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Abstract

Scope: Traditional medicinal herbs are increasingly used as alternative therapies in patients with inflammatory diseases.
Here we evaluated the effect of Wedelia chinensis, a medicinal herb commonly used in Asia, on the prevention of dextran
sulfate sodium (DSS)-induced acute colitis in mice. General safety and the effect of different extraction methods on the
bioactivity of W. chinensis were also explored.

Methods and Results: C57BL/6 mice were administrated hot water extract of fresh W. chinensis (WCHF) orally for one week
followed by drinking water containing 2% DSS for nine days. WCHF significantly attenuated the symptoms of colitis
including diarrhea, rectal bleeding and loss of body weight; it also reduced the shortening of colon length and
histopathological damage caused by colonic inflammation. Among four W. chinensis extracts prepared using different
extraction techniques, WCHF showed the highest anti-colitis efficacy. Analyses of specific T-cell regulatory cytokines (TNF-a,
IL-4, IFN-c, IL-17, TGF-b, IL-12) revealed that WCHF treatment can suppress the Th1 and Th17, but not Th2, responses in
colon tissues and dendritic cells of DSS-induced colitis mice. A 28-day subacute toxicity study showed that daily oral
administration of WCHF (100, 500, 1000 mg/kg body weight) was not toxic to mice.

Conclusion: Together, our findings suggest that specific extracts of W. chinensis have nutritional potential for future
development into nutraceuticals or dietary supplements for treatment of inflammatory bowel disease.
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Introduction

Inflammatory bowel disease (IBD), including Crohn’s disease

(CD) and ulcerative colitis (UC), represents a group of chronic

relapsing inflammatory disorders of the gastrointestinal tract that

affect millions of people worldwide. Both CD and UC are

characterized by mucosal inflammation, crypt destruction, infil-

tration of leukocytes and features such as diarrhea, rectal bleeding,

abdominal pain and weight loss [1–3]. Patients with IBD do not

only suffer from the clinical symptoms, but are also at a high risk of

developing colorectal cancer [4,5]. Incidence of IBD, especially

UC, remains relatively constant in regions like Northern Europe

and North America; however, it is increasing in the areas where

incidence was previously low, such as Southern Europe and Asia

[6]. Evidence from epidemiological and pathogenesis studies has

shown that IBD is associated with a complex interaction of

environmental triggers (such as diet and smoking), familial and

genetic factors, immunoregulatory defects and microbial exposure

[1,7], which result in an inappropriate and ongoing activation of

the mucosal immune system.

Although the exact pathogenesis of IBD is not yet clear,

infiltration of neutrophils, activation of macrophages and unreg-

ulated production of pro-inflammatory molecules in inflamed

colon epithelial tissues are thought to be crucial factors.

Conventional drugs used for treatment of IBD are mostly anti-

inflammatory or immunomodulatory agents, including corticoste-

roids, and 5-amino salicylic acid (5-ASA) and its derivatives (such

as sulfasalazine). 5-ASA-based drugs are prescribed most fre-

quently for IBD [8], but they can induce side effects including

nausea, headache, heartburn and anemia. Long-term high-doses

of corticosteroids can also cause serious side effects, notably

Cushing’s syndrome [9]. Therefore, novel therapeutics or preven-

tive treatments that are nontoxic and yet can effectively decrease
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mucosal inflammation with few or no side effects are highly

desirable.

In recent years, natural health-care products derived from

medicinal plants or herbs have been developed as alternative or

complementary treatments for many common disorders. Two

recent surveys reported that among IBD patients, the most

frequently used types of complementary and alternative

medicine (CAM) are herbal remedies [10,11]. Wedelia chinensis

(a Compositae) is a key traditional medicinal herb that is widely

used in many Asia countries, and often serves as a major

component of folk herbal teas. In Taiwan and Southeast Asia,

W. chinensis is considered to have various therapeutic properties

such as cough-relieving, antipyretic, detoxication, antiphlogistic

[12], and to confer a hepato-protective effect, as shown in mice

with acute hepatitis induced by hepatotoxins [13]. Compounds

found in W. chinensis have been recently reported to attenuate

androgen receptor activity and orthotropic growth of prostate

cancer in nude mice via the inhibition of androgen receptor

signaling pathway [14]. We therefore hypothesized that specific

W. chinensis plant extracts may confer anti-inflammatory activity

against IBD.

In the present study, the effects of orally fed plant extracts of W.

chinensis, prepared by different extraction methods were analyzed

in a dextran sulfate sodium (DSS)-induced colitis mouse model.

Optimum daily dosage, general safety, metabolite profiles and

candidate active components of this herbal plant were evaluated

and identified. Possible applications of the results in future

development of nutritional and medicinal food supplements for

colon health care are discussed.

Materials and Methods

Preparation of W. chinensis Extracts
W. chinensis was routinely obtained from a reputable Chinese

medicinal herb store/farmer in Taipei City, Taiwan, and the

experimental plant materials were validated macroscopically by

specific morphology, anatomy, phytochemistry and genome

sequence features as previously reported [15,16], and from our

own studies (Lin et al., submitted for publication) [17]. Dried W.

chinensis was prepared by air drying cleaned fresh plants in the

shade for two weeks. To prepare the hot water extracts of fresh or

dried W. chinensis plants (WCHF and WCHD, respectively), test

plant materials were weighed, and decocted in appropriate volume

(100 g fresh or dried WC in 1 L water) of boiling water, and

continuously boiled until the volume was reduced to one-fourth of

the original. Boiling water extract was then filtered through filter

papers (No. 2, Toyo Roshi Kaisha, Tokyo, Japan) using a suction

pump, and concentrated using a rotary evaporator. Ethanol

extracts were obtained by immersing the whole fresh W. chinensis

plants in 100% or 50% EtOH (WC100 or WC50, respectively) for

two weeks, and filtering and concentrating as described above. All

W. chinensis extracts were then freeze-dried and stored at 4uC
before use.

Mice
Seven- to eight-week-old female C57BL/6 and ICR mice were

purchased from the National Laboratory Animal Center (Taipei,

Taiwan) and maintained on a 12-h light/dark cycle in constant

temperature and humidity. Mice were given food and water ad

libitum until they reached the desired weight for experiments. All

procedures were approved by the Institutional Animal Care and

Use Committee (IACUC) of Academia Sinica (Protocol ID: 10-12-

098). In this study, two experimental groups (see Fig. 1A and

Fig. 2A), some test mice lost 21% to 28% of their body weight on

Day 6,8 were allowed to live for 1,2 extra days, and were

sacrificed on the end of the experiment (Day 8 or Day 9). This

measure has obtained the appropriate and careful guidance from

the institutional IACUC and animal room specialist, and we

consider these cases as extremely rare but necessary and humane

arrangement.

