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Abstract
The protective potential of dandelion on acute hepatitis, lung injury and colorectal cancer has recently been revealed. Impor-
tantly, ulcerative colitis (UC), a clinically defined inflammatory bowel disease, accelerates the risk of colorectal cancer. 
However, studies focusing on the activity of dandelion on UC are extremely limited. In the present study, we found that an 
aqueous extract of dandelion root increases cell viability and decreases apoptosis in dextran sodium sulfate (DSS)-incubated 
NCM460 human colonic epithelial cells, probably through removing the production of reaction oxygen species and blocking 
nuclear factor-kappaB signaling. We then examined the anti-colitis efficacy of this extract in an in vivo study. We detected 
that dandelion root extract efficiently ameliorates progressive acute injury as demonstrated by a reduction in body weight 
loss, severity scores of disease index and shortened colon length during DSS treatment, as well as reducing the inflammatory 
conditions and oxidative stress in the colon of DSS-induced mice. Our study clearly demonstrates that dandelion has a strong 
cytoprotective effect on NCM460 colonocytes and shows powerful defense on an established experimental mouse model 
of DSS-induced UC. Therefore, dandelion root extract can be an effective anti-colitis complex mixture and can provide a 
complementary alternative to currently available therapeutic intervention in UC.
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Introduction

Inflammatory bowel disease (IBD) consists of two major 
clinical types—ulcerative colitis (UC) and Crohn’s disease 
(CD). It is a common chronic gastrointestinal disharmony 
characterized by alternating periods of remission and active 
intestinal inflammation [1]. Unlike CD, which can impact 
any portion of the gastrointestinal tract, the pathology of 
UC is limited to the colonic mucosa [2]. More important, 
UC is capable of enhancing the risk of colorectal cancer 
[3]. To date, the precise etiology of UC is still enigmatic, 
but the widely accepted view is that UC is mainly caused by 
dysfunction of the intestinal epithelium [3]. Besides the clear 

function as a physical barrier, the intestinal epithelium has 
to deal with miscellaneous biological functions, including 
processing and absorbing food components and maintaining 
intestinal homeostasis [4]. Exceptional immune responses 
and inflammatory conditions can occur when the barrier 
function of the intestinal epithelium is disrupted by dam-
age to the intestinal epithelial cells [3]. Thus, the integrity 
of the intestinal epithelium is essential for maintaining a 
healthy gut, and cytoprotective drugs that target the intesti-
nal epithelial cells should be accommodating for the thera-
peutic intervention of UC. Despite the advances made in the 
innovation and improvement of numerous therapy drugs, 
the concomitant toxicities and side-effects [5] suggest that 
further study is necessary.

Herbs are essential in the development of many drugs 
[6]. Dandelions (Taraxacum spp., Asteraceae family) have 
been applied for hundreds of years as therapy for various 
ailments. As a traditional Chinese medicine, dandelions 
are frequently utilized for the treatment of tumors as well 
as hepatitis and digestive diseases [7]. In human leukemia 
and pancreatic cancer cells, the death receptor-mediated 
extrinsic pathway of apoptosis can be induced promptly 

 *	 Xianhui Wen 
	 Xianhuiwen17@163.com

1	 Department of traditional Chinese medicine, Shuocheng 
District People’s Hospital, Shuozhou 036002, 
Shanxi Province, China

2	 Department of Blood Transfusion, The Third Xiangya 
Hospital of Central South University, Changsha 410013, 
China

http://orcid.org/0000-0001-8142-6529
http://crossmark.crossref.org/dialog/?doi=10.1007/s11418-018-1217-7&domain=pdf


858	 Journal of Natural Medicines (2018) 72:857–866

1 3

by dandelion root extract and this induction of apoptosis 
is dependent mostly on activated caspase-8 [8, 9]. Fur-
thermore, multiple death signaling pathways are activated 
in dandelion root extract-treated colorectal cancer [10]. 
Recent scientific reports have revealed the anti-inflamma-
tory and anti-oxidative activities of this plant [11, 12]. 
Water extract of dandelions relieves lipopolysaccharide 
(LPS)-induced acute injury in the lung through the PI3K/
Akt/mTOR signaling pathway [13]. The aqueous extract 
of dandelion root lowers alcohol-induced toxicity in the 
liver by improving anti-oxidative potentials and reducing 
lipid peroxidation [14]. However, studies focusing on the 
anti-inflammatory and anti-oxidative actions of dandelion 
on UC are extremely limited. Furthermore, the function 
of dandelion in the protection of colonic epithelial cells 
is unknown.

