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Abstract
The inflammatory process plays a central role in the 
development and progression of numerous patho-
logical situations, such as inflammatory bowel disease 
(IBD), autoimmune and neurodegenerative diseases, 
metabolic syndrome, and cardiovascular disorders. IBDs 
involve inflammation of the gastrointestinal area and 
mainly comprise Crohn’s disease (CD) and ulcerative 
colitis (UC). Both pathological situations usually involve 
recurring or bloody diarrhea, pain, fatigue and weight 
loss. There is at present no pharmacological cure for 
CD or UC. However, surgery may be curative for UC 
patients. The prescribed treatment aims to ameliorate 
the symptoms and prevent and/or delay new painful 
episodes. Flavonoid compounds are a large family 
of hydroxylated polyphenolic molecules abundant in 
plants, including vegetables and fruits which are the 
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major dietary sources of these compounds for humans, 
together with wine and tea. Flavonoids are becoming 
very popular because they have many health-promoting 
and disease-preventive effects. Most interest has been 
directed towards the antioxidant activity of flavonoids, 
evidencing a remarkable free-radical scavenging 
capacity. However, accumulating evidence suggests 
that flavonoids have many other biological properties, 
including anti-inflammatory, antiviral, anticancer, and 
neuroprotective activities through different mechanisms 
of action. The present review analyzes the available 
data about the different types of flavonoids and their 
potential effectiveness as adjuvant therapy of IBDs.

Key words: Antioxidant; Inflammation; Gastrointestinal 
tract; Flavonoids; Polyphenols
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Core tip: Inflammatory bowel diseases (IBDs) 
involve inflammation of the gastrointestinal tract and 
primarily comprise Crohn's disease and ulcerative 
colitis. Currently, there is no cure for most of the IBDs. 
Emerging evidence suggests that flavonoids have many 
biological and pharmacological properties, including 
anti-inflammatory, antiviral, anticancer, and neuro-
protective activities through different mechanisms 
of action. The present review critically analyzes the 
current experimental evidence on the therapeutic 
potential of flavonoids in IBD.
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INTRODUCTION
Inflammation is a protective and complex process 
consisting of a set of molecular, cellular and vascular 
defensive responses against any injury, including 
chemical, physical, or biological attacks, and focused 
on restoring tissue function[1]. Inflammatory diseases 
comprise a group of illnesses characterized by a 
long-term pro-inflammatory state[2]. A large number 
of pathologies are considered as inflammatory 
diseases, such as autoimmune and cardiovascular 
disorders, chronic obstructive pulmonary diseases, 
neurodegenerative diseases, and chronic inflammatory 
bowel disease (IBD). This inflammatory response 
is associated with changes in vascular permeability, 
increases in blood flow, leukocyte mobilization and rise 
in the production of inflammatory mediators[3,4]. Some 

of the produced mediators, mainly cytokines, are able 
to activate signaling by nuclear factor-kappa B (NF-
κB), a transcription factor which also mediates the 
inflammatory response[5-7].

IBDs include a group of pathologies characterized 
by chronic and uncontrolled inflammation associated 
with deregulation of both adaptive and innate immunity 
that affects the gastrointestinal tract[8,9]. The bowel 
inflammation results in symptoms, such as abdominal 
pain, bleeding, recurrent diarrhea and weight loss[8,9]. 
The two main pathologies are Crohn’s disease (CD) 
and ulcerative colitis (UC). CD can affect any area of 
the gastrointestinal tract, from the mouth to the anus, 
although the ileum is the most affected section. In 
contrast, UC primarily affects the colon and the rectum. 
The exact cause of IBD is not fully known, although 
there is an interaction between diverse factors, such as 
an immune system disturbance, genetic predisposition, 
and environmental factors, which activates the 
damaging immune response in the intestines. Today, 
there is no effective pharmacological treatment that 
allows for cure of the disease. Medical therapy is 
focused on non-specific immunosuppressive therapies, 
including thiopurines and methotrexate[10,11]. The 
occurrence and prevalence of IBDs are progressively 
growing in all areas around the world, suggesting its 
appearance as a global disease in the near future[12].

The term flavonoid derives from the Latin word 
“flavus”, meaning yellow, and comprises a group 
of secondary metabolic compounds widely found 
in plants well known for the distinctive blue, red, 
and purple anthocyanin pigments of their different 
structures. Although they are not stated as nutrients 
and regardless of their physiological functions 
in plants, flavonoids are key ingredients of the 
human diet[13]. Based on epidemiological studies, 
diets rich in flavonoids are in direct correlation with 
increased longevity and decreased cardiovascular 
disease incidence, despite consuming diets with 
high fat content[14-17]. Many biological effects have 
been attributed to the flavonoids, in addition to their 
antioxidant properties, some of which include anti-infla-
mmatory, antimicrobial, vasodilatory, anti-ischemia and 
anticancer effects[16,18-20]. 

Recently, owing to their significant antioxidant 
and free radical scavenging properties observed in 
vitro, interest towards investigating new possible 
health benefits has significantly increased. In 
fact, flavonoids are of great nutritional value in in-
flammatory diseases because they can block many 
pro-inflammatory proteins and can be considered 
natural inhibitors of inflammation, ameliorating 
the intensity of inflammation[21]. In addition to the 
direct antioxidant activity, flavonoids are capable of 
activating diverse antioxidant and protective genes 
via nuclear transcription factors and also of inhibiting 
inflammatory pathways[22]. Flavonoids influence the 
composition of the microbial flora, favoring the growth 
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of bifidum and lactobacilli bacteria and stimulating an 
anti-inflammatory environment[23-26]. 

As described earlier, since the precise etiology of 
IBD has not been identified clearly yet and no specific 
causal treatment has been established thus far, based 
on the aforementioned biological effects, flavonoids 
may be of great utility in managing IBD. It should be 
noted that another review paper broadly covered this 
topic during the past year[27]. In this review, we discuss 
the different subclasses of flavonoids and existing data 
about their effectiveness in preclinical models of IBD, 
which could translate to a future role in human IBD 
therapy. 

