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Abstract
Inflammatory bowel disease (IBD) is a chronic inflammatory condition that may emerge at a young age and often lasts for life. It
often goes through phases of recurrence and remission and has a devastating effect on quality of life. The exact etiology of the
disease is still unclear, but it appears that an inappropriate immune response to intestinal flora bacteria in people with a genetic
predisposition may cause the disease. Managing inflammatory bowel disease is still a serious challenge. Oxidative stress and free
radicals appear to be involved in the pathogenesis of this disease, and a number of studies have suggested the use of antioxidants
as a therapeutic approach. The antioxidant and anti-inflammatory properties of some trace elements have led some of the research
to focus on studying these trace elements in inflammatory bowel disease. Zinc and selenium are among the most important trace
elements that have significant anti-inflammatory and antioxidant properties. Some studies have shown the importance of these
trace elements in inflammatory bowel disease. In this review, we have attempted to provide a comprehensive overview of the
findings of these studies and to gather current knowledge about the association of these trace elements with the inflammatory
process and inflammatory bowel disease.
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Introduction

Inflammatory bowel disease (IBD) is a complex disease, and
several factors are involved in its pathogenesis. Genetic suscep-
tibility, intestinal microflora, immune function, and environ-
mental factors appear to be involved in the pathogenesis of
IBD [1, 2]. The prevalence of the IBD has increased significant-
ly in both developing and developed countries over the past

three decades [3]. IBD is a chronic disease that is often lifelong
in its duration. Diagnosis and monitoring of this disease is a
serious challenge, and although recent studies have shown ad-
vances in introducing less invasive methods for diagnosis and
monitoring of IBD, however, colonoscopy and histopathologi-
cal examinations are still recognized as the gold standard and
used routinely [4, 5]. Treatment of the disease also has many
challenges, and despite the advances made, it is still difficult to
treat IBD effectively. The peak of IBD incidence is at a young
age; it reduces the quality of life and ability of people to work, so
it will also be detrimental to society in addition to the suffering
and costs it imposes on the patient [6, 7]. IBD is an inflamma-
tory disease, and oxidative stress due to its close associationwith
the inflammatory process possibly plays an important role in the
pathogenesis IBD [8–10]. This issue has led to a significant
amount of research into the study of oxidative stress, antioxi-
dants, and nutritional factors in IBD [11]. Trace elements such
as zinc and selenium have also been considered, due to their
antioxidant and anti-inflammatory properties. Trace elements
are inorganic nutrients that are present in body fluids and tissues
in small quantities and are essential for the growth and function
of the body [12]. Deficiency of essential trace elements is asso-
ciated with some clinical disorders, and their excessive amounts
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can also have toxic effects [13, 14]. Zinc and selenium are
among the most important trace elements. It has been reported
that about 30% of theworld population have zinc deficiency and
this deficiency is mostly mild to moderate [15]. About 3000
proteins in the human body require zinc as a cofactor, so severe
zinc deficiency may be fatal [16, 17]. Zinc deficiency can cause
disorders such as dermatitis, loss of appetite, impaired wound
healing, increased blood ammonia, and hypogonadism [17].
Zinc is also closely linked to the immune system and the inflam-
matory process. Zinc regulates oxidative stress, immune re-
sponse, and inflammation process by targeting Nf- B signaling
pathway which has a crucial role in inflammation [18].

It seems that zinc deficiency is common among patients with
IBD and has prevalence between 15 and 45%, and given that
IBD is a chronic inflammatory disease and associated with
immune system function, monitoring and maintaining normal
levels of zinc in IBD patients seem to be necessary [19]. The
role of selenium is also very important. It is an essential trace
element and ranges between 90.1 and 98.7 μg/L that has been
suggested as the optimal serum concentration [20]. Selenium
deficiency can impair important biological processes such as
DNA repairing, immune response, and cell cycle regulation
[21–23]. Selenium deficiency appears to be associated with
an increased risk of diseases such as cardiovascular disease,
cancers, and hypothyroidism [24–26]. Although evidence has
been obtained that sufficient levels of selenium can prevent the
development of some cancers, it is still not possible to say that
selenium has a preventive effect against cancers [27, 28]. In
addition, it appears that values above 120 μg/L of selenium
are associated with an increased risk of type 2 diabetes and
some cancers [20]. Selenium is present as a cofactor in about
25 human proteins called selenoproteins [21]. Glutathione per-
oxidase, a very important antioxidant enzyme, is a
selenoprotein [20]. Some studies have been reported selenium
deficiency among IBD patients, and our previous findings also
indicate the occurrence of oxidative stress in IBD, and the key
role of glutathione peroxidase in dealing with oxidative stress
has been suggested [9, 29]. In the next sections, we will review
the importance of oxidative stress in the pathogenesis of IBD.
There have been many studies to date that each have somehow
demonstrated the antioxidant and anti-inflammatory role of zinc
and selenium; in addition, as mentioned above, some studies
have been done regarding the trace elements status in IBD.
Therefore, in this review article, we have attempted to give an
overview of the findings of these studies and tried to review the
current knowledge about the importance of these trace elements
in the inflammatory process (Tables 1 and 2).