In this study, we evaluated the protective effects of dan-
delion root extract on human colonic epithelial cells and 
a mouse model of UC. We studied the effect of dandelion 
root extract on cell viability, apoptosis, oxidative stress 
and the Akt/NF-κB/IL-8 signaling pathway induced by 
dextran sodium sulfate (DSS) in vitro and the effect on 
inflammatory conditions and oxidative injury induced by 
DSS in vivo.

Materials and methods

Preparation of dandelion root extracts

The dandelion roots (Asian, Taraxacum officinale) used in 
the present study were obtained from Premier Herbal Inc. 
(Lot no. 318121). The root extract was provided according 
to a procedure described previously [10]. In brief, 100 g of 
dried dandelion root was immersed and thoroughly frozen in 
liquid nitrogen for about 5–10 min. The frozen pieces were 
ground in an impingement grinder to an average particle 
size of ≤45 μm. After grinding, the dandelion root powder 
was extracted in boiling water on low heat for 3 h. The total 
extractive was filtered through a NITEX nylon mesh filter 
(LAB PAK; Sefar BDH Inc., Chicoutimi, Quebec, Canada) 
and the filtrate was centrifuged at 800×g for 5 min at room 
temperature. The supernatant was filtered through a 0.45-
μm filter, followed by lyophilization. The resulting powders 
weighed approximately 15 g. The current yield (15%) from 
the dandelion roots was consistent with previous results [7]. 
The dried extractive was then resuspended in water and the 
concentration of final stock solution was 100 mg/mL. After 
filtering with a 0.22-μm filter, the aqueous extract of dande-
lion root was stored at 4 or − 20 °C for long-term storage. 
This extract was utilized for all the experiments described 
in this study.

Cell culture and treatment

Human NCM460 colonocyte (INCELL, San Antonio, 
TX, USA), a non-transfected human colonic epithe-
lial cell line, was cultured in Dulbecco’s Modifed Eagle 
Medium (HyClone) supplemented with 10% (v/v) fetal 
bovine serum and 100 units penicillin/streptomycin at 
37 °C with 5% CO2 atmosphere in a humidified incubator. 
The cells were grown in a flask and were allowed to reach 
approximately 85% confluence. The culture medium was 
renewed every 2 days and was then rinsed and removed 
from the flask by incubating with a trypsin–EDTA solution 
(HyClone), and harvested in a 15-mL centrifuge tube for 
subsequent study.

To investigate the function of dandelion root extract in 
an in vitro model, cells were plated and grown to 50–70% 
confluence prior to treatment with this extract at increasing 
concentrations (1, 3, and 6 mg/mL) [10]. After 12 h, the 
cells were exposed to various concentrations of DSS (0.2, 
08, and 1.2 μg/mL) for an additional 12 h [3].

Animals and experimental design

Female C57BL/6 mice (pathogen-free) from the same lit-
ter, aged 6–8 weeks and weighing 18 ± 2 g, were reared 
in cages in an environmentally controlled breeding room 
(temperature 20 ± 2 °C, humidity 60 ± 5%, 12 h dark/light 
cycle), and fed with sterile water and a standard labora-
tory rodent diet. They were maintained in accordance 
with internationally accepted principles for laboratory 
animal use. All work was conducted in strict accordance 
with the recommendations in the Guide for the Care and 
Use of Laboratory Animals of the National Institutes of 
Health. The protocol was approved by the Institutional 
Animal Care (Animal Welfare Assurance Number: 
GZPPH2017061732). The Minimum Standards of Report-
ing Checklist contained details of the experimental design, 
statistics, and resources used in this study.