FLAVONOLS
Flavonols are one of the main subclasses of flavonoids, 
with the specific 3-hydroxyflavone structural backbone 
depicted in Figure 1A. Multiple flavonols have been 
extracted from leaves, flowers and the outer part of 
plants and their pharmacological effects have been 
evaluated through several studies. The most well-known 
members of this group of flavonoids are quercetin 
(3,3’,4’,5,7-pentahydroxyflavone), rutin (quercetin 
3-rutinoside), morin and kaempferol (Figure 2)[28].

Quercetin, quercitrin and rutin
Quercetin and its glycosylated derivatives, such as 
rutin and quercitrin (quercetin 3-rhamnoside), are the 
foremost representatives of flavonols, demonstrating 
remarkable effects on attenuation of pharmacological 
models of colitis[29-32]. Although many in vitro studies 
have determined that quercetin is more effective 
than its glycosylated derivatives in reducing the 
inflammatory response, the majority of in vivo studies 
did not observe this same efficacy. In this way, it was 
reported that a diet with 0.1% rutin in its composition 
supplied during 2 wk, but not quecetin, ameliorated 
dextran sulfate sodium (DSS)-induced colitis in a mouse 
model via lessening of pro-inflammatory cytokine 
production[29]. 

Poor stomach[33] and intestinal absorption[34,35] of 
these compounds are the primary obstacles against 
reaching an adequate concentration in colon. Many 
studies investigating the gastrointestinal absorption 

of flavonols have suggested that the hydrophilic 
structure of quercitrin and rutin is the main cause of 
their poor absorption. Present in colon, glycosylated 
flavonols are cleaved by colon microflora forming the 
aglycon shape of these compounds[36-38]. Therefore, it 
is suggested that quercitrin and rutin can act as pro-
drugs of quercetin, preserving the aglycon moiety 
from absorption and assuring an intact nature in 
the colon and ability to reach where it will be further 
hydrolyzed and yield quercetin[34,39,40]. It seems that 
colon-specific drug delivery systems are a necessary 
strategy to preserve quercetin from degradation and 
absorption through the gastrointestinal tract and to 
increase its availability. Castangia et al[41] demonstrated 
that chitosan/nutriose-coated vesicles represent a 
promising strategy to improve quercetin concentration 
in the colon. Additionally, Guazelli et al[30] depicted 
that quercetin-encapsulated microcapsules are more 
effective in pharmacological animal models of colitis 
compared to intact quercetin.

In a study performed on acetic acid-induced colitis 
in mice, treatment with quercetin (100 mg/kg) loaded 
pectin/casein polymer microcapsules significantly 
prevented the depletion of glutathione (GSH) reservoirs 
in the colon. Although the results did not evidence 
significant statistical differences between treatment 
and control groups, at least a significant tendency for 
preserving GSH reservoirs was observed[30]. According 
to Dodda et al[42,43] administration of quercetin (50 and 
100 mg/kg, intra-rectal) in tri-nitrobenzene sulfonic acid 
(TNBS)- and (50 and 100 mg/kg, p.o.) in acetic acid-
induced colitis rat models resulted in a considerable 
elevation in the GSH levels when compared with the 
control group. A main limitation of these two studies 
is the use of high concentrations of quercetin that 
cannot be achieved with a normal diet. With regard to 
quercitrin, the oral administration of 1 and 5 mg/kg at 
2 h before TNBS-induced colitis in rats thwarted GSH 
depletion[44]. Also, in two separate studies, Sánchez 
de Medina et al[44] and Cruz et al[45] showed that oral 
pretreatment of rats with 1 and 5 mg/kg quercitrin and 
5, 10 and 25 mg/kg of rutin increased GSH levels in 
both acute and chronic phase of TNBS-induced colitis.

Other mechanisms for ameliorating flavonols 
effects on pharmacological models of colitis include 
the suppression of nitric oxide (NO) production and/
or inducible nitric oxide synthase (iNOS) expression. 
Camuesco et al[46] proposed that the histological and 
biochemical anti-inflammatory effects of quercitrin 
might be related to a decrease in iNOS expression 
through down-regulation of NF-κB in colonic tissue. 
They also demonstrated that oral administration of 
quercitrin (1 and 5 mg/kg) significantly reduced the 
iNOS expression, contributing to the inhibition of 
iNOS activity. This outcome had been supported by 
subsequent studies. 

A down-regulation of the inflammatory response of 
macrophages derived from bone marrow, inhibition of 
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Figure 1  Chemical structures of the backbones of flavonoids. 
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this compound were assessed[51]. The effects of morin 
were evaluated in acute and chronic stages of the 
TNBS-induced colitis. In the acute model of colitis, 
pretreatment with morin (25 mg/kg) significantly 
alleviated the intestinal inflammation via inhibition 
of colonic leukotriene B4 (LTB4) production and due 
to its antioxidant properties[52]. In the chronic phase 
of colitis, the administration of morin (25 mg/kg) 
exhibited significant anti-inflammatory effect via 
attenuating production of inflammatory mediators, 
such as free radicals, LTB4, NO and IL-1β[53]. Although 
the authors confirmed that morin showed inhibitory 
effects against colonic NO synthase activity in an in 
vitro assay, the specific pathway mediating the anti-
inflammatory effects has been not investigated. Finally, 
the authors stated, similar to quercitrin and rutin, that 
the amounts of morin employed in this study were 
notably higher than that attained through dietary 
consumption.

