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Abstract
Ulcerative colitis (UC) is an inflammation-associated 
disease of the colon and rectum. The onset and 
progress of the disease are directly influenced by the 
nature of the intestinal microflora, the intestinal bar-
rier function, and the immunological responses of the 
host. The epithelial invasion of pathogenic bacteria 
due to excess contact and/or barrier dysfunction is re-
lated to inflammation mediated by intestinal immune 
responses. Although the etiology of UC is not clearly 
understood, recent studies have shown a rising inci-
dence of UC worldwide, and this phenomenon is more 
prominent in Asian countries and in Asian immigrants 
in Western countries. The increased prevalence of 
UC also contributes to an increased risk of develop-
ing colorectal cancer. Environmental factors, including 
changes in dietary habits, have been suggested as 
major risk factors of UC. A systematic review showed a 
negative association between UC risk and vegetable in-
take, whereas total fat, omega-6 fatty acids and meat 
intake were positively associated with an increased 
risk of UC. Individual dietary factors and energy bal-

ance have been suggested as having important roles 
in inducing changes in the microbial population and in-
testinal barrier integrity and in regulating inflammatory 
immune responses, directly or indirectly. Excess energy 
intake is now known to increase pathogenic microbial 
populations. Likewise, the application of appropriate 
probiotics may reverse the pathogenic progression of 
the disease. In the meantime, dietary anti-inflammato-
ry compounds, including omega-3 fatty acids and other 
phytochemicals, may directly suppress inflammatory 
responses in the course of UC development. In this re-
view, the increased prevalence of UC and its manage-
ment are interpreted from the standpoint of nutritional 
modulation to regulate the intestinal microflora popula-
tion, intestinal epithelium permeability, and inflamma-
tory responses.
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INTRODUCTION
Ulcerative colitis (UC) is a major type of  inflammatory 
bowel disease (IBD) characterized by chronic inflam-
mation in the colon and rectum. It progresses by exten-
sive epithelial apoptosis and ulceration due to chronic 
inflammation induced by T-helper (Th) 2 cytokines[1]. 
Recent studies have also indicated that a balance be-
tween proinflammatory Th17 cells and immunsuppres-
sive Treg cells play a crucial role in the development of  
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UC[2]. Although the etiology of  UC has not been clearly 
determined, environmental factors are thought to stimu-
late overt immune responses to bacterial components 
in individuals with high genetic susceptibility. A recent 
report on the incidence of  IBD in Asia indicated that 
the prevalence of  UC is growing rapidly in Japan, Hong 
Kong, and South Korea[3-5], countries where IBD used 
to be rare. The most recent reports on UC prevalence 
in Japan and South Korea provided figures of  63.6 and 
30.9 per 100 000 people, respectively[4,5]. UC reportedly 
affects 0.24% of  the United States population[6], and the 
prevalence in Northern European countries ranges from 
40 to 240 per 100 000 people[7]. 

Lifestyle changes, as well as increased awareness of  
the disease and improved diagnosis, may have contrib-
uted to the increased incidence. Dietary habits in Asian 
countries have changed, resulting in a Western-style diet 
with fewer plant-based and more processed foods. A 
recent systematic review of  19 studies reported a nega-
tive association between UC risk and vegetable intake, 
whereas total fat, omega-6 fatty acids, and meat intake 
were positively associated with increased UC risk[8]. In-
formation is limited, however, on the role of  individual 
dietary components in UC development, and most nu-
tritional modulation studies have focused on delaying re-
lapses of  UC, efforts that involve secondary rather than 
primary prevention. The cumulative incidence of  relapse 
in UC are 30%, 72%, and 88% after 1, 5, and 10 years 
following the initial diagnosis[9]. Patients younger than 
40 years have been shown to present with more severe 
disease at the time of  diagnosis compared with older 
patients[10]. Importantly, the increased incidence of  UC 
may be closely related to an increase in the prevalence of  
colorectal cancer (CRC). A subset study population with 
UC from the Kaiser Permanente Medical Care Program 
was analyzed for CRC incidence and mortality, and the 
standardized mortality ratio for CRC among UC patients 
was 2.0 (95%CI 1.3-2.7)[11]. Chronic inflammation medi-
ates a wide range of  signaling cascades that possibly fa-
cilitate colorectal carcinogenesis, and UC remission may 
reduce the risk of  CRC. In this review, the pathophysiol-
ogy of  UC is summarized to allow understanding of  the 
molecular mechanisms involved in the action of  dietary 
components. Major dietary components reported to 
regulate, directly or indirectly, inflammatory responses in 
UC are discussed, with a focus on human studies where 
available. Genetic factors and therapeutic measures, while 
important to consider, fall outside the scope of  this re-
view. 

