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Abstract. Curcumin and resveratrol are two natural products, 
which have been described as potential anti‑inflammatory, 
anti‑tumor, and anti‑oxidant molecules. The aims of the present 
study were to investigate the protective effect of curcumin and 
resveratrol on dextran sulfate sodium (DSS)‑induced ulcer-
ative colitis (UC) in mice, in addition to understanding the 
underlying molecular mechanisms. In order to accomplish this, 
BALB/c mice received drinking water containing 3.5% DSS. 
Curcumin (50 mg/kg/day) or resveratrol (80 mg/kg/day) were 
administered orally for 7 days. Survival rate, body weight, 
disease activity index score, colon length, pro‑inflammatory 
cytokines, and the expression autophagy‑associated 
proteins, and mechanistic target of rapamycin (mTOR) and 
sirtuin 1 (SIRT1) were measured. Curcumin or resveratrol 
treatment prolonged the survival of mice with UC, reduced 
body weight loss and attenuated the severity of the disease 
compared with the DSS‑treated mice. This effect was 
associated with a substantial clinical amelioration of the 
disruption of the colonic architecture and a significant reduc-
tion in pro‑inflammatory cytokine production. Furthermore, 
curcumin or resveratrol significantly downregulated the 
expression of autophagy‑related 12, Beclin‑1 and microtu-
bule‑associated protein light chain 3 II, and upregulated the 
expression of phosphorylated mTOR and SIRT1 in the colon 
tissue, compared with those in the DSS‑treated group. These 
results suggest that curcumin and resveratrol exert protective 
effects on DSS‑induced UC, partially through suppressing the 
intestinal inflammatory cascade reaction, reducing autophagy 
and regulating SIRT1/mTOR signaling.

Introduction

Ulcerative colitis (UC) is a major type of inflammatory bowel 
disease (IBD), which are a group of diseases characterized by 
a chronic and relapsing inflammatory disorder of the large 
intestine with subsequent injury and disruption of the mucosal 
barrier (1). Bloody mucopurulent stool, diarrhea, abdominal 
pain, and fistulization are the most common symptoms of 
UC (2,3). Although numerous studies suggest that genetic, 
immunological and environmental factors are involved in the 
development of UC (3‑5), its cause and potential underlying 
mechanisms are still not clearly understood. In addition, the 
types of drugs available for the treatment of UC at present are 
not abundant and their effects are unsatisfactory; thus, there 
remains a need to develop novel, effective drugs (6,7). Previous 
studies have revealed that the dysregulation of inflammatory 
pathways and autophagy may be involved in the pathogenesis 
of UC, and thus may be novel therapeutic targets for UC treat-
ment (8,9).

Curcumin is the main component of turmeric (Curcuma 
longa) (10). Curcumin has attracted considerable attention due 
to its anti‑inflammatory, anti‑tumor and anti‑oxidant proper-
ties (11‑13). The anti‑inflammatory properties of curcumin 
have resulted in its use in the treatment of colitis, and previous 
studies have demonstrated that it is able to attenuate inflam-
mation associated with experimental colitis  (14,15) and is 
effective in patients with UC (16,17). Resveratrol, a natural 
polyphenolic compound present in grapes and red wine, has 
been reported to exhibit a variety of anti‑oxidant, anti‑platelet 
aggregation, anti‑tumor and anti‑inflammatory effects, 
in addition to cardioprotective effects  (18,19). Due to the 
anti‑inflammatory characteristics of resveratrol, its use may 
be therapeutically beneficial in the treatment of a number of 
different diseases, including colitis  (20), arthritis  (21) and 
pancreatitis (22). However, the exact molecular mechanisms 
involved remain unclear. 

Autophagy is an intracellular pathway responsible for 
turnover of long‑lived proteins and damaged organelles to 
maintain cellular homeostasis (23). Autophagy dysregulation 
is associated with an alteration of both innate and adaptive 
immune responses, which has been shown to be involved 
in many diseases including IBD (24,25). The present study 
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evaluated the effect of curcumin and resveratrol on dextran 
sulfate sodium (DSS)‑induced colitis in BALB/c mice and 
preliminarily investigated the autophagy‑associated mecha-
nisms.