Kaempferol
Kaempferol is abundant in plants of the genera 
Delphinium, Camellia, Berberis, Citrus, Brassica, 
Allium, Malus, etc.[54], and similar to other flavonoids 
is naturally bond to different sugars[55]. This flavonol 
possesses different biological activities, such as 
anticancer[56-61], antimicrobial[62,63], antioxidant[64-68], and 
anti-inflammatory[69-71]. According to Calderón-Montaño 
et al[55], kaempferol’s anti-inflammatory property is 
mostly derived from its ability to inhibit NF-κB, activator 
of transcription 1 and activator protein 1 pathways 
that regulate a wide spectrum of genes, including 
cytokines, growth factors, stress-response proteins[55,71]. 
Inhibition of these pathways is associated with a 
decrease in tumor necrosis factor-alpha (TNF-α) levels, 
IL-1β and IL-8 expression, cyclooxygenase-2 (COX-2), 
lipoxygenase and iNOS activation and with a reduction 
of cellular levels of reactive oxygen species[55]. Also, Park 
et al[72] reported that 0.3% kaempferol administered 
pre- and post-feeding diminished DSS-induced colitis 

cytokine and NO synthase expression through inhibiting 
the NF-κB pathway in the presence of quercetin and 
quercitrin (1 mg/kg/d, 15 d) was reported in an 
experimental rat model of colitis provoked by DSS. 
This study also suggested that the effects of quercitrin 
observed in vivo might originate from the release of 
quercetin by intestinal microflora[31]. In two distinct 
studies, the in vitro inhibitory effects of quercetin on NO 
production were demonstrated in lipopolysaccharide 
(LPS)-induced macrophages. In both studies, the 
expression of mRNA and protein of NOS was attenuated 
in cell cultures and this effect was attributed to 
suppression of the NF-κB pathway[47,48]. 

In another study, a diet containing 0.1% rutin 
mitigated the DSS-induced weight loss and improved 
colitis histological scores in mice probably through 
inhibition of interleukin (IL)-1β and subsequent 
inhibition of the induction of iNOS in enterocytes[29]. 
Also, oral administration to rats with TNBS-induced 
colitis of rutin (10 mg/kg) for 6 d had significant 
ameliorating effects on inflammation of the colon, with 
similar effectiveness as sulfasalazine (30 mg/kg), and 
also decreased myeloperoxidase (MPO) activity[40]. 
Finally, rutin (28.5 and 57 mg/kg per day by gavage) 
also demonstrated anticolitis activity, when examined 
in a mouse T-cell transfer model of IBD[49].

The main limitation of quercitrin and rutin in 
IBD is the fact that the compounds represent only 
a small fraction of the flavonoids usually ingested 
in the diet, being probably insufficient to exert a 
significant pharmacological effect. For that reason, 
the development of pharmacological formulations 
containing concentrations that can be quantitatively 
active and therapeutic is required.

Morin
As a flavonols family member, morin is present in 
a variety of fruits, vegetables and beverages[50]. 
In several studies, antioxidant, anti-inflammatory, 
anticancer, antidiabetic, and cytoprotective effects of 
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in mice through down-regulation of TNF-α, IL-6, IL-
1β, NOS, and COX-2 at the mRNA expression level. In 
addition, the compound reduced LTB4, prostaglandin E2 
(PGE2) and NO levels and MPO activity. Furthermore, in 
the prefer group, kaempferol preserved the goblet cell 
function, which was indicated via up-regulation of trefoil 
factor family 2 mRNA expression in the distal colon 
mucosa[72].

ISOFLAVONES 
One of the main subclasses of flavonoids, mostly found 
in soybeans, nuts and whole grains are isoflavones. 
These naturally occurring compounds are glycoside 
conjugates, predominantly malonyl-glycosides, and 
have a common backbone of 3-phenylchromen-
4-one (Figure 1B)[73]. During different stages of 
food processing, including fermentation or hot 
water extraction, the glycosidic groups of genistin, 
diadzein and glycitinis (Figure 3) are removed[74]. 
After ingestion, intestinal enzymes and/or intestinal 
microflora hydrolyze the conjugated isoflavones and 
produce more bioactive and bioavailable genistein, 
diadzein and glycitein[74,75]. Afterwards, these un-
conjugated aglycones are either passively absorbed 
through the small intestine or metabolized to other 
metabolites, such as equol, P-ethyl phenol and di-
hydroglycitein, consistent with diadzein, genistein and 
glycitein, respectively[76,77].

Along with antimicrobial, antioxidant, anti-infla-
mmatory and anticancer activities, isoflavones can 
also reduce the risk of cardiovascular diseases and 
osteoporosis[75]. Additionally, the structural similarity 
of these compounds with estrogens, specifically 
17-β estradiol, allows them to act as partial estrogen 
receptors (ERs)[77,78].

Some studies have demonstrated that estrogen 
receptors, especially ER subtype beta (ER-β), play a key 
role in improving the epithelial intestinal barrier[79,80]. 
Moussa et al[80] reported that daily treatment with 0.45 
mg of fermented soy germ ingredient (FSG), mainly 
consisting of isoflavones and Bowman-Birk inhibitors 
(BBI, a serine protease inhibitor), significantly 
suppressed TNBS-induced colitis in rats via two 
different mechanisms. First through ER-signaling of 
isoflavones, which is able to reduce inflammatory 
cytokines, and second through protease-activated 
receptor - mediated pathway ascribed to BBI. In a 
recent study, FSG suppressed macrophage migration 

inhibitory factor production which in turn down-
regulated the IL-1β. In addition, FSG can elevate the 
level of IL-10 and limit gut permeability in colitis. The 
FSG effects have been antagonized by administration 
of ER antagonist, proposing that the FSG effects are 
mainly mediated by ER-β[80]. 

Activation of the ER pathway is associated with 
an increased expression of membrane tight junction 
proteins, which can improve the intestinal barrier 
integrity, and decreased pro-inflammatory cytokine 
release. This anti-inflammatory response can be 
mediated by increased release on the anti-inflammatory 
IL-10, which in turn inhibits pro-inflammatory cytokine 
release. Finally, it is interesting to note that these 
evidenced effects took place when using doses of 
isoflavones near to the daily ingestion authorized in 
humans (1 mg/kg body weight/d). 

Similar results were obtained using fermented 
Peuraria lobata extract, rich in isoflavones, in 
ameliorating the gastrointestinal barrier function in 
colitis induced by DSS. A reduction of inflammatory 
cytokines’ mRNA expression and recovery of cons-
truction and expression of tight junction proteins was 
observed in vitro. Additionally, restoration of goblet 
cells and improvement of epithelial structure in the 
colonic mucosa was reported in vivo[81]. Also, the 
isoflavone rich fraction of soybean extract inhibited 
IL-8 production through TNF-α suppression in the 
Caco-2 cell line in a dose-dependent manner[82]. In 
this way, IL-8 release induced by hydrogen peroxide or 
by IL-1β was not ameliorated when cells were treated 
with the extract, indicating the implication of TNF-α.