Induction of Acute Colitis
After acclimatization, weight-matched female C57BL/6 mice

(20–25 g) were randomized into control (untreated), colitis-control,

and treatment groups. All mice received normal drinking water

from day 27 to 0. To induce acute colitis, all mice, except for the

control group, were provided with drinking water containing 2%

(w/v) DSS (molecular weight: 36,000–50,000 Da, MP Biochem-

icals, Solon, Ohio) from day 0 to 8–9 as previously described [18].

DSS solution was changed every two days. Throughout the whole

experimental period (27th to 8th,9th day post DSS treatment),

mice in the control and DSS groups were daily administered orally

with vehicle control solution (1% Tween 80, Sigma-Aldrich, St.

Louis, MO). Treatment groups were fed daily by oral gavage with

different preparations of W. chinensis extracts dissolved in vehicle

solution at a dose of 50 mg/kg body weight. To assess the extent of

colitis, body weight, stool consistency, and fecal blood levels were

monitored daily, and the disease activity index (DAI) of colitis was

calculated according to the modified criteria outlined in Cooper

et al. [19]. At the end of each experiment, all test mice were

weighed and sacrificed by cervical dislocation and the large

intestines were excised; the colon length was measured and the

cecum was removed. The remainder was washed with 0.9% saline

solution and fixed in 10% neutral-buffered formalin.

Colon Organ Culture
Colon organ cultures were generated and modified as described

previously by Wirtz et al. [18]. At the end of acute colitis

experiment, freshly excised colon tissues from control and test

mice were flushed with sterilized PBS to remove soiling. The colon

segment was opened up by a longitudinal incision and the exposed

colon tissues minced into small pieces (1 to 2 mm in length). These

minced colon tissues were cultured in ‘‘organoid’’ primary culture

mode using RPMI 1640-based culture medium supplemented with

10% FBS [18]. At 24 hours post incubation, the test culture media

were collected and specific cytokines measured by ELISA.

Figure 1. Effect of dietary WCHF in mice with DSS-induced acute colitis. Colitis was induced by providing 2% DSS in drinking water for 9
days. Mice were simultaneously orally administered with vehicle (1% Tween 80) or WCHF (50 mg/kg body weight) respectively for 7 days, followed by
DSS treatment for 9 days (test mouse were administered continuously with test sample during the DSS treatment). Changes of (A) relative body
weight, (B) disease activity index, (C) colon length, (D) histological section, (E) histological score and (F) myeloperoxidase activity are shown. Data are
expressed as mean6 SD. (n = 5–6). (G) Effect of hot water extract of freshW. chinensis (WCHF) on expression of specific cytokines and T cells response
in WCHF-treated and DSS-induced colitis mice. (H) Effect of WCHF extract (100 mg/ml, 200 mg/ml and 400 mg/ml) on ex-vivo expression of IL-12 and
TGF-b from mouse DCs in culture. Representative H&E-stained middle tissue sections of colons under 406 and 1006 magnification. *P,0.05,
**P,0.005, ***P,0.001, significant difference compared with the control group. #P,0.05, ##P,0.005, ###P,0.001, significant difference compared
with the DSS group.
doi:10.1371/journal.pone.0064152.g001
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Mouse Bone Marrow-derived Dendritic Cells (BMDCs)
Mouse bone marrow-derived DCs were generated and grown in

cell cultures as previously described [20]. Briefly, bone marrow

tissues were collected from femurs and tibiae of C57BL/6 mice.

Erythrocytes were removed from the bone marrow cells by ACK

lysis buffer and plated in DC culture medium (RPMI 1640

medium supplemented with 20 ng/ml GM-CSF, 10% fetal bovine

serum, 50 mM 2-mercaptoethanol, 100 mM non-essential amino

acids and 100 unit/ml penicillin and 100 mg/ml streptomycin) in a

humidified 5% CO2 incubator at 37uC. On day 2, two-thirds of

original medium was replaced by 30 ml fresh medium supple-

mented with 20 ng/ml GM-CSF. On day 5, the floating cells were

gently removed and the fresh medium was replenished with

20 ng/ml GM-CSF and 20 ng/ml IL-4. On day 7, non-adherent

DCs in culture were harvested. The DCs generated in this manner

were immature DCs and displayed typical morphologic features of

DCs.

Histopathological Evaluation of Colitis
Histological examination of colons was performed by a

veterinary pathologist, (Dr. Jiunn-Wang Liao, Graduate Institute

of Veterinary Pathobiology, National Chung Hsing University,

Taiwan) and histological score of the middle segment of the colon

was determined according to the scoring system described in

Cooper et al. [19]. Briefly, formalin-fixed colon tissues were

divided into three equal segments (proximal, middle, and distal),

embedded in paraffin, sectioned (2 mm) and stained with

hematoxylin and eosin (H&E). Histological examination was

performed by an independent investigator blinded to the type of

treatment. Lesions of DSS-induced colitis were graded as crypt

loss, crypt regeneration, edema in the submucosa, inflammation

and ulcer (with fibroblast cell infiltration). Degree of lesions was

graded from one to five depending on the severity according to the

methods described in Shackelford et al. [21]. The histological

score was calculated as outlined in Table S1 (Table S1 in File S1),

with a maximum score of 25.