INTESTINAL BARRIER FUNCTIONS AND 
INFLAMMATION IN UC
The human large intestine contains a concentration of  
approximately 1011-1012 microorganisms per gram of  
luminal content. These microbes can be either beneficial 
or harmful to the intestinal epithelium. Under normal 
circumstances, multiple mechanisms protect the intes-
tinal epithelium from microbial invasion, but environ-

mental stimuli in combination with genetic factors can 
facilitate overgrowth of  harmful microflora and induce 
abnormal immune responses that disrupt the mucosal 
barrier, causing inflammation (Figure 1). 

The luminal side of  the intestinal membrane is in 
constant contact with intestinal microflora. The most ev-
ident characteristic of  pathogenic bacteria are their inva-
siveness and induction of  inflammatory responses in the 
intestinal epithelium[12]. The host system, in other words, 
is able to recognize and differentiate pathogens from the 
commensals. To protect the host from pathogenic bac-
teria, the intestinal epithelium is equipped with multiple 
defense systems. Intestinal epithelial cells (IECs), which 
are layered by glycoproteins such as mucin, form the first 
line of  immune defense. Tight junction (TJ) proteins seal 
the space between IECs. The layer below the IECs is the 
sub-epithelial dome, containing antigen-presenting cells, 
and underneath are Payer’s patches, where B-cell follicles 
and T-cells reside. 

Bacterial invasion is recognized by receptors called 
pattern recognition receptors (PRRs) in the IEC mem-
brane, and the primary PRRs are toll-like receptors 
(TLRs). There are 10 different classes of  TLRs expressed 
throughout the whole human gastrointestinal tract. The 
recognition of  bacteria is carried out by means of  com-
munication between PRRs and microbial components 
such as lipopolysaccharide (LPS), and this is followed by 
immune responses to destroy the invading pathogens. 
Microbiota and viral-associated ligands use different 
types of  TLRs depending on molecular patterns. For ex-
ample, TLR2 recognizes lipopeptides, TLR 3 recognizes 
viral-derived dsRNA, and TLR4 recognizes LPSs[13]. 
Constant immune responses provoke chronic inflamma-
tion, which is mediated by pro-inflammatory cytokines 
and chemokines. The inflammation not only contributes 
to clinical features of  inflammatory disease, but also 
exacerbates the penetration of  pathogenic bacteria by 
increasing the membrane permeability, creating a vicious 
cycle. The ability of  the intestinal epithelium to distin-
guish commensal from pathogenic bacteria is important 
because the intestine requires a symbiotic relationship 
with commensals without immune responses. Several 
explanations exist for the intestinal epithelium’s ability 
to discriminate harmful bacteria from commensals[14]. In 
brief, pathogenic bacteria possesses virulence factors to 
stimulate the innate immune responses while commen-
sals mutate their molecular patterns, escaping recogni-
tion by TLRs, and attenuate the nuclear factor (NF)-κB 
pathway. Also, the hyporesponsiveness to commensals 
has been explained by the anti-inflammatory nature of  
the gut mucosa including reduced expression of  PRRs 
and reduced inflammatory nature of  intestinal immune 
cells.

DIETARY FACTORS MODULATING 
INTESTINAL BARRIER FUNCTIONS IN UC 
Excess energy (obesity)
Obesity is the most convincing risk factor in the devel-
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opment of  many noncommunicable diseases, including 
type 2 diabetes, cardiovascular diseases, non-alcoholic 
fatty liver disease, and selected types of  cancer. World 
Health Organization statistics stated that physical inactiv-
ity and being overweight or obese contributed, respective-
ly, to 5% and 6% of  deaths[15]. The estimated prevalence 
of  overweight [body mass index (BMI) ≥ 25 kg/m2] 
and obese (BMI ≥ 30 kg/m2) males and females aged 
15 or older was ≥ 80% in the United States, ≥ 65% in 
Canada, Mexico, Argentina, Australia, the United King-
dom, and Germany, and ≥ 35% in all other countries, 
except for several African countries, India, and South 
East Asian countries[16].

