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Ulcerative colitis (UC), chronic inflammatory bowel disease, is characterized by severe inflammation in the colon. 
Tea is one of the most popular beverages consumed worldwide. Pu-erh tea, a unique Chinese tea produced by microbial 

activities, possesses a broad range of health-promoting effects, including anti-aging, anti-Alzheimer's disease, anti-
oxidation and anti-obesity. However, the inhibitory effect of Pu-erh tea on intestinal inflammation and the underlying 
mechanism remain unclear. The present study was designed to evaluate the regulatory effect of Pu-erh tea extract (PTE) 
on dextran sulfate sodium (DSS)-induced colitis clinical signs by analyzing the weight loss and colon length in mice. 
The inhibitory effects of PTE on inflammatory mediators, such as interleukin (IL)-6 and tumor necrosis factor (TNF)-α, 
and the activation of nuclear factor-κB (NF-κB) were also determined in DSS-treated colitis tissue. We observed that 

PTE treatment significantly inhibited the DSS-induced clinical symptoms of weight loss, decrease,in colon length, and 
colon tissue damage in mice. Moreover, PTE attenuated the DSS-induced levels of IL-6 and TNF-α in colon tissue. We 
also demonstrated the anti-inflammatory mechanism of PTE by suppressing the activation of NF-κB in DSS-treated 
colon tissues. Collectively, the findings provide experimental evidence that PTE may be effective in preventing and 
treatment of intestinal inflammatory disorders, including UC. 
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INTRODUCTION 

 

Ulcerative colitis (UC), a typical inflammatory disorder 

of colon, can lead to an increased risk of colorectal cancer, 

and has shown a rapidly increasing trend in recent years 

(Yashiro, 2014). Typical symptoms of UC include bloody 

diarrhea, weight loss, and colonic mucosal ulceration in- 

flammation. Numerous studies have shown that there are 

multifactorial pathological factors involved in UC, including 

genetic, immune, infection-related and environmental factors 

(Choi et al., 2015). Currently, thiopurines, glucocorticosteroid, 

5-aminosalicylic acid and immunosuppressive agents have 

been widely used in clinical therapy of UC (Salice et al., 

2019). Unfortunately, side effect of these drugs restrict their 

clinical application after life- long use. Therefore, there is a 

need to develop new and effective alternatives for UC. 

Cytokines are important for the regulation of immune 

function. Inflammatory bowel disease is well-known to be 

associated with increased levels of inflammatory cytokines 

(Sands and Kaplan, 2007). Interleukin (IL)-6 and tumor 

necrosis factor (TNF)-α play crucial roles in the progression 
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of colitis (Mueller, 2002). Studies have shown that blood 

and colonic tissues from patients with UC exhibit increased 

IL-6 and TNF-α expression (Park et al., 2017). From this, 

therapeutic agent that reduces the levels of IL-6 and TNF-α 

may effectively ameliorate intestinal inflammation. 

Nuclear factor-κB (NF-κB) is a kind of transcription factor, 

which is participated in inflammatory process. Increased 

NF-κB activation has been reported to increase the devel-

opment of UC due to the induction of cytokines expression 

(Atreya et al., 2008). Recent studies have demonstrated that 

intestinal epithelial cells of UC patients exhibit increase of 

NF-κB activation (Skupsky et al., 2020). Consequently, use 

of agents that effectively suppress NF-κB has become an 

attractive strategy for UC managing. 

Tea is one of the most popular beverages worldwide. Pu-

erh tea, one of popular Chinese teas, has a broad range of 

health-improving properties, including prevention of neuro- 

degenerative disorders, type II diabetes and inhibition of 

tumor cell progression (Zhao et al., 2005; Du et al., 2012; 

Liu et al., 2018). However, there has been no information 

for the mechanism of Pu-erh tea underlying the efficacy of 

colitis. Therefore, we investigated whether Pu-erh tea can 

regulate acute colitis symptoms and evaluated its protective 

mechanim using a dextran sulfate sodium (DSS)-induced 

experimental colitis models. 

The aim of present research was designed to evaluate the 

regulatory effect of Puer tea extract (PTE) on the clinical 

features of DSS-induced colitis by measuring body weight 

loss and colonshortening in mice. The ameliorative effects 

of PTE on expression of IL-6, TNF-α and activation of 

NF-κB in DSS-treated colon tissue were also determined. 

