
INTRODUCTION
Inflammatory bowel disease (IBD) is characterized by 
chronic recurrent ulceration of  the bowel. Frontline 
drugs that are currently used for the treatment of  IBD 
include derivatives of  5-aminosalicvlic acid (5-ASA), glu-
cocorticoid and immunosuppressives. Novel agents such 
as monoclonal antibodies against tumor necrosis factor 
alpha (TNF-a) are now commercially available[1,2]. How-
ever, these agents have varying efficacy and are expensive. 
Consequently, there is a need for alternative agents that 
may be equally or more effective and cheaper. Curcumin is 
the prominent yellow pigment in turmeric, a widely used 
spice and food colouring agent with anti-inflammatory and 
anti-cancer properties[3]. Mechanisms by which curcumin 
exerts its pharmacological effects are thought to involve 
antioxidation[4], inhibition of  kinases, interference with the 
activity of  transcription factors such as NF-kB and AP-1[5]. 
Cyclooxygenase-2 (COX-2) and lipoxygenase (LOX) are 
inhibited by curcumin through NF-kB dependent or inde-
pendent pathway[6,7].

In IBD, increased COX-2 mRNA and protein have 
been found in inflamed areas, and most of  the PGs are 
produced by the COX-2 pathway. Hence, inhibition of  
excessive COX-2 activity and PGE2 production may result 
in suppression of  the inflammatory response. Preventive 
and therapeutic mechanisms of  curcumin are to inhibit 
the activation of  NF-kB and reduce the activity of  p38 
MAPK[8-11]. But whether treatment of  colitis with curcum-
in reduces COX-2 and PGE2 remains unknown. In the 
present study, we investigated the effect of  curcumin on 
body weight changes, the expression of  COX-2, the local 
concentration of  PGE2 in colon mucosa and the changes 
of  inflammatory genes in rats with colitis induced by trini-
trobenzene sulphonic (TNBS) acid.

MATERIALS AND METHODS
Experimental animals
Specific pathogen-free Sprague-Dawley rats weighing 
200-220 g were obtained from Laboratory Animal Center 
of  Wuhan University (Wuhan, China) and kept at constant 
temperature (23 ± 2℃) and humidity (50%-70%) in a 12 h 
light and dark cycle. The rats were allowed to adapt to our 
laboratory environment for one week before experiment 
with free access to standard rodent chow and tap water.
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Abstract
AIM: To explore the possible mechanisms of curcumin in 
rat colitis induced by trinitrobenzene sulfonic (TNBS) acid.

METHODS: Rats with TNBS acid-induced colitis were 
treated with curcumin (30 mg/kg or 60 mg/kg per day 
ip). Changes of body weight and histological scores 
as well as survival rate were evaluated. Leukocyte 
infiltration was detected by myeloperoxidase (MPO) 
activity assay. The expression of cyclooxygenase-2 
(COX-2) was detected by RT-PCR and Western blot. 
Inflammation cytokines were determined by RT-PCR. 
Local concentration of prostaglandin E2 (PGE2) in colon 
mucosa was determined by ELISA.

RESULTS: Curcumin improved survival rate and 
histological image, decreased the macroscopic scores 
and MPO activity. Also curcumin reduced the expression 
of COX-2 and inflammation cytokines. In addition, 
treatment with curcumin increased the PGE2 level.

CONCLUSION: Curcumin has therapeutic effects on 
TNBS acid-induced colitis, the mechanisms seem to be 
related to COX-2 inhibition and PGE2 improvement.
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Induction of colitis
Colitis was induced by TNBS acid using the modified 
method described by Morris et al[12]. Briefly, rats were fasted 
the day before colitis induction. Each rat was anesthetized 
with ether, and 100 mg/kg of  TNBS acid (Sigma, St. 
Louis, MO, 100 g/L TNBS acid in 500 mL/L ethanol, total 
volume 1.0 mL) was then instilled via a rubber catheter 
inserted 8 cm into the colon via the anus. The rubber 
catheter was modified with numerous holes in the last 4 cm 
of  its length. The instillation procedure required only a few 
seconds and the rats were maintained in a vertical position 
for 3 min to prevent solution leakage. Control mice 
received 500 mL/L ethanol of  the same volume using 
the same technique. All the rats were checked daily for 
behavior and body mass. The experiments were approved 
by the Institution’s Animal Care and Use Committee.