Obesity and abdominal obesity have been specifically 
identified as the most convincing risk factors for the 
development of  CRC[17]. In many studies, obesity-related 
inflammatory biomarkers were shown to be associated 
with disease activity. Among adipokines, resistin was 
considered to have a positive relationship with disease 
activity[18,19]. In a multicenter registry of  children with 
IBD, 1 in 3 children with UC were overweight or obese, 
which is comparable to the rate in the general popula-
tion[20]. However, prior IBD-related surgery was posi-
tively associated with being overweight or obese, which 
implies that obesity may provoke a more severe disease 
course. CRP was found to be a marker predictive of  
disease progression in a population-based prospective 

study[21]. CRP concentrations above 23 mg/L at diagno-
sis showed an odds ratio (OR) of  4.8 (95%CI, 1.5-15.1) 
in the prediction of  surgery in UC patients. These re-
sults suggest that systemic inflammation worsens disease 
activity, and therefore the suppression of  inflammatory 
events may be critical for the management of  UC.

Mechanistic explanations have not been provided re-
garding the relationship between obesity and intestinal 
inflammation in patients. However, a number of  rodent 
model studies have indicated that intestinal inflamma-
tion is mediated through obesity-related factors. Leptin 
was shown to act as a critical mediator in colitis devel-
opment[22]. Leptin-deficient (ob/ob) mice were shown to 
be resistant to chemically-induced colitis, indicating that 
leptin is a critical regulator. Adiponectin, on the other 
hand, was shown to be a negative regulator in the devel-
opment of  dextran sulfate sodium (DSS)-induced colitis 
through the suppression of  pro-inflammatory cytokine 
and chemokine production[23]. In a recent study, the ef-
fects of  high-fat diet-induced obesity and chemically-
induced colitis were compared in the development of  
UC[24]. A high-fat diet alone did not induce characteristic 
histopathological features of  UC, indicating UC devel-
opment is accelerated through inflammatory infiltration 
in the colon tissue of  chemically-induced colitis. It is 
also interesting to note that the inflamed intestines of  
mice with chemically-induced colitis exhibited higher 

Figure 1  Disrupted intestinal homeostasis in ulcerative colitis and the role of nutritional factors. Ulcerative colitis is a chronic inflammatory disease of the co-
lon and rectum. Inflammatory responses are induced by the penetration of excessive pathogenic bacteria due to the increased population of pathogenic bacteria, the 
loss of junction proteins and thin mucin layer. Once pathogens are recognized by antigen-presenting cells (APC), T-lymphocytes produce pro-inflammatory cytokines 
activating inflammation-inducing nuclear transcription factor, nuclear factor (NF)-κB and generating reactive oxygen species (ROS) and reactive nitrogen species (RNS) 
which result in the inflamed intestine. Obesity is known to cause imbalances between pathogens and commensals as well as chronic inflammation. The increased 
ω-6 to ω-3 fatty acid ratio in the diet also accelerates inflammatory responses. Probiotics supplementation helps to maintain gut health by retaining tight junctions and 
mucin layer. Probiotics and antioxidants suppress immoderate immune responses, and ROS-induced inflammatory responses are moderated by antioxidants. TNF-α: 
Tumor necrosis factor-α; IL-1β: Interleukin-1β; IECs: Intestinal epithelial cells.
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inflammatory activities in the mesenteric fat compared 
with obese mice, which implies that intestinal inflamma-
tion may precede systemic inflammation[25]. These results 
suggest that obesity may not be an independent risk factor 
for UC development, although it may aggravate disease 
progression. 

There are several reports showing evidence of  obesity-
associated changes in the intestinal microbiota. However, 
there is no clear explanation if  this is due to adiposity or 
dietary composition[26]. Therefore, the altered microbial 
population is either a cause or a consequences of  obesity. 
A recent report suggested that diets high in saturated fat 
promote taurine-conjugated bile acid formation, alter-
ing microbial composition towards the overgrowth of  a 
sulfite-reducing pathobiont, Bilophilla wadsworthia. This ac-
celerated the development of  colitis in interleukin (IL)-10 
-/- mice[27], providing evidence of  a direct contribution 
from increased dietary fat. High-saturated fat diets al-
tered microbial composition, resulting in a significantly 
higher ratio of  Firmicutes to Bacteroidetes[28]. A decreased 
proportion of  Bacteroidetes[29] was also observed in IBD, 
suggesting a possible mediating effect of  these bacteria 
in obesity-related pathogenic changes in the intestinal 
epithelium. Others have reported that changes in the gut 
microbiota directly contribute to the development of  
obesity and related metabolic disturbances[30,31], which 
requires further investigation.

Fatty acids
The intakes of  pro-inflammatory omega-6 fatty acids 
and anti-inflammatory omega-3 fatty acids have been 
suggested as important regulators in UC disease activity. 
A recent systematic review concluded that available ran-
domized controlled trials do not indicate that omega-3 
fatty acids are useful to alleviate IBD[32].

