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have on inflammatory bowel disease (IBD) and to provide insight into the relationship
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between these natural products and cytokines modulation. More than 100 studies from the
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past 10 years were reviewed herein on the therapeutic approaches for treating IBD. The
natural products having anti-IBD actions included phytochemicals, antioxidants,
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microorganisms, dietary fibers, and lipids. The literature revealed that many of these

Inflammatory bowel disease

natural products exert anti-IBD activity by altering cytokine production. Specifically,

Natural products

phytochemicals such as polyphenols or flavonoids are the most abundant, naturally

Cytokine

occurring anti-IBD substances. The anti-IBD effects of lipids were primarily related to the n-3

Phytochemicals

polyunsaturated fatty acids. The anti-IBD effects of phytochemicals were associated with

Probiotics

modulating the levels of tumor necrosis factor α (TNF-α), interleukin (IL)-1, IL-6, inducible
nitric oxide synthase, and myeloperoxide. The anti-IBD effects of dietary fiber were mainly
mediated via peroxisome proliferator–activated receptor-γ, TNF-α, nitric oxide, and IL-2,
whereas the anti-IBD effects of lactic acid bacteria were reported to influence interferon-γ,
IL-6, IL-12, TNF-α, and nuclear factor-κ light-chain enhancer of activated B cells. These
results suggest that the anti-IBD effects exhibited by natural products are mainly caused by
their ability to modulate cytokine production. However, the exact mechanism of action of
natural products for IBD therapy is still unclear. Thus, future research is needed to examine
the effect of these natural products on IBD and to determine which factors are most strongly
correlated with reducing IBD or controlling the symptoms of IBD.
© 2012 Elsevier Inc. All rights reserved.
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various cytokines including IL-1, IL-6, IL-10, nuclear factor-κ
light-chain enhancer of activated B cells (NF-κB), TNF-α,
inducible nitric oxide (NO) synthase (iNOS), and cyclooxygenase (COX)-2. Moreover, many plant-derived extracts and
chemicals have pharmacologic effects and clinical benefits.
However, the claims that many natural medicines marketed
to the general population are beneficial are often supported
only by empirical or preliminary scientific data [8]. Therefore,
the purposes of this review are to provide an overview of the
effects of natural products on IBD and to present information
regarding the relationship between these natural products
and cytokine modulation.

Introduction

Inflammatory bowel disease (IBD), which includes Crohn
disease (CD) and ulcerative colitis (UC), represents a group of
chronic disorders characterized by gastrointestinal tract
inflammation [1,2]. The main causes of IBD are not well
understood, but imbalances in proinflammatory cytokines
such as tumor necrosis factor α (TNF-α), interferon-γ, (IFN-γ),
interleukin (IL)-1, IL-6, and IL-12 and anti-inflammatory
cytokines including IL-4, IL-10, and IL-11 are thought to play
a central role in mediating and modulating inflammation [3].
Inflammatory bowel disease therapies generally include antiinflammatory or immunosuppressive drugs such as 5-aminosalicylic acid (5-ASA) and 6-mercaptopurine; however, most of
these treatments are inadequate [4].
There is a clinical need to identify new and safe compounds for preventing or treating IBD [5]. Consequently, many
patients turn to alternative strategies including traditional
plant–based remedies [4]. In particular, phytochemicals are an
important, naturally derived alternative therapy for IBD.
García-Lafuente et al [6] suggest that phenolic compounds,
as an alternative natural treatment, offer great hope for
improving the symptoms of these diseases, but most studies
on the anti-inflammatory effects of phenolic compounds have
focused on immune or nonintestinal cells [7].
Numerous investigators reported that plant derivatives
such as phenolic compounds and flavonoids exhibit antiinflammatory activity by modulating the expression levels of

2.

Summary of the literature cited

Results of more than 100 studies published in the past 10 years
related to the relationship between natural products and IBD
are shown in Tables 1 and 2. The review included electronic
searches of the PubMed, Medline, Scopus, and Google scholar
database with the search terms as follows: “IBD therapy,”
“natural products,” “phytochemicals,” “antioxidants,” “probiotics,” “fibers,” “cytokines,” and “extracts” in various combinations. Herein, a summary of literature on the relationship
between cytokines and IBD and phytochemicals, antioxidants,
microorganisms, dietary fibers, and lipids that display antiIBD properties is presented. Moreover, the review summarizes
the recent progress in determining the biological effects,

Table 1 – Active compounds in natural products and their target IBD-related factors

5-aminosalicylic acid
Adenosine
Anthraquinones
Ascorbic acid
Butyrate
Carotenoids
Catechin
Chromone
CLA
Cordycepin
DHA, EPA
Ellagic acid
Flavonoids
Gallic acid
Gingerols
Glycoside
Glycyrrhizin
Isoflavone
Kaempferol
Kaurenoic acid
Lactic acid bacteria
Phenolic acid
Polyphenols
Polysaccharide
Proanthocyanidins
Procyanidins
Quercetin
Rutin
Shogaols
Tannins
Tearubigin
Terpenoids
Trucaprylin
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Table 2 – Effects of various phytochemicals on IBD
Products
Plant-based materials
A cochliacarpos
extract

Almond skin powder
Aloe
Antioxidants
Apple procyanidins
Apple polyphenols extract
Astragalus membranaceus extract

Black tea polyphenols

Bombax malabaricum extract
Boswellia serrata extract and
pure compound

Chrysanthemum indicum extract

Codium fragile extract
Copaifera langsdorffii
Cordyceps militaris
extract
Cyperus rotundus extract
Eucalyptus globules leaf extract

Tannins, Proanthocyanidins,
Catechin
Aurone, chromones, dihydrochalcone,
chalcone, flavanones, flavones, isoflavone
Flavonols, flavanones, and phenolic acid
Anthraquinones, chromone
S-adenosylmethionine, a glutathione
precursor, green tea polyphenol
Procyanidins
Polyphenols
Kaempferol, quercetin, formononentin,
calycosin, kumatakenin and Isoflavone
glucosides
Tearubigin

B malabaricum extract
(6aR,6bS,8aR,11R,12S,12aR,14bS)-1,2,4a,5,6,
6a,7,8,8a, 9,10,11,12,12a-tetradecahydro4,4,6a,6b,8a,11,12,12a,14b, nonamethyl
picene-3, 14(4H,6bH,14aH,14bH)-dione
(12-ursene 2-diketone) with a
molecular weight of 438.691 g/mol, and
the molecular formula is C30H46O2
Flavonoids, terpenoids, phenolics

