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Abstract. The aim of the present study was to investigate 
the therapeutic effect of Pulsatilla decoction (Pd) on ulcer‑
ative colitis (uc) and to elucidate its potential molecular 
mechanisms. c57Bl/6 mice expressing natural killer (nK)1.1 
were used as experimental animals in the present study and 
a model of oxazolone‑induced colitis was established. Mice 
were randomly divided into the following five groups: i) PD 
group; ii) oxazolone‑induced colitis group; iii) il‑13 interven‑
tion group; iv) 5‑aminosalicylic acid positive control group; 
and v) negative control group (equal volume saline gavage). 
a total of 10 animals were used in each group. The effects 
of Pd on uc and the association between this regimen and 
the Pi3K‑akt‑mTorc1 signaling pathway were evaluated by 
disease activity index (dai), hematoxylin and eosin staining, 
reverse transcription‑quantitative Pcr (rT‑qPcr), immu‑
nofluorescence assay, ELISA and western blotting. The UC 
models were successfully established by injecting oxazolone 
gavage solution. clinical colitis evaluation and histological 
examination revealed that Pd reduced the dai values in 
oxazolone‑induced colitis in mice and the degree of infiltra‑
tion in NK1.1 cells. PD significantly reduced the secretion of 
il‑13, as determined using an eliSa. in addition, western 
blotting and rT‑qPcr analyses demonstrated that Beclin1 and 
lc3ii/i expression levels were downregulated following treat‑
ment of the mice with Pd. in addition, Pd not only partially 
restored alterations in the expression of tight junction proteins 
in the colon tissues, but also suppressed the activation of the 
Pi3K‑akt‑mTorc1 signaling pathway. The data indicated 
that this regimen could alleviate oxazolone‑induced uc in 
mice, which could significantly reduce tissue inflammation 

and autophagy. The mechanism of action was associated with 
the Pi3K‑akt‑mTorc1 signaling pathway.

Introduction 

Ulcerative colitis (UC) is a chronic and idiopathic inflamma‑
tory disease of the colon, which is characterized by abdominal 
pain and mucopurulent bloody stools (1). This digestive system 
disease seriously affects patients' ability to work and their 
quality of life (2). uc can lead to colon cancer following 
long‑term recurrence (1,2). uc is a chronic non‑specific 
inflammatory disease of the colon and rectum with unclear 
etiology, which is confined to the large intestinal mucosa and 
submucosa (3). The lesions mostly occur in the sigmoid and 
rectum but can also extend to the descending colon and even 
to the entire colon (3). 

The majority of patients with uc have a mild disease that 
is mainly treated with 5‑aminosalicylic acid (5‑aSa), whereas 
patients with severe disease require hormone‑induced remis‑
sion (4,5). It can change the transcription of inflammatory 
genes, and play anti‑inflammatory and immunosuppres‑
sive roles, therefore it is the preferred therapeutic drug for 
patients with severe uc (4). However, in some patients, the 
oral drugs reach the distal colon, i.e., the second colon, or 
even part of the descending colon, at a low concentration, 
which makes it difficult to exert the efficacy and this is the 
site where uc is most likely to occur (5). Suppositories can 
only act on the rectal mucosa, so the inflammation of the 
distal colonic mucosa is often prolonged (1,2). The drugs used 
often cause different degrees of bone marrow suppression 
and immunosuppression, leading to leukopenia (6). They can 
also induce tuberculosis and the formation of tumors (7). as a 
result, research exploring more effective treatments for uc is 
gaining considerable interest.

in recent years, herbal medicine has been characterized 
as one of the most common alternative and complementary 
therapeutic modalities that has been shown to be effective in 
treating uc (8). The biological activity of herbal medicine has 
been explored in terms of basic research and in terms of its 
clinical application (6,7). it is of note that the combination of 
chinese and Western medicine has been shown to be more 
effective than single conventional treatment for uc (8,9). 
The most famous Traditional chinese medicine (TcM) used 
is Pulsatilla decoction (Pd) (10). The successful application 

Pulsatilla decoction alleviates colitis by enhancing autophagy 
and regulating PI3K‑Akt‑mTORC1 signaling pathway