Epidemiological studies have been conducted to in-
vestigate the association between UC and nutrients. A 
total of  139 UC patients were identified as a subgroup 
of  the population participating in a large prospective co-
hort study, the European Prospective Investigation into 
Cancer and Nutrition (EPIC)[33]. Results indicated that 
there is a marginally significant association between UC 
and an increasing percentage intake of  energy from total 
polyunsaturated fatty acids (OR, 1.19; 95%CI, 0.99-1.14, 
P = 0.07). In another EPIC sub-cohort report, the high-
est quartile of  intake of  linoleic acid was positively as-
sociated with UC risk (OR, 2.49; 95%CI, 1.23-5.07)[34]. A 
nested United Kingdom cohort study analyzed the effect 
of  total and specific dietary omega-3 fatty acids intake 
on the risk of  UC[35]. Docosahexaenoic acid (DHA) was 
found to have a statistically significant protective OR of  
0.43 (95%CI, 0.22-0.86), while total omega-3 fatty acids 
and eicosapentaenoic acid (EPA) showed marginally nega-
tive values.

Few studies have reported fatty acid composition 
markers of  UC in human biospecimens. In accordance 
with the above mentioned epidemiological evidence, one 
study showed that the erythrocyte membrane content of  
linoleic acid, the most abundant dietary polyunsaturated 

acid present in plant seed oil was significantly higher in 
IBD patients (29 UC and 20 CD patients) compared 
with control subjects (n = 31)[36]. In the same study, UC 
patients showed a significantly higher ratio of  arachi-
donic acid (AA) to EPA compared with control subjects. 
Leukotrienes (LTs) are pro-inflammatory lipid mediators 
involved in the progression of  UC. The 5-lipoxygenase 
pathway (5-LOX) catalyzes the formation of  LTs from 
AA, and the deletion of  the gene encoding 5-LOX in an 
animal model prevented the development of  chemically-
induced colitis[37]. In a prospective case-control study, 
UC patients had significantly higher urinary LTE4 excre-
tion compared with controls[38]. A subpopulation of  the 
EPIC prospective cohort study showed that subjects in 
the highest quartile for adipose tissue AA concentration 
had a relative risk for UC of  4.16 (95%CI, 1.38-2.27)[39].

Experimental animal model studies have investigated 
the effects on UC development of  omega-3 fatty acid 
supplementation or an increased ratio of  omega-3 to 
omega-6 fatty acid in the diet[41-43]. Possible mechanistic 
explanations include: (1) the restoration of  membrane TJ 
protein expression and distribution; or (2) the activation 
of  peroxisome proliferator-activated receptor-γ, possibly 
inhibiting NFκB transcriptional activity. However, Var-
nalidis et al[42] suggested that the ameliorating effects of  
omega-3 fatty acids are accompanied by increased colon-
ic neutrophil infiltration, and needs further clarification. 
Matsunaga et al[41] reported that feeding fish oil (8% w/w) 
exacerbates DSS-induced colitis in mice by suppressing 
the expression of  adiponectin in myofibroblasts of  the 
intestinal epithelium. 

Apart from omega-6 and omega-3 fatty acids, short 
chain fatty acids have been suggested to suppress intes-
tinal inflammation through G-protein-coupled receptor 
43 (GPR-43)[44]. Acetate supplementation suppressed 
DSS-induced colonic inflammation in wild-type mice, 
while GPR-43 -/- mice did not respond to acetate. These 
results explain the role that intestinal microbiota play in 
producing short chain fatty acids from dietary fiber in 
the maintenance of  a healthy gut.

The efficacy and safety of  fish oil in the remission 
of  IBD [Crohn’s disease (CD) or UC] have been inves-
tigated in clinical trials. A recent meta-analysis retrieved 
9 randomized, placebo-controlled trial of  fish oil ad-
ministered for at least 6 mo[45]. A total of  1.8-6.2 g/d of  
DHA + EPA or total omega-3 fatty acids were provided 
during the study period, and the primary outcome was 
relapse rate. A meta-analysis indicated that there was no 
significant reduction in the relative risk of  UC, while 
the pooled relative risk of  CD relapse was 0.77 (95%CI, 
0.61-0.98). A clinical trial based on n-3 polyunsaturated 
diet therapy (n-6 to n-3 fatty acid ratio of  approximately 
1) reported that subjects exhibiting disease remission 
after a n-3 PUFA diet had a higher ratio of  n-3/n-6 fatty 
acids in the red cell membrane compared with the re-
lapse group[46].