IBD: a Chronic Inflammatory Disease

IBD is an inflammatory disease with a variable course of onset
and remission; it is principally due to Crohn’s disease and

ulcerative colitis [30]. The main clinical symptoms of this dis-
ease are abdominal pain, chronic diarrhea, and rectal bleeding. It
has many extra-intestinal complications, such as anemia, which
can affect the patients’ quality of life significantly [31, 32].
Crohn’s disease can cause intestinal fistulas that cause frequent
urinary tract complications [33]. Generally, IBD havemany con-
sequences, but it seems that the most important consequence of
this disease is a significant increase in the risk of colorectal
cancer [34]. Routine treatment approaches are helpful for main-
taining the clinical remission, but sometimes the severity of IBD
symptoms is so severe that the patient needs to be hospitalized
and sometimes there is no option other than a colectomy to treat
the disease. IBD has the greatest in prevalence in Europe and
North America. In Norway and the USA, the incidence of ulcer-
ative colitis is 505per 100,000And 286 per 100,000 respectively
[3]. The significant rise in the prevalence of IBD has also been
reported in some African, Asian, and South American countries
over the past three decades [3, 35]. The exact etiology IBD is not
yet well understood, but evidence suggests that the disease is
caused by an inappropriate immune response to intestinal bacte-
ria in genetically susceptible individuals [36]. In physiological
conditions, the intestinal epithelial cells are a physical barrier
against the bacterial infiltration from the intestinal lumen to the
lamina propria. A layer of mucous membrane covers the surface
of the intestinal epithelium, known as the mucosal barrier. A
healthy mucosal barrier depends on the tight junctions between
epithelial cells. These tight junctions limit the para-cellular space
between adjacent epithelial cells. This limitation is crucial in
preventing bacteria from penetrating into the lower layers. In
IBD these tight junctions are disrupted, thereby weakening the
mucous membrane, and increasing intestinal permeability can
lead to increased bacterial penetration into the lamina propria.
The infiltration of bacteria into the lamina propria stimulates the
immune system and increases the recruitment of innate immune
cells such as neutrophils and macrophages into the lamina
propria [2, 36]. In these cells, the NF-ĸB signaling pathway is
active, and high levels of inflammatory cytokines including IL6,
IL1, IL12, TNFα, and Il23 are produced and secreted by these
cells [30, 37]. The free radicals and oxidative stress produced by
the function of these immune cells also stimulate the secretion of
these cytokines [37].

These cytokines induce the recruitment of effector CD4+ T
cells (TCD4+) to the lamina propria. These T cells also secrete
numerous cytokines and chemokines and reinforce the recruit-
ment of the innate immune cells to lamina propria. Because of
the disruption of the intestinal mucosal barrier, bacteria infil-
trate the lamina propria continuously, and these successive
cycles of inflammation continue, resulting in chronic inflam-
mation [2, 30]. All of these events are summarized in Fig. 1.
Currently, therapeutic approaches for IBD treatment are fo-
cused on attenuating NF-ĸB signaling; inhibiting production
of cytokines; as well as attenuating T cell proliferation, differ-
entiation, and function [2, 38]. As mentioned earlier, it seems
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that environmental factors are also involved in IBD pathogen-
esis. For example, studies have shown that smoking increases
the risk of Crohn’s disease [39]. Nutrition also appears to be
one of the most important environmental factors, as it seems
that fast foods and high carbohydrate and fat diets are increas-
ing the risk of IBD, while consuming fiber foods and fruits are
associated with low risk of IBD [1]. It seems that zinc and
vitamin D deficiency, oral contraceptives, and some antibi-
otics are other environmental risk factors of IBD [1, 40].
Although there are good advances in identifying environmen-
tal risk factors of IBD, further epidemiological studies

required to identify other environmental risk factors IBD. In
addition, it is not yet well understood how the risk factors
mentioned above increase the risk of IBD; therefore, further
studies are also required in this regard.

Oxidative Stress: a Key Player
in the Pathogenesis of IBD

Free radicals are highly reactive compounds that have an un-
paired electron. These compounds are produced by the

Table 2 Anti-inflammatory and antioxidant effects of zinc in IBD

Target Function Outcomes

MTF-1 MTF-1 up-regulation Increase metallothioneins synthesis and oxidant scavenging
enhancement

NADPH oxidase Inhibition of NADPH oxidase Attenuate the production of free radicals

SOD1 Act as SOD1 cofactor Oxidant scavenging enhancement

GPX Increasing biosynthesis of GPX Oxidant scavenging enhancement

NRF2 Activation of NRF2 Oxidant scavenging enhancement and attenuation of
DSS-induced colitis in mice

STAT3 Inhibition of STAT3 Attenuate Th17 cell development

IRAK4 Increasing phosphorylation of IRAK4 Attenuate IL1β signaling and reduce inflammatory response

PKC-AP-1 signaling Down-regulation of PKC-AP-1 signaling Reducing IFN-γ expression and mucosal barrier enhancement

IL6 promoter Reinforce methylation Reducing the expression of IL6

iTreg cells Increasing the population of iTreg cells Reducing the inflammation

M2 macrophages Increasing the population of M2 macrophages Reducing the inflammation

NF-κB signaling Attenuation of NF-κB signaling through
the zinc-finger protein A20

Reducing the production of pro-inflammatory cytokines

Table 1 Anti-inflammatory and
antioxidant effects of selenium in
IBD

Target Function Outcomes

GPx Oxidant scavenging Enhancement of antioxidant defense

TrxR Oxidant scavenging Reduce oxidized thioredoxins, H2O2,
and organic hydroperoxides

Selenoprotein P Reduce the level of lipid hydroperoxide Enhancement of antioxidant defense

