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Abstract

Phytogenic compounds with anti-oxidant and anti-inflammatory properties, such as ginsenoside metabolite compound K
(CK) or berberine (BBR), are currently discussed as promising complementary agents in the prevention and treatment of
cancer and inflammation. The latest study showed that ginsenoside Rb1 and its metabolites could inhibit TNBS-induced
colitis injury. However, the functional mechanisms of anti-inflammation effects of ginsenoside, particularly its metabolite CK
are still not clear. Here, using dextran sulfate sodium (DSS)-induced colitis in mice, clinical parameters, intestinal integrity,
pro-inflammatory cytokines production, and signaling pathways in colonic tissues were determined. In mild and sever colitis
mice, CK and BBR (as a positive agent) alleviated colitis histopathology injury, ameliorated myeloperoxidase (MPO) activity,
reduced pro-inflammatory cytokines production, such as, IL-6, IL-1b, TNF-a, and increased anti-inflammatory cytokine IL-10
production in both mice colon tissues and blood. Nevertheless, the results revealed that CK and BBR inhibited NF-kB p65
nuclear translocation, downregulated p-IkBa and upregulated IkBa, indicating that CK, as well as BBR, suppressed the
activation of the NF-kB pathway in the progression of colitis with immunofluorescence, immunohistochemical and western
blotting analysis. Furthermore, CK inhibited pro-inflammatory cytokines production in LPS-activated macrophages via
down-regulation of NF-kB signaling pathway. Taken together, our results not only reveal that CK promotes the recovery of
the progression of colitis and inhibits the inflammatory responses by suppressing NF-kB activation, but also suggest that CK
downregulates intestinal inflammation through regulating the activation of macrophages and pro-inflammatory cytokines
production.
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Introduction

Inflammatory bowel disease (IBD), which includes ulcerative

colitis and Crohn’s disease, is associated with chronic, relapsing

inflammation of the intestinal tract. Evidence from immunological,

microbiological, and genetic studies suggest that IBD results from

dysregulation of the mucosal immune system leading to excessive

immunological responses to intestinal microflora, or changes in the

composition of intestinal microflora and/or deranged epithelial

barrier function that elicits pathological responses from the normal

mucosal immune system in genetically susceptible hosts [1–5].

Nevertheless, acute intestinal inflammation is usually followed by

physiologic healing of the damaged tissue and restoration of the

normal structure and function of the intestine [6]. If the innate

physiologic healing doesn’t work, acute inflammation can develop

and character by continues events of injury, which associated with

the innate immune system responses [7]. Moreover, in IBD and

experimental model of autoimmune colitis in mice, when the

innate immune responses are initiated by inflammation lesions,

innate immune cells such as macrophage and intestinal epithelium

cells will secret several cytokines and chemokines, including IL-6,

IL-1b, TNF-a, which trigger the adaptive immune system

including T and B cell-mediated responses [6–8]. Strikingly,

unrestrained reaction may exaggerate inflammatory response and

lead to intestinal damage [9]. Therefore, appropriate regulation of

the innate immune reaction is very important to the severity of

inflammation, so a clear understanding of the mechanism of the

development and progression of IBD and colitis is crucial for

researching new effective drugs on its therapy.

Nowadays, lots of Chinese herbal medicines, such as ginseno-

sides and berberine (BBR), have shown various beneficial therapy

effects, including cancers and inflammations [10–17]. Compound

K (20-O-beta-D-glucopyranosyl-20(S)-protopanaxadiol (structure

shown in Fig. 1A) is the main metabolite of the protopanaxadiol

type of ginsenoside produced by intestinal bacteria after oral
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Figure 1. Anti-inflammatory influences of CK in DSS-induced colitis in mice. (A) The chemical structure of CK. The structure was elucidated
to be 20-O-(b-D-glucopyranosyl)-20(S)-protopanaxadiol. (B) DSS-induced intestinal injury and inflammation in mice. Mice were administered 3% DSS
in drinking water to induce colitis. CK and BBR were intraperitoneal injection for mild colitis group (4-day DSS treatment and 3-day recovery) and
severe colitis group (7-day DSS treatment and 3-day recovery). Control mice received water alone. (C) The body weight of mild colitis mice were
measured every day and presented as percentage of original body weight. Mild colitis mice: 4-day DSS treatment and 3-day recovery, from day 1 to
day 7. (D) The body weight of mice were measured every day and presented as percentage of original body weight. Severe colitis mice: 7-day DSS
treatment and 3-day recovery, from day 1 to day 10. (E) The colon morphology of mild colitis group. (F) The colon morphology of severe colitis group.
(G) The lengths of colon were measured when mice were euthanized. n = 6.# p,0.05 compared with the control group.## p,0.01,### p,0.001
compared with the control group. *p compared with DSS4D3DR or DSS7D3DR group. *p,0.05, **p,0.01, ***p,0.001.
doi:10.1371/journal.pone.0087810.g001
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administration of ginseng extracts and is speculated to be the

major form of protopanaxadiol saponin absorbed from the

intestine [10,11]. Several studies have shown that CK possesses

various chemopreventive and chemotherapeutic activities, includ-

ing attenuation of hepatic lipid accumulation [11], antigenotoxi-

city and anticlastogenicity [12], reverse of multidrug resistance

[13], and antitumor action [14,15]. Our previous work have

confirmed the effects of CK on suppression of hepatocellular

carcinoma cells survival and its mechanisms of anti-metastatic

growth associated with NF-kB p65 nuclear export and the

inhibition of MMP2/9 expression [13]. Moreover, CK can also

inhibitgrowth of gastric carcinoma and colorectal cancer (CRC)

via regulating different pathways [10,14,15]. A latest study

indicated that ginsenoside Rb1 and its metabolites inhibited

TNBS-induced colitis injury, and reduced pro-inflammatory

cytokines production in colon tissues [12]. However, the functional

mechanisms of anti-inflammation effects of ginsenoside, especially

its metabolites, are still not clear. The purpose of this work was to

determine the inhibitory effects of CK on the progression of DSS-

induced colitis, and to explore its efficiency mechanism. In this

study, 4 days DSS-induced mild colitis mice and 7 days DSS-

induced sever colitis mice in vivo and RAW 264.7 macrophages

in vitro were used.