For the induction of acute UC, the mice were admin-
istered 2% DSS (w/v) (36–50  kDa; MP Biomedicals, 
Illkirch, France) in their drinking water. The mice were 
randomly separated into 4 groups (n = 10 per group)—a 
control group (mice received normal drinking water); a 
DSS group (mice received 2% w/v DSS in drinking water); 
a DSS + dandelion (20 mg/kg) group (mice received 2% 
w/v DSS in drinking water together with 20 mg/kg of dan-
delion root extract by gavage twice a day); and a dandelion 
group (mice received 20 mg/kg of dandelion root extract 
by gavage twice a day). The extent of colitis was moni-
tored daily using the modified method [15]. Body weight 
was recorded every day and the animals were killed on day 
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10, after which their colons were removed. Diarrhea was 
scored daily as 0 = normal; 2 = loose stools; 4 = watery 
diarrhea. Blood in the stool was scored as 0 = normal; 2 
= slight bleeding; 4 = gross bleeding. Weight loss was 
scored as 0 = none; 1 = 1–5%; 2 = 5–10%; 3 = 10–15%; 
4 = >15%. The disease activity index was the average of 
these scores (combined score of stool consistency, bleed-
ing and weight loss)/3.

Cell viability assay

Cell viability was analyzed using a CCK-8 Assay Kit 
(Dojindo) according to the manufacturer’s instructions. 
Briefly, NCM460 cells pretreated with indicated levels of 
dandelion root extract were incubated with indicated concen-
trations of DSS in 96-well plates. Twenty-four hours later, 
5 µl of CCK-8 reagent was added to each well and incubated 
at 37 °C for 1 h. The cell numbers were assessed by meas-
urement of absorbance at 450 nm. All the experiments were 
performed in triplicate.

Flow cytometric analysis of apoptosis

Exposure of phosphatidylserine was evaluated to detect 
early stage apoptosis by analysis of annexin V-FITC bind-
ing. Enhanced propidium iodide (PI) was a correlate for 
increased secondary necrosis. In particular, 2 × 105 cells 
were manipulated by sequentially harvesting, washing in 
phosphate-buffered saline (PBS) and resuspending in bind-
ing buffer (10 mM HEPES/NaOH, pH 7.4, 140 mM NaCl, 
2.5 mM CaCl2). Annexin V-FITC was added to a final con-
centration of 200 ng/mL prior to incubation in the dark at 
room temperature (RT) for 10 min, then washed in PBS 
and reconstituted in 190 µl of binding buffer. PI (10 µl) 
was loaded to each sample before flow cytometric analy-
sis. Stained cells were analyzed using a FACStar Plus flow 
cytometer (Becton–Dickinson). The ratio of fluorescence 
intensities excited at 488 nm was monitored at an emission 
wavelength of 515 nm for FITC and 560 nm for PI. Data 
analysis was performed with a BD BioSciences FACSCali-
bur flow cytometer using CellQuest software [16].

Western blotting

For immunodetection, NCM460 cells were lysed directly 
in Laemmli’s sample buffer and boiled for 10 min. After 
centrifugation, 50 µg of total protein extract was resolved on 
10% SDS-PAGE, which was then transferred to nitrocellu-
lose membranes for Western blotting. The membranes were 
first stained with Ponceau S to confirm the transfer efficacy. 
After blocking with 1% bovine serum albumin dissolved 
in Tris-buffered saline containing 0.05% Tween-20 for 2 h 
at RT, the membranes were incubated with anti-caspase-3, 

anti-Bax, anti-GAPDH, anti-phospho-Akt1-S473, anti-Akt1, 
anti-phospho-p65-S536 or anti-p65 at appropriate dilutions 
(ABclonal), followed by goat anti-rabbit secondary antibody 
conjugated with horseradish peroxidase. Positive band inten-
sities were detected using a gel documentation system (LAS-
3000 Fujifilm) [17].