Nrf2 Required for Nrf2-dependent TrxR,
GPX GSTP1 and SOD2 expression

Enhancement of antioxidant defense
and redox balance regulation by Nrf2

INOS Reducing INOS expression by attenuation
of p38 MAPK and NFKB signaling
pathways

Reducing NO levels and attenuating
of inflammation

NFKB Inhibition of NFKB signaling Reducing colitis severity in mouse models

Macrophages Changing macrophage polarization from
M1 toward M2

Attenuating of inflammation

PPARγ Reinforce PPARγ Attenuating of T cell proliferation and
attenuating of inflammation

COX Regulating COX activity Reducing PGE2 and thereby attenuating
of IL23/Th17 pathway and attenuating
of inflammation

IL10 Enhancement of IL10 anti-inflammatory
activities

Reducing IL17 levels and Th1 and Th17
cell populations and attenuating of
inflammation
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metabolism of oxygen and nitrogen [41–47]. Free radicals are
implicated in defense against infectious agents and are in-
volved in some signaling pathways, but overproduction of
free radicals can cause destructive events such as changes in
inflammatory response, changes in protein and lipid structure,
and e DNA damage [8]. The body’s cells are equipped with an
antioxidant defense system to counter the destructive effects
of free radicals. Generally, in cells, there is a balance between
the production of oxidants and their clearance by the antioxi-
dant system, and when this balance is impaired, oxidative
stress will occur [8, 48]. Superoxide anion is the most abun-
dant free radical in human tissues. Macrophages and neutro-
phils produce high amounts of superoxide anion, so it is ob-
vious that the concentration of this free radical increases dur-
ing inflammation. The main source of superoxide anion pro-
duction is mitochondrial electron transport chain, but xanthine
oxidase and NADPH oxidase can also produce superoxide
anion [8]. Xanthine oxidase function is a major source of
superoxide anion in the gastrointestinal tract [8]. Superoxide
anion is the source of some other types of free radicals such as
hydroxyl radical and per hydroxyl radical [49]. High concen-
trations of hydroxyl radicals are involved in lipid peroxida-
tion. The peroxidation of lipids has very detrimental conse-
quences. For example, lipid peroxidation can impair the struc-
ture and function of cells membranes and can induce the

conversion of lipoproteins into pro-inflammatory molecules
[8, 50]. Interestingly, in IBD, lipid peroxidation increases,
indicating oxidative stress [51]. Superoxide dismutase, cata-
lase, and glutathione peroxidase are three antioxidant enzymes
involved in the cleansing of superoxide anion. In the first step,
superoxide dismutase converts superoxide anion to H2O2
which has less harmful effects, and in the next step, catalase
and glutathione peroxidase convert H2O2 to oxygen and wa-
ter. Neutrophils and mylo-peroxidase convert H2O2 to hypo-
chlorite ions. In IBD, the concentration and activity of these
antioxidant enzymes increase, possibly due to the cell’s re-
sponse to oxidative stress and increased lipid peroxidation
[9, 51]. During the inflammation process, large quantities of
free radicals are produced by immune cells, especially neutro-
phils and macrophages.

Free radicals along with pro-inflammatory cytokines are
involved in the pathogenesis of IBD. For example, nitric oxide
that results from activity iNOS stimulates the production of
TNFα in the colon cells and TNFα by weakening the mucosal
barrier and increasing the surface adhesion molecules and in-
creases the penetration of bacteria and neutrophil recruitment
which can lead to exacerbation of IBD [52, 53]. Interestingly,
TNFα increases production of superoxide anion in colon cells
and enhances oxidative stress, and oxidative stress weakens
intest inal mucosal barrier by enhancing tyrosine

Fig. 1 Summary of events that resulted to IBD
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phosphorylation and breakdown of tight junctions proteins
[54, 55]. As we mentioned earlier, weakening the intestinal
mucosal barrier is a key event in the pathogenesis of IBD. This
should be noted that the elevation of iNOS expression in the
leukocytes of active IBD patients have been demonstrated in
the previous study [56]. Some studies have also shown that the
administration of some antioxidant compounds can attenuate
the production of TNFα and IL1 in IBD patients [57]. In
addition, it seems that oxidative stress can also intensify the
adaptive immune response [58]. Therefore, it seems that oxi-
dative stress plays a very important role in the pathogenesis of
IBD and there was a close interaction between oxidative stress
and pro-inflammatory cytokines. The relationship between
NF-ĸB and oxidative stress is also interesting. IL1 and
TNFα are involved in NF-ĸB activation. It seems that H2O2
can also reinforce NF-ĸB signaling in T cells [59]. One study
has also shown that lack of NRF2 which is a factor involved in
enhancing antioxidant defense enhances the NF-ĸB activity
that confirms the role of oxidative stress in NF-ĸB activation
and, more interestingly, NF-ĸB can enhance the expression of
NADPH oxidase and by these ways exacerbate oxidative
stress [60, 61]. However, it seems that NF-ĸB has a dual role
and can increase the expression of some antioxidant enzymes
such as glutathione peroxidase and glutathione S transferase in
some situations [62]. In numerous clinical studies on IBD
patients, increased levels of some oxidative markers including
lipid peroxidation indicator and significant decrease in the
level of some antioxidant compounds such as vitamin E and
glutathione have been reported [9, 63–65]. As noted earlier,
the increase in the concentration and activity of some antiox-
idant enzymes in IBD patients has been reported that this
increase is probably due to a compensatory mechanism to
counteract oxidative stress. Given these clinical findings and
all of the above, it is expected that oxidative stress can inten-
sify IBD severity. However, there is still no strong evidence
for the association of oxidative markers as well as antioxidants
with disease severity [9].

