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Abstract

Purpose Non-specific inflammatory bowel diseases (IBD) include Crohn’s disease and ulcerative colitis. More and more
often attention is paid to the possibility of dietary support for inflammatory bowel diseases.

Methods The following review article considers the role of dietary components in the treatment of IBD as: pteridines,
probiotics, bovine immunoglobulin, vitamin D, omega-3, flavonoids, polyphenols, curcumin and phosphatidylcholine. The
article also discusses plant raw materials of arjuna, soy protein and nettles, trying to summarize their effect on quenching the
inflammatory process within the intestines. This review focuses on the possibilities of dietary components and supplementa-
tion use to improve the pharmacotherapy response as well as the general clinical patients’ condition.

Results The mechanism of action of supportive therapy is based on reduction in oxidative stress, maintaining the adequate
balance between Th1 and Th2 lymphocytes by affecting cytokines, increasing riboflavin supply for macrophages, increasing
expression of vitamin D receptor, regulation by decreasing the expression of NF-kB in liver cells and ability to inhibit the
COX2 entrance and inactivate prostaglandins that are involved in the inflammatory process and 12-lipoxygenase pathway
inhibition.

Conclusion Considering clinical researches, it seems that the use of the above-mentioned ingredients in the diet of patients
suffering IBD may positively influence the treatment process and maintenance of remission.
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Introduction

Non-specific enteritis is associated with persistent digestive
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large amounts of interferon gamma. In contrast, the release
of IL-4, IL-5, IL-13 is attributed to Th2 cells activities. In
patients suffering from Crohn’s disease, the increased IL-2
and IFN-y levels have been also observed. However, in
Colitis Ulcerosa, NK (natural killers) cells release exces-
sive amounts of Th2 cells associated cytokine IL-23. Hence
the conclusion, that Crohn’s disease is associated with an
immune response mediated by Thl cells, whereas UC—
by Th2 cells [4]. A significant relationship has been also
found between the diet and IBD. Results from the review
article demonstrated a higher risk of IBD exacerbation with
higher red meat consumption as well as processed food pro-
tein and alcohol. A total fat content in the diet and omega-3
to omega-6 ratio, have been also found to be associated with
a significantly increased risk of IBD relapse [5]. The nutri-
tion and the use of anti-inflammatory ingredients such as
turmeric, omega-3 or vitamin D have also a positive effect
on suppression the inflammatory process, associated with
IBD [5]. A constantly increasing inflammatory bowel dis-
ease prevalence, increasingly occurring in younger group of
individuals, leads to supposition that an adequate modified
diet implementation may support the pharmacological treat-
ment, improving patients’ clinical condition [5].

Current therapy methods of inflammatory
bowel diseases

Current treatment of inflammatory bowel diseases (IBD) is
based on the use of corticosteroids, aminosalicylates, thio-
purine, immunomodulatory and biological drugs [6].

The longest-term therapy is based on sulfalazine and
5-aminosalicylic acid (masalazine) use that have a posi-
tive effect on inflammatory process quenching. Gluco-
corticosteroids are mostly administered in active phases
of disease, due to their high efficacy in remission induc-
tion. Additionally, they rapidly relieve symptoms of dis-
ease and are relatively safe, in condition to be given in
recommended doses and in short period of time as well.
Immunosuppressive therapy is usually reserved for severe
stages of disease and often implemented in patients with
corticosteroid resistance. Thiopurines, to which belong
azathioprine and 6-mercaptopurine, are mainly used as a
maintenance therapy. Biological therapy is based on anti-
bodies activity, obtained in genetic recombination process,
thereby affecting by pro-inflammatory mediators blocking,
especially TNF-a [7].

Despite the many therapeutic options, drugs do not
always give the effective result. Therefore, increasingly
a special attention is paid to the positive impact of nutri-
tion, especially to benefits of so-called nutraceutical
products consumption in the IBD patients’ group, when
taking consideration for inflammatory process [8]. Also,
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the role of nutrition becomes an important part of ther-
apeutic process. It has been shown that too high intake
of omega-6 acids relative to omega-3 is associated with
an increased level of inflammatory marker—C-reactive
protein (CRP) [9]. A normal fatty acid ratio of omega-6
to omega-3 intake in diet is 1: 4-5 [10]. Nutrients can
modulate inflammation by affecting cytokine secretion or
uptake of certain side products [9]. In addition, numer-
ous studies indicate positive effects of the diet that have
an impact on reducing inflammatory process. A study
conducted by Akbaralay et al. showed that a long-term
healthy diet, in accordance with the principles of rational
nutrition, reduce the IL-6 levels, which has a significant
impact on the course of inflammatory reaction [11]. In
turn, poor dietary habits and inadequate nutrient intakes,
leading to post meal hyperglycemia is considered to be one
of the main causes of systemic inflammation [12].