Materials and methods

Animals. Male BALB/c mice (7‑8  weeks old), weighing 
20‑22 g were purchased from Shanghai SLAC Laboratory 
Animal Co., Ltd. (Shanghai, China) and fed in a controlled 
environment at a temperature of 25±2˚C and a 12 h light/dark 
cycle at 50‑70% humidity. Animals were acclimatized for 
1 week prior to the initiation of the study and were maintained 
with ad  libitum access to standard laboratory chow and 
water. All animal procedures were ethically approved by the 
Institutional Animal Care and Use Committee of Qingdao 
Municipal Hospital (Qingdao, China).

Experimental design. A total of 80 mice were randomly divided 
into four groups: Control group, DSS group, curcumin‑treated 
(DSS + Cur) group, and resveratrol‑treated (DSS + Res) group, 
with 20 mice per group. In the control group, mice were fed 
with a standard diet throughout the course of the experiment 
(14 days). In the DSS group, the mice received a standard diet 
for 14 days in addition to DSS (3.5% w/v) during the first 7 days 
of the experiment (from day 1 to 7). In the DSS + Cur group, the 
mice received the standard diet supplemented with 50 mg/kg 
curcumin for 14 days in addition to 3.5% DSS during the first 
7 days of the study. In the DSS + Res group, the mice received 
the standard diet supplemented with 80 mg/kg resveratrol for 
14 days in addition to 3.5% DSS during the first 7 days.

Assessment of colitis. The mice were assessed daily for 
colitis development by monitoring body weight, gross rectal 
bleeding, stool consistency and survival. Mice were sacri-
ficed by cervical dislocation at day 15 or judged as moribund 
(inability or unwillingness to walk, inability to reach water 
or food, palpable hypothermia, or lack of overt response to 
manipulation) before day 15 and immediately sacrificed, and 
the colons were removed, length and weight were measured. 
Scoring systems are used to assess the severity of overall 
disease (26), and the disease activity index (DAI) was calcu-
lated daily for each mouse. In brief, the scoring was as follows: 
0, no weight loss, no occult blood in the stools and normal 
stool consistency; 1, weight loss of 1‑5% of total body mass, 
no occult blood and normal stool consistency; 2, 5‑10% weight 
loss of total body mass, positive for fecal occult blood and 
loose stools; 3, 10‑20% weight loss of total body mass, positive 
for fecal occult blood and loose stools; and 4, >20% weight 
loss of total body mass, gross rectal bleeding and diarrhea.

Histopathological examinations. Mice were sacrificed on 
day 8 or 15 by cervical dislocation, and the length of the 
colon was measured. Samples for histology were excised 
from the distal 6‑8 cm of the colon, fixed in 10% formalin 
overnight at room temperature and embedded in paraffin 
blocks. Paraffin blocks were sliced into sections, 4  µm in 
thickness, and stained with hematoxylin for 6 min and eosin 
(cat. no. C0105; Beyotime Biotechnology, Shanghai, China) 
for 1 min at room temperature.

Measurement of cytokines. The concentrations of tumor 
necrosis factor‑α (TNF‑α) and interleukin-6 (IL‑6) in the 
culture supernatants of the colon tissues were measured using 
a Bio‑Rad Multiplex bead array instrument and cytokine kits 
(cat. no. #7050; Bio‑Rad Laboratories, Inc., Hercules, CA, 
USA) according to the manufacturer's protocol.

Immunofluorescence staining. Double immunofluores-
cence staining for autophagy‑related 12 (Atg12), Beclin‑1, 
microtubule‑associated protein light chain  3  (LC3)II, 
phospho‑mechanistic target of rapamycin (mTOR) and sirtuin 1 
(SIRT1) were performed on the sections. Paraffin sections were 
deparaffinized with xylene and rehydrated. After endogenous 
peroxidase activity was blocked with 3% H2O2 for 10 min at 
room temperature, the sections were treated with 0.01 mol/l 
citrate (pH 6.0) in a 500‑W microwave oven for 15 min for 
antigen retrieval. Subsequently, sections were blocked with 
normal goat serum (cat. no. 16210‑064; Gibco; Thermo Fisher 
Scientific, Inc., Waltham, MA, USA) for 1 h, and incubated 
with the following primary antibodies overnight at 4˚C: Atg12 
(cat. no. ab155589), Beclin‑1 (cat. no. ab62557), LC3B (cat. 
no. ab48394), mTOR (phospho S2448; cat. no. ab84400) and 
SIRT1 (cat. no. ab32441; all 1:1,000 dilution; all from Abcam, 
Cambridge, MA, USA). Then, Alexa Fluor 594 (red)‑conju-
gated goat anti‑rabbit immunoglobulin G secondary antibody 
(1:1,000; cat. no. A‑11032; Molecular Probes, Eugene, OR, 
USA) was incubated with the sections for 1  h at room 
temperature. Cell nuclei were stained with DAPI (1 µg/ml; cat. 
no. 12131; Roche Diagnostics, Basel, Switzerland) for 5 min at 
room temperature. Images were obtained using a fluorescence 
microscope (Leica SP‑8; Leica Microsystems GmbH, Wetzlar, 
Germany).