It appears that some environmental IBD risk factors that
we mentioned earlier exert their effects by exacerbating
oxidative stress; for example, smoking, which is known
as a risk factor for Crohn’s disease, has a synergistic effect
with oxidative stress [66]. Nutritional factors are also as-
sociated with oxidative stress; for example, glutathione
peroxidase is a selenoprotein, and superoxide dismutase
also requires zinc for effective function, so lack of micro-
nutrient can attenuate the effectiveness of antioxidant de-
fense. However, the exact mechanism of the effects of
oxidative stress on pathogenesis of IBD is still unclear
and has not been fully elucidated, and it seems that many
aspects of this complex issue remain unclear. In the fol-
lowing sections, we will discuss more about the role of
zinc and selenium in oxidative stress and inflammation
and pathogenesis of IBD.

Selenium, Oxidative Stress, Inflammation,
and IBD

Selenium (Se) is a vital trace element, several compounds of
which are known to have antioxidant properties (e.g.,
selenomethionine and selenocysteine). Selenium acts as the
active site of the enzymes which are involved in protection
of cells against oxidative stress [67, 68]. As noted above,
selenium is integrated into protein structure as the amino acid
selenocysteine (Sec) and is encoded by the UGA codon [68].
The identification of Se as a necessary trace element for hu-
man health was published by Schwarz Foltz in the 1950s [69].
Many studies have shown an association between serum Se
levels and efficient immune systems in human and animal
models [21]. Selenium deficiency is common among IBD
patients, and some studies have reported selenium deficiency
in 30.9% of IBD patients [70]. Selenium is mainly essential
because of its combination in selenoproteins with a capacity to
reduce inflammatory response. Some selenoproteins protect
cells from harmful oxidative radicals containing the glutathi-
one peroxidases (GPx), thioredoxin reductase (TXNRD 1-3),
and methionine sulfoxide reductase (Msr) systems which con-
tain the selenocysteine and the selenomethionine at their ac-
tive sites. Selenoprotein P (SELENOP) which is required for
Se transport also contains selenocysteine [71]. Between
selenoproteins, the most intensively studied for their role in
reactive oxygen species (ROS) reduction were the four iso-
forms of glutathione peroxidase (GPx), which are expressed in
the intestine. GPx1 is expressed by all of intestinal cell types,
while GPx2 is commonly expressed in the intestinal epithelial
cells. GPx3 secreted by intestinal epithelial cells. GPx4 is
expressed in both intestinal epithelial cells and found in the
lamina propria [72, 73]. Two important selenoproteins, GPx3
and the selenoprotein P, are circulating in plasma, and their
plasma amounts can be used to evaluate the Se status [74].
Glutathione peroxidase (GPx) is an enzyme that is able to
reduce hydrogen peroxide (H2O2), phospholipid hydroperox-
ides, and organic hydroperoxides; also, TrxR isoenzymes re-
duce oxidized thioredoxins, H2O2, and organic hydroperox-
ides [72]. Additionally, several knock-out mouse models have
indicated the protective roles of GPx isoenzymes against in-
testinal inflammation and inflammation associated cancer
[75–77]. As mentioned earlier, this enzyme is involved in
the pathogenesis of IBD, and several clinical evidences of
increased concentration and activity of this enzyme in IBD
patients are available which indicate a compensatory mecha-
nism to reduce the high levels of free radicals produced by
immune cells during the inflammatory process.

Various selenoproteins are highly expressed in the intestine
and may be involved in the regulation of redox homeostasis.
Redox balance in cells is regulated by the Nrf2/Keap1 signaling
pathway. Nrf2 is a transcription factor that plays a role in en-
hancing antioxidant defense. Nrf2 appears to weaken the
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inflammatory process in IBD, and some studies have suggested
that enhancing its activity with compounds such as polyphenols
is effective in protecting against intestinal inflammation [78]. A
study of mouse models of IBD has shown that the lack of Nrf2
enhances the expression of inflammatory cytokines such as
TNFα and IL6 and in addition increases COX2 expression
[79]. Under normal conditions, Keap1 binds to Nrf2 and holds
it in the cytosol. Under oxidative stress, free radicals modify the
structure of Keap1 and weaken its binding to Nrf2. Nrf2 can
enter the nucleus and bind to antioxidant/electrophile respon-
sive element (ARE/EpRE) regions to increase the expression of
antioxidant genes including GPx and TrxR [80]. Nrf2 can only
increase TrxR and GPx expression when sufficient amounts of
selenium are available [81]. In addition, there was a direct and
significant relationship between serum selenium levels and the
expression of some other Nrf2-related genes, including GSTP1
and SOD2 [82]. All of these findings support the hypothesis
that selenium is involved in the regulation of redox balance by
Nrf2. Furthermore, selenium deficiency appears to increase ni-
tric oxide levels in macrophages flowing LPS stimulation [83].
Studies showed that selenium could possibly reduce inducible
NO synthase (INOS) expression. This effect of selenium is
probably associated with attenuation of p38 MAPK and
NF-ĸB signaling pathways [84]. Selenium can attenuate the
LPS-induced oxidative stress and NO elevation. As noted ear-
lier, NO plays an important role in the pathogenesis of IBD and
can exert a stimulatory effect on TNFα production. Some ther-
apeutic approaches for the treatment of IBD also focused on
inhibition of TNFα function. Therefore, the role of selenium in
reducing NO levels should be considered more seriously.
Evidence is also available of the beneficial effects of selenium
nanoparticles in the inhibition of NF-ĸB and the treatment of
colitis, so the efficacy of selenium supplements for the treat-
ment of IBD should be further investigated [85]. Furthermore,
some studies revealed the capacity of Se in changing the M1-
type macrophages to M2-type macrophages [86].

