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Abstract
Aim This study aimed to explore effect of curcumin on in�ammatory bowel disease (IBD) in rats and its
mechanism.

Methods: A dextran sulfate sodium (DSS)-induced ulcerative colitis (UC) rat model was established. The
disease activity index (DAI) scores were calculated. The histopathological damage scores were
determined by haematoxylin-eosin (H&E) staining. Regulatory T (Treg) cells and T helper 17 (Th17) cells
in the spleen were analysed by �ow cytometry. The levels of interleukin (IL)-10 and IL-17A were
determined by enzyme-linked immunosorbent assay (ELISA).

Results: Compared with the DSS model group, the curcumin group exhibited signi�cantly reduced DAI
scores and improvements in histopathological damage. The expression of CD4+IL-17+ Th17 cells was
signi�cantly lower and the expression of CD4+CD25+Foxp3+ Treg cells was signi�cantly higher in the
curcumin group than in the DSS group.

Conclusion: Curcumin may be a new and effective treatment for IBD by regulating the balance of
Treg/Th17 cells and the expression of IL-10 and IL-17A.

1. Introduction
In�ammatory bowel disease (IBD) is a chronic, nonspeci�c intestinal in�ammatory disease with unknown
aetiology and pathogenesis and inclused Crohn’s disease (CD), ulcerative colitis (UC) and indeterminate
colitis (IC). The treatment of IBD is mainly based on aminosalicylic acid preparations, glucocorticoids,
immunosuppressants and biologics, but there are problems such as disease recurrence or adverse drug
reactions [1]. The role of faecal bacteria transplantation is not clear [2]. It is important to �nd clinically
safe and effective drugs for IBD treatment. Curcumin is a traditional Chinese herbal medicine that is used
for anti-in�ammation in China and Southeast Asia. Curcumin has antioxidant, anti-in�ammatory,
anticancer and antiapoptotic properties [3–5]. The advantages of curcumin, such as few adverse
reactions, high levels of safety, and good compliance, have attracted the attention of many researchers.
Studies have shown that curcumin can reduce airway in�ammation by regulating the balance of
Treg/Th17 cells in asthma models [6]. In IBD model mice with genetic deletion of IL-10, an emulsion of
curcumin in sodium carboxymethyl cellulose induced anti-in�ammatory effects [7]. However, the speci�c
mechanism of curcumin in IBD is still unclear.

In this study, a DSS-induced juvenile rat colitis model was established to examine the mechanism of
curcumin and provide an experimental basis for curcumin treatment of UC.

2. Experimental Method

2.1. Establishment of the DSS-induced UC rat model and
groupings
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In this study, 40 immature male Sprague-Dawley (SD) rats were purchased from Beijing Hua Kang Kang
Biotechnology Co., Ltd. (licence number: SCXK (Jing) 2014-0004). The rats were housed in the
Experimental Animal Department (SPF level) of Sheng Jing Hospital (licence number: SYXK (Liao) 2010-
0008). The temperature was 22–25°C, with a relative humidity of 40–70% and a 12-h light-dark cycle.
The rats were housed in separate cages with free access to food and drink and were allowed to adapt to
the conditions for 7 days after arrival. This study was approved by the Ethics Committee of the A�liated
Sheng Jing Hospital of China Medical University (approval no. 2015PS244K, Shenyang, China).

The rats were randomly divided into four groups: (1) control group (n = 10) rats freely drank, sterile
distilled water; (2) DSS model group (n = 10) rats drank sterile distilled water containing DSS (DSS was
dissolved in sterile distilled water at a concentration of 30 g/L DSS (W/V)), and the water was replaced
once every two days; (3) in the curcumin A group (n = 10), 5 g of carboxymethylcellulose sodium was
dissolved in 100 ml of sterile distilled water to prepare a 0.5% CMC solution, 100 mg/kg curcumin was
dissolved in 2 ml of the 0.5% sodium carboxymethyl cellulose solution, and 100 mg/kg curcumin was
administered to the rats by gavage once a day for 7 days in addition to the DSS aqueous solution used
for model establishments; and (4) in the curcumin B group (n = 10), 100 mg/kg curcumin was dissolved
in 2 ml of 0.5% sodium carboxymethyl cellulose solution, and 100 mg/kg curcumin was administered to
the rats by gavage once a day for 7 days in addition to the DSS aqueous solution used for model
establishment. After 7 days of treatment, the materials were collected. Intraperitoneal injection of chloral
hydrate was performed. After sterilization with alcohol, the spleen was removed on an ultraclean table.
The collected serum was stored at -80°C, and the intestinal tissue from the caecum to 1 cm above the
anus was quickly removed, rinsed with cold saline, and spread �at on disposable PE gloves to measure
the length in a blinded manner.