Probiotics
Probiotics are live, nonpathogenic microorganisms that 
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contribute to the improvement of  epithelial and mucosal 
barrier function through various mechanisms, including 
reduced intestinal pH, inhibition of  pathogenic bacte-
ria, and modulation of  the intestinal mucosa immune 
responses[47-49]. Although there is a growing body of  
evidence from in vivo studies on the beneficial effects 
of  probiotics in UC, reliable clinical trials are limited in 
number. The aim of  this chapter is to review random-
ized, double-blind, placebo-controlled clinical trials 
which suggest that probiotics are effective in UC. 

The probiotic Escherichia Coli strain Nissle 1917 (EcN) 
is non-pathogenic and one of  the best characterized 
strains used as a probiotic drug[50]. The clinical effective-
ness of  EcN in adult UC patients seems to be prom-
ising[51]. Patients with moderate distal active UC were 
assigned to treatment with either 10, 20, or 40 mL of  
EcN enema (n = 23, 23, 24) containing 108 CFU/mL 
or placebo once a day for at least 2 wk. If  there was no 
disease activity index (DAI) improvement after 2 wk, 
patients were classified as non-responders and discon-
tinued therapy. Those classified as responders could re-
ceive the treatment for 4 or 8 wk. Although the number 
of  responders was not significantly higher in the EcN 
group than in the placebo group, the efficacy of  rectal 
EcN treatment was dose-dependent and significant in 
the per-protocol analysis. This Phase Ⅱ study showed 
that EcN is an effective and well-tolerated alternative or 
supplementary treatment in mild-to-moderate distal UC 
patients. 

The induction of  remission in patients with mild-to-
moderate UC was also demonstrated with VSL3™ treat-
ment. VSL3 is a high-concentration probiotic mixture, 
which combines 8 different bacterial species including 
Bifidobacterium (B.) longum, B. breve, B. infantis, Lactobacil-
lus (L.) casei, L. plantarum, L. acidophilus, L. Bulgaricus, and 
Streptococcus thermophilus[52]. In a multicenter, randomized, 
double-blind, placebo-controlled trial, subjects received 
either VSL3 (n = 77) containing 3.6 × 1012 CFU or pla-
cebo (n = 70) twice per day for 12 wk[53]. VSL3 led to a 
50% improvement in DAI at 6 wk and clinical remission 
was shown in 33 patients given VSL3 (42.9%) compared 
with 11 patients given placebo (15.7%) at 12 wk. 

A single-center, randomized, double-blind, placebo-
controlled trial of  the efficacy of  symbiotic treatment 
was performed using 18 patients with active UC[54]. Par-
ticipants were given either 2 × 1011 B. longum and 6 g of  
prebiotic fructo-oligosaccharide/inulin mix (n = 9) or 
placebo (n = 9) twice a day for 4 wk. The results showed 
that consumption of  symbiotic treatment over 4 wk sig-
nificantly ameliorated mucosal mRNA levels of  human 
beta-defensins 2, 3, and 4, which are strongly upregu-
lated in active UC. In addition, mucosal mRNA levels of  
tumor necrosis factor-α (TNF-α) and IL-1α were sig-
nificantly decreased in the symbiotic group, with remis-
sion of  sigmoidoscopy scores. This small trial provided 
the potential efficacy of  symbiotic therapy for patients 
with active UC. The effect of L. acidophilus La-5 and B. 
lactis BB-12 (Probio-Tec AB-25) was investigated in a 

randomized, double-blind, placebo-controlled trial[55]. 
Patients with left-side UC were given either Probio-
Tec AB-25 (n = 20) or placebo (n = 12) for 52 wk, and 
clinical, endoscopic, and histological parameters were 
analyzed at entry and in case of  relapse. In this study, 
there was no statistical difference in remission rate and 
the median time to relapse between the two groups after 
1 year of  treatment. The authors concluded that Probio-
Tec AB-25 was well tolerated by study participants and 
that a failure to prove efficacy in remission rate may be 
due to the small sample size. 