Flavonoids, β-carotene, tocopherol
Kaurenoic acid
Cordycepin, adenosine, polysaccharide

Folium syringae leaves extract
Ginger extract

Hydrolyzable tannins, gallic acid, ellagic
acid, quercetin
Iridoid glycosides
Gingerols and shogaols

Ginkgo biloba extract

Ginkgo-flavone glycosides, terpenoids

Active factors
Decrease of MPO activity,
diminish of TNF-α,
reduction of COX-2, JNK and iNOS
Inhibited NO synthesis, suppressed LPS-stimulated
IL-6 and TNF-α secretions
Reduced MPO, NF-κB and p-JNK activation
Decreased TNF-α, IL-1β mRNA expressions
Inhibition of NF-κB activation, improved hematocrit
Reduced IL-4 and IL-13, inhibited IL-8 expression
Increased COX-2, TNF-α, calpain, and tissue
transglutaminase mRNA
Diminished overexpression of TNF-α, IL-1β, and IFN-γ

Reference
[9]

[10]
[11]
[12]
[13]
[14]
[15]
[16]

Reduced NO and O2-associated with the favorable
expression of T-helper 1 cytokines and iNOS,
suppressed NF-κB
Reduction of MPO, reduced TNF-α
Inhibited NO, TNF-α, IL-1β, JNK

[17]

Inhibited NO, PGE2, TNF-α, IL-1β production, mRNA and
protein expression of iNOS and COX-2, attenuated the
activation of JNK
Inhibited NO, PGE2, TNF-α, decreased iNOS, COX-2
Reduced MPO, decreased MDA
Suppressed epithelial damage, inhibited iNOS and
TNF-α mRNA expression
Inhibition of NO production, suppression of iNOS mRNA and O−2 expression
Suppressed hepatic iNOS expression, inhibited iNOS induction, increased
serum ALT and AST
Down-regulation of NF-κB p65, increase of mRNA expression of NF-κB p65
Reduction of MPO, decrease of malondialdehyde and protein carbonyl,
inhibit cycloxygenase enzymes, suppression of colon MPO
Reduced lipid oxidation, inhibition the protein and mRNA expressions of
TNF-α, NF-κB p65 and IL-6

[20]

[18]
[19]
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[21]
[22]
[23]
[24]
[25]
[26]
[27]
[28]
(continued on next page)
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Table 2 (continued)
Products

Active compounds
EGCG
Kaempferol

Kiwifruit extract

Ursolic acid, carotenoids, ascorbic acid,
polyphenols
Total phenol and flavonoids
Resveratrol and emodin-8-β-D-glucoside
Polyphenols, oil

P scabiosaefolia extract
Polygoni Rhizoma extract
Polyherbal formulation (Aegle marmeloes,
C rotundus, Coriandrum sativum,
Vetiveria zizanioides)
Polyphenolic extract (grape seed,
cocoa, sugar cane, oak,
mangosteen, pomegranate)
Pomegranate extract

Reduced activation of NF-κB and AP-1
Decreased NO and PGE2, decreased plasma LTB4 level, suppressed colonic
mucosa MPO activity
Decreased IFN-γ production, TNF-α and IL-10, reduced NO production,
concentration of IL-6
Inhibition of mRNA expression of TNF-α, IL-1β, IL-6
Reduced IL-6, TNF-α, iNOS, NO, COX-2 and PGE2, inhibited transcriptional activity of NF-κB
Antibacterial and antifungal activity, carminative and stomachic actions

Reference
[29]
[30]
[31]
[4]
[32]
[33]

Phenolics

Sugar cane, oak and pomegranate inhibited NF-κB activity, pomegranate slightly inhibited
Erk1/2 activation, pomegranate and cocoa decreased PGE2 synthesis

[34]

Soy

Soy-derived dipeptide and tripeptide

Decrease iNOS, COX-2, PGE synthase, PGE2, decrease oxidative stress, modulate
favorably the gut microbiota
Inhibited the production of NO, suppression of up-regulation of iNOS promoter
and NF-κB enhancer
Reduced NO and PGE2 production, plasma TNF-α and IL-6, increased plasma
IL-10 production
Attenuate the production of IL-1β, IL-6, granulocyte-macrophage colony-stimulating
factor (GM-CSF) and iNOS
Decreased IFNG, IL-1β, TNF-α, IL-17 α and mMPO activity

[35]

Rutin

Vicenin-2, ferulic acid derivative,
urolithin-C, urolithin-B, ellagic acid
Phenolic compounds (catechol, rutin, and
hesperidin)
Glycyrrhizin, isoliquiritigenin, licochalcone,
glabridin
Rutin

Lipid-based materials
CLA

CLA

Porphyra dentate extract
Roasted licorice extracts

CLA
CLA
CLA
CLA
Dietary arachidonic acid
Fatty acid from fish
Fish oil
Medium-chain triglycerides and
n-3 fatty acids
n-3 PUFA

CLA
CLA
Cis-9,trans-11-CLA
9E,11E-CLA
Arachidonic acid
ω-3 fatty acids
DHA, EPA
Trucaprylin, soybean oil, palm oil, corn oil

n-3 PUFA
n-3–rich PUFAs
Nitrated oleic acid
Quercitrin, olive oil with fish oil,
EPA, and DHA
Short-chain fatty acids

DHA, EPA
Linoleic acid, arachidonic acid, EPA or DHA
9- or 10-nitro-octadecenoic oleic acid
Quercitrin, olive oil, EPA, and DHA