2.2. DAI score and colonic histopathological damage
evaluation
Daily records of the general state, weight changes, stool traits and faecal occult blood/gross blood in
stool were maintained for the rats. According to the Cooper HS scoring standard, the disease activity
index (DAI) score was calculated for the rats, and in�ammatory damage in the colonic mucosa was
evaluated as follows: DAI= (weight loss score + stool trait score + blood in the stool)/3. The intestinal
tissue at the end of the colon 8 cm above the anus was collected for HE staining. The HE staining
procedure and the scoring criteria for colonic tissue pathological damage were previously described [8].

2.3. Flow cytometric analysis of Treg and Th17 cells
Anti-CD4-FITC, anti-CD25-PE, anti-Foxp3-APC antibody, and anti-IL17-PE (Ebioscience, California, USA)
antibodies were used for IH staining. Flow cytometric analysis was performed as previously described [8].

2.4. ELISA analysis of serum cytokines
The levels of IL-17A and IL-10 in the serum were measured by double-antibody sandwich ELISA (Cusabio,
Wu Han, China) according to the instructions. A microplate reader was zeroed with a blank well. The
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optical density (OD) of each well was measured sequentially at a wavelength of 450 nm. The ELISA
detection limits were determined according to a previous reference [9].

2.5. Statistical analysis
Statistical analysis was performed by SPSS 17.0. The experimental data are presented as the mean ± 
SEM. If the data conformed to a normal distribution with the same variance between two groups, a t-test
was performed. One-way analysis of variance was used to detect differences between multiple groups.
DAI scores were statistically analysed by the Kruskal-Wallis nonparametric test, followed by the Mann-
Whitney U test to compare the results of different groups. A value of P < 0.05 was statistically signi�cant.
All experiments were repeated three times.

3. Results

3.1. Protective effect of curcumin on rats with DSS-induced
UC
Rats in the DSS group began to develop loose stools and faecal occult blood in stools on day 2, and rats
in the curcumin A group began to develop loose stools and faecal occult blood in stools on day 3. The
curcumin B group began to develop loose stools and faecal occult blood in stools on day 2, but the faecal
occult blood score was lower than that of the DSS group. Weight gain slowed on day 5 in the DSS group
and signi�cantly decreased on day 6 of modelling. The DAI scores of the curcumin A and curcumin B
groups were signi�cantly lower than those of the DSS group beginning on day 5 (Fig. 1A, P < 0.05).

In addition, the total colon length in the DSS group was signi�cantly shorter than that in the control group,
and the colon lengths in the curcumin A and curcumin B groups were signi�cantly longer than that in the
DSS group (Fig. 1B and Fig. 1C, P < 0.05). These data showed that curcumin treatment alleviated the
clinical manifestations of UC in rats.