As mentioned above, genistein is another well-
characterized aglycon isoflavone. The efficacy of this 
compound in experimental IBD models has been 
studied in various experiments. Similar to other 
isoflavones, genistein can bind to ERs, especially ER-β, 
the most abundantly expressed subtype in the gastro-
intestinal tract mimicking estrogenic action[83]. Various 
studies have demonstrated that ER ligands possess the 
ability to attenuate IBD symptoms[84,85]. Inflammation-
mediated mechanisms have been widely described for 
protective effects of genistein. 

In the study performed by Seibel et al[86] it was 
demonstrated that genistein oral administration (100 
mg/kg body weight) in TNBS-induced colitis in rats 
resulted in a significant reduction in MPO activity and 
COX-2 mRNA expression[83]. The authors hypothesized 
that the treatment with genistein can inhibit the 
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expression of MPO and COX-2 by means of an ER-
dependent mechanism, inhibiting the activation of 
the NF-κβ signaling pathway. Contrarily, Seibel et al[86] 
informed that in uterus and postnatal rats, exposure to 
a phytoestrogen-rich diet (including high and low dose 
of genistein and daidzein) not only did not protect the 
offspring from TNBS-induced colitis but also enhanced 
the extent of acute inflammation through increasing 
neutrophil infiltration and COX-2 protein expression. 
These surprising results may be attributed to the 
fact that COX-2 expression is partly repressed by 
phytoestrogens in the acute phase of inflammation, 
exacerbating colon inflammation. The authors suggest 
as a possibility that most of the positive results were 
obtained in chronic models of IBD and, consequently, 
it may be an initial magnification of the inflammatory 
response followed by an enhanced anti-inflammatory 
process.

Furthermore, based on another in vitro study, 
genistein significantly prevented the xanthine oxidase/
xanthine-induced oxidative stress-mediated alteration 
in paracellular junctional protein complexes, such 
as tyrosine phosphorylation and their disassembly 
from the junctional complex, thereby protecting tight 
junctions from malfunction in Caco-2 cells[87]. Also, the 
administration of genistein significantly inhibited the 
disruption of tight junction by acetaldehyde through 
deterring tyrosine phosphorylation in Caco-2 cells[88]. 
The mechanism of action is related to genistein 
activity as tyrosine kinase inhibitor, which is capable 
of reducing the tyrosine phosphorylation of functional 
proteins and also of protecting against dissociation of 
these proteins from the cytoskeleton[87,88]. Moreover, 
these protective effects of genistein have also been 
observed against intestinal tight junction barrier 
damage triggered by inflammatory mediators, including 
TNF-α and enteric bacteria, such as Escherichia coli, 
Proteus mirabilis, Listeria monocytogenes or Salmonella 
typhimurium[89,90]. 

Sergent et al[91] revealed an inhibitory effect of 
genistein on IL-6 and monocyte chemoattractant 
protein-1 (MCP-1) overproduction in a model of inflamed 
human intestinal epithelium when investigating the 
anti-inflammatory activity of some phenolic molecules. 
In the same study, genistein also down-regulated 
the levels of NOS and 14 different inflammatory 
genes[91]. In another study, genistein supplied in dietary 

concentration thwarted the overproduction of TNF-α and 
IL-6 in RAW 264.7 macrophages treated with LPS[92]. 
The ameliorated inflammatory response seems to be 
mediated by inhibition of NF-κβ activation following 
AMPK phosphorylation.

Diadzein is another important bioavailable iso-
flavone exhibiting protective effects in mice with DSS-
induced colitis via suppressing the expression of IL-6, 
IL-8, IL-12, p40 and interferon-gamma (INF-γ) and 
triggering IL-10 secretion from mesenteric lymph 
node cells[93]. The authors also reported that diadzein 
inhibited cytokine production in human monocytic 
cell lines after Toll-like receptor (TLR)-2 and TLR-4 
stimulation, suggesting that the TLR signaling pathway 
could be a target for isoflavones effects[93]. However, in 
contrast, equol, the metabolite of diadzein, perpetuates 
colitis in the DSS-induced model via an unknown 
mechanism[94]. The treatment timing could be res-
ponsible for the negative results since isoflavones 
can potentiate inflammation in acute colitis, as was 
mentioned above. In this study, biochemical analysis 
was performed on day 5 after initiating the colitis 
treatment, whereas most of the studies reporting 
beneficial effects lasted more than 14 d since the colitis 
induction. This possibility is reinforced by the fact that 
genistein did not improve the severity of colitis[94].

FLAVANONES
Hesperidin and naringin (Figure 4), like other fla-
vonoids found naturally as glycosides[95], are common 
constituents of citrus fruits[96]; their skeleton is 
represented in Figure 1C. Naringin (naringenin-7-
O-neohesperidoside) and hesperidin (hesperetin-7-
rutinoside) are mainly hydrolyzed by the microflora of 
the distal part of the small intestine and colon into their 
aglycones, naringenin and hesperetin, respectively[97].

Various in vivo and in vitro investigations have 
evidenced the therapeutic activity of naringin, narin-
genin, hesperidin and hesperetin in several pathological 
conditions, including cancer, cardiovascular and 
neurological disorders, and diabetes mellitus[96,98,99] 
that might be attributed to the anti-inflammatory and 
antioxidant effects of these constituents.

Kumar et al[100] evaluated the efficacy of naringin 
in acetic acid-induced colitis models and reported that 
administration of naringin in different concentrations 
significantly attenuated inflammatory responses, which 
in turn prevented further DNA damage. This study 
also demonstrated that the malondialdehyde (MDA), 
MPO, NO, xanthine oxidase and alkaline phosphatase 
concentrations were significantly decreased after 
naringin treatment, with respect to the control group. 
Furthermore, this study also reported a reduction 
of ulcer lesions by naringin, suggesting a potential 
protection of colonic microflora from the corrosive 
effect of acetic acid. 