BBR (C20H19NO5) is an isoquinoline alkaloid isolated from

coptidis rhizoma and cortex phellodendri [16,17]. Previous studies

have reported that BBR have therapeutic effects on DSS-induced

colitis, including amelioration of colon injury, decrease of pro-

inflammatory cytokines production and inhibition of the NF-kB
pathway activation in colon tissues. BBR alsopromoted the

peritoneal macrophage apoptosis, and regulated inflammatory

responses by decreasing pro-inflammatory cytokines production in

colonic macrophages and epithelial cells [1]. Thus, BBR was used

as a positive agent for treating colitis mice here.

Our data showed that both in mild colitis groups and sever

colitis groups, CK potently alleviated the colon histomorphology

injury, promoted the recovery of the colitis and reduced pro-

inflammatory cytokines production in a concentration-dependent

manner. In addition, immunofluorescence, immunohistochemical

and western blotting analysis indicated that CK inhibited colon

tissues’ NF-kB pathway activation in a concentration-dependent

manner. As in the inflammation function cycle, the macrophages

stimulated and secreted cytokines and then regulated the innate

inflammatory systems [18,19]. According to what we have found,

and to verify the functional mechanisms of CK in the intestinal

disorder, LPS-stimulated macrophages (RAW 264.7 cells) treated

with or without CK or BBR for 10 h, and then cytokines

production and signaling pathways were determined in vitro. The

results demonstrated that CK reduced the pro-inflammatory

cytokines levels in LPS-stimulated macrophages by suppressing

NF-kB activation in a dose-dependent manner.

Based on the existing data concerning CK, our present study

assessed anti-colitis activity of CK with different inflammatory

indexes and determined that CK promotes the recovery of colitis

in mice associated with regulation of innate immune cells, such as

macrophages, by suppressing NF-kB pathway activation. These

finding may provide new point on CK treated intestinal

inflammatory disorder.

Materials and Methods

Mice and Ethics Statement
Male BALB/C mice, weighing 180–200 g were used between

periods of 3–5 weeks. All experimental mice were maintained

under SPF conditions and raised under standard conditions (12-

hour day-night rhythm) in Xiamen University Laboratory Animal

Center. All animal procedures were approved by the Animal Care

and Use Committee of Xiamen University (license No: SYXK

[Min] 2008-0003, issued on May 6, 2008).

Reagents and Cell Culture
Dextran Sulfate Sodium (molecular weight 36–50 kDa, MP

Biomedical, Solon, OH), CK (CK was prepared and identified as

in our previous publication (Fig. 1A,.98% pure as determined by

HPLC) and BBR (Sigma-Aldrich, St. Louis, MO) were prepared

and identified as in our previous publications [1,13]. Antibodies

NF-kB (p65) and IkBa were provided by Santa Cruz. p-IkBa
purchased from Cell Signaling. The mouse RAW 264.7 macro-

phage cell line was obtained from the Institute of Biochemistry and

Cell Biology, Chinese Academy of Sciences in Shanghai, and was

cultured in DMEM medium containing 10% FBS, 1% glutamine,

100,000 IU/l penicillin, and 100 mg/l streptomycin at 37uC with

5% CO2 and 95% air.

DSS-induced Colitis in Mice and CK Treatment
The curative effects of CK were investigated in the male BALB/

C mice. The mice were divided into twelve groups, those are,

normal control group and mild DSS-induced colitis groups (DSS

four days) and sever colitis groups (DSS seven days) treated with or

without CK (5, 10 or 20 mg/kg) or BBR (100 mg/kg). Colitis were

induced by the orally administered of 3% (w/v) DSS solution

double distilled water every day. The normal control group was

treated with double distilled water alone. CK (5, 10 or 20 mg/kg)

or BBR (100 mg/kg) was intraperitoneal injection into mice every

day after DSS treatment to the day before sacrifice for 3 days. To

assess the extent to which colitis was induced, the mice were

examined daily for body weight, stool consistency, and blood in

the stool.

Analysis of Colon Injury
Paraffin-embedded tissue sections of Swiss-rolled whole colon

(rolled from the distal end to the proximal end) were stained with

hematoxylin and eosin for light microscopic examination to assess

colon injury and inflammation. Samples from the entire colon

were examined by a pathologist blinded to treatment conditions. A

modified combined scoring system including degree of inflamma-

tion (scale of 0–3) and crypt damage (0–4), percentage of area

involved by inflammation (0–4) and crypt damage (0–4), and depth

of inflammation (0–3) was applied for assessing colitis induced by

DSS. The total score is 0 (normal) to 18 (severe colitis).

Blood Samples and Mice Tissues
7 days and 10 days after CK injection, the mice were scarified, a

1 ml sample of orbital blood were collected and the abdomens

were opened along the median line, and then was rapidly excised,

the colon gently with ice-cold PBS, placed on ice, and opened

longitudinally. The colon was incised, and the fecal contents were

washed out gently with of PBS. The blood samples were injected

into dry test tubes and separated by centrifugation, and the serum

was stored at280uC until use. And then the colon was embed into

the dry tubes and stored at 280uC until use.

Immunofluorescence Staining
The colon tissues were fixed in 10% formaldehyde and

embedded in paraffin. Tissue sections were permeabilized and

blocked in PBS containing 0.3% Triton X-100 (Sigma-Aldrich,

Milwaukee, WI) and 10% goat serum, followed by staining with

primary antibodies for p65 (1:300) over night at 4uC and an Cy3
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secondary antibody (1:200). p65 proteins were then detected and

immunolocalized using Vectashield Mounting Medium containing

DAPI. All the sections observed using fluorescence microscopy.

Cultured cells immunofluorescence staining was performed as

previously described [14]. Image-pro plus software was used to

quantify the staining density. Based on the principles of equi-

distance, we randomly chose five views of distal end of colon in

each section using 20X image, quantified the IOD and then

averaged IOD of each section. Every group has prepared 10

sections. The averaged IOD of each group was compared by

Student’s t-test.