Myeloperoxidase Activity
Myeloperoxidase (MPO) activity, as a biochemical marker for

neutrophil accumulation, was determined according to the

protocol reported by Krawisz et al. [22] slightly modified. The

middle segment of the colon tissue frozen in liquid nitrogen was

ground and homogenized in 50 mM potassium phosphate buffer

(KH2PO4/K2HPO4, pH 6.0) containing 0.5% (w/v) hexadecyl-

trimethyl ammonium bromide (HETAB). The homogenate was

centrifuged at 4uC, 13000 rpm for 20 minutes to collect the

supernatant. MPO activity in the supernatant was determined by

mixing 100 ml of the supernatant with 50 ml of ready-to-use

tetramethylbenzidine (TMB) substrate (Clinical Science Products,

MA) in a 96-well plate, reacted for 2 minutes and stopped by

adding 50 ml of 2 M sulfuric acid. The optical density (O.D.) was

immediately measured using a PowerWaveTM XS Microplate

spectrophotometer (Bio-Tek, Winooski, VT) at 450 nm. Protein

concentration of the supernatant was estimated by Coomassie

Protein Assay Reagent (Thermo, Rockford, IL). MPO activity was

expressed as O.D./mg protein.

ELISA Analysis of Inflammatory Cytokines
The levels of cytokine in culture media were measured using an

enzyme linked immunosorbent assay (ELISA) kit (R&D systems,

Minneapolis, MN) according to the manufacturer’s protocol. All

assays were performed in triplicate.

Immunohistochemical Staining
Expression of inflammatory markers matrix metalloproteinase-9

(MMP-9) and inducible nitric oxide synthase (iNOS) in test tissue

were evaluated using immunohistochemical staining as described

previously [23]. In brief, colon tissues were cut into 4 mm sections

and deparaffinized. After treatment with citrate buffer (pH 6.0),

tissue slides were treated with blocking buffer for 1 hour and

incubated overnight with primary antibodies against MMP-9 (Cell

Signaling Technology, Beverly, MA) and iNOS (Abcam, Cam-

bridge, UK) at 4uC. Slides were washed in PBS and then

incubated with secondary antibodies conjugated with horseradish

peroxidase (Santa Cruz Biotechnology Inc., Santa Cruz, CA).

After washing with PBS again, color was developed using 3, 39-

diaminobenzidine (BD Biosciences, San Jose, CA) as a chromogen,

followed by counterstaining with H&E. Photomicrographs were

taken using an Olympus DP-70 camera on an Eclipse E800

microscope (Nikon, Tokyo, Japan). The immunoreactivity score

was semi-quantified by using the method of Raina [24].

Immunoreactivity (represented by the intensity of brown staining

levels) was scored as 0 (no staining), +1 (very weak), +2 (weak), +3
(moderate) and +4 (strong staining).

High Performance Liquid Chromatography
All high performance liquid chromatography (HPLC)-grade

solvents and chemicals were purchased from J.T. Baker (Phillips-

burg, NJ). The freeze-dried hot water extracts of fresh and dried

W. chinensis (WCHF and WCHD, respectively) were ground into

powders and dissolved in dimethyl sulfoxide (DMSO, Tedia,

Fairfield, OH) as stocks (20 mg/ml). Aliquots of WCHF or

WCHD were diluted into 1 mg/ml in methanol and centrifuged at

13000 rpm for 10 minutes to collect the supernatant. For each

extract, 20 ml supernatant was analyzed by HPLC (Agilent 1100

Series System with G131A Quat Pump, Palo Alto, CA) using a

Cosmosil C18-AR-II column (5 mm particle size, 25064.6 mm,

Nacalai Tesque, Kyoto, Japan) at a stable flow rate of 1 ml/min.

Gradient elution was performed with a mobile phase consisting of

methanol (solvent B) and 0.05% trifluoroacetic acid (TFA, Alfa

Aesar, Ward Hill, MA) in deionized distilled water (solvent A): 0–

30 min, 15%–100% solvent B and 30–40 min, 100% solvent B.

Detection wavelengths were set at 254, 280, 300 and 350 nm.

Subacute Oral Toxicity Study
Weight-matched ICR mice were randomly divided into four

groups and administered orally with water (control group) or 100,

500, 1000 mg/kg body weight of WCHF (as low, middle, and

Figure 2. Effects of differentW. chinensis extracts on mice with DSS-induced acute colitis.W. chinensis extracts were prepared by different
extraction methods as described in Materials and Methods. Mice were simultaneously orally administered with vehicle (1% Tween 80) or different W.
chinensis extracts (50 mg/kg body weight) respectively for 7 days, followed by DSS treatment for 9 days (test mouse were administered continuously
with test samples during the DSS treatment). Changes of (A) relative body weight, (B) colon length, and (C) disease activity index are shown. Data are
expressed as mean 6 SD. (n = 5–6). (D) Determination of MMP-9 and iNOS by immunohistochemical analysis. Positive staining was seen as brown for
both MMP-9 and iNOS. Representative colon tissue sections are shown at 2006magnification. (E) MMP-9 and iNOS immunoreactivity (represented by
the intensity of brown staining) was scored. WCHF: hot water extract of fresh W. chinensis; WCHD: hot water extract of dried W. chinensis; WC50 and
WC100:50% and 100% ethanol extracts of W. chinensis, respectively **P,0.005, ***P,0.001, significant difference compared with the DSS group.
doi:10.1371/journal.pone.0064152.g002
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high-dose groups, respectively) for 28 days. Body weight and food

consumption were measured. Clinical signs and mortality were

observed twice daily. At the end of 28 days, mice were sacrificed.

Organs were observed macroscopically and selected vital organs

(heart, liver, spleen, lung and kidney) were weighed and fixed in

10% neutral-buffered formaldehyde solution. Hematological and

biochemical analyses of blood and urine were performed by the

Taiwan Mouse Clinic. Histological examination was performed by

Dr. Jiunn-Wang Liao.

Statistical Analysis
Results are expressed as mean 6 S.D. of a representative

experiment performed in triplicate. Statistical analysis was

performed using an unpaired, two-tailed Student’s t-test.