Other studies have also demonstrated that 
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a. Naringenin                                b. Hesperetin

Figure 4  Chemical structures of different flavanones.
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naringenin can ameliorate colitis in different animal 
models of colitis. In a remarkable study conducted 
by Dou et al[101], it was demonstrated that naringenin 
treatment significantly improved colitis through 
down-regulating the mRNA expression of several 
proinflammatory mediators, including iNOS, MCP-1, 
intercellular adhesion molecule-1, COX-2, IL-6 and 
TNF-α. Additionally, they found that the administration 
of naringenin significantly inhibited up-regulation 
of TLR-4 expression, which in turn reduced pro-
inflammatory cytokines, especially IL-6 and TNF-α. 
Moreover, phospho-NF-κB p65 protein levels were 
also decreased, correlating with decrease in phospho-
IκBα protein concentrations. These data were 
consistent with in vitro results obtained by the same 
investigators[101]. 

Still other studies have demonstrated the effects of 
naringenin in different concentrations on colitis models 
via inhibition of INF-γ, macrophage inflammatory 
protein 2 (MIP-2), PGE2, NO, IL-6, IL-17A and IL-1β 
expression[102,103]. Furthermore, naringenin can protect 
the tight junction barrier[102]. Altogether, these results 
seem to indicate that targeting of the TLR-4/NF-κB 
signaling pathway might be one of the underlying 
mechanisms implicated in the protective effects of 
naringenin against IBD.

Xu et al[104] demonstrated that hesperidin, just 
like naringenin, exhibited its beneficiary effects in 
DSS-induced colitis via decreasing MDA contents, 
MPO activity, and IL-6 expression levels. In addition, 
hesperidin reduced iNOS activity and production of 
PGE2 and NO in a mouse macrophage cell line[104]. 
However, based on the present data, the explanation 
of the possible mechanism by which hesperidin acts is 
difficult to clarify.

ANTHOCYANINS
As the red pigment of different berries, currants and 
grapes, anthocyanins are composed of an antho-
cyanidin [malvidin, cyanidin, pelargonidin, petunidin, 
delphinidin, etc. (Figure 5)] conjugated with one to 
three sugar molecules, including glucose, galactose, 
xylose, arabinose and rhamnose[105]. In most cases, 
anthocyanins absorption is dependent on the structure 
of their aglycone moiety. This group of natural 
compounds is not regularly metabolized; however, 
in acidic media, they become rearranged and more 
stable[106]. Overall, anthocyanins are only partially 
absorbed and have demonstrated limited biological 
activity on enterocytes. 

Various investigations have been centered on the 
antioxidant activity of anthocyanins; however, the 
anti-inflammatory effect has also been extensively 
observed in other non-intestinal tissues[107-109]. Based 
on a randomized trial with human participants on 
a dietary regimen rich in purple-flesh potatoes, 
containing high amounts of anthocyanins, a significant 
rise in serum antioxidant parameters levels and 
a decrease in pro-inflammatory markers, such as 
IL-6 and C-reactive protein, was reported[110]. Other 
studies have also reported radical scavenging and 
anti-inflammatory activities of anthocyanin-containing 
natural compounds, including bilberry juice, press cake 
and soybean seed[111,112]. 

The main limitation in studies testing anthocyanins 
is the fact that fruit extracts rich in these compounds 
were used, but not the isolated compounds themselves. 
All these extracts are an excellent source of vitamin 
C and other antioxidant compounds, in addition 
to anthocyanins such as non-flavonoid condensed 
tannins[113]. As the composition of these extracts was 
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not carried out in those studies, it cannot be specifically 
concluded that anthocyanins are solely responsible for 
the protective effects against IBD.

Strawberry anthocyanins
Strawberry as a member of the Rosaceae family, 
and is a fruit rich in anthocyanin compounds derived 
from pelargonidin and cyanidin aglycones[114,115]. 
The anti-IBD effects of strawberry anthocyanins 
have been mostly attributed to the free-radical 
scavenging and anti-inflammatory properties of these 
compounds[116,117]. Based on an in vivo study on acetic 
acid-induced colitis in rat, oral or rectal administration 
of strawberry significantly decreased the infiltration of 
polymorphonuclear cells to the inflammatory site and 
lessened epithelial necrosis and lesions[118].

Blueberry anthocyanins
As a member of the Ericaceae family, anthocyanins 
found in blueberry are derivatives of malvidin, 
delphinidin, cyanidin and petunidin aglycones[119]. 
Anthocyanins present in blueberry mainly decrease 
colony number of Clostridium perfringens and 
Enterococcus Spp, increase butyric acid concentrations, 
reduce the amounts of succinic acid, decrease IL-6, 
TNF-α and IFN-γ, increase IL-10 plasma concentrations, 
and suppress mucosal congestions and colon wall 
thickening[120,121].

Cranberry anthocyanins
Cranberry is another member of the Ericaceae family, 
which is full of anthocyanin compounds. Based on a 
study performed by Xiao et al[122], the administration of 
cranberry polyphenols was associated with a reduction 
in colon length, MPO activity, disease progression, 
infiltration of inflammatory cells and structural damage 
to the mucosa in an experimental animal model of 
colitis induced by DSS[122]. 

Grape anthocyanins
Belonging to the Vitaceae family, grape is rich in 
anthocyanins, with glycoside forms of malvidin, 
delphinidin, petunidin, petonidin and pelargonidin[123]. 
Oral administration of grape juice has been shown to 
significantly reduce the concentrations of TNF-α and 
iNOS, and COX-2 enzyme activities. Furthermore, 
it can reduce peripheral blood genotoxicity and mor-
phological signs of cell damage in colitis[124]. 

Bilberry anthocyanins
As an Ericaceae family member, among other berries, 
bilberry fruit possesses the highest amounts of 
anthocyanins (about 300 to 700 mg/100 g fresh fruit). 
The main anthocyanins in this fruit include delphinidin, 
malvidin, cyanidin and petonidin[125]. The anti-IBD 
mechanisms of this fruit have been proposed to 
involve suppression of TNF-α, IL-6 and INF-γ secretion, 
resulting in colon shortening and decreased histological 

scores, causing intestinal inflammation and ileum 
mucosal injury[126-128]. 