XueWei WanG*,  liJun Xu*,  Tao WanG,  Jian Xu,  FuGanG Fan,  Yu ZHanG,  JinPin WanG  and  Qin cao

division of Gastroenterology, Putuo Hospital, Shanghai university of Traditional chinese Medicine, 
Shanghai 200062, P.r. china

received July 28, 2020;  accepted april 7, 2021

doi: 10.3892/mmr.2022.12624

Correspondence to: dr Qin cao, division of Gastroenterology, 
Putuo Hospital, Shanghai university of Traditional chinese Medicine, 
164 lanxi road, Shanghai 200062, P.r. china
e‑mail: caoqin434@126.com

*contributed equally

Key words: Pulsatilla decoction, ulcerative colitis, autophagy, 
Pi3K‑akt‑mTorc1



WanG et al:  PulSaTilla decocTion can alleViaTe coliTiS2

of Pd suggests that herbal medicine may be a promising 
alternative therapy for the treatment of patients with uc (9).

UC mucosal immune inflammation is characterized by the 
accumulation of antigen‑presenting cells, such as dendritic 
cells or the MHc‑i‑like molecule cd11d cells, which are 
present on the surface of colon epithelial cells (10). a previous 
study demonstrated that uc is associated with the presence 
of non‑invasive (type ii) natural killer (nK)T cells, which 
produce il‑13 and mediate cytotoxicity of epithelial cells (11). 
nKT cells secreting il‑13 is responsible for the primary 
inflammation caused in UC, and is a key molecular mediator 
that can induce colon epithelial cell apoptosis, inhibit the 
expression of intercellular tight junction proteins and prevent 
the reformation of epithelial cells, leading to epithelial barrier 
damage and causing intestinal bacteria translocation and 
further activation of macrophages, neutrophils, eosinophils, 
nKT and T cells (12). Therefore, the secretion of il‑13 by 
nKT cells is a key initiating event in uc.

Pd is derived from Zhang Zhongjing's ‘Shang Han lun’ 
and consists of four herbs, including radix pulsatillae (11), 
cortex fraxini, cortex phellodendri and rhizoma coptidis, 
which are effective in adjusting homeostasis and can induce 
anti‑fungal effects in vitro (12). The nuclear transcription 
factor (13), nF‑κB, is important in monitoring the develop‑
ment and progression of inflammatory bowel diseases by 
regulating the expression levels of a wide range of pro‑inflam‑
matory cytokines (13). clinical studies have reported that Pd 
significantly suppresses the activation of the NF‑κB signaling 
pathway and cytokine expression, while it modulates the 
imbalance in the expression levels of the proinflammatory 
factor TnF‑α and the anti‑inflammatory factor IL‑10 (14‑16). 
in a previous study, an oxazolone‑induced colitis model was 
established in BalB/c mice, which demonstrated typical 
symptoms of uc, such as diarrhea, hematochezia and weight 
loss, apparent hyperemia, edema and exudation in the diseased 
colon, pathological changes of chronic inflammation in the 
mucosa and a significant increase in the expression levels of 
the characteristic uc cytokines il‑13 (14,15). in the present 
study, the therapeutic effects of Pd were investigated in an 
oxazolone‑induced colitis model and its underlying molecular 
mechanism was elucidated.

Materials and methods

Establishment of a C57BL/6 murine model of oxazolone-
induced colitis. a total of 50 male c57Bl/6 mice (age, 
8 weeks; weight, 20 g; SPF grade) expressing natural killer 
(nK)1.1 were provided by Shanghai Slac laboratory 
animal co., ltd., and housed in a specific‑pathogen‑free 
environment under normal conditions of humidity (50±5%) 
and temperature (25±2˚C) with a 12‑h light/dark cycle and 
access to food and water ad libitum. The mucosal immune 
response of uc is a Th2 lymphocytic‑like response mediated 
by nKT cells. Therefore, nK1.1‑expressing mice were used 
as the research subjects. Subsequently, on day 1, the mice 
were anesthetized with 35‑40 mg/kg pentobarbital sodium 
intraperitoneally and shaved on the back between the shoul‑
ders, subsequently a 2x2 cm area of skin was exposed, which 
was treated with 200 µl sensitizing solution (Sigma‑aldrich; 
Merck KGaa). on the day 2, the animals developed an allergic 