Pteridines in the fight against inflammation

Recent studies demonstrate, that pteridines analogs occur-
ing in a natural way, affect the immune mechanisms that
regulate the TNF-a levels [13]. In vitro studies proved
that synthetic pteridine analog 4AZA2096 administration
inhibits strongly the lipoplisaccharide induced TNF-a pro-
duction, thus suppressing the inflammation reaction [13].
The transcription nuclear factor kB (NF-kB) is a nuclear
factor that binds to the promoter of the immunoglobulin
gene in B lymphocytes [14]. Therefore, it plays an impor-
tant role in not only immune but also inflammatory pro-
cesses. In addition, it shows an activity in cell proliferation
and apoptosis processes [14]. It was found that in inflam-
matory bowel diseases the NF-xB activity degree is cor-
related with inflammation severity [15]. Increased level of
NF-kB expression in macrophages of mucous membrane
is accompanied by increased secretion of TNF-a, IL-1 and
IL-6 [15]. Additionally, macrophages and monocytes are
sensitive to vitamin B2 deficiency, under which conditions,
they lose the pathogen phagocytosis activity [16]. Further-
more, reactive oxygen species (ROS) stimulate the nuclear
factor NF-xB, which in turn stimulates the genes encoding
TNF-a and IL-1f expression, leading finally to increase
these pro-inflammatory cytokines concentrations [17].
Tumor necrosis factor seems to play an important role in
the CD pathogenesis. The mechanism of TNF-a action
is wide, it inter alia induces the adhesion factors expres-
sion that contribute to the development of cell inflamma-
tion through the macrophages activation and release of
other pro-inflammatory cytokines, e.g., interferon-y [18].
Further in vitro studies indicate the anti-inflammatory
effect of pteridines. The synthetic pteridine 4AZA2096
administration to the macrophages has demonstrated an
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inhibition of proinflammatory cytokines secretion such as
TNF-a and IL-6 [19]. Both the congenital and adaptive
immune response stimulate Thl cells activation leading
to release large amounts of cytokines, e.g. IL-2, IL-12,
IL-18, IFN-y. IFN-y, as a pro-inflammatory cytokine,
induces an anti-neoplastic and antimicrobial defense,
interalia by stimulating neopterin synthesis, as a conse-
quence of guanosine-5'-triphosphate (GTP) induction in
macrophages. Macrophages and other ROS cells interfere
with the NF-kB activation signal, resulting in proinflam-
matory cytokines production, among others TNF-a. How-
ever excessive accumulation of ROS leads to increased
Th1 immune response [20]. Husain et al. has also dem-
onstrated that neopterin is secreted throughout activated
interferon by both T lymphocytes and macrophages [21].
What’s more, macrophages can also secrete neopterin by
stimulating homocysteine. Husein et al. conducted a study
in 70 patients with Crohn’s disease, 52 patients with UC,
and 144-person control group. The aim of the study was
to determine a new marker of diseases’ activity—neopterin
concentration. It was found that neopterin concentrations
in faeces increased in people with active and inactive CD
but were not statistically significant, while in patients
with UC, the serum neopterin concentrations were signifi-
cantly higher in UC active phase when compared to those
in remission. Therefore, neopterin presence in stool may
indicate remission or exacerbation in UC but is unuseful as
a marker in CD. It is probable, that the degree of neopterin
concentrations increase in stool may be related to the loca-
tion and severity of disease in the colon [21]. Maier et al.
have analyzed in the study food preservatives activities
such as curcumin, sodium benzoate and propionic acid
[22]. These compounds have been shown to influence
the neopterin synthesis by inhibiting its production via
IFN-y [22]. It is also believed that neopterin is a reliable
marker in the evaluation of Th-1 type immune activation.
Its measurement in body fluids is proposed to be a marker
of disease progression [23].