Barberry anthocyanins
Barberry is a member of the Berberidaceae family, 
which is full of anthocyanins, with capabilities of 
decreasing macroscopic ulcer index and ulcer area, 
wet weight/length ratio of colon and infiltration of 
inflammation-inducing cells[129]. 

Black bean
Phaseolus vulgaris or black bean is another natural 
dietary food with high levels of anthocyanins which 
can significantly reduce inflammatory processes in IBD 
through suppressing the expression of IL-6, IL-9, IL-
17a and IFN-γ. Furthermore, these compounds can 
also decrease IL-1β, IL-17a, TNF-α and IFN-γ serum 
levels, contributing to a more effective suppression of 
inflammation in experimental IBD[130].

FLAVONES 
Flavones are an important subclass of flavonoids, 
possessing the backbone of phenylchromen-4-one. The 
natural compounds present in this subclass, consisting 
of apigenin, baicalein, luteolin, diosmin, wogonin 
and tangeretin (Figure 6), are mainly found in foods, 
medicinal herbs and cereals. Flavones are mainly 
found as 7-O-glycososides; however, C-glycosides 
(in which the sugar is linked to an aromatic carbon 
atom) have also been identified. Nevertheless, despite 
presence of these compounds in teas and cereals, few 
data exist in regards to the flavone-C-glycosides form 
of these compounds[131]. 

Apigenin
Apigenin, present in chamomile, parsley and celery, 
is the main ingredient of wheatgrass juice. It has 
been shown to be mostly effective in treatment of 
UC. This naturally-occurring compound is believed 
to possess both antioxidative and anti-inflammatory 
effects, which may be beneficial in the case of IBD 
therapy. Furthermore, this natural compound has the 
potency to prevent the transactivation induced by 
TNF-α[132,133]. Of note, apigenin showed efficacy in a 
murine DSS colitis model by inhibiting inflammasome 
pathways and therefore production of IL-1β and down-
regulation of iNOS and COX-2, and to reduce serum 
levels of matrix metalloproteinase-3[134]. However, the 
underlying mechanism of action was not investigated 
and additional investigations are required in order to 
provide the basis for the anti-IBD effects. A randomized 
controlled trial on managing UC through administration 
of wheatgrass juice demonstrated that although 
sigmoidoscopic evaluation did not demonstrate any 
significant differences among the treatment and control 
group, other symptomatic indicators of disease activity, 
such as rectal bleeding, were significantly improved[133].
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Baicalein
As the main component of Suctellaria baicalensis, 
baicalein is another member of the flavones group, 
which is also found in vegetables and fruits. Multiple 
beneficial activities, including anti-inflammatory, 
antioxidant and anti-allergic responses, have been 
reported after administration of this compound in 
different disorders[135-137]. The plant has also been 
shown to be significantly effective against experimental 
IBD. Based on results of a study using a murine model 
of colitis, investigators found that baicalein could 
significantly improve colitis inflammatory symptoms, 
including blood hemoglobin content, rectal bleeding 
and weight loss, with similar effects to that of sulfa-
salazine, the reference drug[138]. These effects were 
also comparable with those observed with wogonin and 
baicalin[139]. 

Luteolin
Luteolin, found abundantly in Salvia tomentosa, has 
been shown to significantly lessen shortening of colon 
length and reduce the histological score of colitis. As 
reported by Nishitani et al[140], luteolin significantly 
suppressed macrophage and IFN-γ producing CD4+ T 
cell infiltration into the colon mucosa. Furthermore, 
the treatment with luteolin significantly improved 
the mRNA expression of IFN-γ in colon. Additionally, 
co-culture of intestinal epithelial Caco-2 cells and 
macrophage RAW264.7 cells submitted to luteolin 
treatment led to the suppression of IL-8 gene 
expression in the intestinal cells without disrupting 
the epithelial monolayer. Furthermore, TNF-α and pro-
inflammatory cytokines’ expression, including that of 
TNF-α, IL-6 and IL-1β, were also significantly reduced 
in RAW264.7 cells by this compound[140]. The authors 
proposed that luteolin aglycones are liberated by the 
Caco-2 epithelial cells inhibiting NF-κβ translocation into 
the nucleus of RAW264.7 macrophages. This action is 
followed by suppression of TNF-α gene expression in 

and release from RAW264.7 cells, leading to reduction 
in the IL-8 expression in Caco-2 cells.

Diosmin
Diosmin, the main active component found in 
Scrophularia nodosa, was initially isolated in 1925 
and applied as therapeutic agent in 1969. Similar to 
the other members of this subfamily, diosmin has 
demonstrated several anti-inflammatory, antimutagenic 
and free radical scavenging effects. Crespo et al[141] 
investigated the anti-inflammatory activity of this 
compound on the acute phase immune response in a 
rat model of TNBS colitis and found that pretreatment 
with diosmin could significantly reduce colonic damage 
through suppressing MPO enzyme activity, increasing 
colonic GSH levels and preventing further production of 
leukotriene B4 and MDA. Additionally, this compound 
could also inhibit the inflammation and oxidative 
damage in colitis[141]. The reduction of leukotriene B4 
levels is an interesting mechanism of action because 
this compound is implicated in the pathogenesis of IBD 
since it strongly promotes neutrophil chemotaxis and 
activation favoring the inflammatory process.

Wogonin
As an O-methylated flavone, wogonin is another 
flavonoid-like chemical agent found in Scutellaria 
baicalensis[142]. Oroxindin is also the glucuronide 
form of wogonin isolated from Oroxylum indicum[143]. 
Wogonin has been shown to possess several 
pharmacological effects, most importantly the anti-
inflammatory ones. Based on Wang et al[144], Caco-2 
cells exposure to wogonin significantly diminished 
LPS-induced alterations in trans-epithelial electrical 
resistance and fluorescent markers of transportation. 
Furthermore, this phytochemical could significantly 
suppress LPS-induced changes in tight junction 
proteins, mostly claudin-1 and zonula occludens-1 
(ZO-1). Additionally, the expression of IL-6, IL-8, IL-1β, 
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iNOS and COX-2 was also suppressed by pretreatment 
with wogonin. The expression of different molecules, 
including TLR4, MyD88 and TAK1, were significantly 
suppressed by wogonin. The more interesting finding 
was that the translocation of NF-κB and its capacity to 
bind with DNA in LPS-induced Caco-2 cells was also 
significantly reduced. Consequently, it can be concluded 
that wogonin, mostly through diminishing the TLR4-
mediated inflammatory response and preserving 
intentional barrier function, could be a potent treatment 
for IBD[144].