Immunohistochemical Staining
The colon tissues sections immunohistochemical staining was

performed as previously described [13,14]. As a negative control,

the primary antibody was replaced with normal mouse IgG. The

method of quantify the staining density is the same as immuno-

fluorescence staining analysis.

Detection of MPO Activity in Colon Tissues and Blood
Plasma
This performs of MPO activity as described by the

manufacturer (Nanjing Jiancheng Bioengineering Institute,

China). Briefly, the colon was weighted, fixed with 19 fold

phosphate buffer two, homogenated. The blood plasma mixed

with buffer two in 1:1. And then, both of them 0.9 mL

homogenate added 0.1 mL buffer three, homogenated and

putted in the 37uC water bath for 15 min. According to the

protocol, buffer four, TMB Substrate and buffer six were fixed

in ration, mixed and putted in the 60uC water bath for 10 min.

Figure 2. The MPO levels in colon tissues and mice plasma. (A) The levels of MPO in colon tissues. (B) The levels of MPO in mice plasma. ##
p,0.01, ### p,0.01 compared with the control group. *p compared with DSS4D3DR or DSS7D3DR group. n = 3. *p,0.05, **p,0.01, ***p,0.001.
doi:10.1371/journal.pone.0087810.g002
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The levels of MPO of colon tissues and blood plasma were be

detected in 460 nm absorbance values.

Enzyme-linked Immunosorbent Assay
Weighing the same weight of colon organization, fixed with ice-

cold PBS (1:9), homogenated, and centrifugalized (10000 rpm/

min, 10 min). The supernatant were reserved. The macrophage

RAW 264.7 cells were treated with lipopolysaccharide (LPS)

(1 mg/ml) for 10 h in the presence or absence of different dose of

CK (10 mM, 20 mM, 50 mM) and BBR (50 mM). After CK or

BBR treatment, the supernatants of RAW 264.7 cells were

collected and centrifugalized (1000 rpm/min, 5 min). The pro-

duction of IL-1b, IL-6, TNF-a and IL-10 in colon tissues

supernatants, blood serum and RAW 264.7 cell supernatants

were determined in duplicate using ELISA kits (R&D System

Europe Ltd., UK) as described by the manufacturer.

Cytosolic, Nuclear Protein Isolation
The cytosolic, nuclear protein of colon tissues and RAW

264.7 cells fractions were isolated according to our previously

reported procedure [13,14]. Briefly, tissues and cells were

scraped in ice-cold homogenization buffer. And then re-

suspended in 5 volumes of ice-cold extract buffer A and were

homogenized. The homogenates were putted in ice for 15 min,

and then added buffer B and centrifuged at 16000 g for 5 min

to obtain the cytoplasm pellets. The supernatants were further

fixed buffer C and putted in ice for 40 min. The supernatants

centrifuged at 160000 g for 1 h to collect the supernatants (the

nuclear fraction).

Western Blotting Analysis
Western blotting was performed as in our previous publications

[13,14]. Protein assay kit for protein quantity analysis was

purchased from Bio-Rad (Hercules, CA). The enhanced chemi-

luminescence (ECL) detection system was purchased from

Arlington Heights, IL. IamgeJ2X software was used to analyze

the relative density of each band.

Statistical Analysis
All values are expressed as the means 6 S.D. for at least three

separate determinations for each group. Statistical significance for

multiple comparisons in each study was determined by one-way

ANOVA followed by Newman-Keuls analysis using Prism 5.0

(GraphPad Software). Statistical analysis was performed by

Student’s t-test.

Results

Anti-inflammatory Effects of CK in DSS-induced Colitis in
Mice
The DSS mouse model of acute colitis is well-characterized by

increased epithelial injury in previous work [2–5], and it has been

proved that BBR has influence on promoting the recovery of DSS-

treated colitis [1]. To confirm the efficiency of anti-inflammatory

effects of CK and explore its functional mechanism, mice were

treated with DSS for 4 days to induce mild colitis, and then CK

was administered via intraperitoneal injection for the following 3

days recovery (Fig. 1B, upper panel). To induced severe colitis,

mice were treated with DSS for 7 days, and CK was given to mice

for the following 3 days recovery periods (Fig. 1B, lower panel).

The mice which were just given water were used as control. In the

mild colitis group, the mice body weight reached 96.0865.41% of

their original body weight at the average (p,0.05), but the CK or

BBR treatment groups have no statistical significance (Fig. 1C).

However, in the severe colitis group, the body weight began to lose

after 5 days until the day end of the DSS treatment. When given

CK or BBR, the body weight began to recover from day 8 to day

10. CK (20 mg/kg) and BBR (100 mg/kg) significantly improved

body weight recovery from day 8 to day 10 (Fig. 1D). Compared

Figure 3. Histology analyze of DSS-induced colitis in mice. (A) Paraffin embedded colon sections were stained with hematoxylin and eosin for
light microscopic assessment of epithelial damage of colitis mice, n = 3.
doi:10.1371/journal.pone.0087810.g003

Compound K Inhibits Colitis by Suppressing NF-kB

PLOS ONE | www.plosone.org 5 February 2014 | Volume 9 | Issue 2 | e87810



the average weight to the original, the severe colitis group weight

was 90.65610.16% (p,0.01). Meanwhile, the 20 mg/kg CK

group was 95.4567.63% and the BBR group was 94.9468.39%

of their original body weight at the average (Fig. 1D). Obviously,

high concentrations of CK and BBR have significant effects on

alleviating the DSS-induced colitis mice weight loss.