These findingsmay be important becauseM1macrophages
have pro-inflammatory properties and play a very destructive
role in the pathogenesis of IBD and can exacerbate inflamma-
tion by producing high levels of inflammatory cytokines such
as IL6 and IL1B. However, M2 macrophages can attenuate
inflammation in IBD by producing anti-inflammatory cyto-
kines including IL10. Shifting macrophage polarization to
M2 macrophages has been suggested as a therapeutic ap-
proach for the treatment of IBD, and many studies have been
or are being conducted in this area [87]. Selenoproteins can
influence macrophage activity by inhibition of the arachidonic
acid pathway and attenuate the production of inflammatory
mediator including prostaglandin E2 (PGE2) and decrease
the pro-inflammatory genes expressions in macrophages
(e.g., NF- B) [88, 89]. Selenium is involved in activating
PPAR which is involved in production of some anti-
inflammatory mediator such as PGD2 [90]. It seems that

PGD2 is increased in IBD patients who are in clinical remis-
sion [91]. Therefore, PGD2 is likely to play an important role
in relieving inflammation. In addition to, PPARγ decreases
IL2 secretion by exerting an inhibitory effect on the nuclear
factor of activated T cells (NFAT) and thereby attenuates T
cell proliferation [92]. It seems that PPARγ expression is re-
duced in the colonic mucosa of IBD patients [93]. On the other
hand, it has been shown that administration of PPARγ ago-
nists to mouse models of IBD has also had some interesting
effects to attenuate the severity of chemically induced colitis
[94]. All of these findings indicate the protective and impor-
tant role of PPARγ in IBD, and since selenium plays a role in
PPARγ activation, it is necessary to have adequate selenium
levels in IBD patients. It seems that seleniummay be involved
in oxidation of prostaglandin E2 (PGE2) into 15-keto-PGE2
which has a reduced pro-inflammatory ability [89]. PGE2
plays a pro-inflammatory role by enhancing IL23 production
and enhancing the IL23/Th17 pathway and is involved in the
pathogenesis of IBD [95]. Therefore, it is likely that selenium
can reduce the severity of inflammation in IBD by attenuating
PGE2 pro inflammatory function. Furthermore, selenium is
involved in the regulation of COX activity and prostaglandin
biosynthesis, as one of recent studies has shown that selenium
can attenuate inflammation in mouse models of colitis by
regulating the COX enzyme activity [96]. Selenium seems
to be able to decrease COX2 expression in LPS-stimulated
macrophages [97]. Because COX2-specific inhibition is con-
sidered a therapeutic approach for the treatment of IBD [98], it
is likely that sufficient levels of selenium may have beneficial
effects in reducing the severity of the disease in IBD patients.

This hypothesis is more supported by some studies find-
ings. For example, Se inadequacy was reported in IBD pa-
tients even when they are in remission, and constantly low
Se serum status was related to an increased severity of the
UC and CD. In addition to low nutritional intake, treatment
of IBD with 5-ASA, corticosteroids, and immunosuppressive
agents may also decrease selenium levels [29]. Based on the
result of some studies, receiving enough selenium supplemen-
tation was associated with beneficial health results with re-
spect to oxidative stress-related disorders in the gastrointesti-
nal tract. Similarly, based on studies on mice models, inade-
quate selenium level in the colitis was revealed, and the sever-
ity of the inflammation was reduced with selenium intakes.
Some of these studies on mouse models of IBD have shown
that selenium enhances the function of IL10, an anti-
inflammatory cytokine, and reduces IL17 levels and Th1
and Th17 cell populations [99, 100]. All of these effects indi-
cate the protective role of selenium against chemical induced
colitis in mice. We have previously noted the increased risk of
colorectal cancer among IBD patients and the role of oxidative
stress as a stimulating factor in tumorigenesis. Our previous
studies and also other studies have made it clear that lipid
peroxidation in IBD increases. Lipid peroxides can damage
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DNA, which can cause colorectal cancer [101]. Selenium has
been shown to have beneficial effects against lipid peroxida-
tion, and it has even been shown that selenium supplements
can be useful in this regard [102, 103]. TrxR1 and
selenoprotein P can reduce the level of lipid hydroperoxide,
and some evidence regarding the protecting roles of
selenoprotein P and GPX3 against colitis-associated cancer
are available [77, 104–106]. Given all of the above, it seems
that the assessment of selenium levels in patients with IBD
should be taken seriously as low levels of selenium may en-
hance the inflammatory process and exacerbate the disease. It
is not yet clear whether selenium supplements can be effective
in maintaining the remission phase in IBD patients, but given
the important roles of selenium and selenoproteins in
counteracting oxidative stress, attenuating inflammatory sig-
naling pathways, and increasing the population of anti-
inflammatory M2 macrophages, this is possible that enough
selenium can help maintain remission. Therefore, a clinical
trial with large sample size is needed to address this issue.