Normal colon tissues have little to no in�ammatory cell in�ltration, an intact colon mucosa, and
abundant and tightly arranged intestinal glands in the lamina propria. The intestinal mucosal epithelium
of rats in the DSS model group showed large areas of necrosis and shedding, disordered gland structure,
decreased numbers of goblet cells, the formation of cryptitis and crypt abscesses, hyperaemia of the
submucosal layer, oedema, telangiectasia, and a large number of in�ltrated lymphocytes in the intestine.
The intestinal pathology of rats in curcumin group A and group B was between that of the normal group
and the DSS group (Fig. 2A). As shown in Fig. 2B, the histopathological scores of the DSS model group
were signi�cantly higher than those of the normal group, but the histopathological scores of the curcumin
A group and the curcumin B group were signi�cantly lower than those of the DSS group. The difference
was statistically signi�cant (P < 0.05), which suggested that curcumin could improve the pathology of
DSS-induced damage in rats.
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3.2. Effect of curcumin on Treg/Th17 cells in rats with DSS-
induced IBD
To examine the effect of curcumin on Treg/Th17 cells in rats with DSS-induced UC, we determined the
ratio of CD4 + CD25 + Foxp3 + Treg cells and CD4 + IL17 + Th17 cells among CD4 + cells in the spleens of
SD rats by �ow cytometry. The ratio of CD4 + CD25 + Foxp3 + Treg cells in the DSS group was
signi�cantly lower than that in the normal group, the ratio in the curcumin A group and curcumin B group
were signi�cantly higher than that in the model group, and the difference was statistically signi�cant
(Fig. 3A and Fig. 3C, P < 0.05); however, there was no signi�cant difference between the curcumin A group,
the curcumin B group and the normal control group (P > 0.05). The ratio of CD4+IL17+ Th17 in the DSS
group was signi�cantly higher than that in the normal group, the ratio in the curcumin A group and
curcumin B group were signi�cantly lower than that in the DSS group, and the difference was statistically
signi�cant (Fig. 3B and Fig. 3D, P < 0.05); however, there was no signi�cant difference between the
curcumin A group, the curcumin B group and the normal group (P > 0.05). The Treg/Th17 cell ratios in the
curcumin A group and curcumin B group were signi�cantly higher than those in the DSS group, and the
difference was statistically signi�cant (Fig. 3E, P < 0.05). There was no signi�cant difference in
Treg/Th17 cells between the curcumin A and curcumin B group. Therefore, the protective effect of
curcumin against DSS-induced IBD in rats may be associated with regulating the Treg/Th17 balance.

3.3 Effect of curcumin on in�ammatory cytokines in rats
with DSS-induced IBD
To further con�rm the effect of curcumin on the balance of Treg/Th17 cells, ELISA was used to measure
the levels of the pro-in�ammatory factor IL-17A and the anti-in�ammatory factor IL-10 in the serum of
rats. The results showed that the serum level of IL-10 in the DSS group was signi�cantly lower than that
in the control group (Fig. 4A, P < 0.05), while the level of IL-17A was signi�cantly higher in the DSS group
than in the control group (Fig. 4B, P < 0.05). However, the levels of IL-17A in the curcumin A and curcumin
B groups were signi�cantly lower than those in the DSS group, and the IL-10 level was signi�cantly higher
in the curcumin B group than in the DSS group (Fig. 7B, P < 0.05). The expression of IL-17A was lower and
IL-10 was higher in the curcumin A group than in the curcumin B group, but there was no signi�cant
difference. These results demonstrate that curcumin can increase the secretion of anti-in�ammatory
factors and inhibit the secretion of pro-in�ammatory factors in rats with DSS-induced IBD.

4. Discussion
The aetiology and pathogenesis of IBD are not very clear. In recent years, research has mainly focused on
genetic susceptibility, immune abnormalities, and changes in intestinal �ora. Immune factors play an
important role in the occurrence and development of IBD, especially T lymphocyte subsets [10]. In this
study, a UC model was established with DSS, and the general conditions of the rats, DAI, histopathology,
Treg cells and Th17 cells were analysed. It was found that curcumin could alleviate the disease course of
experimental UC by regulating the balance of Treg/Th17 cells.
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In this study, rats in the model group experienced weight loss, changes in faecal traits, positive faecal
occult blood, and even bloody stools. Moreover, DAI and histopathological damage also changed
signi�cantly. Curcumin signi�cantly improved the general conditions, DAI and intestinal injury of rats with
UC. This �nding is consistent with those of previous studies showing that curcumin can relieve intestinal
in�ammation. Joon-Yeop Yang et al. indicated that curcumin inhibits the severity of 3% DSS-induced
in�ammatory bowel disease through STAT3 [11]. Studies have shown that curcumin can inhibit DSS-
induced murine colon cancer [12] and can also maintain the intestinal microecological balance and the
relationship between microorganisms and the host [13].

Recently, it was discovered that Th17 and Treg cells are CD4 + T cell subgroups that are different from
Th1 and Th2 cells. Th17 cells mainly secrete IL-17A, IL-17F, IL-21, IL-22 and other cytokines, while Treg
cells inhibit immune responses and mainly secrete IL-10. A large amount of evidence shows that
improving the imbalance of Treg/Th17 cells is a potential strategy for the treatment of IBD [14]. In this
study, �ow cytometry showed that the proportion of Treg cells in experimental UC rats was signi�cantly
lower and the proportion of Th17 cells was signi�cantly higher than those of rats the normal group. This
�nding is consistent with the protective effect of Treg cells and the damaging effect of Th17 cells in
autoimmune diseases [15].