Moreover, shortening of the colon length is also a marker for

colitis. Compared with control group and two colitis models, the

colon length of the light colitis group was 3.3060.53 cm shorter at

Figure 4. CK reduces production of inflammatory cytokines in DSS-induced colitis in mice. The colon tissues and mice serum were
collected as the mean shows in method and materials. Before it performed, the tissues were fixed with ice-cold PBS in 1:9 rations, homogenated, and
centrifugalized. The supernatants were collected and IL-1b, TNF-a, IL-6 and IL-10 expressions were measured by ELISA (n = 3). The results were shown
in (A), (B), (C) and (D), respectively. (E) and (F) The mice serum is detected the production of IL-1b, IL-6 directly by ELISA (n = 3).# p,0.05,## p,0.01,
### p,0.01 compared with the control group. *p compared with DSS4D3DR or DSS7D3DR group. *p,0.05, **p,0.01, ***p,0.01.
doi:10.1371/journal.pone.0087810.g004
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Figure 5. CK inhibits the NF-kB activation in DSS-induced colitis in mice. Representative images of IHC staining of NF-kB (p65) and IkB-a in
mild colitis and severe colitis. (A) The expression of NF-kB (p65). (B) The expression of IkB-a. Software used 20 images. Three animals were analyzed
for each type of mice. (C) Quantification of NF-kB (p65) positive density in each group. (D) Quantification of IkB-a positive density in each group
(n = 3). # p,0.05, ## p,0.01 compared with the control group. *p compared with DSS4D3DR or DSS7D3DR group. *p,0.05, **p,0.01.
doi:10.1371/journal.pone.0087810.g005
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the average (Fig. 1E, 1G, p,0.001) and the severe one was about

4.5360.48 cm shorter at the average (Fig. 1F, 1G, p,0.001)

either. Strikingly, CK and BBR exerted preventive effects on the

colon lengh of both mild colitis mice and sever colitis mice.

Furthermore, DSS induces neutrophil infiltration in the colon

leading to increasing colonic MPO activity, which is treated as

another inflammatory marker for colitis. In mild colitis mice

groups, after 20 mg/kg CK and 100 mg/kg BBR treatment,

MPO activity in the colon was reduced by 401641.29 mU/g

(p,0.01) and 235676.37 mU/g (p,0.05) (Fig. 2A) compared to

the model group. Meanwhile, 20 mg/kg CK and 100 mg/kg BBR

treatment reduced the MPO by 705.3611.27 mU/g (p,0.001)

and 558.3630.71 mU/g (p,0.001) in severe colitis mice com-

pared to the model group, respectively (Fig. 2A). We also found

that the reducing tendency of MPO after CK and BBR treatment

in colitis mice plasma was the same as the colon MPO activity

(Fig. 2B). Above results indicated that DSS-treated mice demon-

strated colon injury and acute colitis (mild colitis and sever colitis),

including body weight loss, colon length shorten and MPO

activity, all of which could be reduced by CK and BBR.

Histology of DSS-induced Colitis in Mice
DSS-induced mice emerge massive colon ulceration, crypt

damage, and severe inflammation [4,5]. These abnormalities were

reduced by treatment with BBR which we have authenticated in

previous work [10–12]. In order to confirm more possible

functional mechanisms of CK, we then did the H&E staining in

paraffin-embedded colon tissues sections (n = 3, Fig. 3). DSS

treatment caused no significant observable macroscopic changes in

colonic tissue architecture between the experimental groups,

including the untreated mice. However, DSS treatment tended

to accelerate initial damage to the mucosa, characterized by the

loss of goblet cells and the occurrence of a more diffuse crypt

architecture compared to the colon of healthy mice in H&E

staining sections (Fig. 3A, 3B). Additionally, the accumulation of

neutrophils infiltrating the lamina propria could be observed more

frequently in colonic slices of DSS-treated mice in both mild colitis

mice and severe colitis groups (Fig. 3A, 3B). When treated with

different concentrations of CK and BBR, the severity of

inflammation seemed to be much lower (Fig. 3A, 3B). These data

suggest that CK and BBR exerted therapeutic effects on both mild

and severe colitis associated with intestinal epithelial cell injury

repairmen, particularly the high concentration of CK.

CK Reduced Pro-inflammatory Cytokines Production in
DSS-treated Mice
The biological activities of CK include anti-metastatic, anti-

carcinogenic, and anti-allergic effects, but its role in DSS-induced

inflammatory signaling is poorly understood [20–24]. To examine

the function of CK on treating colitis, the production of cytokines

in colon tissues and serum were detected. In the mild colitis group,

the expression of pro-inflammatory cytokines TNF-a, IL-6, IL-1b
were increased to about 1.5 folds (Fig. 4A, 4B, 4C, p,0.05), and in

the severe colitis group IL-6, TNF-a, IL-1b expression were

increased to about 3, 2, and 1.5 folds (Fig. 4A, 4B, 4C) compared

to the water group. After the treatment of CK, it was obvious that

CK inhibited the DSS-induced expression ofpro-inflammatory

cytokines and increased anti-inflammatory cytokine (IL-10)

production (Fig. 4D). Investigation of the production of IL-1b
and IL-6 in colitis mice serum confirmed our results. 7-day DSS

treatment group increased the expression of IL-1b about 5 folds

(p,0.01) compared to the water group (Fig. 4E) and then the

10 mg/kg, 20 mg/kg CK and 100 mg/kg BBR treatment groups

decreased the IL-1b production all about 10 folds (p,0.001)

(Fig. 4E). But the 4-day DSS treatment and 3-day recovery group

didn’t have significant results. The mild colitis group increased the

expression of IL-6 about 2 folds (Fig. 4F, p,0.05) and the severe

group increased about 5 folds (Fig. 4F, p,0.01) compared to the

water group. CK can also down-regulated the IL-6 secretion in

mice serum. Obviously, the serum levels of IL-1b and IL-6 were

significantly suppressed in mice after administration of CK

(Fig. 4E, 4F). Together, our findings suggest that CK, similar to

BBR, suppressed pro-inflammatory cytokines production in DSS-

induced mild and severe colitis in both mice tissues and blood.