EPA, DHA

Acetate, propionate, butyrate

Induction of colonic PPAR-γ and its responsive gene PPAR-γ–coactivator-1α
and down-regulation of TNF-α
Enhanced PPAR-γ expression, repressed TNF-α expression and NF-κB p65 activation
Enhancing PPAR-γ activity
Reduced TNF-α, IL-6 and IL-12 p35 mRNA levels, and IL-12p70 concentrations
Enhanced IL-1Ra, inhibited IL-1α, IL-1 and IL-6β
Down-regulation of IL-8, IL-6
Decreased serum IL-6 and TNF-α concentrations
Reduced IL-2 production, TH1 and TH2 cytokines, decreased TNF-α, IL-1β, IL-1β
Attenuated TNF-α, IL-1β
Decreased VCAM-1, TLR4, COX-2, VEGFR2 expression, IL-6, IL-8 and GM-CSF,
reduced production of PGE2.
Decreased arachidonic acid in the rafts
Decreased TNF-α, IL-1β, and IL-12
Increased expression of PPAR-γ
Quercitrin = inhibition of colonic TNF-α and IL-1β, antioxidant activity; fish oil = inhibition
of colonic TNF-α and LTB4 production, antioxidant activity
Inhibited LPS-stimulated release of TNF-α, inhibited NF-κB activity, reduced
MPO activity, IL-6 protein release

[36]
[37]
[38]
[39]

[40]
[41]
[42]
[43]
[44]
[9]
[45]
[46]
[47]
[48]
[49]
[50]
[51]
[52]
[53]
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Green tea
Kaempferol

Active factors

Solid lipid nanoparticles

Cholesteryl butyrate, dexamethasone-loaded
solid lipid nanoparticles

ω-3 fatty acid
PUFA
PUFA
ω-3 fatty acid
ω-3 fatty acid
Krill oil

EPA
EPA, γ-linolenic acid, stearidonic acid
α-Linolenic acid deficiency
α-Linolenic acid
DHA and EPA
omega-3 PUFA

[55]
[56]
[57]
[58]
[59]
[60]

[61]
[62]
[63]

L plantarum

Stimulation of the immune system by lactobacilli
Decreased TNF-α, reduced mucosal IL-12 mRNA
Lower incidence of diarrhea in B lactis, B lactis reduced TNF-α
production, iNOS, COX-2 expression, L acidophilus, reduced LTB4 production,
iNOS expression
Decreased mucosal IL-12, IFN-γ
Reduction in mucosal secretion of TNF-α, IFN-γ, protected the epithelium against
pathogenic bacterial invasion
Toll-like receptor-9 mediated anti-inflammatory effect of DNA
Induced secretion of IL-10, inhibited TNF-α–induced secretion of IL-8

[65]

Administration of VSL#3
Bifidobacterium breve strain Yakult and
Bifidobacterium bifidum strain Yakult
Dietary Lactibiane Tolerance
Dietary L acidophilus with olsalazine
Dietary probiotic yogurt
Dietary probiotics powder
Fed L casei strain Shirota
Fed Saccharomyces boulardii

VSL#3 (VSL Pharmaceuticals,
Gaithersburg, MD, USA)
VSL#3
B breve, B bifidum
Lactobacillus salivarius
L acidophilus
L rhamnosus and L reuteri
Bifidobacterium fifidum
L casei
S boulardii

[68]
[69]
[70]
[37]
[71]
[72]

L casei strain shirota
Probiotic organisms in milk

Lactobacillus
L salivarius

Bifidobacteriumstrains

Lactic acid bacterium
Dietary Lactobacillus

B bifidum Bif1, Bif2, Bif3; Bifidobacterium longum
Lon4, Lon5, Lon6; Bifidobacterium catenulatum
Cat7, Cat8, Cat9; B breve Bre10, Bre11; and
Bifidobacterium adolescentis Ado12
Pediococcus acidilactici
L plantarum

Reducing the IL-12, increasing the IL-10.
Reduced serum levels of C-reactive protein, TNF-α, IL-6
Decreased serum IL-12, percentage of TNF-α, IL-12 producing
Inhibited IFN-γ, MCP-1, slightly increased IL-10 production, reduced levels of TNF-α
Increased colonic epithelial regeneration
Decreased activation level of NF-κB,
diminution of CD4+ T-cell infiltration, inhibited production of IFN-γ
Down-regulated the IL-6 and IFN-γ
Reduced fecal coliform and enterococci, reduced Clostridium perfringens, modulation
of the gastrointestinal flora
Inhibited TNF-α, IL-8 production

[76]
[77]

Dietary probiotic bacteria
Probiotic

Bifidobacteria and Lactobacillus
L plantarum Lp91

Induced IL-10 producing
Increased the total Bifidobacteria and Lactobacilli, decreased
Enterococci and C perfringens
Increase in the levels of IgE and IgM
Down-regulated TNF-α and COX-2, up-regulated IL-10

Propionate, butyrate
Soluble corn fiber, STA-LITE III
polydextrose, biogum, pullulan, RROMITOR

Decreased NO, LTB4, and TNF-α; inhibition of NF-κB activation
RROMITOR resistant starch-75 and inulin decreased IFN-γ production; soluble corn
fiber, STA-LITE III polydextrose; biogum, pullulan and RROMITOR resistant

Administration of Lactobacillus
plantarum 299v (L plantarum)
Administration of VSL#3

Dietary fibers
Dietary fiber
Dietary fiber

L rhamnosus
Lactobacillus paracasei, Lactobacillus reuteri
Lactobacillus casei, Lactobacillus acidophilus and
Bifidobacterium lactis

[54]

[64]

[66]
[67]

[73]
[74]
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Probiotic organisms
Administered L rhamnosus strains
Administered Lactobacillus spp.
Administered probiotics

Cholesterylbutrate = decreased IL-1β and TNF-α secretion, increased IL-10
secretion; dexamethasone-loaded solid lipid nanoparticles = decreased IL-1β,
TNF-α, and IL-10 secretion
Reduced TNF-α, IL-6 expression, increased IL-10 expression
Decreased PGE1 and LTB4
Induce the increase of IL-6, TNF-α, and central serotonin (5-HT)
Decreased the expression of ICAM-1, VCAM-1, and VEGFR-2
Increased expression of the anti-inflammatory PGE2 receptor EP3
Increased PGE3, PPAR-γ coactivator 1 α

[75]

[78]
[79]

[80]
[81]

805

(continued on next page)
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Table 2 (continued)
Products

Active compounds

Active factors

Drugs
5-ASA
5-ASA

5-ASA
5-ASA

5-ASA

5-ASA

5-ASA
5-ASA
5-ASA
5-ASA–loaded N-succinyl-chitosan
microparticles and freeze-dried systems
5-ASA with antioxidant