Tangeretin
As the main component of Citrus Spp pericarp, 
tangeretin can effectively inhibit the expression of 
TNF-α, IL-23 and IL-12 through restricting the activation 
of NF-κB in LPS-treated dendritic cells. Furthermore, 
oral administration of this compound was able to 
suppress the inflammatory process by preventing the 
activation NF-κB and mitogen-activated protein kinases 
(MAPK) pathways and lessening MPO activity in mice 
with TNBS-induced colitis. Tangeretin could also increase 
the altered TNBS-suppressed expression of several tight 
junction proteins, such as claudin-1, ocluadin-1 and 
ZO-1. Additionally, this compound also prevented TNBS-
induced type-1 T helper (Th1) and type-17 T helper 
(Th17) cells’ differentiation. Also, tangeretin could inhibit 
T-bet, RAR-related orphan receptor-γ, IL-12, IL-17 and 
TNF-α expression. According to the aforementioned 
results, it can be concluded that oral administration 
of tangeretin through suppression of IL-12 and TNF-α 
expression as well as NF-κB activation results in the 
attenuation of UC[145]. 

Fisetin
Fisetin is a flavonoid, which can be found in many 
fruits and vegetables. Recently, this compound showed 
efficacy against DSS-induced colitis in a mouse 
model. The mechanism of anti-colitis activity was 
multifactorial through inhibition of diverse signaling 
pathways including Akt, p38 MAPK and NF-κB in the 
murine colon[146]. This study evidenced that fisetin is 
capable of reducing the LPS-induced phosphorylation 
of IκBα and NF-κβ (p65) binding activity to DNA. This 
inhibition was associated with inhibition of upstream 
proteins related to NF-κβ activation. Specifically, the 
study reported an attenuation in the phosphorylation 
of Akt and, therefore, the activation of p38 MAPK and 
NF-κB in the colon[147].

FLAVANOLS
Flavanols are characterized by the presence of flavan-
3-ol as a monomeric unit. Flavanols are usually divided 
in monomers (or catechins) and condensed tannins 
(dimers, trimers, oligomers, and polymers)[148]. The 
group of catechins is composed by flavanols with 
catechin, epicatechin, gallocatechin, epigallocatechin, 
and diverse specific gallic acid esters at the 3-OH 

position. This type of flavonoid is present in notable 
amounts in a diversity of fruits and beverages, 
including grapes, lychees, strawberries, cacao and 
green tea[149]. The bioavailability of flavanols depends 
on each compound, although absorbed flavanols 
generally present a short half-life in plasma and 
undergo an extensive phase Ⅱ metabolism[150,151]. 
A portion of ingested flavanols is absorbed intact, 
whereas the remaining fraction is metabolized by the 
gut microflora, and the resulting metabolites absorbed. 
Flavanols have a remarkable direct antioxidant activity, 
but a capacity to stimulate antioxidant enzymes has 
also been demonstrated. In addition, flavanols exert 
anti-inflammatory activities by inhibiting/lowering pro-
inflammatory enzymes[152].

Many studies have focused on investigating the 
potential anti-inflammatory effects of flavanols, mainly 
epigallocatechin and proanthocyanidins from grape 
seeds, in animal models of IBD. In a first approach, 
an experimental diet containing catechin significantly 
decreased colonic damage and MPO activity in TNBS-
induced UC in rats compared with a group fed a 
basal diet[153]. In an in vitro study, epicatechin was 
capable of inhibiting the permeabilization of Caco-2 
cell monolayers induced after TNF-α treatment[154]. The 
preventive effects were mediated, at least in part, via 
inhibition of NADPH oxidase and NF-κB activation by 
reducing IκBα phosphorylation and subsequent nuclear 
transport and DNA binding. Similar protective results 
were obtained using catechin-7-O-β-D-glucopyranoside 
from Phaseolus calcaratus Roxburgh (fabaceae) 
seeds in a rat model of experimental colitis[155]. The 
treatment increased GSH levels and reduced MPO 
activity and protein levels as well as the mRNA and 
protein levels of lipid mediators (COX-2, iNOS, TNF-α, 
IL-1β) via inhibition the NF-κB pathway. Moreover, 
increased mRNA levels of the mucins MUC2 and MUC3, 
main components of the mucosal layer in the colon, 
were also evidenced. 

Epigallocatechin-3-gallate (EGCG), a main cons-
tituent of green tea, has been extensively investigated 
as an anti-inflammatory agent in IBD. EGCG inhibited 
the gene expression and release of IL-8, PGE2 and 
MIP-3α in human colon adenocarcinoma cell lines 
stimulated with TNF-α[156]. In diverse animal models 
of colitis, EGCG was evidenced to inhibit MPO activity 
and histamine levels in colon mucosa, to reduce 
macrophage chemotaxis and neutrophil infiltration, 
and to increase the activities of antioxidant enzymes 
and reduce the production of pro-inflammatory 
cytokines[157-159]. However, together with these beneficial 
anti-inflammatory effects, EGCG treatment has been 
reported to induce a macronutrient malabsorption 
which can represent a dose-limiting adverse effect that 
should be taken into account if it is to be translated to 
the clinic for treatment of IBD[160]. In this way, the co-
administration of 1-piperoylpiperidin (piperine), an 
alkaloid with the capability enhancing EGCG availability, 
resulted in significantly higher anti-inflammatory effects, 
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with respect to EGCG alone, allowing the use of lower 
doses of EGCG (6.9 mg/kg body weight)[158]. Finally, 
the administration of peracetylated epigallocatechin-
3-gallate (AcEGCG) was more active in preventing 
colon damage than EGCG[161]. The authors found that 
AcEGCG reduced inflammatory mediators by down-
regulating the PI3K/Akt/NFκB pathway and increased 
the expression of heme-oxygenase-1 (HO-1) through 
induction of extracellular signal-regulated protein kinase 
(ERK)1/2 signaling together with acetylation of NF-E2-
related factor 2 (Nrf2). Unfortunately, the mechanism 
of action was only investigated in AcEGCG and not 
in EGCG, making it difficult to know the cause of the 
different degree of activity between both compounds.