Results

WCHF Ameliorates the Symptoms of DSS-induced Acute
Colitis
Effect of the hot water extract of freshW. chinensis plant (WCHF)

was evaluated in a DSS-induced acute colitis mouse model. Test

mice were treated orally with either vehicle solution or WCHF

extract (50 mg/kg body weight) from the beginning of the

experiment for 1 week, followed by provision of 2% DSS in

drinking water for 9 days. Mice in the DSS group soon developed

typical symptoms of clinical colitis, including diarrhea, rectal

bleeding and loss of body weight. As shown in Fig. 1A, compared

with the control group, the relative body weight (%) of the DSS-

treated group decreased significantly on day 7, 8, and 9 (P,0.05,

P,0.005, P,0.001, respectively). Mice in the WCHF group

showed no difference in body weight from the control group. The

disease activity index was found to be significantly lower in the

WCHF+DSS-treated mice than that of mice treated with DSS

alone (Fig. 1B, P,0.001).

Besides the loss of body weight, shortening of colon length is

another important symptomatic parameter of DSS-induced colitis

[19]. As seen in Fig. 1C, WCHF treatment effectively reduced the

shortening of colon length in test mice (P,0.001). It also

attenuated histopathological manifestation (Fig. 1D). As compared

with the typical H&E-stained mid-colon tissue sections taken from

mice treated with DSS, histological sections from WCHF-treated

mice showed a markedly lower degree of crypt destruction and

infiltration of mononuclear cells or other lymphocytes into the

mucosal tissue (Fig. 1D). The histological scores were also

substantially decreased in the WCHF-treated group (P,0.005,

Fig. 1E). We subsequently collected colon tissues and analyzed the

levels of myeloperoxidase (MPO) activity in test samples.

Consistent with the histological scores, MPO activity was greatly

increased in the DSS group, but the activity in the WCHF group

was effectively reduced to the level of the untreated (control) group

(P,0.05, Fig. 1F). Together, our results (Fig. 1A–F) show that

WCHF treatment at a dose of 50 mg/kg can markedly ameliorate

both the clinical symptoms and the tissue damage caused by DSS-

induced inflammation and wounding in test mouse colon tissues.

For inflammatory bowel disease (IBD), specific patho-/physio-

logical and dysregulated immunogenic responses have been shown

to be reflected by specific cytokine profiles at different stages of the

IBD process [25]. At the end of specific acute colitis experiments,

we tested the effect of hot water extract of fresh W. chinensis

(WCHF) on expression of specific cytokines and on T cell response

in WCHF-treated DSS-induced colitis mice. The minced colon

tissues from control and test mice were placed and tested in an

‘‘organoid’’ primary culture mode [18]. At 24 hours post

incubation, the organ culture media were collected and specific

cytokines measured by ELISA. Fig. 1G shows that WCHF

treatment can effectively suppress the DSS-induced increase on

expression of macrophage-derived/Th1 (TNF-a, IFN-c) and

Th17 (IL-17) cytokines, but has no effect on expression of IL-4,

the marker of Th2 cytokines. Previous study by Alex et al. [26] has

shown that DSS-induced acute colitis can exhibit Th1and Th17-

mediated acute inflammation activities (i.e., increase in TNF-a
and IL-17 levels). We show here that WCHF treatment results in

effective suppression of Th1 and Th17 responses in DSS-induced

colitis mice, we hence suggest that WCHF extract can confer anti-

colitis activity at least in part via the inhibition of the Th1 and

Th17 responses. Furthermore, dendritic cells (DCs) are known to

involve in the progression of DSS-induced colitis [27], and IL-12

and TGF-b produced by DCs have been shown to direct the

development of Th1 (IL-12) and Th17 (TGF-b) responses [28,29].
We hence also tested the effect of WCHF extract on expression of

specific cytokines from DCs ex vitro. Bone marrow-derived DCs

were generated as previously described [20], and DCs were pre-

treated with WCHF for 2 hours, followed by stimulation with LPS

for 24 hours (WCHF was shown first as no-toxic to test DCs, as

assayed with trypan blue staining). Culture media from test DCs

were then collected for cytokine analyses. Test results showed that

WCHF, in a dose-dependent manner, effectively suppressed the

secretion of IL-12 and TGF-b in LPS-stimulated DCs (Fig. 1H).

These results lead us to suggest that WCHF can inhibit both Th1

and Th17-related cytokine expression in both colon tissues and

dendritic cells of test mice, and these bio-activities may play a role

in the amelioration of DSS-induced colitis.

Among Four Tested W. chinensis Extracts, WCHF Provides
Most Protection Against Colitis
In order to evaluate different extraction methods for optimized

preparation of tissue extracts of W. chinensis for future application,

we investigated four different extraction protocols for preparation

of crude plant extracts, and evaluated their effect on anti-colitis

activity in mice. Compared with mice treated with DSS only, mice

treated with differentW. chinensis extracts effectively attenuated the

effects of DSS on reduction of body weight (Fig. 2A), colon length

(Fig. 2B) and the disease activity index (Fig. 2C). Among the four

tested extracts (hot water extract of fresh W. chinensis, WCHF; hot

water extract of dried W. chinensis, WCHD; and 100% and 50%

ethanol extracts of fresh W. chinensis, WC100 and WC50,

respectively), WCHF exhibited the highest anti-colitis efficacy.

Immunohistochemical staining showed that MMP-9 and iNOS

expression in test colon tissues were downregulated by treatment

with W. chinensis extracts, especially by WCHF (Fig. 2D, 2E).

These results are in good agreement with the observations

obtained at the organ level (Fig. 2A, 2B, 2C) in this murine colitis

model.

HPLC Analyses of Phytochemicals in W. chinensis Plant
Extracts
We used HPLC to analyze the metabolite profile of the hot

water extracts of fresh versus dried W. chinensis. Two major peaks,

detected at retention times of 11.58 minutes (A) and 17.75 minutes

(B), present in the WCHF sample were significantly decreased in

the metabolite profile of WCHD sample (Fig. 3), suggesting that

the presence of these two specific plant metabolite constituents

may be associated with the improved anti-colitis activity observed

for WCHF.