5-ASA
5-ASA
5-ASA
5-ASA

Dietary fiber
Dietary fiber
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Dietary
Dietary
Dietary
Dietary
Dietary
Dietary

fiber
pectin
pectin
fiber
fiber
fiber

Dietary fiber

Corticosteroids
Taurine-conjugated 5-aminosalicylic acid
and colon-specific prodrug
5-ASA
Microspheres prepared with chitosan and
5-ASA
5-ASA with hyperbaric oxygen
Amide conjugate 4-aminosalicylic acid
5-ASA

[82]
[83]
[84]
[85]
[86]
[87]
[88]
[89]
[90]
[91]

Increased PPAR-γ expression, decreased NF-κB activity
Inhibition of NF-κB activity, inhibition of intestinal epithelial cell injury, inhibition of
apoptosis induced by oxidative stress, reduced synthesis of prostaglandins and leukotrienes
Reduced MPO activity and TNF-α levels, increased colonic hemeoxygenase enzyme activity,
induced colonic HO-1 protein expression, stimulated hemeoxygenase enzyme activity
Decreased MPO activity
Decreased MPO activity
Inhibited β-catenin activation
Decreased MPO activity

[92]
[93]

Decreased MPO activity

[99]
[100]

5-ASA
5-ASA

Block the generation of proinflammatory cytokines and chemokines including IL-1β, IL-4,
IL-5, IL-8, granulocyte-macrophage colony stimulating factor, and TNF-α
Inhibited IL-1β–mediated NF-κB–dependent luciferase expression and IL-6 secretion,
inhibited IL-1β–mediated NF-κB activation
Decreased MPO activity
Decreases the content, synthesis, and release of IL-1 and IL-1β; reduced ILs mRNA levels

[102]
[103]

5-ASA
4-Aminosalicylic acid
5-ASA

Decreased MPO activity
Decreased MPO activity
Down-regulated TNF-α and IL-1β–induced COX-2, decreased PGE2 synthesis

[104]
[105]
[106]

5-ASA, ascorbic acid, phenyl
butylnitrone, α-tocopherol
Corticosteroids
5-ASA

[94]
[95]
[96]
[97]
[98]

[101]

ALT, alanine aminotransferase; AP-1, activator protein-1; AST, aspartate aminotransferase; GATA-3, guanine adenine thymine adenine-3; ICAM-1, intercellular adhesion molecule-1; IFNG, interferon
gamma; LTB4, leukotrienes B4; MCP-1, monocyte chemotactic protein-1; TLR4, toll-like receptor 4; VCAM-1, vascular cell adhesion molecule-1; VEGFR, vascular endothelial growth factor; VEGFR2, vascular
endothelial growth factor receptor 2.
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Dietary chitin

(Tate and Lyle Ingredients America, Decatur, IL, starch-75 up-regulated colonic PPAR-γ expression
USA) resistant starch-75, inulin
Orange pulp, guar gum, mixture of grange
Mixture of orange pulp and guar gum increased PGE2 level, steoprotegerin decreased
serum gastrin levels
pulp and guar gum
Germinated barley foodstuff
Enhanced luminal butyrate production and thereby accelerate colonic epithelial repair
in colitis
Fibers
Butyrate-induced suppression of NF-κB activation
Pectin
Increased IFN-γ and IL-2 concentration
Pectin
Reduced TNF-α, GATA-3, IgG, and IgM
Fermentable dextrin fiber
Inhibited IL-1β, down-modulated plasmatic IL-12 and TNF-α
Germinated barley foodstuff
Decreased TNF-α, IL-6, and IL-8
Enzyme-treated rice fiber
Decrease colonic mucosal damage and 5-HT production, attenuated the T-cell activation
(CD4+ CD69+)
Germinated barley foodstuff
Decreased the cecal succinate content, increased
β-glucosidase activity
Chitin
Suppressed MPO activation in the colon and decreased serum IL-6 concentrations

Reference

807
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Suppress TNF-α
Polyphenols
Suppress PPAR-γ expression
Reduce ROS
Phytochemicals

Decrease LPS-activated
perotioneal macrophage

Reduce DNA oxidation
Antioxidants

Attenuate iNOS
Suppress IFN-γ

Reduced MPO

Probiotics
Epithelial cell repair

Suppress NF-κB

Lactic acid bacteria
Microorganisms

Attenuate IL-1β and
IL-6 gene expression

Dietary fiber
Lipids
Omega-3 fatty acid

Decrease PGEs,
thromboxanes,
leukotrienes

A
n
t
iI
B
D

Inhibit COX-2
Suppress TNF-α

CLA

Decrease
arachidonic acid

Suppress IBD growth

Fig. 1 – Summary of the natural compounds, active components, and potential mechanisms of actions on IBD. Refer to Tables 1
and 2 and the text for more details.

especially cytokine modulation, of natural products on IBD.
The “Cytokines and IBD” section is provided because one of
the main causes of IBD is thought to be an imbalance in
proinflammatory cytokines. Table 1 is a summary of the active
compounds present in natural products and their target IBDrelated cytokines. Table 2 is a description of all natural
products that are reported to have anti-IBD activity and their
active factor. Fig. 1 is a summary of the various anti-IBD
mechanisms of these natural products.
This review reveals that many natural products possess
anti-IBD activity because they are able to modulate the
function of cytokines. Plant-based materials such as phytochemicals were the most abundant anti-IBD materials studied, although certain lipids and dietary fibers also had anti-IBD
effects. In addition, microorganisms, particularly lactic acid
bacteria, can have some anti-IBD activity. The main active
compounds in anti-IBD phytochemicals were phenolic compounds and flavonoids, and the anti-IBD effects of lipids are
attributable to the n-3 polyunsaturated fatty acids (PUFAs),
particularly docosahexaenoic acid (DHA) and eicosapentaenoic acid (EPA).
The IBD condition is largely influenced by cytokines. In
this review, we found that the anti-IBD effect of phytochemicals was primarily attributed to their inhibition of TNF-α,
IL-1, IL-6, iNOS, and myeloperoxide (MPO), peroxisome
proliferator–activated receptor-γ (PPAR-γ), TNF-α, IL-6, and
prostaglandin E (PGE). The dietary fibers reduced the levels of
TNF-α, NO, and IL-2. The lactic acid bacteria reduced IFN-γ,
IL-6, IL-12, TNF-α, and NF-κB levels, whereas 5-ASA, an antiIBD drug, reduced MPO and NF-κB activity. These results
indicate that natural products can be used as effective antiIBD treatments. However, more research is needed to
examine the effects of these natural products on IBD and

to establish their mechanisms of action before new anti-IBD
drugs can be developed. As shown in Table 1, many natural
materials have anti-IBD effects, and the anti-IBD effects of
natural products seem to largely target TNF-α, IL-6, or iNOS.
The cytokines IL-8, IL-2, and IL-4 have less influence on IBD
and are likely a target of lower importance.