Treatment protocols
To investigate the therapeutic and dosage effects of  
curcumin(≥ 95%, Sigma), rats were randomly divided into 
four groups: control group(n = 15, receiving ethanol only 
and no treatment), TNBS acid group(n = 15, receiving 
TNBS acid and no treatment), curL group(n = 15, 
receiving 30 mg/kg curcumin per day ip) and curH group(n 
= 15, receiving curcumin 60 mg/kg per day ip). On d 1, 
the rats were fasted, colitis was induced and treatment 
was begun on d 2. Con and TNBS acid groups received 
the same volume of  5% ethanol (vehicle of  curcumin) 
everyday until the end of  the experiment. Treated groups 
received curcumin just after colitis was induced for two 
weeks until the rats were sacrificed.

Assessment of severity of colitis
After rapid removal of  the colon, specimens were flushed 
with ice cold PBS, cut open and photographed. The 
photographs of  the colonic specimens were then scored by 
a blinded observer unaware of  the treatment. Scores were 
assessed by using the following damage scoring system[12]: 
0: no damage; 1: localized hyperaemia without ulcers; 2: 
linear ulcers with no significant inflammation; 3: linear 
ulcer with inflammation at one site; 4: two or more sites 
of  ulceration and/or inflammation; 5: two or more major 
sites of  inflammation and ulceration or one major site of  
inflammation and ulceration extending more than 1 cm 
along the colon. For histological analysis, tissues were fixed 
in 100 g/L paraformaldehyde in phosphate-buffered saline, 
and paraffin-embedded tissue sections were stained with 
hematoxylin and eosin (HE) using the standard techniques.

Assessment of leukocyte infiltration
Myeloperoxidase (MPO) activity was assessed as a marker 
of  neutrophil infiltration. Rat colon samples were snap-
frozen in liquid nitrogen and stored at -80℃ before MPO 
activity assessment. The tissue was thawed, weighed and 
homogenized in PBS, the homogenate was centrifuged 
and the pellet was again homogenized in PBS containing 
5 g/L hexadecyl-trimethylammonium bromide (HETAB) 
and 10 mmol/L EDTA. This homogenate was subjected 
to three cycles of  freezing/thawing and brief  sonication. 
A sample of  homogenates was added to reaction volume 
(containing 80 mmol/L PBS, pH 5.4, 5 g/L HETAB and 1.6 

mmol/L 3, 3’, 5, 5’-tetramethylbenzidine). The mixture was 
incubated at 37℃ for 5 min and the reaction was started 
by the addition of  H2O2. The complete reaction mixture 
was incubated for exactly 3 min at 37℃ and terminated by 
the sequential addition of  catalase and sodium acetate. The 
changes in absorbance at 655 nm were measured with a 
spectrophotometer.

Semi-quantitative RT-PCR
For RT-PCR, rat colon samples were snap-frozen in liquid 
nitrogen and stored at -80℃ before ribonucleic acid (RNA) 
preparation. Total RNA was isolated using the TRIzol 
method (Life Technologies, Canada). Concentration of  
the RNA was detected from A260, and the integrity of  the 
RNA was verified by electrophoresis on formaldehyde gels. 
Total RNA was reverse-transcribed into complementary 
deoxyribonucleic acids (cDNAs) using a first strand cDNA 
synthesis kit (Fermentas, Life Sciences).The resultant 
cDNAs were subjected to PCR for measurement of  
messenger RNAs (mRNAs). The PCR products were 
subjected to agarose gel electrophoresis and the abundance 
of  each mRNA was normalized to that of  GAPDH. The 
sequences of  all primers used in this project are as flowing: 
GAPDH: sense: 5’ATGGGTGTGAACCACGAGAAA-3’, 
           anti-sense: 5’GGATACATTGGGGGTAGG-
AA-3’(330 bp);
COX-2:    sense: 5’-TACAAGCAGTGGCAAAGGC-3’,
              anti-sense: 5’-CAGTATTGAGGAGAACAGAT
GGG-3’(304 bp);
TNF-a:  sense: 5’-TACTGAACTTCGGGGTGATTGG
TCC-3’,
               anti-sense: 5’-CAGCCTTGTCCCTTGAAGAG
AACC-3’(295 bp);
IFN-        sense:5’AGCCTAGAAAGTCTGAAGAAC-3’,
           anti-sense:5’ACCGACTCCTTTTCCGCTTC-
CT-3’(387 bp)
iNOS:    sense:5’-TGAAGCACATGCAGAAATGAGTA
CCG-3’,
               anti-sense: 5’-CCGTCAGAGGTAACTGTTTA
CACG-3’ (464 bp)

Western blot analysis
Western blot analysis was performed by standard methods. 
Briefly, frozen tissue samples were homogenized in Tris-
HCl buffer containing a cocktail of  protease inhibitors and 
insoluble materials removed by centrifugation at 4℃. The 
solubilized lysates were resolved by sodium dodecyl sulfate 
(SDS)-PAGE electrophoresis under reducing conditions 
at a concentration of  50 mg protein of  each sample per 
lane. Nitrocellulose membranes were incubated overnight 
with rabbit anti-serum directed against COX-2 (Santa 
Cruz Biotechnology). Immunodetection with secondary 
peroxidase-conjugated antibody and chemiluminescence 
was performed according to the manufacturer’s protocol 
(Santa Cruz Biotechnology). Density of  the products was 
quantified.