reaction. on day 5, fasting was initiated. on day 6, following 
pentobarbital sodium anesthesia, a 3.5 F hose, lubricated with 
sterile paraffin oil (Sangon Biotech co., ltd.) was slowly 
inserted into the anus of the mouse (distance, 4 cm). a total 
of 150 µl oxazolone gavage solution (Sigma‑aldrich; Merck 
KGaa) was slowly injected and the catheter was removed. The 
head of the animal was kept down in a vertical position for 
60 sec in order to leave the oxazolone solution in the intestinal 
lumen. all protocols were reviewed and approved by the ethics 
committee of Shanghai university of Traditional chinese 
Medicine (approval no. 0015; Shanghai, china).

Preparation and intragastric administration of water-soluble 
extracts of PD. Pd (16) was made up of 30 g radix pulsatillae, 
9 g cortex fraxini, 5 g cortex phellodendri and 12 g rhizoma 
coptidis (all purchased from longhua Hospital Shanghai 
university of Traditional chinese Medicine; Shanghai, china). 
To obtain the water‑soluble extracts, the samples were extracted 
using ethanol, and then concentrated, dried and powdered (17). 
The samples extracted by alcohol were autoclaved and stored 
at 4˚C. The mice were randomly divided into the following five 
groups, with 10 mice in each group: i) Pd group; ii) oxazo‑
lone‑induced colitis group; iii) il‑13 (1 mg/kg body weight) 
intervention using anti il‑13 (PeproTech; cat. no. 500‑P178) 
group; iv) 5‑aSa (cat. no. 461814‑25G; Sigma‑aldrich; Merck 
KGaa; 20 mg/g body weight) positive control group; and 
v) negative control group (equal volume saline gavage). The 
Pd extracts (20 mg/g body weight) were administered intra‑
gastrically to the oxazolone‑induced colitis mice once a day 
for 7 days.

Assessment of clinical colitis in mice. The disease activity 
index (dai) was used to evaluate the grade and extent of 
intestinal inflammation according to an established index 
system (18). during the treatment, the body weight, stool char‑
acteristics and the degree of bloody stool were recorded daily 
and were subsequently assessed using a dai scoring system. 
The body weight change in each mouse was calculated using 
the following formula: dai=[(percent weight loss + diarrheal 
stool score + bloody stool score)]/3. The scores ranged from 
0 to 4, including the following three parameters: Weight loss, 
stool consistency and rectal bleeding.

Reverse transcription-quantitative PCR (RT-qPCR). rT‑qPcr 
was used to evaluate mrna expression in different colon 
tissue groups. The extraction of total rna was performed 
using Trizol® reagent (Invitrogen; Thermo Fisher Scientific, 
inc.) according to the manufacturer's instruction. next, puri‑
fied rna was subjected to rT using the PrimeScript rT 
reagent kit (Takara Bio, inc.). rT‑qPcr was performed using 
SYBr Green qPcr Master Mix (Takara Bio, inc.) as follows: 
Initial degeneration at 95˚C for 30 sec, followed by 40 cycles of 
95˚C for 5 sec and 60˚C for 30‑60 sec. The relative expression 
of mrna (normalized against actin) was calculated by the 
2‑ΔΔcq method (19).