Probiotics

According to the FAO/WHO, probiotics are considered
as live microorganisms that have a beneficial effect to the
host organism, when given in appropriate doses. The pro-
biotic bacteria group include mainly lactic acid bacteria
and some non-pathogenic fungi, e.g., Saccharomyces cer-
evisiae. Among different probiotics properties, in addition
to their beneficial effect on intestinal microflora, the abil-
ity to modulate cytokine production is indicated. The joint
supply of yeast Saccharomyces boulardii and mesalazine
reduced the rate of relapse in 6.25% of subjects compared
to the placebo group, in which the recurrence rate reached

37.5% [24]. However, another probiotic yeast Saccharomy-
ces boulardii research indicate that the probiotic admin-
istration alone has no positive effect on patients suffering
CD. Therefore, studies results cannot be considered to be
consistent [25]. In a study performed on intestinal epithe-
lial human cells, a preparation containing three strains of
bacteria: Lactobacillus rhamnosus Ir32, Bifidobacterium
lactis bl04 and Bifidobacterium longum bl05 has been
used (strains present in dietary supplement of 1-theanine,
l-cystine, vitamin b2 with lactic acid bacteria. This prepa-
ration caused a significant increase in the anti-inflamma-
tory cytokine IL-10 concentration and significant decrease
in the concentration of pro-inflammatory cytokines IL-1f
and IL-6, leading to inflammatory process reduction [26].
In a Fedorak’s et al. study a multi-vaccine VSL # 3 con-
taining Lactobacillus (pracesei DSM 24733, plantarum
DSM 24730, acidphilus DSM24735, delbrueckii subsp.
bulgaricus DSM 24734), Bifidobacterium (longum DSM
24736, breve DSM 24731) and Streptococcus salivarius
(subsp, thermophilus DSM 24731) strains has been used.
In a group of 120 Crohn’s disease patients, that have been
included in a randomized trial, a recurrence incidence
reduction in endoscopic imaging after previous surgery
was performed. After the preparation administration (1
sachet 2 times a day), the second look colonoscopy was
performed on day 90th and 1 year after surgery. There
were no significant differences between the after prepara-
tions’ administration group and the placebo group (3 g of
corn starch). There was a lower frequency of relapses in
the group, where a VSL # 3 was administrated for 1 year,
which fact may encourage further research to conclude a
causal association between preparation administration and
course of disease [27].

The Lactobacillus plantarum belonging to Firmicutes
group has a beneficial health effect in inflammatory bowel
diseases as well. The strain provides a balance between
Th1 and Th2 lymphocytes’ concentration, by affecting
cytokines such as TNFa, IL-14, IL-6, IL-10, IL-12, IFN-
y. In addition, it blocks the cyclooxygenase 2 pathway in
Thl. It also modulates the immune response of lymphoid
and epithelial cells in the gut, which has been proved both
in vitro and in vivo studies [28]. In the active phase of
inflammatory bowel diseases, an elevated macrophages
and T lymphocytes level is observed. They are activated
by excessive production of IL-1f, TNF-a and ROS [18]. In
the next examination, a colon tissue sample was taken in
adults with an active form of UC. Both in macrophages and
T cells an increase in IL-10 production and subsequently
inflammatory-quenching reaction was observed, which indi-
cates a positive effect of the Lactobacillus plantarum strain
[29]. The limitation of this study was the small number of
patients from whom the biological samples were collected.
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Lactobacillus rhamnosus (LGG) and Lactobacil-
lus plantarum strains have also been demonstrated to
increase the vitamin D-VDR receptor expression. Pro-
biotics reduced also an intestinal inflammatory reaction
by increasing the number of Paneth cells that participate
in intestinal defense reactions [30]. In another study, the
administration of Lactobacillus plantarum K8 lysate
reduced the proinflammatory secretion of cytokines IL-6
and TNF-a [31]. In contrast, Yin et al. have proved that
the anti-inflammatory micro integral membrane protein
(MIMP) isolated from Lactobacillus plantarum reduces
the proinflammatory cytokines such as IFN-y, IL-17
or IL-23 levels, which contribute to the IBD induction,
while increasing the concentration of anti-inflammatory
cytokines, to which the IL-4 and IL-10 belong [32].