Zinc, Oxidative Stress, Inflammation, and IBD

Zinc is a nutritionally important mineral for human health. It is
absorbed from the gastrointestinal (GI) lumen in the length
intestine and basically in the small intestine at the distal duo-
denum and proximal jejunum [107]. This trace element is
essential for stability of structures and function, and over
300 enzymes and 2800 macromolecules containing zinc are
involved in cellular signaling pathways and cellular processes
[108]. Zinc deficiency is common in IBD patients, during both
active and remission phases, with a prevalence rate of 15 to
40% [109–111]. Zinc deficiency in IBD disease can occur due
to dietary limitation and/or poor zinc absorbency in the small
intestine [112]. Preclinical models and human translational
studies and animal model studies have demonstrated that de-
creased serum zinc concentrations may exacerbate inflamma-
tion; this Zn effect may be mediated by various pathophysio-
logical mechanisms such as increased generation of pro-
inflammatory cells, modulating inflammatory cytokine re-
sponse, aggravating mucosa leakage, and disruption of epithe-
lial barrier function [113–115]. Zinc is a cofactor for several
enzymes and plays a crucial role in vital processes including
defense against free radicals and regulation cells mediating
innate immunity [116]. Zinc is the cofactor of carbonic
anhydrase isoenzymes, which maintain acid-base homeosta-
sis, regulate pH, and fluid balance. These isoenzymes are
linked to some diseases including mountain sickness, gastric
and duodenal ulcers, idiopathic intracranial hypertension, neu-
rological disorders, and osteoporosis [117–120]. Different
cells and tissues have been shown to exhibit oxidative stress
under conditions of zinc deficiency, and zinc supplementation
can be helpful to prevent oxidative damage [121]. Zinc is

incorporated in cellular antioxidant defense system and pro-
tects cells from oxidative stress through increasing biosynthe-
sis of glutathione peroxidase (GPx), induces synthesis of
metallothioneins (MTs), and inhibits NADPH oxidase as a
cofactor of the antioxidant enzyme superoxide dismutase 1
(SOD1) [122–126]. MTs as direct oxidant scavengers are a
family of zinc-cytoprotective enzymes that up-regulated in
response to an inflammatory stimulus [112, 127]. These pro-
teins are a family of cysteine-rich small proteins that are in-
volved in the suppression of ROS production under oxidative
stress condition [127, 128].

Zinc can reinforce the synthesis this zinc-binding proteins
by activation of zinc-sensing metal regulatory transcription
factor 1 (MTF-1); thus, metallothioneins function seems to
be dependent upon the presence of Zn [129, 130]. Studies
on both animal models and human have shown that the use
of zinc either supplements enhancement or does not alter the
level of MTs [131–134]. A study in a mouse model of dextran
sulfate sodium (DSS)-induced colitis showed that MTs play
an important role against colonic mucosal inflammation and
protection of the intestinal mucosa through their anti-
inflammatory function [128]. SOD is a marker of oxidative
stress. Cu/Zn-SOD expression, as the main isoform active in
IBD, is altered in IBD patients [135–137]. Decreased cyto-
plasmic level and activity of Cu/Zn-SOD may be due to zinc
deficiency and chronic inflammation [116, 138]. However,
one study has shown that Zn supplementation with Zn gluco-
nate has no effect on the SOD enzyme activity in patients with
ulcerative colitis [139].Given the crucial role that this enzyme
plays in neutralizing free radicals undoubtedly reduces its ac-
tivity leading to exacerbated oxidative stress and enhanced
inflammation in IBD. As mentioned in the previous sections,
NADPH oxidase is one of the major sources of free radical
production. Studies have demonstrated that increased activity
of the epithelial NADPH oxidase homologs (Nox1, Nox3,
Nox4, Nox5, DUOX1, and DUOX2) contributes in intestinal
inflammation [140, 141]. A study was performed to investi-
gate the role of NADPH oxidase in intestinal epithelial cells at
the active phase of UC. The results of this study showed that
in colon epithelial cells, the use of NADPH oxidase inhibitors
reduced the levels of oxidants and TNF-α in LPS-treated hu-
man colonic epithelium cells isolated from UC patients [142].
As stated, zinc can play an important role in reducing the
activity of this enzyme, so it is possible that zinc deficiency
can be associated with increased production of free radicals
and exacerbated inflammation in IBD. Zinc is also involved in
regulation of antioxidant protective responses of nuclear fac-
tor erythroid 2-related factor 2 (Nrf2). As noted earlier, Nrf2
plays an essential role in regulation of the cell redox balance
and has a significant importance in inflammation [143, 144].
Inflammatory injuries can be alleviated with neutralizing ROS
of cells by activating the Nrf2 [145]. In a study on animal
model of IBD, effect of Zn in the form of zinc oxide
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nanoparticles (ZnOnp) has been surveyed, and it has been
shown of ZnOnp treatment could attenuate DSS-induced co-
litis in mice through activation the Nrf2 pathway in the anti-
oxidant defense system. The results of this study suggest that
these nanoparticles can be considered a therapeutic approach
in IBD patients [146].