Western blot analysis. Colon samples were homogenized on 
ice in radioimmunoprecipitation assay lysis buffer (Beyotime 
Institute of Biotechnology, Haimen, China) containing 
phenylmethylsulfonyl fluoride and protease inhibitor. The 
protein concentrations of the samples were determined 
using the Bradford method (using a Bio‑Rad Protein assay; 
Bio‑Rad Laboratories, Inc.). Equivalent amounts of protein 
(50 µg) from each sample were separated on 12% sodium 
dodecyl sulfate‑polyacrylamide gels, and fractioned proteins 
were transferred onto 0.22  µM nitrocellulose membranes 
(EMD Millipore, Billerica, MA, USA) at 75 V for 45 min. 
Subsequently, the membranes were blocked with Tris‑buffered 
saline solution containing 5% nonfat dried milk at room 
temperature for 1 h, and then incubated with specific antibodies 
against Atg12 (cat. no. 2011), Beclin‑1 (cat. no. 3495), LC3II 
(cat. no. 4108), mTOR (cat. no. 2972) and SIRT1 (cat. no. 8469; 
all 1:1,000 dilution; all from Cell Signaling Technology, Inc., 
Danvers, MA, USA) at 4˚C overnight and then incubated with 
horseradish peroxidase‑conjugated secondary antibody (cat. 
no. 7074; Cell Signaling Technology, Inc.) for 1 h at room 
temperature. Bands were visualized using a chemilumines-
cence detection system (cat. no.  #34095; Pierce; Thermo 
Fisher Scientific, Inc.) and quantified with Quantity One 
Software 4.6.7 (Bio‑Rad Laboratories, Inc.).

Statistical analysis. Data analysis was performed using 
GraphPad Prism software (version 4.03; GraphPad Software, 
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Inc., La Jolla, CA, USA). Parametric data are presented as the 
mean ± standard error of at least three independent experi-
ments. The statistical significance of any difference in each 
parameter among the groups was evaluated using one‑way 
analysis of variance followed by Tukey's post‑hoc test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Effect of curcumin or resveratrol on survival, body weight 
and the clinical symptoms of mice. Symptomatic parameters, 
including the survival rate, body weight loss and DAI, caused 
by colitis in mice were recorded. On day 15, six mice were 
randomly selected from each group for body weight and DAI 
analysis. As presented in Fig. 1A, DSS exposure resulted in 
a 50% mortality rate at day 14, which was similar to the data 
reported in a previous study (27). However, the survival rate of 
the DSS‑treated mice was improved in the curcumin (66.7%) 
and resveratrol (83.3%)‑treated groups. In the DSS‑treated 
group, a loss of body weight was recorded from day  4 
onwards following the administration of DSS (4%) and this 
loss remained significantly higher than the normal mice 
until day 8 (83.85±2.36%) (P<0.05). The administration of 
curcumin or resveratrol significantly reduced the body weight 
loss in mice with colitis compared with the DSS‑treated mice 
(P<0.05; Fig. 1B). Another common feature of the DSS‑induced 
model of colitis is an increase in the DAI (28). Curcumin or 
resveratrol treatment significantly ameliorated diarrhea and 
rectal bleeding compared with the DSS alone‑treated group 
(P<0.05; Fig. 1C).

Effect of curcumin or resveratrol on the colon length and 
histopathology of mice with colitis. Colon tissues were 
collected and measured at days 7 and 14, in order to study the 
effect of curcumin or resveratrol on the inflammation‑induced 
decrease in colon length, a morphological parameter used to 
assess the degree of inflammation in the DSS‑induced colitis 
mouse model. The colon length of the mice exposed to DSS 
was significantly shorter compared with that of the control 
mice (P<0.05; Fig. 2). The colon of mice treated with DSS 
and curcumin, or DSS and resveratrol exhibit a statistically 
significant increase in colon length when compared with 
the DSS group and almost completely reverted to a normal 
length (P<0.05).