3.

Cytokines and IBD

Cytokines play an important role in IBD because they are key
signaling molecules of the intestinal immune system [1].
Cytokines are small proteins produced mainly by immune
cells that facilitate communication between cells, stimulate
the proliferation of antigen-specific effector cells, and mediate
local and systemic inflammation using the autocrine, paracrine, and endocrine pathways [1,107]. Tumor necrosis factor α
is one of the most important proinflammatory cytokines and
can directly influence intestinal epithelial tissue [4]. Tumor
necrosis factor α secretion results in the disruption of the
epithelial barrier, induction of apoptosis in epithelial cells,
and induction of chemokine secretion by intestinal epithelial
cells [4]. Liu and Wang [26] reported that TNF-α that is released
from macrophages during the early inflammatory response
plays an important role in 2,4,6-trinitrobenzenesulfonic acid
(TNBS)–induced colitis and is likely the key regulator of the
inflammatory cascade in this model of IBD.
Interleukin-1ß and IL-6 are key mediators of IBD progression [4]. An IL-1 receptor antagonist was shown to suppress
the infiltration of inflammatory cells into the large intestine,
the MPO activity of cells in areas of edema, and large intestinal
necrosis in animals with acute experimental colitis [108]. In
addition, an antimurine IL-1ß antibody attenuated not only
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the pathological symptoms of dextran sulfate sodium (DSS)–
induced colitis but also IL-6 messenger RNA (mRNA) expression [38]. Interleukin-6 stimulates neutrophil chemotaxis and
is associated with necrosis in the colon, which, in turn, leads
to tissue destruction [26]. Interleukin-10 is another essential
cytokine with well-established immunoregulatory activity,
which has been confirmed in vitro and in vivo using several
animal models. In humans, an intravenous injection of IL-10
in healthy human volunteers was well tolerated and had
inhibitory effects on T cells and suppressed production of the
proinflammatory cytokines TNF-α and IL-1ß [68].
Nuclear factor κB is part of an important signaling pathway
with a pivotal role in regulating a vast number of genes
involved in both the inflammatory response and cell survival,
including proinflammatory cytokine elaboration, cell death,
and survival proteins; intercellular adhesion molecules; COX2; and iNOS [109]. Zhang et al [110] reported that NF-κB
activation plays a central role in the regulation of gene
transcription of proinflammatory cytokines such as IL-1ß, IL6, TNF-α, COX-2, iNOS, and adhesion molecules during the UC
inflammatory process. An earlier study [111] showed that
NF-κB inhibitors decrease inflammation in an IBD animal
model, confirming its pivotal role. Thus, inhibiting NF-κB
activity might help alleviate the severity of IBD [112,113]. An
optimal therapeutic strategy that could attenuate the NF-κB
pathway (an upstream target) during the inflammation
cascade by blocking simultaneous expression of multiple
proinflammatory genes might be more effective than suppressing individual factors such as TNF-α, IL-1ß, or IL-6 to treat
UC [26,114]. Up-regulation of PPAR-γ has also been recognized
as a potential target for controlling intestinal inflammation
[115]. For example, enhanced PPAR-γ activity has potent antiinflammatory effects, which may be caused by its ability to
interfere with NF-κB activation [115] and may be a potential
pathway for control of IBD.
Proinflammatory and anti-inflammatory cytokines and the
expression of inflammatory proteins including COX-2 and
iNOS, which are expressed during the early responses to
proinflammatory mediators and mitogen stimuli, play an
important role in IBD pathophysiology [116]. Recent studies
suggest that the activation of mitogen-activated protein
kinases such as c-Jun N-terminal kinase (JNK) plays an
important role in intestinal inflammation in patients with
IBD [117]. c-Jun N-terminal kinase regulates the maturation
and activity of T cells and the synthesis of proinflammatory
cytokines including IL-2, IL-6, and TNF-α [117]. Thus, the JNK
pathway is a potentially relevant target for inflammatory
disease therapy.

4.

Phytochemicals and IBD

Several investigators have reported anti-inflammatory
properties of many different types of phytochemical compounds. For example, the large groups of flavonoid compounds,
which are plant secondary metabolites and ubiquitously
distributed throughout the plant kingdom, are known to
possess antioxidative and anti-inflammatory activities in cell
cultures and rodent models [38]. Flavonoids generally exhibit
potent antioxidative/radical scavenging effects [118]. Rutin,