The use of  probiotics as maintenance therapy in 
UC patients seems promising. Two randomized, double 
blind, double-dummy clinical trials to determine the ef-
ficacy of  EcN were conducted. In the preliminary study, 
120 patients with inactive UC were treated with either 
an oral preparation of  EcN containing 25 × 109 bacteria 
daily or mesalazine 1500 mg daily for 12 wk. The start 
and end DAI scores demonstrated no significant dif-
ference between the two groups. The relapse rate was 
16.0% in EcN group and 11.3% among those taking me-
salazine[56]. The same authors investigated the effective-
ness of  EcN in 327 patients with UC. Subjects received 
either probiotics containing 5 × 1010 bacteria or mesala-
zine 1500 mg daily (n = 162, 165) for 12 mo. According 
to the per protocol analysis, 36.4% of  patients in the 
EcN group experienced a relapse, compared with 33.9% 
of  patients in the mesalazine group. The investigators 
concluded that EcN is efficient and safe in maintaining 
remission, and equivalent to the standard mesalazine[57]. 
Another study also confirmed that the administration of  
EcN was as effective as mesalazine in the maintenance 
of  remission in patients with UC[58]. Patients with active 
UC were randomized to EcN treatment of  5 × 1010 pro-
biotics/d (n = 57) or mesalazine treatment (1200 mg/d, 
n = 59) for 12 mo. In the intention-to-treat analysis, the 
health conditions were improved in 39 (68.4%) subjects 
in the EcN group and 44 (74.5%) subjects in the mesala-
zine group. The mean time of  remission was 42 d (median 
37 d) in the EcN group and 44 d (mean 42 d) in the me-
salazine group. These results support the conclusion that 
EcN treatment has an equivalent effect to mesalazine in 
maintaining remission of  UC. 

The efficacy of  VSL3 on induction and maintenance 
of  remission in patients with active UC was studied in a 
long-term, randomized, double-blind, placebo-controlled 
trial[59]. In this study, subjects were children (mean age: 
9.8 years; range: 1.7-16.1 years) and they were received 
either VSL3 containing 4.5-18 × 1011 bacteria/d (n = 
14) or placebo (n = 15) for 1 year. All of  the 29 patients 
were also treated with mesalazine during this trial period. 
Three of  the 14 (21.4%) subjects in the VSL3 group and 
11 of  the 15 (73.3%) subjects in the placebo group re-
lapsed within 1 year of  follow-up. At 6 mo, 12 mo, or at 
time of  relapse, endoscopic and histological scores were 
significantly lower in the VSL3 group compared with the 
patients in the placebo group. No adverse effect related 
to VSL3 was observed. Although the sample size of  this 
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study was small, it provided evidence for the efficacy and 
safety of  VSL3 in pediatric UC patients receiving con-
ventional IBD therapy.

Another study evaluated the efficacy of  VSL3 su
pplementation in patients with mild-to-moderate UC 
who were already being treated with 5-aminosalicylic 
acid (5-ASA) and/or immunosuppressants[60]. The pa-
tients were randomly treated with either VSL3 (n = 65) 
including 3600 × 109 CFU/d or placebo (n = 66) for 8 
wk. After 8 wk, decreases in DAI scores of  50% or more 
were significantly higher in the VSL3 group than in the 
placebo group. However, there was no significant differ-
ence in stool frequency, physician rating of  disease, and 
endoscopic scores between the two groups. Although 
the mechanism(s) of  VSL3 treatment in IBD therapy is 
unclear, these two randomized, double-blind, placebo-
controlled clinical trials showed the potential synergistic 
activity of  probiotics. 

A large number of  animal model studies have re-
ported protective effects of  probiotics, and these results 
are summarized elsewhere[61]. Most of  the studies used 
DSS mouse[62-64], trinitrobenzene sulfonic acid (TNBS) 
mouse[65-67] and IL-10-/- mouse[68-70]. The most frequently 
used probiotics were VSL3, Lactobacillus, Bifidobacterium, 
and Saccharomyces. The proposed mechanisms of  action 
were as follows: (1) reduction of  inflammatory cytokine 
and chemokine levels; (2) downregulation of  TLR sig-
naling followed by immune suppression; (3) increase in 
epithelium gap junction protein expressions; (4) preven-
tion of  pathogen growth and/or attachment; (5) increase 
in mucin production; (6) decrease in leukotriene B4 pro-
duction; and (7) increase in short-chain fatty acid pro-
duction. The reduced level of  inflammatory cytokines 
and chemokines were thought to be mediated through 
signal transducer and activator of  transcriptions-3 signal-
ing[71,72] and/or NF-κB activation[73,74].