Histological analysis of the distal colon tissue revealed that 
the treatment of mice with DSS resulted in the destruction of 
colonic architecture with ulcerations, crypt dilation, goblet cell 
depletion, a disrupted epithelial layer and intense infiltration of 
the inflammatory cells compared with the normal morphology 
of colon tissue (Fig. 2B). By contrast, colon tissues from the 
curcumin or resveratrol‑treated mice exhibited predomi-
nantly intact colon histology, with a preserved epithelial 
layer and crypt structure, and reduced numbers of infiltrating 
cells (Fig. 2B).

Effect of curcumin and resveratrol on the production of inflam‑
matory cytokines in the colon tissue of mice with colitis. Colonic 
TNF‑α and IL‑6 levels were significantly elevated in the DSS 
group compared with the controls (P<0.05; Fig. 3). Curcumin 
or resveratrol administration prevented significant increases in 

TNF‑α and IL‑6 expression levels at day 7 (P<0.05). Similar 
effects of curcumin or resveratrol treatment were observed at 
day 14.

Effect of curcumin and resveratrol on autophagy in 
DSS‑induced UC in mice. Immunofluorescence staining for 
components of cellular autophagy signaling pathways, including 
Atg12, Beclin‑1 and LC3II, was performed on colon tissues. 
As presented in Fig. 4A, a marked increase in the expression of 
the autophagy‑associated proteins Atg12, Beclin‑1 and LC3II 
was observed in the DSS‑treated mice when compared with 
the control mice (P<0.05). LC3I expression also appeared to 

Figure 1. Effect of curcumin or resveratrol treatment on survival rate and 
clinicopathological symptoms of the mice. (A)  Survival rates, (B)  the 
percentage change in body weight and (C)  the disease activity index of 
curcumin or resveratrol‑treated mice and control mice (which had been 
administered 3.5% DSS) were monitored every day. Data are presented as the 
mean ± standard error of the mean of six mice per group. *P<0.05 vs. the DSS 
alone group. CON, control; DSS, dextran sulfate sodium; Cur, curcumin; 
Res, resveratrol.
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increase. Treatment with curcumin or resveratrol significantly 
reversed the changes in the levels of autophagy‑associated 
genes when compared with the DSS‑treated mice (P<0.05). 
To further confirm this observation, the LC3II, Atg12 and 
Beclin‑1 expression, and the LC3II/I ratio were assessed using 
western blot analysis (Fig. 4B). The expression levels of Atg12, 
Beclin‑1 and LC3II were significantly increased by exposure 
to DSS (P<0.05), and curcumin or resveratrol treatment 
significantly reduced their expression.

Effect of curcumin and resveratrol on mTOR and SIRT1 
expression in DSS‑induced UC in mice. Furthermore, the 
present study intended to investigate whether the inhibition of 
autophagy was mediated via mTOR and SIRT1 activation. As 
determined by immunofluorescence staining and western blot 
analysis, a substantial decrease in the protein expression levels 
of phospho‑mTOR and SIRT1 were observed in the DSS group 
compared with the normal mice (Fig. 5A and B). Additionally, 
phospho‑mTOR and SIRT1 demonstrated a higher expression 

in the curcumin or resveratrol‑treated groups compared with 
the DSS alone treated group.

Discussion

Administration of DSS to animals is a frequently used as a 
model of UC, as the resulting pathological features corre-
spond well to those of UC in humans  (29). In the present 
study, a UC model was successfully established by treating 
mice with 3.5% DSS for 7 days, and then the protective effects 
of curcumin and resveratrol were investigated. Following 
the administration of DSS, the mice exhibited considerable 
clinical signs of colitis, including weight loss, crypt architec-
tural distortion, colonic epithelial injury, reduced colon length 
and infiltration of the inflammatory cells. These macroscopic 
and microscopic alterations were consistent with the findings 
of previous studies  (30,31), and were counteracted by the 
administration of curcumin and resveratrol. In the survival 
experiment, 50  mg/kg curcumin or 80  mg/kg resveratrol 
treatment prolonged animal survival compared with the DSS 
treatment alone. These observations clearly suggested that 
curcumin and resveratrol suppress the overt clinical features 
of DSS‑induced colitis.