found in various foods such as buckwheat, parsley, tomatoes,
and apricots, is one of the most common naturally occurring
flavonoids with a wide range of biological activities [119]. Oral
administration of rutin suppresses the colonic damage and
inflammation associated with acetic acid–induced colitis in rats
[120]. Kwon et al [38] reported that dietary rutin is very effective
at attenuating DSS-induced colitis in mice, which likely occurs
by attenuating proinflammatory gene expression, particularly
that of IL-1ß and IL-6. These researchers also reported that oral
administration of rutin, 3 days after initiating DSS treatment,
significantly reversed colitis, as measured by colorectal
shortening and IL-1ß production. Thus, rutin is effective as
both a prophylactic and a therapeutic agent for treating UC
[38]. Moreover, dietary rutin, even at low doses, attenuates
the production of critical proinflammatory mediator genes
such as IL-1ß and IL-6, granulocyte-macrophage–stimulating
factor, and iNOS, thereby ameliorating DSS-induced colitis in
mice [38].
Green tea polyphenols are antioxidants that prevent the
activation and transcription of NF-κB and inducible kinases in
fetal rat intestinal epithelial cells and in an IL-2–deficient
mouse model of autoimmunity and IBD [13]. Catechins are
polyphenolic flavonoid plant metabolites with antioxidant
properties that have been evaluated in preclinical IBD models
with promising results [121]. These findings are supported by
in vitro and in vivo studies in which catechins reduced the
levels of several inflammatory mediators [122]. The polyphenol epigallocatechin-3-gallate (EGCG) blocks the activation of
the transcription factor, NF-κB, in intestinal epithelial cells
[123]. Ran et al [124] reported that EGCG ameliorates mucosal
inflammation by inhibiting TNF-α, IFN-γ, and NF-κB p65
production and that EGCG, a catechin from green tea, reduces
the severity of colitis and significantly reduces MPO activity in
comparison with vehicle treatment [29].
Inducible enzymes such as COX-2 and iNOS are predominantly expressed at sites of inflammation [9]. Increased
amounts of these proteins have been found in animal models
of experimental colitis [116]. In vitro studies have shown that
polyphenols including catechins inhibit COX-2 expression. In
addition, aflavin monogallate from black tea has been demonstrated to suppress COX-2 in human colon cancer cells [125].
Catechins have COX-1and COX-2 inhibitory activity in various
human and mouse cell lines [9]. Peng et al [126] reported
decreased COX-2 expression levels in colon cancer cells after
treatment with low concentrations of EGCG. Moreover, EGCG
decreases iNOS activity and protein levels in lipopolysaccharide (LPS)-activated peritoneal macrophages [127].
Curcumin has strong anti-inflammatory effects and can
inhibit the onset and progression of neurodegenerative
diseases such as Alzheimer and various cancers [128].
Curcumin is a strong inducer of the heat shock response, a
strong antioxidant, and inhibits COX-2, lipooxygenase, NF-κB,
and the T-helper 1 (Th1) profile of CD4+ T cells [128]. Silva et al
[9] reported that Abarema cochliacarpos treatment ameliorates
colonic lesions and histologic signs of damage, reduces
neutrophil infiltration, decreases TNF-α, and down-regulates
COX-2 and iNOS proteins and JNK activation in colonic tissue.
They also noted that MPO activity and TNF-α levels are
correlated with the development of colonic inflammation.
However, A cochliacarpos treatment reduced both parameters
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and consequently ameliorated colonic damage [9]. Cho et al [4]
suggested that the potent anti-inflammatory effects of Patrinia
scabiosaefolia extract in mice with DSS-induced colitis are
mediated by the inhibition of proinflammatory mediator
production. Furthermore, P scabiosaefolia extract (50 mg/kg)
had better therapeutic efficacy than did 5-ASA (75 mg/kg),
which is currently used to treat IBD. Lee et al [44] reported that
capsaicin modulates the NF-κB and IL-8 pathways, thereby
inhibiting IL-8 production. Moreover, capsaicin further inhibits TNF-α production, which might be mediated by PPAR-γ
activation [129]. As mentioned earlier, many phytochemicals
have been shown to have anti-IBD effects in several models
over the last decade. The main mechanisms for the anti-IBD
effect of phytochemicals fall into 2 main categories: antioxidative effects (through free radical scavenging) and inhibition
of TNF-α, NF-κB, IFN-γ, COX-1/COX-2, or iNOS. However, the
mechanism by which phytochemicals modulate cytokine
production are unknown and remain controversial; thus, as
one would expect, only a few of these materials have been
used to treat IBD in clinical settings.

5.

Antioxidants and IBD

The various forms of IBD are characterized by high levels of
reactive oxygen species (ROS) produced by neutrophils and
macrophages that are recruited to the inflamed epithelial
tissues, combined with a decreased antioxidant capacity in
the plasma [35]. Oxidative stress is thought to be a major cause
of tissue destruction in patients with IBD [130], and reactive
oxygen and nitrogen metabolites are involved in the initiation
and progression of IBD [131]. Reactive oxygen species are
extremely unstable because of their high reactivity, which
may result in lipid peroxidation and the oxidative damage to
DNA and proteins [132]. This activity has implicated ROS in
the tissue destruction observed in IBD [13]. Shiratora et al [133]
reported that the colons of patients with IBD produce more
oxygen free radicals than those of healthy subjects. Several
studies have suggested that IBD develop because of an
imbalance between prooxidant and antioxidant compounds.
Liu and Wang [26] suggested that iridoid glycosides likely have
protective effects during UC through scavenging free radicals
and for their antioxidant properties. This may be an important
underlying mechanism through which iridoid glycosides
protect against UC. Myeloperoxide, an enzyme present in
neutrophils, catalyzes the formation of potent cytotoxic
oxidants such as hypochlorous acid, from hydrogen peroxide
(H2O2), chloride ions, and N-chloramines [26]. Furthermore,
MPO activity reflects the degree of neutrophil infiltration
during the intestinal inflammatory process [134]. Liu and
Wang [26] reported that iridoid glycosides inhibit increases in
MPO activity in a TNBS-induced colitis model in a dosedependent manner. The tripeptide glutathione is the most
important intracellular defense against oxidative stress and is
essential for both the functional and structural integrity of the
gut [13]. Glutathione may be depleted during inflammatory
illnesses, and tripeptide glutathione–deficient mice show
severe degradation in the jejunum and colonic mucosa, loss
of body weight, and development of diarrhea [135]. The
natural flora release numerous antioxidants from consumed
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plants, including important antioxidants such as glutathione
and folic acid [128]. Khan et al [136] reported that the antiinflammatory effects of green tea are attributable to the
polyphenol fraction, which is rich in antioxidants.
5-Aminosalicylic acid and mesalazine are widely used to
treat several forms of IBD, particularly UC and CD [137]. 5Aminosalicylic acid is a potent free radical scavenger [138]
that has antioxidant properties and can inhibit PGE synthesis
and reduce NF-κB activation [99]. Ancha et al [99] reported that
a combination of antioxidants and 5-ASA in an enema
formulation, significantly augmented the anti-inflammatory
activity of mesalamine in treating TNBS-colitis. They also
suggested that antioxidant and anti-inflammatory drug
combination therapies might have potential for treating IBD.
Oxidative stress arises when there is a marked imbalance
between the production of ROS and their removal by
antioxidants [139]. In reaction to mild oxidative stress, tissues
often respond by producing more antioxidants. However,
severe and persistent oxidative stress depletes the antioxidant reserves of tissues and overtakes their ability to produce
more antioxidants, leading to lower antioxidant levels and
tissue injury [139]. Patients with IBD demonstrate decreased
expression of the antioxidant heme oxygenase-1 (HO-1) in the
intestinal epithelium of inflamed colonic mucosa relative to
controls, suggesting that HO-1 expression is dysregulated
during inflammation [140]. Heme oxygenase-1 is the ratelimiting enzyme of heme catabolism, which generates biliverdin, iron, and carbon monoxide and has been shown to
have important anti-inflammatory properties [139].
Immune cell activation and the release of ROS such as H2O2
are prominent early events in the pathogenesis of IBD that
could affect the enteric nervous system. There is a close
parallel between the loss of enteric neurons and their axons
after exposure to H2O2 in vitro and the damage to the enteric
nervous system that is observed in the acute phase of
initiation of colitis in vivo, in which a significant loss of
neurons occurs within 24 hours [141]. Enhanced ROS production and oxidative injury play a critical role in the onset and
progression of neurodegenerative disorders [139]. To maintain
a proper redox balance, the central nervous system is
equipped with endogenous antioxidant enzymes as an
antioxidant defense mechanism [139]. Of note, we found
many antioxidant materials from natural products such as
ascorbic acid, carotenoids, catechin, ellagic acid, gallic acid,
gingerols, kaempferol, quercetin, rutin, and tannins. It is
possible that the anti-IBD effects of these natural products
could be related to antioxidative effects similar to 5-ASA.
Thus, antioxidants may be useful in developing novel drugs
for IBD therapy.