Proanthocyanidins from grape seeds were also 
investigated as therapeutic agents against UC in a 
rat model. Treatment with the proanthocyanidins 
significantly improved the colonic damage and de-
creased the pro-inflammatory mediators, such as 
MPO, as well as iNOS activity and levels of IL-1β and 
TNF-α, increased synthesis of the anti-inflammatory 
cytokines IL-2 and IL-4, reduced inflammatory 
cell infiltration, and increased antioxidant enzyme 
activities[162-164]. The reduction in mucosal inflammation 
was proposed to be mediated by inhibition of the NF-
κB signal transduction pathway. The treatment with 
proanthocyanidins resulted in a significant reduction in 
IκB kinase (IκK) activation, leading to suppression in 
the phosphorylation-induced degradation of IκBα and 
nuclear translocation[163,165].

Protective effects of thearubigin and theaflavin-
3,3’-digallate (TFDG), present in black tea, were 
evidenced as they ameliorated the disruption of 
colonic architecture and inflammation[166,167]. Similar 
to the other flavanols, the anti-inflammatory effects of 
thearubigin and TFDG seem to be mediated through 
down-regulation of the NF-κβ pathway by inhibiting the 
degradation of its endogenous inhibitor Iκβα.

Some complex mixtures rich in flavanols, such 
as polyphenol-enriched cocoa extract (containing 
catechin, epicatechin, procyanidin B1 and B2) and 
oligonol (containing 17.6% of catechin-type monomers 
and 18.6% of proanthocyanidins) were also effective 
against animal models of colitis[168,169]. Both treatments 
significantly reduced colon damage, inflammation, 
leukocyte infiltration and oxidative stress markers, 
whereas antioxidant enzyme activities were increased. 
The mechanism of action seems to involve the inhibition 
of transcription factors STAT1 and STAT3, which are 
associated with cytokine and growth factor receptors’ 
synthesis and with innate and acquired immune cells’ 
regulation, respectively. In addition, NF-κB activity was 
also inhibited, which indicates its participation in the 
anti-inflammatory effects of the extract.

CLINICAL TRIALS
Although there are multiple sources of evidence to 
support the anti-inflammatory effects of flavonoids, 

their therapeutic use in IBD has been almost exclu-
sively studied in in vitro studies or animal models. To 
date, clinical studies are scarce, and further research 
with well-controlled procedures and higher number 
of patients is essential to establish the potential 
therapeutic use of flavonoids. In a first approach, an 
open pilot trial investigated the effect of anthocyanin-
rich bilberry mixture in 13 subjects suffering from 
UC[128]. After 6 wk of intervention, elevated rates of 
clinical improvement were observed with a significant 
decrease in mucosal inflammation and a reduction 
in the levels of fecal calprotectin. However, after 
completion of the intervention, a raise in calprotectin 
levels and disease symptoms were reported following 
the 4-wk follow-up. 

Another pilot study investigated the activity of 
(-)-EGCG (400 mg or 800 mg) that was supplied to 15 
individuals with mild to moderate UC, whereas another 
4 were assigned to a placebo control[170]. The response 
rate to the treatment after 56 d of therapy was 66.7% 
and the active treatment remission rate was 53.3%; 
on the contrary, none of the control subjects showed 
signs of improvement. Koláček et al[171] conducted a 
pilot study to determine the relation between oxidative 
stress in pediatric CD patients in remission and the 
influence of a polyphenol extract (Pycnogenol®, 70% 
± 5% procyanidins). Patients reported reduced antio-
xidant defenses and increased oxidative damage 
markers when compared with healthy controls. A 
10-wk course of polyphenol extract administration 
positively influenced the oxidative parameters in 
patients suffering from CD. A randomized, placebo-
controlled clinical trial was designed to investigate the 
effects of silymarin (42 intervention vs 38 placebo) 
in UC patients[172]. Silymarin (140 mg) was given to 
the patients for 6 mo, together with the standard 
therapy. Silymarin was well tolerated by the patients 
and silymarin improved hemoglobin levels, ESR and 
disease activity index with respect to the placebo 
group. 

CONCLUSION
It is well known that IBD causes prolonged infla-
mmation of the gastrointestinal tract. However, the 
main cause of the IBD is unknown and currently there 
is no effective treatment to cure this disease. Anti-
inflammatory agents are the first course of clinical 
action in IBD treatment, reducing inflammation of 
the digestive tract but also eliciting many side effects. 
Flavonoids are potent anti-inflammatory compounds 
that could be an interesting alternative in the IBD 
management. Diverse studies have reported significant 
beneficial effects of specific flavonoids or foods rich in 
these compounds against inflammation in IBD using 
animal models and cell culture. 

Tables 1 and 2 summarize the effects of flavonoids 
in animal models of UC and CD. The immense 
majority of these investigations have been conducted 
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in DSS and TNBS colitis models. More studies in 
other chronic models of IBD (e.g., T cell transfer, 
IL-10 knockout, chronic oxazolone models of colitis) 
would be beneficial. Moreover, such studies could be 
conducted in conjunction with currently used IBD 
drugs (e.g., mesalamine, corticosteroids), in order to 
probe for additive/synergistic pharmacological effects. 
Such studies may provide an impetus for designing/
conducting future clinical trials with flavonoids as 
adjunct therapeutic agents.

Clinical trials analyzing the efficacy of flavonoids 
against IBD are still lacking and greater efforts should 
focus on studies with human patients. Further in-
depth clinical studies are mandatory for confirming the 
therapeutic effects of flavonoids in IBD. More research 
within the fields of genetics, immunology, biochemistry 
and microbiology will provide a better knowledge of 
the underlying mechanisms involved in IBD, and are 
expected to increase treatment possibilities and their 
efficacies. Flavonoids could be a useful adjunct therapy 
in order to reduce or to ameliorate the symptoms of 

IBD and to potentiate the effects of future therapies.
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