CK Inhibited the NF-kB Pathway in DSS-induced Colitis in
Mice
The transcription factor NF-kB is a central mediator in

inflammation and several other cellular responses [12,25]. NF-

kB is translocated to the nucleus by phosphorylation of IkB and

subsequent degradation of IkB subunit. BBR can inhibit the

activation of the NF-kB pathway in DSS-induced mice [1,26]. To

reveal the anti-inflammatory mechanisms of CK on treating colitis

in mice, IHC analysis showed that nuclear p65 was significantly

reduced in CK and BBR treatment groups compared to control

groups (Fig. 5A). Quantification of staining density in multiple

samples indicated that in the 4-day DSS treatment group and 7-

day water group, nuclear p65 increased 3 folds and 5 folds

respectively, compared with the water group (Fig. 5C, p,0.01,

n = 6). Yet, after administered CK and BBR for the following three

recovery days, the nuclear p65 enormously decreased (Fig. 5C,

n = 6). Nevertheless, 20 mg/kg CK on 4-day DSS treatment

groups reduced the nuclear p65 by 2 folds (Fig. 5C, p,0.05, n= 6).

We also examined the IkB-a expression in colon tissues and the

results showed that IkB-a expression would be much higher in the

CK and BBR treatment groups (Fig. 5B, n = 6). Obviously, the

mild colitis groups and sever colitis groups presented the same

tendency. Quantification of staining density of IkB-a, both in 4-

day and 7-day DSS treatment groups, showed that CK and BBR

have substantially facilitated the IkB-a expression (Fig. 5D, n= 6).

Taken together, with the observation of nuclear p65 activation

and IkB-a degradation, these results indicated that NF-kB
signaling pathway was inhibited by CK and BBR.

Western blotting analysis was used to further confirm our

results. Three colon tissues samples from each group and three

separate tests were done. The expression of p65 was shown in

figure 6A (left panel). The relative density of the activated nuclear

p65 compared with Lamin B in each group was shown in figure 6A

right panel. Strikingly, CK treatment caused a dose-dependent

decrease in p65 expression in colon tissues. The 20 mg/kg CK

Figure 6. CK inhibits the NF-kB signaling activation in DSS-induced colitis mice. (A) Western blotting analysis of p65 expression in nucleus
in different doses of CK and BBR mice group. Three animals were analyzed for each type of mice As shown in the left panel. In the right panel, the
relative density of the activated nucleus p65 band was compared with the lamin B band in each group. (B) Analysis of IkB-a and p-IkBa in mild colitis
and severe colitis mice tissues cytoplasm protein. In the right panel, the relative density of IkB-a and p-IkBa bands were compared with the b-actin
band in each group. (C) and (D) Paraffin-embedded colon tissues sections of mild colitis group and severe colitis group were used to determine p65
translocated to the nucleus by immunofluorescence. (E) Quantification of NF-kB (p65) positive density in each group under 20X image. ## p,0.01,
### p,0.01 compared with the control group. *p compared with DSS4D3DR or DSS7D3DR group. p,0.05, **p,0.01.
doi:10.1371/journal.pone.0087810.g006
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Figure 7. CK inhibits the NF-kB signaling activation in macrophage RAW 264.7 cells. The RAW 264.7 Cells were stimulated with
lipopolysaccharide (LPS) (1 mg/ml) for 10 h in the presence or absence of different dose of CK (10 mM, 20 mM, 50 mM) and BBR (50 mM). The
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group reduced the p65 expression by half (Fig. 6A, right panel,

p,0.05, n= 3). And BBR could also inhibit p65 access to nucleus

(Fig. 6A, right panel, p,0.05, n= 3). In addition, in the cytosol, the

IkB-a expression increased and p-IkBa decreased after CK and

BBR treatment in three independent experiments (Fig. 6A, left

panel, n = 3). The relative density of IkB-a and p-IkBa compared

with the b-actin in each group was shown in figure 6B right panel.

Nevertheless, those results about the protein expression of NF-kB
signaling pathway in the whole colon seem not very obvious.

According to previous work, colitis signed by intestinal epithelial

barrier function damage, and triggered innate immune cells such

as macrophages and intestinal epithelia cells secreting cytokines

and chemokines, which mostly leading to activate NF-kB pathway

and then regulate the inflammatory responses. BBR reduced the

colon injury via inhibiting the colon tissues NF-kB pathway

activation. So, the notion that the anti-inflammation effects of CK

may also regulate the colon tissue NF-kB pathway activation will

be more acceptable. However, due to mice individual difference,

more samples must be done to verify the statements better.

Paraffin-embedded colon tissues sections were used to deter-

mine p65 translocation to the nucleus by immunofluorescence and

visualized by fluorescence microcopy (Fig. 6C, 6D). Quantification

of fluorescence density was shown in figure 6E. Nucleus p65

expression distinctly reduced after CK and BBR treatment

(Fig. 6C, 6D, 6E).

From above, we demonstrated for the first time that CK

prevented the progression of DSS-induced colitis mice through

inhibiting NF-kB pathway activation, thus leading to preventing

p65 translocation to nucleus and IkB-a phosphorylation.

CK Inhibited Activation of NF-kB Pathway in
Macrophages
CK and BBR have demonstrated potent anti-inflammation

effects in vivo. It has been reported that in peritoneal macrophages

and RAW264.7 cell lines, BBR can down-regulate NF-kB
pathway that mediate pro-inflammatory cytokines production,

and contribute to relieve the colitis injury, which suggests that

BBR has influence on regulating the innate immune responses.

CK, as the active metabolite responsible for the anti-inflammatory

effect of ginsenoside, prompted us to investigate its functional

mechanismon LPS-induced inflammation in vitro. LPS is one of the

most potent pro-inflammatory agonists for monocytes and

macrophages, and macrophage is one of the functional innate

immune cells in inflammatory responses and it regulates innate

immune responses by providing cytokine [27–29]. Sustained

stimulation with LPS could active NF-kB pathway in RAW

264.7 cells [30]. In this work, RAW 264.7 cells were treated with

lipopolysaccharide (LPS) (1 mg/ml) for 10 h in the presence or

absence of different dose of CK (10 mM, 20 mM, 50 mM) and BBR

(50 mM). The control (cell-only) group was used as a positive

control for anti-inflammatory activities. In the LPS exposure

group, IL-1b, IL-6, TNF-a productions increased dramatically to

5, 10, 8 folds respectively, compared to the control group.