6.

Microorganisms and IBD

Probiotics actively interfere with the anti-inflammatory and
proinflammatory signaling pathways, inducing production
of IL-10 and reducing INF-γ and TNF release [68]. Treating
mice in the acute DSS-induced colitis model with antibiotics,
prebiotics, and probiotics reduces disease symptoms and
prevents inflammation [142]. Larrosa et al [35] reported that
pomegranate extract and the microbiota-derived metabolite
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urolithin-A administered for 20 days before colitis induction
resulted in an increase in lactobacilli and bifidobacteria.
They suggested that this could be an indirect effect of a
phenolic-supplemented diet that increases bifidobacterium,
lactobacillus, and clostridium counts and prevents the
colonization and invasion of tissues by enterobacteria,
including Escherichia coli. Stimulating the lactobacillus and
bacteroides growth through amino acid supplementation
promotes epithelial repair in the murine DSS-induced colitis
model [131,143,144]. A previous study indicated that bifidobacterium and lactobacillus are also effective in modulating
the proinflammatory response of intestinal epithelial cells
after challenge by pathogenic enterobacteria [35,145]. The
intestinal bacterial flora are deeply involved in the pathogenesis of human IBD, although the exact presence of
unwanted bacteria or lack of specific beneficial bacteria has
not been described [128]. It is interesting that the incidence
of CD, not UC, increases with reduced seroprevalence of
Helicobacter pylori [143]. Millions of different nutrients, vitamins, and antioxidants are released and absorbed as a result
of microbial enzymes in the intestine [128].
The main anti-IBD effect of microorganisms may be due to
their ability to regulate certain cytokines (IL-10, INF-γΓ, and
TNF-α) and to protect against oxidative damage or promote
epithelial repair. Alternately, probiotics might function by
modulating cell proliferation and apoptosis [144]. Lactobacillus
rhamnosus GG and Clostridium butyricum administration to rats
was shown to increase epithelial cell proliferation rates in the
small intestine, cecum, and distal colon [146]. This increase in
epithelial cell proliferation is possibly caused by the ability of
these probiotic strains to produce short-chain fatty acids for
cells via the fermentation of polysaccharides [146].
As mentioned previously, NF-κB is required for the transcriptional activation of a number of inflammatory mediators
including IL-8, TNF-α, IL-6, COX2, and iNOS, among others,
and its dysregulation has been observed in many inflammatory diseases [147]. A number of lactic acid bacteria have
been shown to suppress inflammatory signals mediated by
NF-κB [147]. By increasing IL-10 levels and, consequently,
decreasing inflammatory cytokines such as TNF-α and IFN-γ,
some lactic acid bacteria can prevent the appearance of local
inflammatory diseases and could be used as an adjunct
therapy with conventional treatments [147]. These results
are in agreement with the observation that administering
probiotic yogurt containing live Lactobacillus delbrueckii and
Streptococcus thermophilus can modulate the immune response,
inducing down-regulation of the inflammatory cytokines
(IL-17 and IL-12) produced by immune cells involved in the
inflammatory process [147]. Some investigations have pointed
to a role for anaerobic bacteria such as bacteroides or
clostridium [148]. For instance, IL-10–deficient mice develop
colitis under conventional housing conditions but not under
germ-free conditions [149]. At 2 weeks of age, before the
development of colitis, increased numbers of clostridium
bacteria were found adhering to the colonic mucosa of these
mice [149].
Disruption of the gut epithelial barrier increases permeability, leading to inappropriate activation of the mucosal
immune system in patients with IBD [149]. Proinflammatory
bacterial components can penetrate the gut epithelium after

the breakdown of the intestinal barrier and can induce chronic
inflammation [150]. The proinflammatory cytokines, TNF-α
and IFN-γ, can increase paracellular leakage and inhibit the
expression of cytoprotective heat shock proteins 25 and 70,
rendering the intestinal epithelial cells susceptible to future
shock and increasing the likelihood of apoptosis. Two proteins
secreted by L rhamnosus, p40 and p75, have been shown to
inhibit this proapoptotic TNF-α–mediated process [150]. Probiotic bacteria are also believed to modulate the mucosal
barrier by increasing the release of defensins, mucins, and
proteins associated with tight junctions such as the claudins
and occludins [150] A parallel increase in antibiotic use and CD
incidence has been associated with decreased numbers of
beneficial bacteria (such as bifidobacterium, lactobacillus,
bacteroidetes, and firmicutes), which allows for increased
numbers of pathogenic bacteria (such as invasive E coli) to
adhere to and invade the intestinal epithelium [151]. Interestingly, previous studies reported that probiotics such as
Lactobacilli and Bifidobacteria have anti-inflammatory effects,
which were associated with modulating the immune response, down-regulating inflammatory cytokines, and establishing equilibrium with beneficial bacterial. Probiotic
inhibition of TNF-α, INF-γ, or NF-κB and modulation of cell
proliferation and apoptosis appear to be especially important
mechanisms behind their anti-IBD effects.

7.