Measurement of reactive oxygen species (ROS), 
glutathione/glutathione disulfide (GSH/GSSG) ratio, 
malondialdehyde (MDA) and superoxide dismutase 
(SOD) activity

MDA [MDA Assay Kit (TBA method)], myeloperoxidase 
(MPO) activity (MPO Assay Kit), the ratio of GSH/GSSG 
(GSH and GSSG Assay Kit) and ROS level (Reactive Oxy-
gen Species Assay Kit) were investigated in NCM460 cells 
and colon homogenate employing commercially available 
kits according to the manufacturer’s specifications. The 
MDA and MPO assay kits were purchased from Nanjing 
Jiancheng Bioengineering Institute, China. The kits for 
measuring the ratio of GSH/GSSG, and ROS were obtained 
from Beyotime, China. Total SOD activity included Cu–Zn 
and Mn SOD activity and was determined by hydroxylamine 
assay developed from xanthine oxidase, and data were 
expressed as units per milligram (U/mg) protein.

Measurement of cytokine concentration

The secretion of interleukin (IL)-8 in the medium of control 
and treated NCM460 cells was measured using the human 
IL-8 ELISA Kit (R&D Systems, Minneapolis, MN, USA) 
according to the manufacturer’s specifications. Production 
of IL-6 (mouse IL-6 ELISA Kit), tumor necrosis factor alpha 
(TNF-α) (mouse TNFα ELISA Kit), and IL-1β (mouse IL-1β 
ELISA Kit) was assessed in the colon homogenate employ-
ing commercially available kits (Nanjing Senbeijia Biologi-
cal Technology Co., Ltd) according to the manufacturer’s 
specifications.

Histology analysis

The colon sections were removed and fixed with 4% para-
formaldehyde overnight and then embedded in paraffin 
and sliced into 5-μm sections. For histological analysis, 
the paraffin sections were stained with hematoxylin and 
eosin (H&E) [18]. Histology was scored as epithelium (E), 
0 = normal morphology; 1 = loss of goblet cells; 2 = loss 
of goblet cells in large areas; 3 = loss of crypts; 4 = loss of 
crypts in large areas; and infiltration (I), 0 = no infiltrate; 
1 = infiltrate around the crypt basis; 2 = infiltrate reaching 
the lamina (L) muscularis mucosae; 3 = extensive infiltra-
tion reaching the L muscularis mucosae and thickening of 
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the mucosa with abundant edema; 4 = infiltration of the L 
submucosa. Total histological score was given as E + I.

Statistical analysis

The histological score was analyzed using the the two-tailed 
Mann–Whitney test (non-parametric analysis) to measure 
statistical significance. The unpaired two-tailed Student’s 
t test was used to analyze the statistical significance of cell 
viability, ROS, GSH/GSSG ratio, MDA, IL-8 production, 
and animal model data. All data were analyzed by Prism 
(GraphPad Software, Inc.), and p values <0.05 and <0.01 
were deemed as two significant levels.

Results

Dandelion root extract protects NCM460 
colonocytes against DSS‑induced injury

We primarily used the CCK-8 assay to assess the protec-
tive effects of dandelion root extract against the cell damage 
induced by DSS. As shown in Fig. 1a, the cell viability of 
NCM460 was remarkably decreased after DSS treatment. 
In particular, when the DSS concentration was >0.8 μg/mL, 
the survival percentage of NCM460 cells was <50%. Upon 
pretreatment with dandelion root extract, the DSS-incubated 

cells exhibited a significant increase in cell viability. More 
important, this protective effect was in a dosage-dependent 
manner (Fig. 1b). We then questioned whether NCM460 
growth saved by dandelion root extract resulted from the 
decline of cell apoptosis. Using the increase of annexin 
fluorescence intensity as readout for enhanced apoptosis, 
we detected that exposure to 0.2 μg/mL DSS resulted in an 
improvement in the apoptosis level to approximately 24.22% 
in the NCM460 cells (Fig. 1c, d). Dandelion root extract 
(3 mg/mL) initiated the decline of DSS-induced apoptosis 
(15.79%) and 6 mg/mL of dandelion root extract further 
decreased DSS-induced apoptosis (10.28%). Since activa-
tion of caspase-3 and apoptosis regulator BAX (Bax) have 
been shown to occur in apoptosis [19], and dandelion root 
extract prevented DSS-induced apoptosis, the abundance of 
caspase-3 and Bax was measured. As anticipated, DSS trig-
gered the obviously upregulated expression of caspase-3 and 
Bax, which was downregulated by administration of dande-
lion root extract (Fig. 1e).