However, CK reduced IL-1b, IL-6 and TNF-a production in a

supernatants were subsequently harvested and measured by ELISA (n = 3). IL-1b, TNF-a, IL-6 and IL-10 expressions were shown in (A), (B), (C), and (D).
(E) NF-kB nuclear translocation was detected by immunofluorescence analysis using an antibody for the p65. (F) Western blotting results were shown
p65 expression in nuclear fractions. (G) IkB-a and p-IkBa expression in cytosolic fractions. All those have done three separate tests. # p,0.05, ###
p,0.01 compared with the control group. *p compared with DSS4D3DR or DSS7D3DR group. *p,0.05, **p,0.01, ***p,0.01.
doi:10.1371/journal.pone.0087810.g007

Figure 8. CK prevents inflammatory responses via inhibiting NF-kB signaling pathway activation. CK exerts therapy effects on the
progression of DSS-induced colitis in mice, and the potential mechanisms may contribute to regulating the innate immune cells such as
macrophages activities through modulating NF-kB signaling pathways activation.
doi:10.1371/journal.pone.0087810.g008
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dose-dependent manner (Fig. 7A, 7B, 7C). Nevertheless, IL-10

production changed a little (Fig. 7D). BBR (50 mM) also have

influence on reducing the pro-inflammation production, expect for

IL-10 (Fig. 7A, 7B, 7C, 7D), significantly. In summary, CK and

BBR have significant effects on reducing pro-inflammatory

cytokines production in vitro, and regulating the inflammatory

responses in vivo via impacting the production of cytokines, which

were provided by immune cells, such as macrophages.

According to the previous work, immunofluorescence and

western blotting were used to explore the inhibitory effects of

CK on inflammation (Fig. 7E, 7F, 7G). The location of nucleus

p65 was detected by fluorescence microcopy in RAW 264.7

cells treated with lipopolysaccharide (LPS) (1 mg/ml) for 10 h in

the presence or absence of different doses of CK (10, 20, and

50 mM) and BBR (50 mM) It was obvious that CK prevented

p65 translocation to nucleus in a concentration-dependent

manner. Moreover, western blotting results indicated that CK

promoted IkB phosphorylation in a concentration-dependent

manner.

Taken together, these data suggest that CK and BBR have

influence on reducing LPS-stimulated pro-inflammatory cyto-

kines, increasing anti-inflammatory cytokine expression, contrib-

uting to inhibition of the activation of NF-kB pathway,

restraining p65 translocated to nucleus, and inhibiting phos-

phorylation of IkB of macrophage cells, which may serve as

mechanism for CK down-regulated inflammatory responses of

intestinal disorder in vivo.

Discussion

The evaluation of ancient herbal products that have been

widely used for many diseases, such as treating diarrhea and

bacterial and parasitic infection, may provide insight into

developing these herbs into new therapies for other inflammation

treatment [1,31]. CK is an intestinal bacterial metabolite of

panaxoside, which have been widely reported to exert anti-

inflammation and anti-cancer activity [20–26]. Our studies and other

previous work have demonstrated the anti-growth effect of CK in

different kinds of tumors cells, such as hepatocellular carcinoma

[13]. Although, ginsenoside Rb1 and its metabolites have been

confirmed playing an beneficial role in inflammatory responses in

TNBS-induced colitis by inhibiting IRAK-1 activation, which

contributes to activate IKKb, linking with NF-kB and MAPK

pathways [12]. BBR has been used to treat bacteria associated

diarrhea, intestinal parasitic infections, and ocular trachoma

infections for several decades [27]. We have proved that BBR

induces death in colon tumor cells. Recent work has indicated that

BBR promotes recovery of colitis and ameliorate inflammatory

responses in DSS-treated mice by promoting colon peritoneal

macrophages apoptosis, and decreasing pro-inflammatory pro-

duction in colonic macrophages and macrophages cell lines [1].

However, the functional mechanisms of CK and BBR on treating

those diseases are not clearly known. The purpose of this work was

to determine the effects of CK on treatment of the progression of

colitis and to provide insight into the potentially functional

mechanism.

In the present study, BBR served as a positive agent for treating

the DSS-induced colitis mice mode. We showed that CK exerts

inhibitory inflammatory effects not only on mild colitis (4-day

DSS-induced colitis), but also on severe colitis (7-day DSS-induced

colitis), including protection of the weight loss and colon tissues

injury, and preservation of of colon length. Furthermore, similar as

BBR, CK treatment reduced MPO activity in mice colon and

mice plasma in dose-dependent manner. We observed that CK

and BBR reduced the production of the pro-inflammatory

cytokines, such as IL-1b, IL-6 and TNF-a, but not the anti-

inflammatory cytokine, such as IL-10 in colon tissue. In addition,

similar results were found in colitis mice serum. In vitro, LPS-

stimulated macrophage RAW 264.7 cells were treated with BBR

and CK and then the supernates cytokines generation was

measured. Those results show CK, same as BBR, protected the

mice from the colitis injury by increasing the production of the

anti-inflammatory cytokines and reducing the pro-inflammatory

cytokines in concentration-dependent manners. Based on the

cytokines levels that are regulated by CK and BBR, it was possible

that they ameliorated colitis through regulating the innate immune

system.

As we all known, production of cytokines and chemokines by

immune/inflammatory cells that activate transcription factors such

as NF-kB in pre-malignant cells to induce genes that stimulate cell

proliferation,survival, and growth, as well as angiogenesis, and

invasiveness motility [32–35]. In details, NF-kB (p65) is located in

cytoplasm and bounds to IkB as an inactive complex [32,33]. The

phosphorylation and subsequent degradation of IkB result in

separation of the complex, and then NF-kB is activated. The

activated NF-kB migrates into the nucleus, and causes the

expression of inflammatory cytokines, such as TNF-a, IL-6 and

IL-8 [35]. Meanwhile, NF-kB can be activated by inflammatory

factors such as IL-1b and TNF-a [35,36]. TNF-a can activate

macrophages and initiate immune responses by stimulating

secretion of other cytokines [37,38]. IL-1b, mainly synthesized

by macrophages, is also an inflammatory cytokine which play

important roles in the acute phase response [39,40]. In addition,

NF-kB signaling pathway is the downstream pathway of LPS-

mediated transduction pathways [29]. As it is been well accepted,

in difference forms of inflammation, innate immune cells

(including macrophages, neutrophils, mast cells, etc) and adaptive

immune cells (T and B lymphocytes) are connected with each

other by means of direct contact of cytokines and chemokines,

leading to regulating the innate immune responses [40]. Unre-

strained reactions may exaggerate inflammatory response and lead

to continuous events of injury and tissues damage [41,42].