The following primers were used for each target gene: 
Beclin‑1 forward, 5'‑ccc aGc caG GaT GaT GTc Tac‑3' 
and reverse, 5'‑aGG TcT cca GTG acc TTG aGT‑3'; lc3B 
forward, 5'‑ccG TaG TTc GcT GTa cGa GG‑3' and reverse, 
5'‑aac Tca cGT cGG aTG Tcc aG‑3'; Pi3K forward, 
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5'‑cTG Gaa TGT GTG GcT GGa GT‑3' and reverse, 5'‑aGG 
aGG aaG cGG TGG TcT aT‑3'; akt forward, 5'‑aTG aac 
Gac GTa Gcc aTT GTG‑3' and reverse, 5'‑TTG TaG cca 
aTa aaG GTG cca T‑3'; mTorc1 forward, 5'‑aTc GTG cTG 
TTG GGT GaG aG‑3' and reverse, 5'‑TGG aTc Tcc aGc TcT 
ccG aa‑3'; autophagy‑related protein 13 (aTG13) forward, 
5'‑TGG acc aTc aac cGG aaa cT‑3' and reverse, 5'‑caa 
GGG TaT Gca GcT GTc ca‑3'; zona occludens protein 1 
(Zo‑1) forward, 5'‑caT GGc cGG Gaa TGa TGa Ga‑3' and 
reverse, 5'‑TGa aac TcT TGc cTc GTc cG‑3'; claudin‑2 
forward, 5'‑GaT cGG cTc caT cGT caG c‑3' and reverse, 
5'‑TGT TGG GTa aGa GGT TGT TTT cc‑3'; and GaPdH 
forward, 5'‑aGG TcG GTG TGa acG GaT TTG‑3' and reverse, 
5'‑TGT aGa cca TGT aGT TGa GGT ca‑3'. 

ELISA. eliSa kits (cat. no. ab219634; abcam) were used to 
detect the amount of secretory il‑13 in the serum and the 
expression of myeloperoxidase (MPo; cat. no. Pa5‑16672, 
Gibco; Thermo Fisher Scientific, Inc.) in the colon tissues of 
the mice, according to the manufacturer's instructions. The 
od value was measured at 450 nm using a microplate reader 
(Thermo Fisher Scientific, Inc.) and the concentration was 
calculated using a standard curve.

Hematoxylin and eosin (H&E) staining. colonic mucosal nKT 
cell infiltration was observed using H&E staining. The Chiu's 
scoring system was used to quantitatively determine the histo‑
logical scores of the intestine (20). Following 7 days of growth, 
the mice were sacrificed by decapitation and 10 cm colonic 
mucosa was removed from four mice in each group, washed 
with PBS and fixed in 10% natural buffered formalin at room 

temperature for 30 min. The fixed tissues were embedded 
in paraffin, cut into tissue sections (5‑µm thick) and stained 
with H&E (25˚C; 3 h; Beyotime Institute of Biotechnology). 
The slides were examined with a light microscope (nikon 
corporation) and the data derived were qualitatively evaluated 
with QWin software 3.1 (leica Microsystems, inc.) using the 
following parameter: NKT cell infiltration.

Western blot analysis. Frozen colonic tissues in liquid 
nitrogen were mechanically homogenized (20% w/v) in lysis 
buffer (pH 7.4) containing 0.1 mM edTa, 20 mM HePeS, 
12.5 mM Mgcl2, 150 mM 0.1% nonidet P40, nacl, 1 mM 
dithiothreitol, 0.2 mM phenylmethylsulfonyl fluoride, and 
1 µg/ml leupeptin, aprotinin and pepstatin. Homogenates 
were sonicated (120 Hz; 4˚C; 20 min) and subsequently 
centrifuged for 10 min at 12,000 x g at 4˚C. Protein concentra‑
tion was assessed using a Bca assay kit (Beyotime institute 
of Biotechnology). equivalent quantities (20 µg) of protein 
from the cell lysates were loaded onto 15% gels (Beyotime 
institute of Biotechnology), separated via SdS‑PaGe and 
then separated proteins were transferred onto polyvinylidene 
fluoride membranes (EMD Millipore). The membranes were 
blocked with 5% non‑fat milk in Tris‑buffered saline (25˚C; 
30 min) at room temperature and subsequently incubated 
with primary antibodies (4˚C; overnight) against Beclin‑1 
(1:1,000; cat. no. 3738; cell Signaling Technology, inc.), lc3B 
(1:1,000; cat. no. 43566; cell Signaling Technology, inc.), 
Pi3K (1:1,000; cat. no. 4255; cell Signaling Technology, inc.), 
akt (1:1,000; cat. no. 4691; cell Signaling Technology, inc.), 
mTorc1 (1:1,000; cat. no. 10441‑1‑aP; ProteinTech Group, 
inc.), phosphorylated (p)‑MTorc1 (1:1,000; cat. no. 5536; 