Dandelion root extract inhibits DSS‑induced 
oxidative injury in NCM460 cells

DSS generated excess ROS, thereby inducing oxidative 
injury [20]; the latter might be a latent driving factor in 
the progression of UC [3]. To determine the effect of dan-
delion root extract on DSS-induced oxidative injury, the 

Fig. 1   Dandelion root extract increased cell viability and decreased 
apoptosis in DSS-induced NCM4460 cells. a Protective effect of dan-
delion root extract against DSS-induced cell injury. The NCM460 
cells were pre-loaded with 3 mg/mL of dandelion root extract for 12 h 
and then exposed to various concentrations of DSS for an additional 
12  h. b Dose-dependent protective effect of dandelion root extract 
against DSS-induced cell injury. The NCM460 cells were pre-loaded 
with 1–6 mg/mL of dandelion root extract for 12 h and then exposed 

to 0.8 μg/mL DSS for an additional 12 h. c Flow cytometric analysis 
of DSS-induced apoptosis. The NCM460 cells were pretreated with 3 
and 6 mg/mL of dandelion root extract for 10 h before being exposed 
to 0.2 μg/mL of DSS for an additional 12 h. d The apoptosis rate of 
NCM460 cells from three independent biological repeats of flow 
cytometric analysis. e Western blotting analysis of apoptosis-related 
proteins, caspase-3 and Bax. Error bars ± SD, *p < 0.05, **p < 0.01
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measurement of ROS generation, GSH/GSSG ratio and 
MDA production (a biomarker of the lipid oxidation) was 
employed. The level of ROS increased in the NCM460 
cells following exposure to DSS (0.2, 0.8 and 1.2  μg/
mL) (Fig. 2a). The ROS increased to six times the base-
line in 0.2 μg/mL and to 12 times the baseline in 1.2 μg/
mL. Following pretreatment with dandelion root extract, 
DSS-induced ROS was clearly inhibited (Fig. 2a), and this 
suppression was concentration-dependent (Fig. 2b). More-
over, administration of dandelion root extract remarkably 
increased the DSS-induced decrease of the GSH/GSSG ratio 
and notably reduced the DSS-induced increase of MDA pro-
duction (Fig. 2c, d), indicating that dandelion root extract 

could prevent oxidative injury through taking advantage of 
the GSH-based antioxidant system and suppressing lipid 
oxidation.

Dandelion root extract inhibits DSS‑induced 
activation of nuclear factor‑kappaB (NF‑κB) 
signaling

It has been reported that NF-κB is the one of the central 
activators of colitis and has been activated in a DSS-admin-
istered NCM460 cell model [20, 21]. We therefore tested 
whether dandelion root extract could affect NF-κB activ-
ity. Consistent with previous results [20], the cells exposed 

Fig. 2   Dandelion root extract 
was an antagonist for DSS-
induced oxidative stress in 
NCM460 cells. a Dandelion 
root extract pretreatment 
lowered the production of DSS-
induced ROS. b The produc-
tion of DSS-induced ROS was 
reduced by treatment with dan-
delion root extract in a dosage-
dependent manner. c The GSH/
GSSG ratio reduced by DSS 
was rescued by administration 
of dandelion root extract. d The 
production of DSS-induced 
MDA was inhibited by adminis-
tration of dandelion root extract. 
Error bars ± SD, *p < 0.05, 
**p < 0.01