Enzyme-link immunosorbent analysis
Colonic mucosal samples kept at -80℃ were weighed and 
homogenized on ice in 1 mL Tris-HCl buffer containing 
5.6 mmol/L indomethacin (pH 7.4), the homogenization 



was vortexed thoroughly for at least 2 min. After 
centrifugation, the concentration of  PGE2 in supernatants 
was immediately determined with competitive ELISA 
kits (R&D), according to the manufacturer’s instructions. 
PGE2 levels were normalized to microgram of  protein. 
The detection limit of  PGE2 was 39 ng/L.

Statistical analysis
Data were expressed as mean ± SE. The statistical sig-
nificance was evaluated by one-way analysis of  variance 
(ANOVA) followed by Dunnett’s test. P < 0.05 was con-
sidered statistically significant. In the experiment involving 
histology, the figures shown are representative of  at least 
three experiments performed on different days. 

RESULTS
Body mass
Administration of  TNBS acid caused a dramatically de-
crease in body mass of  all groups. Most of  them decreased 
more than 30 g after 2 d (data not shown). Con group 
showed transient and slight loss of  body weight (less than 
10 g, data not shown) and recovered quickly. From d 3 
it began to show significant difference from TNBS acid 
group (P < 0.05, Figure 1). At the end of  the experiment, 
except for TNBS acid group, body weight of  the other 
groups all reached the initial level. No difference was ob-
served among control, curL and curH groups at the end 
of  the experiment.

Macroscopic scores and histological images 
TNBS acid-induced colitis was characterized by thick 
and stiff  colonic wall due to edema, chemical erosion or 
fibriform-proliferation. Ulcers were scattered along the co-
lon or linked with each other, bleeding or redness was ob-
served in whole or partial colon. Necrosis of  epithelium, 
distortion of  crypts, destruction of  glands and infiltration 
of  inflammatory cells were observed. The macroscopic 
scores in curL and curH groups were significantly lower 
than those in TNBS acid group (P < 0.01 Figure 2). Treat-
ment with curcumin decreased edema. Ulcers in curcumin-

treated groups were much smaller and superficial, most 
of  the ulcers were healed and granulation or fibroplasias 
could be seen. Histological analysis showed that curcumin 
treatment decreased necrosis of  epithelium and the infil-
tration of  inflammatory cells and granulation can be seen. 

Leukocyte involvements
Myeloperoxidase activity was significantly (P < 0.01) in-
creased in TNBS acid-treated animals compared with con-
trol group (101 020 ± 17 170 nkat/g and 249 382 ±43 342 
nkat/g tissue protein, respectively, Table 1 ), which was 
consistent with the histological findings. Treatment with 
curcumin (30 mg/kg or 60 mg/kg per day) significantly 
reduced the degree of  polymorphonuclear and neutrophil 
infiltration in rats with TNBS acid-induced colitis. 

COX-2 and PGE2 expression
Weak expression of  COX-2 mRNA could be detected 
in normal colon (Figure 3). After colitis was induced by 
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Figure 1  Body mass changes in rats with TNBS acid-induced colitis. Each bar 
represents mean  ±  SE. P < 0.05 vs TNBS acid.

Figure 2  Effects of curcumin on histological scores of rats with TNBS acid-
induced colitis in control group (A), TNBS acid group (B), and cur group (C). (HE 
staining, original magnification: × 200).
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TNBS acid, its expression increased by more than 10-fold. 
Treatment with curcumin decreased its expression by 70%, 
but was still higher than normal (P < 0.05). Western blot 
analysis showed the similar changes of  protein in colon 
mucosa (Figure 3). After colitis was induced, PGE2 de-
creased and its expression was increased after curcumin 
treatment.

Expression of inflammatory mediator genes
Abundance of  IFN-g, TNF-a and iNOS mRNA in TNBS 
acid group was significantly elevated compared with con-
trol group. Curcumin treatment suppressed the increased 
mRNA efficiently, but its level was still higher than normal 
(Table 1).