PUFAs and IBD

Many studies have reported that fatty acids, particularly
omega-3 PUFAs, have anti-inflammatory effects. In general,
fish oil is a rich source of omega-3 PUFAs such as EPA and DHA
[8]. These fatty acids inhibit the formation of proinflammatory
cytokines [152], and several studies have reported that omega3 PUFAs help reduce inflammation in patients with CD and
UC. Esteve-Comas et al [153] reported that patients with active
and inactive CD and UC had significantly increased plasma
levels of omega-3 and omega-6 PUFAs, but the pathogenic
significance of this finding is not fully understood [128].
Serhan et al [154] reported that omega-3 PUFAs (DHA and EPA)
elicit potent anti-inflammatory and immunoregulatory effects, both directly and following transcellular processing,
which results in the generation of hydroxyl-containing
omega-3 PUFA metabolites. Omega-3 PUFAs metabolites
such as eicosanoids are key mediators and regulators of
inflammation [155], including PGEs, thromboxanes, leukotrienes, and other oxidized derivatives [156].
Calder [156] reported that increased consumption of longchain omega-3 PUFAs such as EPA and DHA can result in
increased proportions of these fatty acids in inflammatory
cell phospholipid bilayers. The incorporation of EPA and DHA
into human inflammatory cells occurs in a dose-response
manner that occurs partly at the expense of arachidonic acid
[156]. The subsequent decrease in arachidonic acid results in
a decreased production of PGE, thromboxane, 5-hydroxyeicosatetraenoic acid, and leukotrienes by inflammatory cells
[156]. The reduced generation of arachidonic acid–derived
mediators that accompanies fish oil consumption has led to
the hypothesis that fish oil is anti-inflammatory and may be
useful in preventing or treating inflammatory conditions
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[156]. As mentioned previously, arachidonic acid may promote intestinal inflammation by regulating the inflammatory response, leading to high levels of cytokines, eicosanoids,
free radicals, PGE, thromboxanes, and leukotrienes [157].
Therefore, the reduction of arachidonic acid that occurs after
dietary omega-3 PUFA consumption may be the main mechanism behind the anti-IBD effects of omega-3s.
Bassaganya-Riera et al [41] reported that conjugated
linoleic acid (CLA) also has anti-inflammatory effects. Dietary
CLA modulates PPAR-γ and δ-responsive gene expression and
suppresses NF-κB activation in the colons of mice undergoing
DSS-induced colitis [41]. Peroxisome proliferator–activated
receptor-γ activation by CLA decreases colonic TNF-α expression by blocking NF-κB activation, and CLA ameliorates
LPS-induced TNF-α production and cachexia in mice [41].
Bassaganya-Riera et al [41] found that the beneficial effects
of CLA in dextran sodium sulfate–induced colitis were
abrogated in tissue-specific PPAR-γ–deficient mice that only
lack PPAR-γ in hematopoietic and epithelial cells. Conjugated
linoleic acid also delays the onset of experimental IBD and
attenuates growth suppression in pigs by activating colonic
PPAR-γ, whereas omega-3 PUFAs accelerate remission by
activating PPAR-δ. Furthermore, the combination of CLA and
omega-3s was able to accelerate recovery by activating PPAR-δ
and up-regulating the expression of keratinocyte growth
factor [41].
Tedelind et al [53] reported that short-chain fatty acids
such as acetate and propionate also have anti-IBD effects.
Short-chain fatty acids inhibit LPS-induced TNF-α release but
not IL-8 secretion. Furthermore, butyrate inhibits TNF-α–
mediated activation of the NF-κB pathway in a human colon
adenocarcinoma cell line [53]. Shoda et al [158] reported that
an increased dietary intake of omega-6 PUFAs such as CLA
correlates with an increased incidence of CD, whereas an oleic
acid–enriched olive oil diet may reduce the inflammatory
response, which is associated with increased IL-8 levels
[153,159]. Therefore, replacing CLA with oleic acid in the diet
of patients with CD, in combination with a diet rich in antioxidants, could be beneficial for decreasing inflammatory
activity [153,159]. The anti-IBD effect of lipids such as omega-3
PUFAs and CLA include both cytokine regulation and decreased PGE production. Peroxisome proliferator–activated
receptor-γ agonists are potential therapeutic agents for
treating IBD, and many lipids and eicosanoids are plausible
endogenous ligands for PPAR-γ. Electrophilic lipids that can
bind to a critical thiol residue (Cys285) within the ligandbinding domain, can form a covalent bond, and can prolong
receptor activation appear to be the best candidates [160].
A key mechanism by which EPA exerts its anti-inflammatory activity appears to be NF-κB suppression[161]. This
may occur by reducing phosphorylation of NF-κB, thereby
leading to reduced degradation of the inhibitory IκBα
complex [162]. Others have suggested that the highly
polyunsaturated EPA could be readily oxidized, and oxidized
EPA could then interfere with NF-κB activation [162].
Eicosapentaenoic acid has been found to attenuate IL-6
production in a PPAR-γ–dependent manner in glioma cells
[163]. Draper et al [164] reported that the EPA-mediated
effects on IL-12 cytokine production were independent of
PPAR-γ but involved both increased PPAR-γΓ expression and
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NF-κB suppression [162]. The main mechanism behind the
anti-IBD effect of PUFAs may be TNF-α inhibition by blocking
NF-κB.

8.

Conclusions

In this review, we found that the main mechanism of the antiIBD effect of natural products was through modulating
cytokine activity. Cytokines can up-regulate and/or downregulate several genes and their associated transcription
factors, which may lead to a reduction in IBD symptoms.
The anti-IBD effects of these natural products are largely
mediated by TNF-α, NF-κB, IL-6, or iNOS, whereas IL-8, IL-2,
and IL-4 have less of an influence on IBD. The main active
components of anti-IBD phytochemicals are phenolic compounds and flavonoids, and the anti-IBD effect of lipids is
closely correlated with the omega (n-3)PUFA content, particularly DHA and EPA. Moreover, the anti-IBD effects of dietary
fiber are related to an increase in short-chain fatty acids.
These results indicate that natural products such as phytochemicals, antioxidants, probiotics, dietary fiber, and lipids
may be useful for treating IBD. However, only a few of these
substances have been used as anti-IBD drugs over the last
decade. The exact mechanisms behind the anti-IBD effects of
these natural products are still unclear, and additional
research will be needed to examine their effects and to
determine which specific factors are related to ameliorating
IBD in humans.
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