells. No cytotoxic effects were

observed (Figure 4), suggesting that the anti-inflammatory effects

of BE-IS are not due to a reduction in cell viability.

Effect of BE-IS on the Production of Inflammatory
Mediators
It is confirmed that RAW264.7 macrophages activated by LPS

would generate massive inflammatory mediators and cytokines

(e.g. NO, PGE2, TNF-a, IL-1b, IL-6), which would cause kinds of

inflammatory diseases [41,42]. Therefore, in this study, we chose

LPS-activated RAW264.7 cell model to reveal anti-inflammatory

mechanism of BE-IS.

The ability of BE-IS to modulate the production of inflamma-

tory mediators NO and PGE2 was evaluated in LPS-induced

RAW264.7 macrophages. NO and PGE2 levels in cell superna-

tants were respectively determined by the Griess assay and ELISA

(Figures 5A and 5B). Treatment of RAW264.7 cells with LPS

alone resulted in significant increases in both NO and PGE2

production as compared to that in the control group (P,0.001).

However, BE-IS at 1.25–20 mg/ml markedly inhibited LPS-

induced NO production in a dose-dependent manner. BE-IS was

also found to significantly inhibit PGE2 production as compared to

the LPS-treated group in a dose-dependent manner.

The pro-inflammatory mediators, NO and PGE2 produced by

activated macrophages play critical roles in inflammatory diseases.

NO is produced from L-arginine by nitric oxide synthetases and

involved in various pathophysiological processes including inflam-

mation [43]. At adequate concentrations, NO can generate or

modify intracellular signals, thereby affecting the function of

immune cells, as well as tumor cells and resident cells of different

tissues and organs. However, its uncontrolled release can cause

target tissue destruction during an infection [44]. PGE2 involved in

inflammatory responses, is generated by the sequential metabolism

of arachidonic acid by cycloxygenase (COX) [45]. Therefore, a

drug capable of preventing the release of pro-inflammatory

mediators in inflammatory cells could potentially possess anti-

inflammatory activities. In this study, we found a non-cytotoxic

dose range at which BE-IS inhibits the production of NO and

PGE2 in LPS-induced RAW264.7 cells.
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Effect of BE-IS on the Production of Cytokines
The concentrations of cytokines TNF-a, IL-1b and IL-6 in

RAW264.7 cell supernatants were measured by ELISA

(Figures 6A, 6B and 6C). Treatment of RAW264.7 cells with

LPS alone resulted in a significant increase in cytokine production

as compared to that in the control group (P,0.001). However, BE-

IS at 2.5–20 mg/ml significantly decreased LPS-induced TNF-a
(P,0.01 or P,0.05), IL-1b levels (P,0.001, P,0.01 or P,0.05),

and IL-6 level (P,0.001, P,0.01 or P,0.05) levels in a dose-

dependent manner.

Pro-inflammatory cytokines, such as TNF-a, IL-1b and IL-6 are

known to contribute to tissue damage and multiple organ failure.

They are considered to be important initiators of the inflammatory

response and mediators of the development of various inflamma-

tory diseases [46,47]. TNF-a plays a key role in the induction and

perpetuation of inflammation by activating macrophages and

upregulating other pro-inflammatory cytokines and endothelial

adhesion molecules [48]. Likewise, IL-1b is one of the most

important inflammatory cytokines secreted by macrophages, and

is induced by LPS. During inflammation, increases in the release

of IL-1b lead to cell or tissue damage [49,50]. IL-6 is also a pivotal

pro-inflammatory cytokine, regarded as an endogenous mediator

of LPS-induced fever [51]. In the present study, we demonstrate

that BE-IS inhibits TNF-a, IL-1b and IL-6 production in a dose-

dependent manner in LPS-stimulated RAW264.7 cells.

Conclusions

In the present study, we investigated the anti-inflammatory

activity of BE-IS in vivo using acute and chronic inflammatory

animal models, and in vitro using LPS-activated RAW264.7 cells.

We show that treatment with BE-IS inhibits the inflammatory

response, as judged by decrease in croton oil-induced ear edema

and carrageenan-induced paw edema, reduction of carrageenan-

induced exudates and cellular migration, inhibition of cotton

pellet-induced granuloma formation, and amelioration of CFA-

induced arthritis. Preliminary mechanism studies demonstrated

that BE-IS decreased the levels of MPO and MDA, increased the

activity of anti-oxidant enzyme SOD in vivo, and reduced the

production of NO, PGE2, TNF-a, IL-1b and IL-6 in LPS-

activated RAW264.7 cells in vitro. These results suggest that I.

stolonifera possesses considerable anti-inflammatory activity, and

may become a potential source of natural anti-inflammatory

agents. Therefore, in our next work, we will focus on the study of

chemical constituents of I. stolonifera.
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