Curcumin and resveratrol treatment in the present study 
resulted in the preservation of histological integrity in the 
colon tissue. The DSS‑induced mice developed immunological 

Figure 2. Effect of curcumin or resveratrol treatment on colon length and 
histopathological changes of the colon tissue of DSS‑induced ulcerative 
colitis. Colons were obtained 7 and 14 days following DSS administra-
tion. (A) The colon length was measured and analyzed. (B) Representative 
images of hematoxylin and eosin staining of colon tissues from each group 
were obtained using light microscopy at a magnification of x400. Data are 
presented as the mean ± standard error of six mice per group. *P<0.05 vs. the 
DSS alone group. CON, control; DSS, dextran sulfate sodium; Cur, curcumin; 
Res, resveratrol.

Figure 3. Effect of curcumin or resveratrol treatment on the inflammatory 
biomarkers of DSS‑induced ulcerative colitis. The expression of colonic 
pro‑inflammatory cytokines (A) tumor necrosis factor‑α and (B) IL‑6 were 
assessed using a Multiplex Bead array. Data are presented as the mean ± stan-
dard error of six mice per group. *P<0.05 vs. the DSS alone group. TNF‑α, 
tumor necrosis factor‑α; CON, control; DSS, dextran sulfate sodium; Cur, 
curcumin; Res, resveratrol; IL‑6, interleukin‑6.
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Figure 5. Effect of curcumin or resveratrol treatment on mechanistic target of rapamycin and silent information regulator‑1 expression in colon tissue. 
(A) Immunofluorescence staining for mTOR and SIRT1 (red) and nucleus (green). (B) Representative western blots presenting the relative protein expression 
of autophagy‑associated genes in colon tissue. (C) Graphical depiction of the quantified data of the western blots. Data are presented as the mean ± the standard 
error of the mean of six mice per group. *P<0.05 vs. the DSS alone group. CON, control; DSS, dextran sulfate sodium; Cur, curcumin; Res, resveratrol; mTOR, 
mechanistic target of rapamycin; SIRT1, sirtuin 1; p‑, phospho‑.

Figure 4. Effect of curcumin or resveratrol treatment on the expression of autophagy‑associated genes in colon tissues. (A) Immunofluorescence staining 
for Atg12, Beclin‑1 and LC3B (red) and nucleus (green). (B) Representative western blots presenting the relative protein expression of autophagy‑associated 
proteins in the colon tissue. (C) Densitometry analysis of the western blots. Data are presented as the mean ± standard error of six mice per group. #P<0.05 vs. the 
CON group; *P<0.05 vs. the DSS alone group. CON, control; DSS, dextran sulfate sodium; Cur, curcumin; Res, resveratrol; Atg12, autophagy‑related 12; 
LC3, microtubule‑associated protein light chain 3.
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deregulation (32), including the prominent shortening of the 
large intestine, thickened muscular layer, crypt damage and 
cellular infiltration in the inflamed colon; however, these 
effects were reduced by curcumin and resveratrol treatment.

In addition, curcumin and resveratrol treatment signifi-
cantly decreased the accumulation of pro‑inflammatory 
cytokines as compared with those in the colon tissue of 
DSS‑treated mice. Inflammatory responses have a pivotal 
role in the pathogenesis of UC (33,34). A number of previous 
studies have revealed that the interaction between inflam-
matory pathways and the intestinal mucosal immune system 
may result in the disruption of tight junction proteins in the 
intestinal epithelium and affect intestinal homeostasis (35,36). 
A number of studies support the idea that TNF‑α and IL‑6 are 
important pathological mediators of IBD (37‑39). Increased 
serum and tissue levels of TNF‑α and IL‑6 are characteristic 
features of colitis and numerous other chronic inflammatory 
diseases  (40). Among these cytokines, the overexpression 
of TNF‑α is vital in intestinal mucosal impairment  (41). 
Adalimumab, a TNF‑α blocker, has been successfully used for 
the treatment of patients with IBD in a clinical setting (42). 
Another anti‑TNF‑α antibody, infliximab, was also reported 
to exert an effective therapeutic effect on UC in one clinical 
case (43). In addition, IL‑6 is a key mediator of the progres-
sion of UC. Inhibition the action of IL‑6 may attenuate the 
severity of diarrhea and reduce the infiltration of inflam-
matory cells into the intestinal tissue (44,45). In the present 
study, TNF‑α and IL‑6 production in DSS‑exposed colons 
were substantially higher at 14 days post‑DSS compared with 
curcumin or resveratrol‑treated mice, which is consistent with 
the delayed recovery from inflammation in these mice. These 
results are supported by previous in vivo and in vitro experi-
ments where curcumin or resveratrol have been demonstrated 
to suppress the chronic inflammation through the inhibition of 
these inflammatory mediators (46‑48). Altogether, the present 
results suggest that the protective effect of curcumin and 
resveratrol against colonic injury may be due to the regulation 
of TNF‑α and IL‑6.