Although the specific mechanisms of  action of  pro-
biotics are unknown, their therapeutic effects may be 
related to modulation of  antigen-presenting cells. Local 
T cell immunity is an important factor involved in the 
specific intestinal immune system and its activation is 
programmed by dendritic cells (DCs) that help maintain 
mucosal tolerance and contribute to the development of  
chronic intestinal inflammation as key initiators of  innate 
and adaptive immune responses in the gut[75-77]. However, 
the immunological mechanisms of  certain probiotics are 
still poorly understood while several studies have dem-
onstrated that anti-inflammatory activity of  probiotics 
is due to modulation of  DC and regulatory T cell (Treg) 
phenotype function. It was reported that the therapeutic 
effect of  VSL3 was due to regulation mucosal CD4+ T 
cell responses in a colitis-associated CRC model[78]. VSL3 
administration in UC patients significantly decreased 
TLR-2 expression on colonic DC[79]. Also, VSL3 supple-
mentation increased IL-10 production and decreased 
IL-12p40 production by colonic DC[76]. VSL3 adminis-
tration induced a significant expansion of  mucosal Treg 
cells in UC patients[80]. L. rhamnosus induced matura-
tion of  monocyte-derived DC and induced both lower 

IL-12 and IL-18 production and development of  T cells 
without a typical Th phenotype[81]. A probiotic mixture 
containing L. helveticus and L. rhamnosus increased follicu-
lar Treg cells in Citrobacter rodentium-induced colitis[82]. L. 
casei inhibited TNF-induced secretion of  the T-cell che-
mokine interferon-inducible protein 10 (IP-10) in IECs 
by blocking IP-10 protein secretion and IP-10-mediated 
T-cell transmigration[83]. L. casei lysate DN-114 001 treat-
ment increased the numbers of  CD4(+)FoxP3(+)Treg 
cells in mesenteric lymph nodes, decreased the produc-
tion of  TNF-α, interferon-γ, and IL-10 in Peyer’s patch-
es and large intestine, and changed the gut microbiota 
composition in a DSS-induced colitis model[84]. L-pep-
tidoglycan purified from Ls33 also ameliorated TNBS-
induced colitis by development of  CD103(+) DCs and 
CD4(+)Foxp3(+) Treg cells[85]. Thomas et al[86] showed 
that Saccharomyces bourladii, a probiotic yeast preparation, 
reduced IL-6 and TNF-α and decreased the expression 
of  co-stimulated surface markers CD40, CD80, and the 
migration marker CD197 (CCR7) on LPS-stimulated hu-
man 92 induced apoptosis of  antigen-stimulated T cells. 
These data suggest that each strain exhibits a different 
ability to modulate DC and Treg functions and explain 
various potential mechanism(s) of  bacterial strains. 

Current evidence suggests that probiotics are good 
complementary and alternative medicine candidates to 
maintain remission and prevent relapse of  UC. However, 
the clinical efficacy results are limited, and strain-specific 
mechanistic explanations are insufficient. Additional 
large-scale clinical trials are required to shed light on op-
timal doses and treatment periods. 

Antioxidant vitamins and phytochemicals
Oxidative stress is known as a potential etiological and/
or triggering factor in the initiation and preservation of  
UC[47,87-89]. Inflammation augments oxidative stress by 
activating reactive oxygen and/or reactive nitrogen, gen-
erating enzymes such as NAD(P)H oxidase, inducible 
nitric oxide synthase, and myeloperoxidase[89,90]. A group 
of  antioxidants has been used to ameliorate the clinical 
condition of  UC patients. In addition, several studies 
have shown that patients with UC often have antioxi-
dant nutrient deficiencies at the time of  diagnosis[91-93]. 
Although the important role of  antioxidants in UC has 
been seen in several studies, few clinical trials have been 
conducted. A randomized, controlled trial evaluated 
the efficacy of  a nutritionally balanced oral supplement 
including fish oil, fructo-oligosaccharides, gum arabic, 
vitamin E, vitamin C, and selenium in 121 patients with 
mild-to-moderate UC[93]. Patients consumed either 510.3 
g of  the oral supplement or placebo each day for 6 
mo. Compared with the placebo group, both intent-to-
treat and completer patients given the oral supplement 
showed a significant decrease in the dose of  prednisone 
required to control clinical symptoms over 6 mo. Mirba-
gheri et al[94] performed an open-label, preliminary trial 
for the efficacy of  D-α-tocopherol using 14 patients 
who were receiving concomitant therapy with 5-ASA 
and/or immunosuppressants. Patients received a D-α-
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tocopherol enema (8000 U/d) for 12 wk. At the end of  
12 wk, the DAI score had statistically decreased from 
the beginning of  the study, all 14 patients responded 
clinically to the therapy, and remission was induced in 9 
patients (64%) without adverse events. 