Figure 1. PD alleviates the symptoms of ulcerative colitis in mice. (A) Representative images from H&E‑stained sections of the colon derived from different 
groups of mice. Magnification, x200. (B) H&E and (C) DAI scores of oxazolone‑induced colitis mice were measured following oral administration of PD, 
anti‑il‑13 intervention or 5‑aSa for 7 days. The data are representative of three independent experiments and are expressed as the mean ± standard deviation. 
*P<0.05, **P<0.01 vs. normal control group; ##P<0.01 vs. model control group. PD, Pulsatilla decoction; H&E, hematoxylin and eosin; DAI, disease activity 
index; 5‑aSa, 5‑aminosalicylic acid.
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cell Signaling Technology, inc.), aTG13 (1:1,000; 
cat. no. 13273; cell Signaling Technology, inc.), occludin 
(1:1,000; cat. no. 91131; cell Signaling Technology, inc.), 
Zo‑1 (1:1,000; cat. no. ab59720; abcam), claudin‑2 (1:1,000; 
cat. no. 48120; cell Signaling Technology, inc.) and GaPdH 
(1:1,000; cat. no. 5174; cell Signaling Technology, inc.) over‑
night at 4˚C. The following day, the membranes were rinsed 
using TBS with 1% Tween‑20 three times for 8 min each, 
followed by incubation at room temperature for 1 h with goat 
anti‑rabbit horseradish peroxidase‑conjugated secondary anti‑
body (1:1,000; cell Signaling Technology, #7074, inc.). The 
membranes were washed three times and detected using ecl 
reagent (1:1,000; cell Signaling Technology, inc.). Finally, the 
densitometry was analyzed by image J v1.8.0.112 software 
(national institutes of Health).

Immunofluorescence. lc3B expression levels were analyzed 
by immunofluorescence in colonic tissues. The 2‑µm 
paraffin‑embedded sections of the colon tissue sections (4% 
PFA; 25˚C; 24 h) were dewaxed, rehydrated with gradient 
alcohol, subjected to antigen repair (100˚C) and subsequently 
rinsed three times with 0.01M PBS (25˚C) with 0.1% Tween‑20 
(PBST). The sections were blocked (25˚C) with 5% BSA and 
0.3% Triton X‑100 for 1 h, placed in a wet box for an additional 
1 h and incubated with a primary antibody against lc3B 
(1:1,000; cat. no. 43566; cell Signaling Technology, inc.) 
at 4˚C overnight. The following day, the samples were washed 
three times with PBS for 5 min each time and then was incu‑
bated with alexa‑488‑conjugated donkey secondary antibody 
against rabbit antibody (1:3,000; cell Signaling Technology, 
inc.; cat. no. 4412). The nuclei were counterstained with 
10 µg/ml DAPI (25˚C; 3 min) at room temperature. The images 
were captured using an olympus fluorescent microscope 
(olympus corporation).

Statistical analysis. The results are presented as the 
mean ± standard deviation. all data presented are represen‑
tative of ≥3 experiments. Statistical analysis was conducted 
using GraphPad Prism 6.2 software (GraphPad Software, inc.) 
and significance was determined using two‑way ANOVA and 
dunnett's multiple comparisons test. P<0.05 was considered to 
indicate a statistically significant difference.

Results

PD alleviates the symptoms of UC in mice. in order to inves‑
tigate the therapeutic effect of Pd on colitis, the present study 
induced colitis in a mouse model by skin pre‑sensitization and 
colonic administration of oxazolone. The results indicated 
that the mice injected with oxazolone developed diarrhea, 
bloody stool and weight loss. Histological changes, such as 
monocyte infiltration, intestinal wall thickening, mucosal 
hyperplasia and distortion of crypt structures, were observed 
in the model group compared with the normal control group 
(Fig. 1A). Concomitantly, it was found that PD significantly 
reduced H&E and DAI scores compared with the control 
(Tables i and ii). These effects were also noted with il‑13 
intervention and oral administration of 5‑aSa (Fig. 1a‑c). 
These findings indicated that PD mitigated the severity of 
oxazolone‑induced colitis in mice.