Our data showed that CK and BBR down-regulated colonic

tissues NF-kB signaling pathways in response to the recovery of 4

days DSS-induced and 7 days DSS-induced colitis in vivo and

inhibited the activation of macrophages NF-kB signaling pathways

in LPS-stimulated inflammation in vitro. In addition, our data

suggest that CK and BBR mediate the progression of the colon

disease by regulating innate immune cells, linked with the

production of cytokines and chemokines. The potentially singling

pathway of this work was shown in figure 8.

In summary, our data indicated that CK exerts effient therapy

effects on DSS-induced progression of colitis in mice, and the

potential mechanisms for regulating this intestinal inflammation

may contribute to regulating the innate immune cells such as

macrophages activities through modulating of NF-kB signaling

pathways activation that dominate the production of cytokines and

chemokines. Since CK has been widely used for treating with

many diseases without significant side effects on patients, it has the

potential to be developed into a drug for intestinal inflammatory

diseases.

Acknowledgments

We thank Hanwei Cao and Yanyan Zhan for their kind comments and

support.

Compound K Inhibits Colitis by Suppressing NF-kB

PLOS ONE | www.plosone.org 12 February 2014 | Volume 9 | Issue 2 | e87810



Author Contributions

Conceived and designed the experiments: GS JL. Performed the

experiments: JL WZ WW SH JY. Analyzed the data: GS JL BZ TH.

Wrote the paper: GS JL TH.

References

1. Fang Y, Lihong W, Yan S, Hanwei C, Liping L, et al. (2012) BBR promotes

recovery of colitis and inhibits inflammatory responses in colonic macrophages
and epithelial cells in DSS-treated mice. Am J Physiol Gastrointest Liver Physiol

302: G504–G514.

2. Sann H, Erichsen J, Hessmann M, Pahl A, Hoffmeyer A (2013) Efficacy of drugs

used in the treatment of IBD and combinations thereof in acute DSS-induced
colitis in mice. Life Sci 92: 708–718.

3. Mueller K, Blum NM, Mueller AS (2013) Examination of the Anti-
Inflammatory, Antioxidant, and Xenobiotic-Inducing Potential of Broccoli

Extract and Various Essential Oils during a Mild DSS-Induced Colitis in Rats.

ISRN Gastroenterol 2013: 710856.

4. Yoda K, Miyazawa K, Hosoda M, Hiramatsu M, Yan F, et al. (2013)

Lactobacillus GG-fermented milk prevents DSS-induced colitis and regulates
intestinal epithelial homeostasis through activation of epidermal growth factor

receptor. Eur J Nutr.

5. Araki A, Nara H, Rahman M, Onoda T, Li J, et al. (2013) Role of interleukin-21

isoform in dextran sulfate sodium (DSS)-induced colitis. Cytokine 62: 262–271.

6. Rieder F, Karrasch T, Ben-horin S, Schirbel A, Ehehalt R, et al. (2012) Results

of the 2nd scientific workshop of the ECCO (III): basic mechanisms of intestinal
healing. J Crohns Colitis 6: 373–385.

7. Speca S, Giusti I, Rieder F, Latella G (2012) Cellular and molecular mechanisms
of intestinal fibrosis. World J Gastroenterol 18: 3635–3661.

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

9. Blumberg RS (2009) Inflammation in the intestinal tract: pathogenesis and

treatment. Dig Dis 27: 455–464.

10. Kim do Y, Park MW, Yuan HD, Lee HJ, Kim SH, et al. (2009) Compound K

induces apoptosis via CAMK-IV/AMPK pathways in HT-29 colon cancer cells.

J Agric Food Chem 57: 10573–10578.

11. Lee ES, Choi JS, Kim MS, You HJ, Ji GE, et al. (2011) Ginsenoside metabolite

compound K differentially antagonizing tumor necrosis factor-alpha-induced
monocyte-endothelial trafficking. Chem Biol Interact 194: 13–22.

12. Joh EH, Lee IA, Jung IH, Kim DH (2011) Ginsenoside Rb1 and its metabolite
compound K inhibit IRAK-1 activation–the key step of inflammation. Biochem

Pharmacol 82: 278–286.

13. Song G, Guo S, Wang W, Hu C, Mao Y, et al. (2010) Intestinal metabolite

compound K of ginseng saponin potently attenuates metastatic growth of
hepatocellular carcinoma by augmenting apoptosis via a Bid-mediated

mitochondrial pathway. J Agric Food Chem 58: 12753–12760.

14. Hu C, Song G, Zhang B, Liu Z, Chen R, et al. (2012) Intestinal metabolite

compound K of panaxoside inhibits the growth of gastric carcinoma by

augmenting apoptosis via Bid-mediated mitochondrial pathway. J Cell Mol Med
16: 96–106.

15. Zhang Z, Du GJ, Wang CZ, Wen XD, Calway T, et al. (2013) Compound K, a
Ginsenoside Metabolite, Inhibits Colon Cancer Growth via Multiple Pathways

Including p53-p21 Interactions. Int J Mol Sci 14: 2980–2995.

16. Lee IA, Hyun YJ, Kim DH (2010) Berberine ameliorates TNBS-induced colitis

by inhibiting lipid peroxidation, enterobacterial growth and NF-kappaB
activation. Eur J Pharmacol 648: 162–170.

17. Jiang Q, Liu P, Wu X, Liu W, Shen X, et al. (2011) Berberine attenuates
lipopolysaccharide-induced extracelluar matrix accumulation and inflammation

in rat mesangial cells: involvement of NF-kappaB signaling pathway. Mol Cell

Endocrinol 331: 34–40.