In general, it can be said that due to the role of zinc in
relation to oxidative stress, zinc supplementation can be con-
sidered in IBD patients [147]. In addition to the redox bal-
ance, zinc is also closely linked to immune cells and the
immunological interactions involved in the development of
IBD. As noted earlier, Th17 cells play a critical role in the
pathogenesis of IBD. Some studies have shown that Zn can
inhibit the development of these cells through its effects on
STAT3 signaling which is an essential signaling pathway for
Th17 development [115]. In addition, Zn enhances the phos-
phorylation of IL-1 receptor-associated kinase 4 (IRAK4) and
thereby attenuates the IL1β signaling pathway which leads to
the attenuation of Th17 cell-dependent inflammatory re-
sponse [148]. As mentioned in the previous section, impair-
ment of the intestinal mucosal barrier is one of the main
causes of IBD. In addition to TNFα, IFN-γ also plays a role
in weakening the intestinal mucosal barrier [149]. It seems
that Zn can attenuate activator protein-1 (AP-1) signaling,
thereby reducing IFN-γ expression [150]. Certainly, reduced
expression of this pro-inflammatory cytokine can have posi-
tive effects on the intestinal mucosal barrier. In addition, zinc
deficiency causes demethylation of the IL6 promoter, thereby
increasing the expression of this pro-inflammatory cytokine
and enhancing inflammation [151]. Zn also can increase
iTreg cells [152]. These cells are involved in the regulation
of effector T cell activity and immune tolerance and are im-
portant in the pathogenesis of IBD [153]. Zinc deficiency,
like selenium deficiency, appears to reduce the population
of M2 macrophages as well [154]. Thus, it seems that Zn
may also help to weaken the inflammation process in IBD
via increasing iTreg cells and M2 macrophage population.
Furthermore, zinc can attenuate NF-κB signaling, one of the
main inflammatory pathways, leading to a decreased expres-
sion of pro-inflammatory cytokines (namely, IL-6 and
TNF-α) [155]. Zinc acts as a negative regulator of the
NF-κB pathway through the zinc-finger protein A20. It is
worth noting that mutations in the gene encoding zinc-
finger protein A20 (TNFΑIP3), a susceptibility gene for in-
flammatory conditions, are positively associated with the risk
of developing multiple autoimmune and inflammatory dis-
eases including IBD [151, 156]. The recent studies confirmed
that zinc supplementation influences the NF-κB pathway via
the alteration of zinc-finger protein A20 activity [157, 158]. It
seems that the zinc transporter SLC39A8 or ZIP8 is a nega-
tive regulator of the NF-κB pathway and pro-inflammatory
response, further supporting the possible role of the trace
element in the pathogenesis of IBD [159].

In addition, zinc appears to be associated with the intestinal
mucosal barrier. One study showed that zinc depletion en-
hances occludin proteolysis and down-regulates claudin-3.
Because these proteins play a significant role in tight junctions
between the intestinal epithelial cells, it seems that low levels
of zinc can attenuate the intestinal mucosal barrier [160]. As
noted in the preceding sections, attenuation of the intestinal
mucosal barrier is one of the key events in the pathogenesis of
IBD, so the association of zinc with occludin and claudin-3,
discussed above, may be a sign of the preventive role of zinc
against IBD development. There is also some clinical evi-
dence on this, which we will refer to in the following sections.
Given the above, it seems that further studies on the role of
zinc in the pathogenesis of IBD and its mechanisms of action
should be undertaken. Given the previously mentioned anti-
inflammatory and antioxidant functions of zinc and its protec-
tive role in the pathogenesis of IBD as well as the significant
prevalence of zinc deficiency among IBD patients, it is likely
that providing sufficient levels of zinc can be helpful for more
effective treatment of this chronic disease. Monitoring the
serum zinc level in these patients will certainly be helpful in
this regard.

Clinical Evidence Regarding Zinc
and Selenium Importance in IBD

The number of clinical studies examining the selenium and
zinc status in IBD is not substantial, and the majority of the
research is on animal models. However, lower levels of these
trace elements in IBD patients have been reported by the ma-
jority of conducted clinical studies. In addition, some of these
studies have reported a significant association between defi-
ciency of these trace elements and severity of clinical symp-
toms and some inflammatory markers in IBD patients. In the
preceding sections of this review article, we discuss the role of
these trace elements in the pathogenesis of IBD. In this sec-
tion, we will review the clinical and epidemiological findings
to clarify the importance of the subject. One of the most inter-
esting studies in this regard is a study of a population of
Korean IBD patients. In this study, decreased selenium levels
in 30.9% and decreased zinc levels in 39.0% of patients were
reported; in addition, a significant relationship between age
under 40 and zinc deficiency was reported. This study also
reported a significant relationship between female gender and
selenium deficiency as well as between low levels of serum
albumin (< 3.3 g/dL) and selenium deficiency [70]. Another
study in Iraq reported an inverse correlation between serum
selenium levels and serum levels of inflammatory markers
(CRP and serum calprotectin) in patients with IBD [161].
These observations are justified by an anti-inflammatory role
of zinc and selenium in the pathogenesis of IBD. Another
study found that serum selenium levels were lower in IBD
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patients than in healthy controls and this decrease was more in
patients with Crohn’s disease than in ulcerative colitis pa-
tients. The findings of this study suggest that factors such as
body mass index (BMI), iron status, and duration of disease
affect serum selenium levels in patients with IBD [29].
Furthermore, one study, conducted in New Zealand on pa-
tients with Crohn’s disease, reported an interesting association
between serum selenium levels, three single nucleotide poly-
morphisms (rs7901303 and rs17529609 in the gene SEPHS1
and rs1553153 in the gene SEPSECS), and Crohn's disease. In
addition, lower serum levels of selenium in CD patients com-
pared to healthy subjects were reported. Researchers in the
study concluded that there may be an association between
low levels of selenium and Crohn’s disease, or low levels of
seleniummay be due to Crohn’s disease [162]. Further studies
seem to be needed to clarify this interesting issue. Evidence
has also been provided of the association of selenium with
clinical activity in IBD patients, which is in line with the
discussions presented in the preceding sections.