PD inhibits oxazolone-induced colitis inflammation. The 
length of the colon is considered an indirect indicator of 
inflammation and is negatively correlated with the severity of 
colitis (21). in addition, the effects of Pd were investigated on 
inflammation of oxazolone‑induced colitis. The colon tissues 
were significantly longer and lighter in the normal control, 
il‑13 intervention, 5‑aSa and Pd groups compared with 
those of the model group; Fig. 2a‑c). The accumulation of 
MPo in the colon is a marker of neutrophil entry into the 
tissue and IL‑13 is an inflammatory cytokine characteristic of 
UC. The ELISA results indicated that PD caused a significant 
reduction in the levels of MPo in the colon tissues and a 
significant decrease in serum IL‑13 levels compared with the 
model group (Fig. 3a and B). The same results were found 

Table i. damage to the intestinal mucosa was graded using 
chiu's scoring system.

Feature Score description

Inflammation severity 0 None
 1 Mild
 2 Moderate
 3 Severe
Inflammation extent 0 None
 1 Mucosa
 2 Submucosa
 3 Transmural
crypt damage 0 none
 1 Basal 1/3 damage
 2 Basal 2/3 damage
 3 crypt lost; surface
  epithelium present
 4 crypt and surface
  epithelium lost
% of colon involvement 0 0%
 1 1‑25%
 2 26‑50%
 3 51‑75%
 4 76‑100%

Table ii. dai scoring system in oxazolone‑induced colitis 
mice.

 Weight FoB/bloody Stool
Score loss, % stool consistency

0 none normal normal
1 1‑5  
2 5‑10 loose stools FoB (+)
3 10‑20  
4 >20 diarrhea Bloody
   stool

dai, disease activity index; FoB, fecal occult blood.
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in the il‑13 and 5‑aSa groups compared with model group 
(Fig. 3a and B). These findings illustrated that Pd could 
inhibit oxazolone‑induced colitis inflammation.

PD inhibits the activation of autophagy by regulating LC3 and 
Beclin1 expression. To assess the levels of autophagy in the colon 
tissues, western blotting, immunofluorescence and RT‑qPCR 
assays confirmed that the percentage of cells with low LC3 fluo‑
rescence intensity was significantly higher compared with that 
of the normal control group (Fig. 4a and B). The mrna and 
protein expression levels of Beclin1 and lc3 were upregulated 

in the model group compared with control (Fig. 5a‑e). However, 
Beclin1 and LC3 expression levels significantly decreased when 
the mice were administered Pd, 5‑aSa or il‑13 (Fig. 5a‑e). 
This indicated that PD significantly inhibited tissue autophagy 
in oxazolone‑induced colitis. in order to further investigate the 
molecular mechanism of action of Pd, the expression levels of 
the associated molecules in the Pi3K‑akt‑mTorc1 signaling 
pathway were investigated via western blotting and rT‑qPcr 
assays. The results demonstrated that Pi3K, akt, mTorc1 and 
ATG13 expression levels were significantly downregulated in 
the Pd, 5‑aSa or il‑13 intervention groups (Fig. 6a‑d). in 

Figure 3. PD inhibits ulcerative colitis inflammatory response. Expression levels of the inflammatory cytokines (A) MPO and (B) IL‑13 were determined in 
colon tissues by eliSa. The data are representative of three independent experiments and are expressed as the mean ± standard deviation. *P<0.05, **P<0.01 
vs. normal control group; ##P<0.01 vs. model control group. Pd, Pulsatilla decoction; MPo, myeloperoxidase; 5‑aSa, 5‑aminosalicylic acid.