18. Bae DS, Kim YH, Pan CH, Nho CW, Samdan J, et al. (2012) Protopine reduces

the inflammatory activity of lipopolysaccharide-stimulated murine macrophages.
BMB Rep 45: 108–113.

19. Ma BL, Yao MK, Zhong J, Ma YM, Gao CL, et al. (2012) Increased systemic
exposure to rhizoma coptidis alkaloids in lipopolysaccharide-pretreated rats

attributable to enhanced intestinal absorption. Drug Metab Dispos 40: 381–388.

20. Wakabayashi C, Hasegawa H, Murata J, Saiki I (1997) In vivo antimetastatic

action of ginseng protopanaxadiol saponins bis based on their intestinal bacterial
metabolites after oral administration. Oncol Res 9: 411–417.

21. Hasegawa H, Sung JH,Matsumiya S, Uchiyama M (1996) Main ginseng saponin
metabolites formed by intestinal bacteria. Planta Med 62: 453–457.

22. Kim do Y, Yuan HD, Chung IK, Chung SH (2009) Compound K, intestinal
metabolite of ginsenoside, attenuates hepatic lipid accumulation via AMPK

activation in human hepatoma cells. J Agric Food Chem 57: 1532–1537.
23. Lee BH, Lee SJ, Hur JH, Lee S, Sung JH, et al. (1998) In vitro antigenotoxic

activity of novel ginseng saponin metabolites formed by intestinal bacteria.

Planta Med 64: 500–503.
24. Hasegawa H, Sung JH, Huh JH (1997) Ginseng intestinal bacterial metabolite

IH901 as a new anti-metastatic agent. Arch Pharm Res 20: 539–544.
25. Choo MK, Sakurai H, Kim DH, Saiki I, et al. (2008) A ginseng

saponinmetabolite suppresses tumor necrosis factor-alpha-promoted metastasis

by suppressing nuclear factor-kappaB signaling inmurine colon cancer cells.
Oncol Rep 19: 595–600.

26. Yang CS, Ko SR, Cho BG, Shin DM, Yuk JM, et al. (2008) The ginsenoside
metabolite compound K, a novel agonist of glucocorticoid receptor, induces

tolerance to endotoxin-induced lethal shock. J Cell Mol Med 12: 1739–1753.
27. Zhou X, Zhang C, Wang X, An B, Zhang P, et al. (2012) Berberine inhibits

lipopolysaccharide- and polyethylene particle-induced mouse calvarial osteolysis

in vivo. J Surg Res 173: e47–52.
28. Ma BL, Yao MK, Zhong J, Ma YM, Gao CL, et al. (2012) Increased systemic

exposure to rhizoma coptidis alkaloids in lipopolysaccharide-pretreated rats
attributable to enhanced intestinal absorption. Drug Metab Dispos 40: 381–388.

29. Lee D, Bae J, Kim YK, Gil M, Lee JY, et al. (2013) Inhibitory effects of

berberine on lipopolysaccharide-induced inducible nitric oxide synthase and the
high-mobility group box 1 release in macrophages. Biochem Biophys Res

Commun 431: 506–511.
30. Bae DS, Kim YH, Pan CH, Nho CW, Samdan J, et al. (2012) Protopine reduces

the inflammatory activity of lipopolysaccharide-stimulated murine macrophages.
BMB Rep 45: 108–113.

31. Kalaiselvi P, Rajashree K, Bharathi Priya L, Padma VV (2013) Cytoprotective

effect of epigallocatechin-3-gallate against deoxynivalenol-induced toxicity
through anti-oxidative and anti-inflammatory mechanisms in HT-29 cells. Food

Chem Toxicol 56: 110–118.
32. Bedirli A, Salman B, Pasaoglu H, Ofluoglu E, Sakrak O (2011) Effects of nuclear

factor-kappaB inhibitors on colon anastomotic healing in rats. J Surg Res 171:

355–360.
33. Yan J, Xiang J, Lin Y, Ma J, Zhang J, et al. (2013) Inactivation of BAD by IKK

inhibits TNFalpha-induced apoptosis independently of NF-kappaB activation.
Cell 152: 304–315.

34. Jo MJ, Lee JR, Cho IJ, Kim YW, Kim SC (2013) Roots of Erigeron annuus
Attenuate Acute Inflammation as Mediated with the Inhibition of NF- kappa B-

Associated Nitric Oxide and Prostaglandin E2 production. Evid Based

Complement Alternat Med 2013: 297427.
35. Grivennikov SI, Greten FR, Karin M (2010) Immunity, Inflammation, and

Cancer. Cell 140: 883–899.
36. Aggarwal BB, Vijayalekshmi RV, Sung B (2010) Targeting inflammatory

pathways for prevention and therapy of cancer: short-term friend, long-term foe.

Clin Cancer Res 15: 425–430.
37. Theiss AL, Simmnons JG, Jobin C, Lund PK (2005) Tumor Necrosis Factor

(TNF) a Increases Collagen Accumulation and Proliferation in Intestinal
Myofibroblasts via TNF Receptor 2. J Biol Chem 280: 36099–36109.

38. Amasheh M, Fromm A, Krug SM, Amasheh S, Andres S, et al. (2010) TNF-

induced and berberine-antagonized tight junction barrier impairment via
tyrosine kinase, Akt and NF_B signaling. J Cell Sci 123: 4145–4155.

39. Schirbel A, Fiocchi C (2010) Inflammatory bowel disease: Established and
evolving considerations on its etiopathogenesis and therapy. J Dig Dis 11: 266–

276.
40. Abaham C, Cho JH (2009) Inflammatory bowel disease. N Engl J Med 361:

2066–2078.

41. Latlla G, Papi C (2012) Crucial steps in the natural history of inflammatory
bowel disease. World J Gastroenterol 18: 3790–3799.

42. Clark M, Colombel JF, Feagan BC, Fedorak RN, Hanauer SB, et al. (2006)
American gastroenterological association consensus development conference on

the use of biologics in the treatment of inflammatory bowel disease,

Gastroenterology 133: 312–339.

Compound K Inhibits Colitis by Suppressing NF-kB

PLOS ONE | www.plosone.org 13 February 2014 | Volume 9 | Issue 2 | e87810