DISCUSSION
Treatment with curcumin (30 mg/kg or 60 mg/kg per day) 
reduced the severity and extension of  damage induced by 
TNBS acid, decreased the extent of  colitis and increased 
the survival rate and the incidence of  adhesions. The rats 
treated with curcumin had improved histological image 
and less neutrophil infiltration in colon mucosa. The ex-
pression of  COX-2 increased in acute and chronic colitis, 
suggesting that over-expression of  COX-2 may result in 
neoplasia[13-17]. Curcumin exerts its antitumor and anti-
inflammation effects by down-regulating COX-2 directly 
or indirectly[18]. Some reports indicate that selective COX-2 
inhibitors exacerbate colitis[19-21], but others indicate that 

Table 1  Concentrations of PGE2 , activities of MPO in colon tissue and mRNA in inflammatory response genes (mean ± SE)

	                  Tissue	                         Protein	                                                              mRNA  
	               PGE2 (ng/g)	                    MPO (knat/g)	                     TNF-a	                               IFN-g	                          iNOS

Con  15  176.3 ± 29.2c 101 020 ± 17 170d 0.0795 ± 0.0096d 0.0284 ± 0.0150d 0.8304 ± 0.1180d

TNBS 8    78.5 ± 13.2a 249 382 ± 43 342b 0.8861 ± 0.0533b 1.0212 ± 0.0687b 6.5690 ± 0.9450b

CurL 12  190.2 ± 17.0c 121 691 ± 23 171ad 0.1967 ± 0.0365bd 0.0565 ± 0.0177ad 1.8638 ± 0.3347bd

CurH 13   215.5 ± 20.4ac 122 191 ± 21 171ad 0.1727 ± 0.0348bd 0.0518 ± 0.0057d 1.7250 ± 0.3026bd
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Figure 3  COX-2 expression in rats with TNBS acid-induced colitis. A: COX-2 mRNA; B: COX-2 products; C and D: COX-2 protein (M r72 000) (mean ± SE, Dunnett’s t test). 
bP < 0.01 vs control;  dP < 0.01 vs TNBS acid.

aP < 0.05,  bP < 0.01 vs control;  cP < 0.05, dP < 0.01 vs TNBS acid (Dunnett’s t test)
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they have therapeutic effects on colitis[22-26]. In our experi-
ment, the expression of  COX-2 increased in colon follow-
ing the induction of  colitis, suggesting that high expres-
sion of  COX-2 in the colon is associated with high MPO 
activity and cytokine production. Curcumin decreased the 
level of  COX-2, indicating that decreasing the expression 
of  COX-2 may benefit to colitis.

PGE2, an inflammatory mediator, participates in epi-
thelium repairing and exerts anti-inflammation effects 
including suppression of  neutrophil function or preven-
tion of  mast cell degranulation. Recently, PGE2 has been 
implicated in the inhibition of  the production of  IFN-g, 
IL-2 and IL-12[27]. It was reported that in early or acute 
inflammation phase the expression of  PGE2 is usually up-
regulated, resulting in inflammatory manifestations, such as 
redness, edema, pyrexia and ache[15,28]. Treatment with cur-
cumin increased the expression of  PGE2 though its limit-
ing enzyme COX-2 decreased, indicating that curcumin 
can change the expression spectrum of  PGs in colitis. 

TNBS acid-induced chronic intestinal inflammation 
mimics human Crohn’s disease, showing high IFN-g, 
TNF-a and iNOS, but low levels of  IL-4 and IL-5[19,29]. 
Treatment with curcumin decreased IFN-g, TNF-a and 
iNOS distinctly in our study, which is consistent with the 
reports of  Ukil et al[11] and Sugimoto et al[9]. Since PGE2 is 
capable of  inhibiting Th1 cytokines, the decreased IFN-g, 
TNF-a and iNOS in this study maybe due to PGE2. 
Although curcumin decreased the expression of  inflam-
matory response genes, but not decrease it to the normal 
level, suggesting that curcumin is not able to completely 
eliminate colitis. 

Curcumin (30 mg/kg or 60 mg/kg per day) did not 
show any difference in the treatment of  colitis induced 
by TNBS acid. Curcumin is also a chemopreventive drug 
for many tumors[18]. IBD patients are at risk of  developing 
dysplasia and neoplasia. Phase I clinical trial of  curcumin 
indicated that 8 g/d for 3 mo does not show any toxic-
ity[30], suggesting that long-term administration of  curcum-
in in IBD patients is not only safe but also improves colitis 
and prevents development of  colorectal cancer.

In conclusion, curcumin attenuates TNBS acid-induced 
chronic colitis by decreasing the expression of  COX-2 and 
increasing PGE2. Curcumin can down regulate the expres-
sion of  inflammatory genes in colitis induced by TNBS 
acid and is a safe and therapeutic agent for IBD patients 
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