Autophagy is a degradative pathway involved in recycling 
long‑lived proteins and damaged organelles in order to main-
tain cellular homeostasis. It is regulated by autophagy‑specific 
genes that include the Beclin‑1 complex, Atg12 and LC3 
systems (49). Additionally, the dysregulation of autophagy 
has been shown to be involved in multiple diseases, such 
as liver disease, cardiomyopathy, diabetes, neurodegen-
erative disorders, autoimmune diseases, malignancies and 
IBD (24,50,51). Autophagy is regulated by autophagy specific 
genes, including Beclin‑1, which initiates autophagosome 
formation via the phosphatidylinositol 3‑kinase signaling 
pathway (25). Autophagosome formation is further associated 
with the conversion of cytosolic‑associated protein light chain 
3 (LC3‑I) to the membrane bound LC3‑II form (52). LC3‑II is 
most commonly used for autophagy assays since it is the only 
protein marker that is reliably associated with the number of 
autophagosomes (52). However, LC3‑II itself is degraded by 
autophagy (53). The autophagy factor Atg12‑Atg5 conjugate 
has a novel E3‑like activity for facilitating the lipidation of 
members of the LC3 family (54). The results of the present 
study demonstrated that LC3I, Beclin‑1, and the Atg12 protein 
were highly expressed in the colon of DSS‑exposed mice, 

compared with the control animals. Decreased LC3I, Beclin‑1 
and Atg12 protein expression was detected in curcumin and 
resveratrol‑treated mice compared with the DSS‑treated 
animals. Upon autophagy induction, LC3‑I is cleaved to 
LC3‑II. However, the change of LC3‑II in the study is far 
lower than LC3I, which may be due to the degradation by 
autophagy (53). 

Autophagy is regulated by important nutrient‑sensing 
pathways, including the mTOR and SIRT1 pathways (55,56). 
mTOR is an evolutionarily conserved serine/threonine kinase 
which is a member of the phosphoinositide 3‑kinase‑associ-
ated kinase group, and has emerged as a master regulator of 
cellular metabolism and promotes cell growth in response 
to environmental cues  (57). Deregulation of the mTOR 
pathway has been implicated in a number of human diseases 
including diabetes, neurodegenerative diseases, cancer and 
IBD (57). Tuberous sclerosis complex (TSC) and lymphangi-
oleio‑myomatosis are associated with the deregulation of the 
raptor‑mTOR pathway, which are likely caused by mutations 
in TSC1 or TSC2 tumor suppressors (58). As a consequence, 
drugs that target mTOR are used therapeutically (59). SIRT1 
is a nuclear class III deacetylase and has been demonstrated 
to extend lifespan in a number of different species (60). 
Furthermore, SIRT1 has been reported to improve the symp-
toms of inflammation‑associated diseases, including chronic 
obstructive pulmonary disease, cardiovascular diseases, 
diabetes, renal diseases and IBD (60,61). In the present study, 
the expression of phosphorylated mTOR and SIRT1 was 
greatly increased by curcumin and resveratrol in mice with 
DSS‑induced colitis compared with the DSS alone treated 
mice, suggesting that the anti‑UC effect of curcumin and 
resveratrol may be due to the promotion of mTOR and SIRT1 
signaling activation.

In conclusion, the present study is, to the best of our 
knowledge, the first to demonstrate that the development and 
progression of colitis symptoms caused by DSS administration 
are attenuated by curcumin and resveratrol. The underlying 
molecular mechanisms involved in inhibiting inflammatory 
responses, reducing autophagy‑associated gene expression and 
promoting autophagy signaling activation were elucidated. 
Collectively, as relatively non‑toxic natural products combined 
with substantial anti‑inflammatory activity, curcumin and 
resveratrol have the potential to function as effective anti‑IBD 
therapeutic methods.
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