 

MATERIALS AND METHODS 

Animals and Reagents 

BALB/c mice (male, 6-weeks-old) were purchased from 

Hyochang Science (Daegu, Korea). The mice were main- 

tained in a SPF environment for at least one week to allow 

them to adapt the environmental changes. Animals were 

kept under a 12-h light/dark cycle at room temperature (24 

±2℃) and humidity (56±10%). DSS was procured from 

MP Biomedical (Solon, OH, USA). Specific antibody against 

NF-κB was purchased from Santa Cruz Biotechnology 

(Santa Cruz, CA). Nuclear extraction reagent kit and en- 

hanced chemiluminesence (ECL) were procured from Pierce 

Thermo Scientific (Rockford, IL, USA). The ELISA assay 

kits for IL-6 and TNF-α were obtained from BD Biosciences 

(San Diego, CA, USA). 5-aminosalicylic acid (ASA), eosin 

and hematoxylin and other reagents were purchased from 

Sigma-Aldrich (St. Louis, MO, USA). 

Preparation of PTE 

The dried of Puer tea (200 g) was pulverized into a fine 

powder and decocted in 1 L of a distilled water for 3 h, and 

then concentrated under vacuum. The extract was filtered, 

freeze drying (Ilshinbiobase, ILSHINBIOBASE-FD, Korea) 

prior to being maintained at 4℃ (yield, 15.8%). The sam- 

ples were dissolved in PBS and filtered through a 0.22 μm 

syringe filter (GVS ABLUO, Fisher scientific, USA). 

Experimental Colitis model construction and treatment 

Colitis in mice was induced by administering 3% (w/v) 

DSS drinking water ad libitum for 14 days. The mice were 

inspected daily for body weight loss, stool consistency and 

gross bleeding. Mice were divided into 4 groups (n=6/ 

group): vehicle, DSS, DSS plus PTE (100 mg/kg) and DSS 

plus ASA (100 mg/kg). PTE and ASA were orally adminis- 

tered during DSS treatment once a day and after which the 

mice were sacrificed. 

Disease activity index (DAI) 

Intestinal disease activity was assessed based on weight 

loss, the presence of diarrhea accompanied by blood and 

mucus, and colonic shortening (Hendrickson et al., 2002). 

The colitis seriousness was measured by DAI assessment, 

a scoring system which includes three parts as described by 

Wirtz et al. (2017): body weight loss (0~4), degree of in- 

testinal bleeding (0~4) and stool consistency (0~4). The 

DAI values were determined by three investigators blinded 

to the protocol. 

Histological Evaluation 

The colon tissue was fixed in neutral buffered formalin 

(10%), dehydrated in grade ethanol, and embedded in par- 
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affin. Tissue sections were cut at 4 m on a rotary microtome, 

mounted on glass slides and dried. Sections were stained 

with H&E using standard instructions. 

Cytokine assay 

Colon tissues were excised, homogenized and extraction 

by protein extraction solution (Intron Biotechnology, Seoul, 

Korea). Following protein quantification using bicinchoninic 

acid protein assay reagent, the levels of IL-6 and TNF-α of 

colon tissue were determined using a specific ELISA kit 

according to the manufacturer's protocols. 

Western blot analysis 

Nuclear lysates were prepared by nuclear extraction 

reagent kit (Pierce Thermo Scientific, Rockford, IL, USA). 

After protein quantification, the sample was mixed with 2x 

sample buffer, separated by gel electrophoresis and trans- 

ferred to membranes. Membrane was blocked with skimmed 

milk (5%) and subsequently reacted with NF-κB p65 primary 

Abs. After washing, the membrane was incubated with 

secondary Abs for 1 h. After washing, protein bands were 

visualized using an enhanced chemiluminescence detection 

system (Thermo Fisher Scientific Inc. NJ, USA). 

 

 

Statistical analysis 

Results are represented as the mean ± S.D. The statistical 

analyses were performed using an independent t-test and 

ANOVA with a Tukey post hoc test. P < 0.05 was con- 

sidered significant. 

 

RESULTS 

Improving effect of PTE on DSS-induced weight loss 

The DSS-caused colitis model resemble human symp- 

toms of UC (Eichele et al., 2017). The DSS-induced clinical 

features (body weight loss, bloody diarrhea and colon short- 

ening) were confirmed in this model. First, regulatory effect 

of PTE on the weight loss in DSS-caused colitis was deter- 

mined. We observed that PTE group showed significant 

prevention of body weight loss induced by DSS (Fig. 1). 

Additionally, any other adverse except colitis features did not 

observed in PTE group. ASA has been used as a reference 

drug. 

Improving y effect of PTE on DSS-induced colon short- 

ening 

Shortening of colon length is a morphological indicator to 

determine degree of colitis symptoms (Nunes et al., 2018). 