Figure 2. Pd reduces colon weight and length. (a) The length and weight were evaluated from the different groups of mice. Statistical analysis of colon 
(B) weight and (c) length. The data are representative of three independent experiments and are expressed as the mean ± standard deviation. *P<0.05, **P<0.01 
vs. normal control group; #P<0.05, ##P<0.01 vs. model control group. Pd, Pulsatilla decoction; 5‑aSa, 5‑aminosalicylic acid.
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Figure 5. Pd downregulates the expression levels of autophagy‑associated genes and proteins. detection of autophagy‑associated expression via 
(a‑c) western blotting and (d and e) reverse transcription‑quantitative Pcr. The data are representative of three independent experiments and are 
expressed as the mean ± standard deviation. *P<0.05 **P<0.01 vs. normal control group; #P<0.05, ##P<0.01 vs. model control group. Pd, Pulsatilla decoction; 
5‑aSa, 5‑aminosalicylic acid.

Figure 4. effect of Pd on autophagy in oxazolone‑induced colitis tissue. (a and B) expression levels of lc3 in the colon tissues of oxazolone‑induced 
colitis mice treated with different drugs were detected using immunofluorescence analysis. The data are representative of three independent experiments 
and are expressed as the mean ± standard deviation. *P<0.05, **P<0.01 vs. normal control group; ##P<0.01 vs. model control group. Pd, Pulsatilla decoction; 
5‑aSa, 5‑aminosalicylic acid.
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Figure 6. Protective effects of Pd against oxazolone‑induced colitis are exerted via regulation of the Pi3K‑akt‑mTorc1 signaling pathway. (a‑d) assessment 
of the mrna expression levels of the Pi3K‑akt‑mTorc1 signaling pathway members. (e and F) Protein expression of the Pi3K‑akt‑mTorc1 signaling 
pathway was detected by western blot analysis. The data are representative of three independent experiments and are expressed as the mean ± standard 
deviation. **P<0.01 vs. normal control group; #P<0.05 vs. model control group. Pd, Pulsatilla decoction; 5‑aSa, 5‑aminosalicylic acid; p‑, phosphorylated; 
aTG13, autophagy‑related protein 13.
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addition, western blot analysis indicated that the of p‑aKT, 
p‑mTorc1 and aTG13 expression levels were increased in the 
model group compared with the control group; however, expres‑
sion levels were decreased in the Pd, 5‑aSa and il‑13 groups 
compared with the model group. There was no change in the 
expression levels of akt or mTorc1.

(Fig. 6e and F). Therefore, these results suggested that 
the protective effects of Pd against oxazolone‑induced colitis 
were exerted via the regulation of the Pi3K‑akt‑mTorc1 
signaling pathway.

PD protects the colon epithelial barrier through alteration of 
tight junction protein expression. Several studies have shown 
that the expression levels of tight junction proteins found 
between intestinal epithelial cells, are affected in inflammatory 
bowel disease, leading to alterations in tight junction structure 
and function (10,22). Therefore, to determine whether Pd 
maintains the integrity of the intestinal barrier, occludin and 
Zo‑1 expression levels were detected. The data indicated that 
they were decreased, whereas claudin‑2 levels were increased 
compared with model (Fig. 7a‑c). The relative mrna expres‑
sion levels of these markers including occludin and Zo‑1were 
altered compared with model (Fig. 7a) following Pd treat‑
ment. These results suggested that Pd protected the intestinal 
barrier by altering the expression levels of the colonic tissue 

tight junction proteins, which were induced by inflammatory 
stimuli.

Discussion

numerous clinical studies have shown that TcM has unique 
advantages in the treatment of uc and that the majority of 
the herbal preparations exhibit optimal clinical therapeutic 
significance (8,23). The treatment process of UC involves 
immune regulation and modulation of cytokine levels, 
signaling pathways and associated gene expression levels (18). 
These molecular events are interconnected through a variety 
of mechanisms in UC, so as to relieve intestinal inflamma‑
tion, restore the normal structure and function of the colonic 
mucosa and achieve optimal treatment efficacy (24‑27). The 
use of Pd was first recorded ~1,800 years ago by Zhang 
Zhongjing in his book ‘Treatise on Febrile diseases’, and 
was a famous prescription for treating eczema (16,28). 
Therefore, in the present study, the efficacy of PD was briefly 
assessed in oxazolone‑induced colitis and its molecular 
mechanisms were examined with regard to the modulation 
of the Pi3K‑akt‑mTorc1 and autophagy‑related signaling 
pathways.