Fig. 3   The DSS-activated Akt/NF-κB/IL-8 pathway in NCM460 
cells was blocked by administration of dandelion root extract. a 
DSS enhanced the phosphorylated level of p65 and Akt1, which was 
reduced by pretreatment with dandelion root extract. b Administra-
tion of dandelion root extract reduced DSS-induced IL-8 secretion 

in a concentration-dependent manner. The NCM460 cells were pre-
loaded with 1–6 mg/mL of dandelion root extract for 12 h and then 
exposed to 0.8  μg/mL DSS for an additional 12  h. Afterwards, the 
cell media were collected and IL-8 production was measured using an 
ELISA kit. Error bars ± SD, *p < 0.05, **p < 0.01
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to 0.8 μg/mL DSS showed significantly stronger NF-κB 
action (Fig. 3a); this was indicated by assessing p65 phos-
phorylation [22]. Activation of the NF-κB signaling pathway 
was analyzed by detecting the phosphorylation of Akt, an 
upstream NF-κB regulator, and the production of IL-8, a 
downstream NF-κB transcriptional product. DSS stimulation 
induced the phosphorylation of Akt and the level of IL-8 
production (Fig. 3a, b). Pretreatment with dandelion root 
extract markedly decreased the phosphorylation of p65 and 
Akt, and the secretion of IL-8 (Fig. 3a, b).

Dandelion root extract alleviated DSS‑induced UC

As presented above, the in vitro studies demonstrated that 
dandelion root extract protected NCM460 cells against DSS-
induced injury. The next question was whether dandelion 
root extract could be effective against DSS-induced UC in 
mice. Following the establishment of a UC model, the mice 
were divided into two group—a PBS control group and 
a dandelion root extract treatment group. The mice were 
observed for 10 days and their weight and disease index 
were measured every day. The current results proved that 
oral administration of dandelion root extract efficiently 
mitigated progressive injury as described by a reduction in 
body weight loss (Fig. 4a) and the severity scores of dis-
ease index (Fig. 4b) during the DSS treatment, as well as 
a decline in the shortening of the colon length induced by 

DSS (Fig. 4c). Additionally, H&E staining of the colon sec-
tions indicated more severe epithelial erosion, loss of goblet 
cells and areas of mucosal ulceration, as well as increased 
numbers of infiltrating mucosal and submucosal leukocytes 
in the DSS-induced animals compared with the non-DSS 
treated group (Fig. 4d), thereby causing higher histological 
scores for both tissue damage and inflammation (Fig. 4e). 
Notably, oral administration of dandelion root extract ame-
liorated this damage and inflammation as indicated by the 
limited histological disease scores (Fig. 4d, e).

Dandelion root extract mitigated DSS‑induced 
inflammatory conditions in the colon

During the progression of UC, a complex combination 
of inflammatory signaling processes destroys the intesti-
nal epithelial function and results in the employment of 
inflammatory cells to the site of injury [3]. Therefore, 
we also assessed the effects of dandelion root extract 
on DSS-induced colonic inflammatory conditions by 
evaluating several inflammatory markers. As shown 
above, DSS activated NF-κB-dependent IL-8 in colonic 
epithelial cells, which then triggered the recruitment of 
inflammatory cells. These inflammatory cells would 
redundantly generate several proinflammatory cytokines 
including TNF-α, IL-1β and IL-6. As shown in Fig. 5, 
all of the inflammatory indicators increased obviously 

Fig. 4   Dandelion root extract protected mice against DSS-induced 
acute UC. a Body weight was measured daily in control, dandelion-
treated, DSS-treated and DSS + dandelion-treated mice (n = 10, per 
group). b Administration of dandelion root extract reduced the dis-
ease severity caused by DSS. c DSS-shortened colon length was 

restored by administration of dandelion root extract. d Effect of 
dandelion root extract on DSS-mediated histopathologic changes of 
the colon. e Histologic inflammatory score calculated from d. Error 
bars ± SD, *p < 0.05, **p < 0.01
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in the DSS-treated animals compared with the control 
group. Dandelion root extract treatment markedly reduced 
the expression of the inflammatory cytokines TNF-α, 
IL-6 and IL-1β compared to the mice given DSS alone 
(Fig. 5a–c). In the case of MPO, the animals given DSS 
alone showed a clear increase in MPO activity compared 
to the control group. Dandelion root extract treatment 
strongly reduced MPO activity (Fig. 5d).