IL-17 is a pro-in�ammatory cytokine produced by T cells that can further trigger T cells and other immune
cells to produce chemokines, cell adhesion molecules and other cytokines and plays a key role in the
progression of IBD. In an experimental model of encephalomyelitis, it was found that the level of IL-17
and the mRNA expression of IL-17 in the curcumin treatment group were reduced, the levels of TGF-β,
STAT3 and p-STAT-3 were inhibited, and the phosphorylation of STAT-3 in T cells was inhibited, blocking
the differentiation of Th-17 cells [16]. An experimental animal model of autoimmune myasthenia gravis
(EAMG) showed that curcumin inhibited the expression of pro-in�ammatory factors (IL-17, IFN-γ and TNF-
α) and increased the expression of the anti-in�ammatory cytokine IL-10, thereby reducing the clinical
symptoms of EAMG in rats [17]. The present study showed that compared with those of IBD rats in the
DSS group, IL-17A levels in IBD rats in the curcumin group were signi�cantly decreased. In conclusion,
curcumin can regulate in�ammation by regulating the expression of IL-17.

IL-10 is a cytokine with immunomodulatory effects that can counteract pro-in�ammatory factors such as
IL-2, TNF-α and IFN-γ and balance the body's in�ammatory response. Many studies have shown that
defects in IL-10 expression are related to the pathogenesis of IBD. Studies [18] have shown that curcumin
can reduce the expression of the pro-in�ammatory cytokines IL-1β, IL-12, IFN-γ, TNF-α and IL-1 while
increasing the expression of the anti-in�ammatory cytokines IL-4 and IL-10. Curcumin can also limit
colitis mediated by the Th1 response in IL-10(-/-) mice and has a synergistic effect with IL-10,
downregulating the activity of NF-κB in intestinal epithelial cells [19]. Epstein et al. [20] showed that
curcumin could increase the expression of IL-10D in the colonic mucosa of children and adults with IBD.
The present study showed that compared with those of IBD rats in the DSS group, IL-10 levels of IBD rats
in the curcumin group were signi�cantly higher. Therefore, the protective effect of curcumin was related
to IL-10.
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In summary, curcumin attenuated colonic tissue damage in DSS-induced UC rats by improving the
Treg/Th17 cell balance and in�uencing the expression of in�ammatory cytokines.
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Figure 1

Curcumin treatment alleviates the severity of DSS-induced IBD. A: The trend in DAI of IBD rats. The DAI
scores of the DSS group was signi�cantly higher than that of the control group, and the DAI score of the
curcumin A and B groups were signi�cantly lower than that of the DSS group; * P<0.05. B: Colon gross
specimen changes. The lesion of colon gross specimen was mainly in the terminal ileum. C: The colon
length of the rats in the curcumin A and B groups were signi�cantly longer than that in the DSS group; *
P<0.05.
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Figure 2

Pathological changes in the colon tissue of in�ammatory bowel disease (IBD) rats after curcumin
treatment. A shows the distal colon with H&E staining at 200×. B: Histopathology score, * P < 0.05, there
was a signi�cant difference between groups.
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Figure 3

A: Effect of curcumin treatment on Treg cells. Percentages of Treg cells in the control group (10.6%), DSS
group (5.81%), curcumin A group (10.3%), and curcumin B group (9.2%). B: Effect of curcumin treatment
on Th17 cells. Percentages of Th17 cells in the control group (2.17%), DSS group (3.61%), curcumin A
group (2.08%), and curcumin B group (1.08%). C: Analysis of the proportion of Treg cells in CD4+ T cells.
D: Analysis of the proportion of Th17 cells. D: Analysis of the Treg/Th17 cell ratio. * P < 0.05, there was a
signi�cant difference between groups.
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Figure 4

Effect of curcumin treatment on in�ammatory cytokines. A: ELISA detection IL-10 levels in serum. B:
ELISA detection IL-17A levels in serum. *P <0.05, there was a signi�cant difference between groups.