We additionally compared the HPLC profile of WCHF to

several known phytochemicals. Similar retention times indicated

that chlorogenic acid and ferulic acid could be the possible
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metabolites present or enriched in the WCHF preparation,

although these two secondary plant metabolites were apparently

also present in the WCHD preparation. Previous studies by our

own and other laboratories [30–32] have shown that ferulic acid

and chlorogenic acid can confer specific pharmacological bioac-

tivities. We therefore tested directly the bio-activities of chloro-

genic acid and ferulic acid on possible anti-colitis activity. Results

from this experiment (data not shown) revealed that, based on

measurements of relative body weight, disease activity index and

colon length, oral feeding treatment individually with chlorogenic

acid or ferulic acid (50 mg/kg body weight) did not result in a

significant effect on DSS-induced colitis in test mice. Therefore,

the bio-active compound(s) of WCHF (including the unidentified

single compounds present in peaks A and B of Fig. 3) that

ameliorate the symptoms of DSS-induced acute colitis remains to

be unknown to us.

Daily Oral Administration of WCHF is not Toxic to Test
Mice
Although W. chinensis has a long history of use as a medicinal or

dietary herb [15], to the best of our knowledge, an evidence-based

toxicity study of this plant has not been previously reported. To

evaluate possible toxicity of W. chinensis, we performed a 28-day

subacute oral toxicity test to determine the effect of different doses

of WCHF (100, 500, and 1000 mg/kg body weight) in ICR mice.

All treated mice exhibited normal morphological and behavioral

phenotypes and growth rates, and survived well throughout the

entire experimental period. No significant changes were observed

in food intake activities, or in initial and final body weight among

the four test groups (Table 1). Macroscopic observations of all

organs excised from sacrificed mice were also found to be normal.

In addition, there were no significant changes in the relative

weight of vital organs in any of the tested groups (Table 1). At the

tissue level, histological examination of vital organs showed no

apparent tissue damage as a result of WCHF treatment (Fig. 4).

Liver tissue sections showed a slightly diffused pattern of glycogen

infiltration with vacuolization, which we suspect might have been

caused by the non-fasting measure taken before sacrificing test

mice. As compared with the control group, WCHF treatment did

not result in a significant change for most of the hematological or

blood biochemical parameters in test mice (see Table S2 in File

S1), except for alanine aminotranserase (ALT) and aspartate

aminotransferase (AST), which showed a detectable increase at the

mid and high dosages (500 and 1000 mg/kg body weight) tested.

These dosage levels are 10 and 20 times higher than the working

dose (50 mg/kg body weight) we employed for this study. These

results thus suggest that routine, daily oral administration of

WCHF extract at dosages of 50 or even up to as high as 100 mg/

kg body weight can be considered safe for test mice.

Discussion

In recent years the use of herbal remedies or medicinal foods

has become a recognized strategy to combat human diseases such

as IBD [10,11]. W. chinensis is a traditional medicinal herb whose

leaf and stem tissues are very commonly used as dietary

supplements or health care products in many Asian countries.

For example, W. chinensis is a key ingredient of a spectrum of

commercial herbal teas currently sold in supermarkets in Taiwan.

In our previous in vitro study, we established that W. chinensis

extracts could significantly decrease lipopolysaccharide (LPS)-

induced, transgenic nuclear factor- kappa B (NF-kB) and tumor

necrosis factor-alpha (TNF-a) promoter activities in a mouse

macrophage cell line, RAW 264.7 cells (data not shown). It also

inhibited the expression of pro-inflammatory mediators, including

the NF-kB, iNOS and cyclooxygenase-2 in LPS-stimulated cells.

In light of these findings on the anti-inflammatory effect of W.

chinensis, in this study we investigated the in vivo effect ofW. chinensis

on a DSS-induced murine colitis model.

The DSS-induced colitis mouse model mimics a number of

symptoms and histopathological characteristics of IBD found in

humans, including diarrhea, rectal bleeding, extensive crypt

destruction, infiltration with granulocytes, edema and ulceration

in colon tissue [18,19,33]. Using this model, we found that W.

chinensis could effectively attenuate specific clinical symptoms and

provide protection against the histopathological changes caused by

colonic inflammation. Previous studies have shown that specific

medicinal herbs, such as Arctium lappa (burdock) and Scutelleria

baicalensis, can confer anti-colitis activities [34,35]. Comparison

with results from these studies suggested that WCHF extract from

W. chinensis had a considerably lower effective dosage (e.g., 50, 100

and 1000 mg/kg for W. chinensis, A. lappa and S. baicalensis,

respectively) than the previously tested medicinal plants [34,35].

It is well recognized that specific tissue extractions, preparations

and fractionation methods can affect the medicinal or nutritional

properties of final extracts of medicinal or dietary plant materials

[36]. For example, Capecka et al. [37] found significant differ-

ences in the antioxidant activities of fresh versus dry preparations

of some Lamiaceae species. To investigate the optimal method for

extraction ofW. chinensis plant tissues with high anti-colitis efficacy,

we adopted various methods commonly used by practitioners of

traditional Chinese medicine (TCM) to prepare whole plant

Figure 3. HPLC profiles of the hot water extracts of fresh and dried W. chinensis and the candidate chemical markers/index
compounds. WCHF, WCHF and the pure single compounds were detected at different wavelengths (blue = 280 nm, red = 254 nm, green= 300 nm,
pink = 350 nm). Arrows indicate the specific peaks found in the profile of WCHF that were reduced or virtually absent in that of WCHD.
doi:10.1371/journal.pone.0064152.g003

Table 1. Effect of WCHF on body weight, food intake and
relative organ weight of test mice in subacute toxicity study.

WCHFa (mg/kg BWb)

Group Control 100 500 1000

Initial BW (g) 25.2563.93 22.5362.34 24.0062.39 23.7461.51

Final BW (g) 33.3564.36 32.7662.06 34.3861.83 31.1162.87

Food intake (g/
mice/day)

4.6860.90 4.3960.93 4.6461.07 4.5861.50

Wet Organ/body weight ratio (%)

Heart 0.6360.09 0.6260.06 0.6360.06 0.6460.09

Liver 6.5060.22 6.2460.51 6.3860.04 6.6361.16

Spleen 0.3360.04 0.3660.02 0.3460.07 0.4260.12

Lung 0.6760.02 0.7060.07 0.7260.08 0.8060.16

Kidney 0.8860.03 0.9360.08 0.9560.06 0.8960.14

Data are expressed as mean 6 SD. (n = 6).
aWCHF= hot water extract of fresh W. chinensis.
bBW=body weight. There were no statistical differences between control and
test groups.
doi:10.1371/journal.pone.0064152.t001
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extracts, such as decoction of fresh or shade-dried W. chinensis

plants in boiling water (WCHF and WCHD), or prolonged

imbibitions of fresh W. chinensis plants in different concentrations

of alcoholic solvent, e.g., in ethanol (as in WC50 and WC100).