Dandelion root extract prevents DSS‑induced 
oxidative injury in mice colon

Given that we have demonstrated the protective role 
of dandelion root extract against DSS-induced oxida-
tive injury in NCM460 colonic cells, we then explored 
whether dandelion root extract could exert similar pro-
tective effects in the colon of the DSS-induced mouse 
UC model. We discovered that oral administration of 
dandelion root extract significantly reduced the DSS-
induced ROS level (Fig. 6a). SOD activity was reduced 
in the DSS-induced mice but treatment with dandelion 
root extract recovered this activity obviously (Fig. 6b). 
Moreover, we further found that oral administration of 
dandelion root extract reduced the MDA abundance in 
the DSS model group (Fig. 6c). Taken together, these 
data showed that dandelion root extract could alleviate 
oxidative injury in the DSS-induced mouse model of UC.

Discussion

This study shows the anti-colitis potential of aqueous dan-
delion root extract with in vitro and in vivo models. Our 
results clearly demonstrated that dandelion root extract has 
a cytoprotective effect against DSS-induced damage in both 
the NCM460 cells and the mouse colon. DSS, one of the 
bioreactive sulfated polysaccharides, has frequently been 
applied for decades to induce inflammation in experimental 
models. Normally, the initial immune response in the colon 
against DSS is the vigorous recruitment of neutrophils. Neu-
trophils accumulated in the colon express proinflammatory 
cytokines, such as IL-1β, IL-6 and TNF-α, thereby leading 
to colon injury [3]. In this study, we found that neutrophils 
and expressed cytokines (IL-6, IL-1β and TNF-α) increased 
evidently in colon tissue after DSS exposure. As expected, 
histopathological study indicated that pretreatment with 
dandelion root extract markedly attenuated neutrophil infil-
tration in the colon, and ELISA study revealed that pretreat-
ment with dandelion root extract evidently decreased the 
production of these cytokines. MPO is a main constituent 
of neutrophil cytoplasmic granules and the total activity of 
MPO in a tissue is therefore a direct assessment of neutro-
phil sequestration in that tissue [23]. Consistent with the 
decreased neutrophils, oral administration of dandelion root 
extract strongly reduced DSS-induced MPO activity in the 
colon tissue. Body weight, disease index, and colon length 
were evaluated as indicators of cytokine-related colon injury 

Fig. 5   Quantitative analysis of the inflammatory cytokines TNF-α 
(a), IL-6 (b), IL-1β (c), and MPO activity (d) in the colon homoge-
nates from C57BL/6 female mice. After DSS administration for 

10  days, the levels of TNF-α, IL-6 and IL-1β were measured by 
ELISA and MPO activity was also measured in the colon tissue. 
Error bars ± SD, *p < 0.05, **p < 0.01

Fig. 6   Dandelion root extract suppressed DSS-induced oxida-
tive stress in mice colon. a DSS-induced ROS was inhibited by 
treatment of dandelion root extract in mice colon. b SOD activity 
reduced by DSS was restored by treatment of dandelion root extract 

in mice colon. c The production of DSS-induced MDA was inhib-
ited by administration of dandelion root extract in mice colon. Error 
bars ± SD, *p < 0.05, **p < 0.01
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[24]. In the present study, it was found that dandelion root 
extract could decrease DSS-induced colon injury. These 
results suggested that dandelion root extract has a protec-
tive effect on DSS-induced acute colitis through reducing 
neutrophil accumulation in the colon.