We evaluated improving effect of PTE on the colon length 

shortening in DSS-induced colitis. 

As shown in Fig. 2A, the colon length in DSS-treated 

group was shorter than those of the control mice. However, 

PTE treatment alleviated the effect of DSS on colon short- 

ening. Relative colon length has been represented in Fig. 2B. 

Improvingeffect of PTE on DSS-induced disease activity 

index (DAI) and colonic injury 

DAI is a parameter to determine degree of colitis symp- 

toms (Wirtz et al., 2017). In order to evaluate the thera- 

peutic effects of PET on DSS induced colitis, the DAI were 

recorded. Our results indicated that DAI score significantly 

increased in DSS-treated group, whereas it was markedly 

attenuated in PTE group (Fig. 3A). Additionally, histological 

analysis of the colon showed that DSS-induced colonic in- 

juries, such as epithelial crypt and lamina propria damage, 

Fig. 1. Improving effect of PTE on DSS-induced the body weight 
loss in mice. Experimental colitis was induced by administering a 
3% DSS in the drinking water for 14 days. PTE (100 mg/kg) and 
ASA (100 mg/kg, the reference drug) were orally administered. 
Body weight was determined at the same time on the experimental 
days. Data were represented in the mean ± S.D. (n = 6) and results 
were analyzed by Tukey post hoc test (#P < 0.05 versus control, *P 
< 0.05 versus DSS alone). 
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was significantly alleviated after treatment with PTE (Fig. 

3B). As shown in Fig. 3C, the thickness of colon muscle 

layer were represented. 

Regulatory effect of PTE on DSS-induced inflammatory 

cytokine levels in colon tissue 

As an increase in inflammatory cytokine levels is asso- 

ciated with the physiological processes of UC (Ogata and 

Hibi, 2003), we investigated the effect of PTE on IL-6 and 

TNF-α expression in DSS-induced colon tissue. Colon tissue 

was excised and homogenized after the end of experiment. 

As shown in Fig. 4, DSS induced IL-6 and TNF-α expres- 

sion compared to the controls. However, enhanced IL-6 and 

TNF-α expression cause by DSS was markedly inhibited 

by PTE and ASA treatment in colon tissue. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Regulatory effect of PTE on DSS-induced NF-κB acti- 

vation in colon tissue 

To determine the molecular mechanism of PTE involve-

ment in inflammatory progress of UC, we evaluated that 

PTE regulate the DSS-induced NF-κB activation. NF-κB 

activation was remarkably enhanced in colon tissues of 

DSS-treated mice, and PTE administration attenuated the 

DSS-induced NF-κB activation (Fig. 5A). Relative levels 

of NF-κB were shown using an image analyzer (Fig. 5B). 

A 

B 

C 

Fig. 3. Improving effect PTE on DSS-induced the DAI increase
and colonic injury in mice. (A) DAI was calculated as described 
in Materials and Methods. (B) H&E staining was performed to 
evaluate the effect of PTE. (C) The relative thickness of muscle 
layer were represented. Data were shown in the mean ± S.D. (n = 
6) and results were analyzed by Tukey post hoc test (#P < 0.05 
versus control, *P < 0.05 versus DSS alone). 

Fig. 2. Improving effect of PTE on DSS-induced the colon 
length shortening in mice. (A) The colons were removed at day 
14 after DSS treatment, and the lengths of colon were measured. 
(B) Relative colon lengths were represented. Data were represented
in the mean ± S.D. (n = 6) and results were analyzed by Tukey 
post hoc test (#P < 0.05 versus control, *P < 0.05 versus DSS alone). 

A 

B 
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DISCUSSION 

 

Pu-erh tea is not only a popular tea, but also used in trad- 

itional Chinese medicine, which has many health-improving 

properties such as anti-oxidant, anti-obesity and anti-cancer 

and so on. However, information on the precise mechanism 

of Pu-erh tea on intestinal inflammation including UC re-

mains limited. The finding of this study demonstrated that 

PTE suppress colitis clinical signs, colonic injury and inflam- 

matory response induced by DSS, suggesting a mechanism 

by which PTE ameliorates intestinal inflammation in mice. 