Interestingly, WCHF was found to be the most effective at

protecting against DSS-induced colitis (Fig. 2). One possible

explanation for this variation in efficacy might be the presence of

specific polar compounds in fresh W. chinensis tissues that can only

be effectively extracted by highly polar solvents such as water.

Another possible explanation may be the increase in solubility in

certain active phytochemicals that exist in WCHF due to boiling

and associated physical/chemical activities. It has been reported

that boiling in water is able to break the cellular constituents and

increase the solubility of phenols in test plant tissues [38,39]. Based

on these findings, we suggest that boiling water extraction of plant

tissue may provide a convenient and hygienic approach for family

food preparation and industrial processing of anti-colitis natural

products using W. chinensis as the starting or basic material.

With regard to the possible mode of action, immunohistochem-

ical analysis showed that varying levels of inhibition of MMP-9

and iNOS expression were detected in colon tissues of test mice

treated with different W. chinensis extracts (Fig. 2D, 2E). These

results are in agreement with the data obtained from the anti-

colitis activity in test mice, suggesting that the anti-colitis activity of

Figure 4. Effect of WCHF on the histopathological parameters of vital organs of test mice in subacute toxicity test. ICR mice received
daily oral administration of normal drinking water or WCHF (100, 500 and 1000 mg/kg body weight) for 28 days. Representative H&E-stained tissue
sections of heart, liver, spleen, lung and kidney are showed at 4006magnification.
doi:10.1371/journal.pone.0064152.g004
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W. chinensis may be associated with the inhibition of MMP-9 and

iNOS expression. Upregulation of MMP-9 is known to be closely

associated with IBD [40,41], although the role of iNOS in IBD

remains controversial [42]. Recently, Kretzmann et al. [43]

showed that inhibition of iNOS may contribute to the therapeutic

effect of glutamine in rats with 2,4,6-trinitrobenzene sulfonic acid-

induced colitis. Dijkstra et al. [44] also reported that the

expression of epithelial iNOS is highly bacterium-specific and

can correlate with the severity of the disease, suggesting an

important role for this enzyme in the development of IBD.

Therefore, the anti-colitis activity ofW. chinesismay be mediated in

part via its effect on inhibition of iNOS activation in colon tissues.

Recently, there has been renewed interest by scientists from

diverse disciplines in the evaluation of single compounds derived

from natural plants for candidate drug development [45,46].

Metabolite profiling (chemical fingerprinting) showed two specific

peaks in the HPLC chromatogram of WCHF that were not

present in comparable profiling of the WCHD extract. These two

peaks may represent the major active ingredients responsible for

the observed anti-colitis activities present in the fresh, but not air-

dried, plant tissues. The compositional differences between these

two W. chinensis extracts may be associated with certain enzymatic

activities that actively degrade or modify the specific plant

metabolites during the process of air-drying fresh plant tissues.

Moreover, we compared the HPLC profile of WCHF to several

known phyochemicals from Compositae. However, these two

peaks were not identified.

Safety is a primary concern when considering the use of specific

herbs as plant-derived nutritional, medicinal or health-care

products. The liver tissue sections of mice treated with WCHF

showed a slight to moderately diffused pattern of swelling and

vacuolization. On the other hand, since the control group mice

also exhibited a similar level of vacuolization in the liver, we

suggest this alteration might have been caused by the slight

glycogen accumulation/infiltration activity resulting from the

action of not fasting the mice before sacrifice [47,48]. Blood

biochemical parameters showed that two enzymes that have been

employed as indicators of liver function, namely ALT and AST,

were increased in test mice consuming a dose of 500 or 1000 mg/

kg body weight of WCHF (Table S2 in File S1). The working

dosage of our W. chinensis extracts that exhibited effective anti-

colitis activity in mice was 50 mg/kg. [49] According to the

conversion of animal doses to human equivalent dose (HED) based

on body surface area (BSA), this dose is equivalent to 14.28 g of

fresh, vegetative plant tissues per 70 kg body weight in the human

system. Therefore, in order to cause elevated ALT and AST

activities, in theory, a human subject would need to ingest about

142–284 g of fresh plant tissue, a dose of W. chinensis extract 10 to

20 times higher per kilogram of body weight than that found

effective in mice in this study. In addition, W. chinensis has been

reported to provide a protective effect on hepatotoxin-induced

acute hepatotoxicity, and the effective dosage was reported to be

300 mg/kg mouse body weight [13]. These finding suggest a

detailed and systematic analysis of the different plant extracts of

W. chinensis is required to clarify the effect of high dosage on liver

function. Based on the data from this subacute toxicity study, we

suggest that daily oral administration of WCHF at the working

dosage of 14.28 g per 70 kg body weight would not result in any

adverse health effects in humans.

In conclusion, this study shows thatW. chinensis is non-toxic, and

can actively ameliorate DSS-induced acute colitis in mice. Among

different methods of preparation, extraction of W. chinensis with

boiling water had the highest anti-colitis efficacy. This distinction

in preparation method correlated with the difference in two

specific peaks in the metabolite profiles of the WCHF and WCHD

extracts. HPLC data suggest that specific active compounds

present as minor but detectable metabolite profile peaks may

confer the anti-inflammatory effect of W. chinensis revealed in the

DSS-induced colitis mouse model. Hot water extract ofW. chinensis

may be a promising phyto-therapeutic agent for IBD, and perhaps

other diseases characterized by intestinal inflammation. In the

future, further studies to identify the possible synergistic properties

of the active phytocompound(s) responsible for the anti-colitis

activity of W. chinensis are needed. In addition, it will also be

important to consider the applications of crude extract of W.

chinensis, which contains a cocktail of different phytochemicals, as

therapeutic agent against colitis. As only one species of the Wedelia

genus was used in our study, it will further be important to

evaluate the potential anti-inflammatory activities of other plant

cultivations or species of the Wedelia genus for use as evidence-

based nutraceuticals, health care agents or nutritional supple-

ments. And sinceW. chinensis is a fast growing plant, and it is crispy

and succulent in taste, we also suggest, based on food science

definition, that this plant could be promoted into a new vegetable

plant for nutritional and dietary use.