In one study, patients with ulcerative colitis were divided
into three categories of patients with mild, moderate, and se-
vere disease based on the Truelove and Witts’ severity index,
which is a scoring system for evaluation of disease clinical
activity. In this study, it was shown that the serum selenium
level in patients with severe disease was significantly lower
than patients with mild and moderate disease [163]. The ben-
efits of selenium supplements in the treatment of IBD have not
been extensively studied yet, although some clinical studies to
date have reported promising results. One study has shown
that selenium supplementation can reduce some of the clinical
symptoms, including stool frequency, in patients with ulcera-
tive colitis [164]. Other study investigating the effect of sele-
nium supplementation on the adverse drug reaction (ADR) of
infliximab has shown that selenium supplements can decrease
total infliximab ADRs in IBD patients [165]. However, the
efficacy of selenium supplementation in the treatment of IBD
is still unclear, and given the protective role of selenium in the
pathogenesis of IBD that we discussed earlier, as well as the
interesting findings from animal models studies, further clin-
ical studies are needed in this regard. Numerous clinical stud-
ies have shown a decrease in serum zinc levels in IBD patients
compared to healthy control [163, 166]. This reduction in zinc
levels may have a nutritional origin, which is likely to be
further reduced following IBD, because calprotectin, a protein
present in neutrophil granules, is a zinc chelator, and since this
protein is secreted in large quantities during inflammation, this
is possible that zinc chelating by calprotectin causes a reduc-
tion in zinc levels. Evaluation of this hypothesis can be con-
sidered in future studies. An epidemiologic study in which
170,776 women were followed for 26 years showed that zinc
intake, especially through diet, reduced the risk of IBD [40]. A
recent study in Japan also reported a similar result [167].
These interesting clinical findings confirm the protective role

of zinc against IBD development discussed in previous sec-
tions. Zinc deficiency was associated with an increased risk of
adverse disease-specific outcomes, subsequent hospitaliza-
tions, and surgeries in IBD patients. In a recent study, 996
IBD patients were analyzed to survey the association of zinc
deficiency with the increased risk of subsequent hospitaliza-
tions, surgeries, and disease-related complications. The results
of this study demonstrated that serum zinc deficiency in these
patients was associated with the development of disease-
specific complications and also showed the role for monitor-
ing and substitution of zinc in IBD patients associated with
improved outcomes [109].

However, based on the results of clinical investigations
which were conducted so far, it seems that there is no signif-
icant relationship between serum zinc level and clinical activ-
ity of the disease in IBD patients [163, 168]. Unfortunately, a
clinical trial investigating the efficacy of zinc supplementation
in the treatment of IBD is not available. However, as noted
earlier, studies on animal and cell models reported promising
results. A clinical study that examines the effect of zinc sup-
plements on clinical and endoscopic activity and levels of
inflammatory markers can be very useful.

Conclusion and Future Direction

Zinc and selenium are two important trace elements that ap-
pear to play a protective role in the pathogenesis of IBD.
These trace elements can enhance the body’s antioxidant de-
fense, reduce inflammation by affecting inflammatory signal-
ing pathways and various immune cells, and help strengthen
the intestinal mucosal barrier by strengthening tight junctions
between epithelial cells. Numerous clinical evidences are
available regarding reduced levels of these trace elements in
IBD patients, indicating the importance of the subject. On the
other hand, the decrease in selenium level seems to be related
to the increased clinical activity of the disease, which is a very
interesting finding. Although very few clinical studies have
investigated the efficacy of the supplementation of these trace
elements in the treatment of IBD, studies on animal models
have reported very promising findings on the efficacy of nano-
particles containing these trace elements in the treatment of
IBD. An in-depth examination of the findings demonstrating
the protective role of these trace elements against inflamma-
tion and combining these findings with clinical evidence from
IBD patients suggests that these trace elements can have pre-
ventive effects against IBD and can also help to relieve in-
flammation and reduce the severity of the disease in IBD
patients. It is likely that some events that occur during the
pathogenesis of IBDmay also result in a decrease in the levels
of these trace elements. It seems that the serum levels of these
trace elements in patients with IBD should be monitored and
the food sources containing these trace elements should be
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sufficiently consumed. The relationship between serum levels
of these trace elements with endoscopic and histopathologic
activity of IBD has not been studied yet, but given the anti-
inflammatory effects of these elements and the role of zinc in
wound healing, it is possible that a relationship exists between
the serum levels of these elements and the endoscopic and
histopathological activities of IBD. Future studies need to
study this topic as it can be very helpful in managing IBD.
Another issue that could be addressed in future studies is use-
fulness of zinc and selenium supplements in the treatment of
IBD patients. Given the antioxidant and anti-inflammatory
roles of these elements, which are reviewed in depth in this
review article, it is possible that these supplements may help to
treat IBD more effectively and prolong clinical remission in
IBD patients. In overall, the trace elements status in IBD ap-
pears to be a neglected subject, and there is a need for more
clinical studies to examine this issue more broadly and deeply.
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