Excess ROS generation contributes substantially to the 
initiation and progression of inflammation as well as oxi-
dative injury [25]. Oxidative stress is able to produce an 
accumulation of oxidative DNA damage in the inflamed cell 
or tissue, finally resulting in cellular dysfunction or death 
[26]. DSS has two ways to generate ROS—one is the well-
known pathway of free radical generation by oxygen species 
and the other is to impose a sulfate load on cells through 
a sulfate assimilation pathway [20, 27, 28]. In the experi-
ments presented in this report, ROS was produced exces-
sively in human colonic epithelial cells and mice colon tis-
sue response to DSS-induced stress, thereby accelerating 
apoptosis of colonocytes. GSH, an endogenous antioxidant 
that can restore cellular homeostasis by effectively inhibit-
ing the increase in ROS level [29], and SOD, an enzyme 
that eliminates excess ROS by alternately catalyzing the dis-
mutation of superoxide radical into either ordinary molec-
ular oxygen (O2) or hydrogen peroxide (H2O2) [30], were 
reduced, respectively, in human colonic epithelial cells and 
mice colon tissue after DSS treatment, indicating that DSS 
stimulation breaks the anti-oxidative systems in intestinal 
epithelium. In addition, lipid oxidation was increased in the 
proinflammatory stimulus of DSS exposure as evidenced by 
the MDA level [31]. Interestingly, administration of dande-
lion root extract could totally reverse all these phenotypes, 
suggesting that inhibiting apoptosis and colon injury by 
exogenous dandelion root extract was achieved by restoring 
the anti-oxidative systems.

Recently, dietary supplementation with generally used 
antioxidants such as vitamin E, carotenes and other anti-
oxidative agents has been demonstrated to virtually increase 
the risk of cancer and accelerate the progression of tumors 
[32–34]. Thus, enhancing the body’s own endogenous anti-
oxidant defense system may be a better choice for develop-
ing a potentially helpful therapy to attenuate or treat UC. 
Given that dandelion root extract can activate the endog-
enous anti-oxidative systems and is not toxic according to 
recent research [10], we believe that dandelion root extract 
will be beneficial in the treatment of UC.

NF-κB is an inflammation-associated signal that is sus-
ceptible to changes in the intracellular reduction–oxidation 
state [35]. NF-κB modulates transcriptional activity by spe-
cifically binding to DNA sequences in IL-8 that are involved 
in the inflammatory process of UC [36–38]. DSS exposure 
has been reported to induce an increase in NF-κB activa-
tion and IL-8 secretion in colonic epithelial cells directly 
through a distinct pathway activated by ROS, not involv-
ing the TLR4-MyD88 pathway of the innate pathway [20]. 

IL-8 subsequently induces secondary immune responses of 
inflammatory infiltrate [39]. Our results showed that dan-
delion root extract could decrease activation of the NF-κB 
pathway and secretion of IL-8 in human colonic epithelial 
cells.

The active constituents of dandelion root extracts are 
various terpenes, phenolic compounds and others [40]. 
Among the members of terpenes, the reported compound 
that is involved in anti-inflammatory activity is taraxasterol 
[12]. Taraxasterol administration ameliorates LPS-induced 
endotoxic shock in a murine model through meaningfully 
reducing secretion of inflammatory cytokines including 
TNF-α, IFN-γ, IL-1β, and IL-6 [41]. Additionally, a recent 
report revealed that the anti-inflammatory activity of tarax-
asterol probably results from its ability to block the NF-κB 
and MAPK signaling pathways [42]. Two ingredients in 
phenolic compounds that contribute to anti-inflammatory 
activity are chicoric acid and luteolin, which can relieve 
LPS-induced oxidative stress and inflammation in RAW 
264.7 macrophages [43]. Other potential active ingredients 
of dandelion root extract are polysaccharides, which repre-
sent hepatoprotective activity by modulating inflammatory 
responses and reducing oxidative stress in Sprague–Dawley 
rats [44]. All of the above-mentioned active ingredients may 
play an important role in DSS-induced colitis and need to be 
determined in the future.

Conclusion

Our results first showed that aqueous dandelion root extract 
has anti-inflammatory effects on human colonic epithelial 
cells as evidenced by increasing DSS-reduced cell viability 
and attenuating DSS-induced apoptosis, ROS, and NF-κB 
signal activation. In a mouse model of UC, treatment with 
dandelion root extract markedly ameliorated DSS-induced 
UC through controlling the inflammatory conditions and 
oxidative stress. Therefore, we can conclude that dandelion 
root extract, a complex mixture, can be an effective anti-
colitis drug and can provide a complementary alternative to 
currently available therapeutic intervention in UC.
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