in the present study, the serum levels of il‑13 and the 
colon tissue levels of MPo were measured in mice with uc 

Figure 7. Pd protects the colon epithelial barrier through alteration of tight junction proteins. (a) reverse transcription‑quantitative Pcr analysis of occludin, 
Zo‑1 and claudin‑2 in oxazolone‑induced colitis tissues. (B and c) occludin, Zo‑1 and claudin‑2 expression levels were detected by western blot analysis. The 
data are representative of three independent experiments and are expressed as the mean ± standard deviation. **P<0.01 vs. normal control group; #P<0.05 vs. 
model (anti il‑13) group. Pd, Pulsatilla decoction; Zo‑1, zona occludens protein 1.
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in order to investigate the possible immunomodulatory effects 
of Pd on uc. The results indicated that il‑13 and MPo levels 
in model mice were significantly higher than those in the 
control group, suggesting that increased il‑13 and MPo levels 
were consistent with intestinal mucosal injury and inflamma‑
tion and that they could serve as an indicator of uc activity, 
which was consistent with the results reported in previous 
studies (29‑32). These data also verified that proinflamma‑
tory cytokines caused the intestinal mucosa to produce an 
excessive inflammatory response, thereby triggering intestinal 
injury. The expression levels of il‑13 and MPo were inhibited 
and the histological and dai scores were reduced in the treat‑
ment group. The weight and length of the colon tissue were 
significantly decreased in the treatment group, indicating that 
this effect was consistent with previous findings (16). Overall, 
the results highlighted that Pd could effectively alleviate the 
inflammation and severity of colitis in mice.

Numerous studies that examined the efficacy of herbal 
products were not successful in evaluating their mechanisms 
of action (14), which hindered their widespread application. 
Based on the results of the present study showing reduced 
inflammation following PD treatment, it was speculated that 
the therapeutic effect of Pd may be associated with the modu‑
lation of the intracellular signaling transduction pathway. it has 
been shown that the Pi3K‑akt‑mTorc1 signaling pathway is 
also involved in the differentiation and maturation of inKT 
cells (33‑36). To assess whether the Pi3K‑akt‑mTorc1 
signaling pathway is involved in regulating inflammation, 
the mrna and protein expression levels of lc3, Beclin1 
and several of the Pi3K‑akt‑mTorc1 signaling pathway 
members were assessed via rT‑qPcr, western blotting and 
immunofluorescence analyses. Following PD or IL‑13 admin‑
istration, both mrna and protein phosphorylation levels of 
the PI3K‑Akt‑mTORC1 signaling pathway were significantly 
decreased, and total protein expression was not influenced. 
The results revealed that the expression levels of these 
target genes were significantly increased in the model group 
compared with those noted in the control group, indicating 
that the Pi3K‑akt‑mTorc1 signaling pathway was activated 
in the uc model group.

Previous studies have reported that impaired expression 
of intestinal epithelial tight junction proteins in inflammatory 
bowel disease leads to alterations in tight junction structure 
and function, resulting in damage to the intestinal epithelial 
barrier (37‑39). Subsequently, it has been demonstrated that 
Pd can repair the damaged intestinal epithelial barrier by 
regulating the expression levels of junction proteins (20). in 
the present study, these findings were verified by PD or IL‑13 
neutralization, which downregulated occludin and Zo‑1 
protein expression, and upregulated the expression levels of 
claudin‑2, as confirmed via RT‑qPCR and western blotting.

in summary, the present study elucidated the in vivo 
therapeutic effect of Pd on uc model mice by a potential 
mechanism that may be associated with the activation of 
the Pi3K‑akt‑mTorc1 signaling pathway. The data lay the 
experimental foundation for Pd as a promising treatment 
option for uc, however whether the mechanism of action 
of Pd is related to autophagy, requires further exploration 
in the future. The research and development of uc herbal 
preparations must follow the developmental trends of TcM 

and should aim to accelerate technological innovation 
and transformation to develop modern chinese medicine 
preparations that meet market needs and possess successful 
therapeutic effects.
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