Supporting Information

File S1 Contains Table S1 and Table S2. Table S1, Scoring
system for histological pathology study. Table S2, Effect of WCHF

on hematological parameters (A) and blood biochemical param-

eters (B) of test mice in subacute toxicity study.

(DOC)

Acknowledgments

We thank the Taiwan Mouse Clinic for technical support in the

hematological and biochemical analyses of mouse blood and urine for

the subacute oral toxicity study; and Mr. Cheng-Han Kuo for technical

assistance; and Ms. Miranda Loney and Ms. Ruth Giordano for

professional editing of this manuscript.

Author Contributions

Conceived and designed the experiments: YTH CCW. Performed the

experiments: YTH CCW YHC WCH LTH WCL JWL. Analyzed the

data: YTH CCW PA JWL. Contributed reagents/materials/analysis tools:

JWL SHL PWH SCK NSW. Wrote the paper: YTH CCW YHC NSY.

Provided the conceptual approach: SHL.

References

1. Fiocchi C (1998) Inflammatory bowel disease: etiology and pathogenesis.
Gastroenterology 115: 182–205.

2. Targan SR, Murphy LK (1995) Clarifying the causes of Crohn’s. Nat Med 1:
1241–1243.

3. Podolsky DK (2002) Inflammatory bowel disease. N Engl J Med 347: 417–429.

4. Munkholm P (2003) Review article: the incidence and prevalence of colorectal

cancer in inflammatory bowel disease. Alimentary Pharmacology & Therapeu-

tics 18: 1–5.

5. Levin B (1992) Inflammatory bowel disease and colon cancer. Cancer 70: 1313–

1316.

6. O’Connor MB, O’Donovan N, Phelan MJ, Regan MJ (2009) Inflammatory

bowel disease, such as Ulcerative colitis, is a risk factor for recurrent

thromboembolic events: a case report. Cases J 2: 173.

7. Hanauer SB (2006) Inflammatory bowel disease: epidemiology, pathogenesis,

and therapeutic opportunities. Inflammatory Bowel Diseases 12: S3–S9.

8. Hanauer SB (2004) Review article: aminosalicylates in inflammatory bowel

disease. Alimentary Pharmacology & Therapeutics 20 60–65.

9. Xu CT, Meng SY, Pan BR (2004) Drug therapy for ulcerative colitis.

World J Gastroenterol 10: 2311–2317.

Wedelia Phytoextract Attenuates Colitis in Mice

PLOS ONE | www.plosone.org 10 May 2013 | Volume 8 | Issue 5 | e64152



10. Langmead L, Rampton DS (2006) Review article: complementary and

alternative therapies for inflammatory bowel disease. Alimentary Pharmacology
& Therapeutics 23: 341–349.

11. Jackson LN, Zhou YN, Qiu SM, Wang QD, Evers BM (2008) Alternative

Medicine Products as a Novel Treatment Strategy for Inflammatory Bowel
Disease. American Journal of Chinese Medicine 36: 953–965.

12. Lin YL, Chang CC, Lee IJ (2008) Review of phytochemical study of Asteracea in
Taiwan (1996,2005). Journal of Chinese medicine 19: 135–149.

13. Lin SC, Lin CC, Lin YH, Shyuu SJ (1994) Hepatoprotective effects of Taiwan

folk medicine: wedelia chinensis on three hepatotoxin-induced hepatotoxicity.
Am J Chin Med 22: 155–168.

14. Tsai CH, Lin FM, Yang YC, Lee MT, Cha TL, et al. (2009) Herbal extract of
Wedelia chinensis attenuates androgen receptor activity and orthotopic growth

of prostate cancer in nude mice. Clin Cancer Res 15: 5435–5444.
15. Huang TC (1998) Flora of Taiwan, 2nd edition; Department of Botany NTU,

editor. Taipei: National Science Council of the Republic of China.

16. Lin TY, Lin WY, Chen LR (2008) Rapid authentication of Blupleurum species
using an array of immobilized sequence-specific oligonucleotide probes. Planta

Medica 74: 464–469.
17. Lin WC, Yang NS (2011) Genetic diversity, regional distribution and anti-

inflammatory bioactivity of Wedelia species (Asteraceae) in Taiwan. Taipei:

Academai Sinica.
18. Wirtz S, Neufert C, Weigmann B, Neurath MF (2007) Chemically induced

mouse models of intestinal inflammation. Nat Protoc 2: 541–546.
19. Cooper HS, Murthy SN, Shah RS, Sedergran DJ (1993) Clinicopathologic study

of dextran sulfate sodium experimental murine colitis. Lab Invest 69: 238–249.
20. Chen HM, Wang PH, Chen SS, Wen CC, Chen YH, et al. (2012) Shikonin

induces immunogenic cell death in tumor cells and enhances dendritic cell-based

cancer vaccine. Cancer Immunol Immunother 61: 1989–2002.
21. Shackelford C, Long G, Wolf J, Okerberg C, Herbert R (2002) Qualitative and

quantitative analysis of nonneoplastic lesions in toxicology studies. Toxicol
Pathol 30: 93–96.

22. Krawisz JE, Sharon P, Stenson WF (1984) Quantitative Assay for Acute

Intestinal Inflammation Based on Myeloperoxidase Activity - Assessment of
Inflammation in Rat and Hamster Models. Gastroenterology 87: 1344–1350.

23. Kunnumakkara AB, Diagaradjane P, Anand P, Harikumar KB, Deorukhkar A,
et al. (2009) Curcumin sensitizes human colorectal cancer to capecitabine by

modulation of cyclin D1, COX-2, MMP-9, VEGF and CXCR4 expression in an
orthotopic mouse model. International journal of cancer Journal international

du cancer 125: 2187–2197.