In recent years, several studies have investigated the 
efficacy of  curcumin, a polyphenolic antioxidant in Cur-
cuma longa L., in experimental models of  UC. These stud-
ies have showed a strong antioxidant effect, as well as an 
anti-inflammatory effect, of  curcumin in this model. A 
small, open-label, pilot clinical trial of  the effect of  cur-
cumin in patients with IBD (5 UC, 5 CD) receiving IBD 
medication (5-ASA or corticosteroids) was conducted[95]. 
The patients were given curcumin 1100 mg/d for 1 mo 
and 1650 mg/d for an additional 2 mo. All 5 patients 
with UC had significant improvement in their medica-
tion, as follows: two patients stopped taking 5-ASA, two 
reduced 5-ASA dosage, and one stopped corticosteroids 
entirely. This encouraging pilot study showed the strong 
potential efficacy of  curcumin in UC patients. 

In a multicenter, randomized, double-blind, placebo-
controlled trial, the efficacy of  curcumin in 89 patients 
with quiescent UC was evaluated[96]. In addition to their 
usual medication (sulfasalazine or mesalamine), partici-
pants received either curcumin (2 g/d) or placebo (n = 
45, 44) for 6 mo. DAI and endoscopic scores were de-
termined at entry, every 2 mo (DAI), at the conclusion 
of  the 6-mo trial, and after a 6-mo follow-up. The re-
lapse rate was significantly lower in the curcumin group 
than in the placebo group and the recurrence rate was 
significantly reduced in the curcumin group compared 
with the placebo group. Both the DAI and endoscopic 
score were also improved in the curcumin group with-
out any adverse effects. Although only two clinical trials 
have been performed, the potential therapeutic capabil-
ity of  curcumin in UC patients has been shown, possibly 
resulting from its antioxidant and anti-inflammatory ef-
fects. However, large-scale, randomized, double-blind, 
placebo-controlled clinical trials are required to achieve 
convincing evidence for the routine use of  antioxidants 
in patients with UC.

Many studies have reported that antioxidant supple-
mentation has therapeutic efficacy in animal models, 
and these results were summarized in a recent review[97]. 

Mechanisms of  action include: (1) direct scavenging of  
reactive oxygen species; (2) suppression of  proinflam-
matory protein expression by downregulating related 
enzymes or transcription factors; and (3) alteration of  
leukocyte cell surface molecules. 

UC is associated with increased gastrointestinal per-
meability[98,99]. Although the causes of  increased perme-
ability are not completely understood, an inflammation-
associated increase in permeability has been shown to 
result in bacterial translocation into the lamina propria, 
which exacerbates the loss of  barrier function. We have 
previously reported that aloe anthraquinones and chro-
mone ameliorate colonic inflammatory responses in a 
DSS-induced UC model; aloesin, an aloe chromone, 
showed the most drastic results[100]. Additionally, we stu
died whether aloesin modulates mucosal permeability 
and found that this phytochemical recovered the gene 
expression levels of  apical junctional complex proteins, 
which regulate gut permeability and barrier function 
(unpublished data). These results suggest that the anti-
inflammatory property of  aloesin is partly based on re
gulation of  gut permeability, although human studies of  
clinical use are required.

Over the last few decades, phytochemical-based com
plementary and alternative treatments have emerged 
as relatively effective and safe therapeutic strategies for 
UC. Although a significant number of  animal studies 
have established the potential beneficial effects on UC 
of  phytochemicals and bioactive components of  other 
natural sources, the exact mechanisms and/or molecular 
targets of  their anti-inflammatory actions are not fully 
understood. Further studies are needed to evaluate their 
safety, targets, phytochemical-drug interactions, and 
pharmacokinetic information. Understanding these is-
sues through well-designed clinical trials will enable us to 
choose reliable complementary and alternative therapies 
for patients with UC. 

CONCLUSION
Because the increased prevalence of  UC is potentially 
due to changes in dietary habits, especially in Eastern 
countries, it is now considered a lifestyle-related dis-
ease. It has been proposed that UC onset and progress 
are modulated by dietary factors such as excess energy 
intake, saturated fat intake, fatty acid ratio in the diet, 
and antioxidant intake. However, well-controlled human 
intervention trials are required to clarify the effect of  nu-
tritional factors on UC development. As understanding 
of  the mechanisms involved in UC improves, a target-
oriented search for compounds possessing therapeutic or 
complementary value becomes possible (Table 1). Nutri-
tional modulation that aims to not only prevent the onset 
and relapse of  the disease but also maintain remission 
will contribute to the successful management of  UC.
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