UC is a inflammatory intestinal disorder and can lead to 

an increased risk of colorectal cancer. The features of UC 

are characterized by colonic mucosal ulceration, bloody diar- 

rhea, and abdominal pain. Many other complicated factors, 

including genetic, immune, infection-related and environ- 

mental factors, are involved in the pathogenesis of UC 

(Danese et al., 2004). Therapeutic agents for UC treatment 

include glucocorticosteroids, 5-ASA, sulfasalazine, immu- 

nosuppressants (Domenech, 2006). However, these have 

serious side effects for long-term use. Therefore, new and 

effective alternative agents for UC need to be developed. In 

this study, we determined the improving effect of PTE in 

DSS-induced colitis. The DSS-induced clinical signs of UC 

are body weight change, colon shortening and bloody diar- 

rhea (Ardizzone and Bianchi, 2005). We confirmed that mice 

treated with PTE suppressed body weight loss and colon 

shortening induced by DSS. DAI value, which were scored 

using major clinical features (body weight changes, diarrhea, 

and rectal bleeding extent), was markedly higher than that 

of the control. However, DAI increases caused by DSS were 

markedly inhibited in groups administered PTE. Additionally, 

histological analysis of the colon showed that treatment with 

PTE improved DSS-induced colonic injury, such as epithe- 

lial crypt and lamina damage. These results demonstrated 

Fig. 4. Regulatory effect of PTE on the inflammatory cytokines
levels in DSS-induced colitis tissue. At the end of the experiment,
the colon tissues were excised and homogenized. Following protein
quantification, the levels of IL-6 and TNF-α in colonic tissue were
assayed using ELISA assay kits (Data shown are expressed as the 
means ± S.D. (#P < 0.05 versus control, *P < 0.05 versus DSS 
alone). 

Fig. 5. Regulatory effect of PTE on the NF-κB activation in in 
DSS-treated colon tissue. The colon tissues were excised and 
homogenized. Following protein quantification, nuclear extracts in
colonic tissue were prepared by nuclear extraction reagent kit. (A) 
The levels of NF-κB p65 were assayed by Western blot analysis. 
(B) The relative ratio of NF-κB p65 was calculated using an image
analyzer. Data shown are expressed as the means ± S.D. (#P < 
0.05 versus control, *P < 0.05 versus DSS alone). 

A 

B 
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that PTE exerts anti-colitis activity by regulation the clinical 

symptoms of colitis and colonic injury caused by DSS in 

mice. Recent reports have shown that inflammatory cytokine 

is associated with the pathogenesis of intestinal inflammation, 

including UC (Mueller, 2002). IL-6 and TNF-α levels have 

been reported to be elevated in patients with UC and play an 

integral role in UC pathogenesis (Sands and Kaplan, 2007). 

Another previous study found that IL-6 and TNF-α are key 

contributors to UC carcinogenesis (Mudter and Neurath, 

2007). Thus, we determined the ameliorative effect of PTE 

the IL-6 and TNF-α expression levels in DSS-induced colon 

tissue. Our results show that the PTE inhibited the DSS-

induced increase of IL-6, TNF-α expression in colon tissue. 

Thus, we suggest that anti-inflammatory activity of PTE 

might be associated with the regulation of inflammatory 

cytokines, including IL-6, TNF-α in DSS-induced colon 

tissue. 

Numerous reports have shown that NF-κB activation is 

involved in pathogenesis of UC (Tak and Firestein, 2001). 

Increase of inflammatory cytokines is dependent on activa- 

tion of NF-κB during intestinal inflammation (Skupsky et 

al., 2020). NF-κB has been reported to be highly expressed 

in intestinal mucosal epithelium, epithelial cells and crypt of 

patients with UC (Chung et al., 2014). Additionally, several 

studies have shown that NF-κB plays an integral role in the 

disruption of epithelial barrier function (Atreya et al., 2008). 

Therefore, inhibitions of NF-κB activation have been dem- 

onstrated as a novel strategy for UC. Our results revealed that 

DSS-induced NF-κB activation was remarkably inhibited 

by PTE treatment in colitis tissue. These results indicated 

that PTE attenuates intestinal inflammation by blocking NF-

κB activation in colitis. Although we confirmed the role of 

PTE in the attenuation of NF-κB activation in colitis, the 

regulatory mechanism of PTE on other pathways were not 

elucidated. Therefore, further studies are required to deter- 

mine the exact mechanism of PTE in regulation of intestinal 

inflammatory response. 

Collectively, our results indicate that PTE possess anti-

colitis activity by relieving of the clinical symptoms and 

colonic damage against DSS-induced colitis. Moreover, we 

demonstrate that anti-colitis effect of PTE can attributed to 

the suppression of NF-κB activation and subsequent down-

regulation of inflammatory cytokines expression levels in 

colon tissue. These results provide experimental evidence 

that PTE might be an efficacious and promising therapeutic 

candidate for treatment of intestinal inflammatory disorders, 

including UC. 
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