24. Raina K, Ravichandran K, Rajamanickam S, Huber KM, Serkova NJ, et al.
(2013) Inositol hexaphosphate inhibits tumor growth, vascularity, and metab-

olism in TRAMP mice: a multiparametric magnetic resonance study. Cancer
Prev Res (Phila) 6: 40–50.

25. Pizarro TT, Cominelli F (2007) Cytokine therapy for Crohn’s disease: advances

in translational research. Annu Rev Med 58: 433–444.
26. Alex P, Zachos NC, Nguyen T, Gonzales L, Chen TE, et al. (2009) Distinct

cytokine patterns identified from multiplex profiles of murine DSS and TNBS-
induced colitis. Inflamm Bowel Dis 15: 341–352.

27. Berndt BE, Zhang M, Chen GH, Huffnagle GB, Kao JY (2007) The role of
dendritic cells in the development of acute dextran sulfate sodium colitis.

J Immunol 179: 6255–6262.

28. Kapsenberg ML (2003) Dendritic-cell control of pathogen-driven T-cell
polarization. Nat Rev Immunol 3: 984–993.

29. Manel N, Unutmaz D, Littman DR (2008) The differentiation of human T(H)-
17 cells requires transforming growth factor-beta and induction of the nuclear

receptor RORgammat. Nat Immunol 9: 641–649.

30. Staniforth V, Huang WC, Aravindaram K, Yang NS (2012) Ferulic acid, a
phenolic phytochemical, inhibits UVB-induced matrix metalloproteinases in

mouse skin via posttranslational mechanisms. J Nutr Biochem 23: 443–451.

31. Shan J, Fu J, Zhao Z, Kong X, Huang H, et al. (2009) Chlorogenic acid inhibits

lipopolysaccharide-induced cyclooxygenase-2 expression in RAW264.7 cells

through suppressing NF-kappaB and JNK/AP-1 activation. Int Immunophar-

macol 9: 1042–1048.

32. Krakauer T (2002) The polyphenol chlorogenic acid inhibits staphylococcal

exotoxin-induced inflammatory cytokines and chemokines. Immunopharmacol

Immunotoxicol 24: 113–119.

33. Kawada M, Arihiro A, Mizoguchi E (2007) Insights from advances in research of

chemically induced experimental models of human inflammatory bowel disease.

World J Gastroenterol 13: 5581–5593.

34. Huang TC, Tsai SS, Liu LF, Liu YL, Liu HJ, et al. (2010) Effect of Arctium

lappa L. in the dextran sulfate sodium colitis mouse model. World Journal of

Gastroenterology 16: 4193–4199.

35. Choi YA, Kang OH, Park HJ, Tae J, Kim DK, et al. (2005) Effect of processed

Scutellaria baicalensis on dextran sulfate sodium-induced colitis in mice.

International Journal of Molecular Medicine 16: 667–672.

36. Wang X, Kapoor V, Smythe GA (2003) Extraction and chromatography-mass

spectrometric analysis of the active principles from selected Chinese herbs and

other medicinal plants. Am J Chin Med 31: 927–944.

37. Capecka E, Mareczek A, Leja M (2005) Antioxidant activity of fresh and dry

herbs of some Lamiaceae species. Food Chemistry 93: 223–226.

38. Toor RK, Savage GP (2006) Effect of semi-drying on the antioxidant

components of tomatoes. Food Chemistry 94: 90–97.

39. Amin I, Norazaidah Y, Hainida KIE (2006) Antioxidant activity and phenolic

content of raw and blanched Amaranthus species. Food Chemistry 94: 47–52.

40. Garg P, Vijay-Kumar M, Wang L, Gewirtz AT, Merlin D, et al. (2009) Matrix

metalloproteinase-9-mediated tissue injury overrides the protective effect of

matrix metalloproteinase-2 during colitis. American journal of physiology

Gastrointestinal and liver physiology 296: G175–184.

41. von Lampe B, Barthel B, Coupland SE, Riecken EO, Rosewicz S (2000)

Differential expression of matrix metalloproteinases and their tissue inhibitors in

colon mucosa of patients with inflammatory bowel disease. Gut 47: 63–73.

42. Grisham MB, Pavlick KP, Laroux FS, Hoffman J, Bharwani S, et al. (2002)

Nitric oxide and chronic gut inflammation: controversies in inflammatory bowel

disease. Journal of investigative medicine : the official publication of the

American Federation for Clinical Research 50: 272–283.

43. Kretzmann NA, Fillmann H, Mauriz JL, Marroni CA, Marroni N, et al. (2008)

Effects of glutamine on proinflammatory gene expression and activation of

nuclear factor kappa B and signal transducers and activators of transcription in

TNBS-induced colitis. Inflammatory Bowel Diseases 14: 1504–1513.

44. Dijkstra G, Yuvaraj S, Jiang HQ, Bun JC, Moshage H, et al. (2007) Early

bacterial dependent induction of inducible nitric oxide synthase (iNOS) in

epithelial cells upon transfer of CD45RB(high) CD4(+) T cells in a model for

experimental colitis. Inflammatory Bowel Diseases 13: 1467–1474.

45. Lam W, Bussom S, Guan F, Jiang Z, Zhang W, et al. (2010) The four-herb

Chinese medicine PHY906 reduces chemotherapy-induced gastrointestinal

toxicity. Sci Transl Med 2: 45ra59.

46. Shyur LF, Yang NS (2008) Metabolomics for phytomedicine research and drug

development. Current opinion in chemical biology 12: 66–71.

47. Babcock MB, Cardell RR, Jr. (1975) Fine structure of hepatocytes from fasted

and fed rats. Am J Anat 143: 399–438.

48. Hammad ES, Striffler JS, Cardell RR, Jr. (1982) Morphological and biochemical

observations on hepatic glycogen metabolism in mice on a controlled feeding

schedule. I. Normal mice. Dig Dis Sci 27: 680–691.

49. Reagan-Shaw S, Nihal M, Ahmad N (2008) Dose translation from animal to

human studies revisited. The FASEB journal : official publication of the

Federation of American Societies for Experimental Biology 22: 659–661.

Wedelia Phytoextract Attenuates Colitis in Mice

PLOS ONE | www.plosone.org 11 May 2013 | Volume 8 | Issue 5 | e64152