In studies performed on mice, it has been demonstrated,
that Lactobacillus plantarum CRL2 130 administration, being
a strain overproducing riboflavin, increase significantly the
IL-10 levels in both serum and intestinal tissue cells, thereby
reducing the inflammatory process. In addition, when com-
pared to the control group (mice that did not receive a strain),
the diarrhea incidences’ reduction, an intestinal mucosa condi-
tion improvement and an intestinal villi protective effect were
noticed [33]. The results seem promising, but Derwa et al.
indicates that there is no advantage over the use of probiot-
ics compared to placebo in inducing remission in active UC.
However, VSL3 # has demonstrated the benefit of a probiotic
over placebo in inducing UC remission. Additionally, probiot-
ics may be as effective as 5-ASA in preventing exacerbations
in UC. When inducing remission in the active phase of CD,
there were no benefits of using probiotics compared to pla-
cebo [34]. Kruis et al. conducted study on a group of 327 UC
patients (double-blind trial) in which the first group of patients
(n=162) received probiotics at a dose of 200 mg/day and 2
groups (n=165) received 500 mg mesalazine 3 times/day. The
aim of the study was to confirm evaluate the effectiveness of
2 methods in the prevention of recurrence of the disease. The
study lasted 12 months during which clinical, endoscopic and
histopathological activity of the disease was assessed. The pro-
biotic group showed relapse in 36.4 vs. 33.9% in the mesala-
zine group. E. coli Nissle 1917 shows confirmed efficacy and
safety in maintaining UC remission comparable to the effects
of mesalazine treatment [35].

The 2017 recommendations of the World Gastroenetrology
Organization regarding the use of probiotics in IBD patients
indicate that in case of Crohn’s disease there is no evidence
that the supply of probiotics has a beneficial effect on main-
taining remission. In ulcerative colitis, these recommendations
indicate that some probiotics are safe and effective in achieving
better response to treatment and inducing disease remission
[36].

Undeniably, many studies show the benefits of different
probiotic strains in IBD patients. It is important to note,
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however, that clinical trials differ in dose, composition and
group of individuals or material that included the studies.
The strain should also be adapted not only to the disease but
also to its phase.

Bovine immunoglobulin

Serum-derived bovine immunoglobulin (SBI) is a prepara-
tion, which belongs to the special-purpose medical food.
Supplementation with SBI 5 g/day for 12 weeks maintains
healthy intestinal immune system by binding a broad range
of microbes and toxins within the gut lumen in patient
group with CD and UC [37]. The probable mechanism of
SBI’s action is based on immunoglobulin connection with
antigen. A so created connection, being a large complex,
cannot pass through epithelium. In addition, the formed
complexes do not allow antigens to encounter dendritic
cells, even when the epithelium is damaged [38].

A study conducted on 50 patients diagnosed with IBD,
showed a clinical condition improvement in 49% of sub-
jects, just after SBI administration for one week. After
12 weeks’ SBI treatment, the total of patients being in
better condition rose to 76% [37]. In the next study, in
case of a patient resistant for UC standard therapy, a clini-
cal condition improvement has been observed just after
SBI administration for 2 months [38]. The applied therapy
concerned the supply of 5 g SBI 4 times a day for 7 days
and then for 5 g a day, which prevented the recurrence of
disease in this period. Another study showed a reduced
daily stools’ number in IBD patients treated with bovine
immunoglobulin preparation. This led to clinical condi-
tions’ improvement, as well as better patient’s quality
of life [39]. In another study, conducted on 40 patients
diagnosed with IBD, resistant to pharmacological therapy,
the intensity and incidence of gastrointestinal symptoms
were analyzed. During the 6-week investigation, patients
were given orally 5 g of SBI daily. In relation to the pre-
treatment assessment with SBI, a significant reduction in
the occurrence of nausea and diarrhea was observed [40].
In case described by Soriano et al. a single case for UC
teens after 5 g SBI per day during 2 months, a decrease
in the PUCALI rate, the subsided of poles and the absence
of blood in the faeces was observed [41]. Interestingly,
Shafran et al.” study showed a possible reduction in the
cost of standard treatment in Patients with IBD receiving
SBI. The subjects received 5 g SBI per day for 8 weeks,
which resulted in health improvement and reduced the cost
of waiting for their biological therapy [42].

In conclusion, although there are currently few studies
on the impact of SBI in IBD patients and the study groups
do not cover a large number of patients, they seem prom-
ising. They show a reduction in gastrological symptoms
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among patients and an improvement in their quality of
life. It is important to add that all the studies presented
above were conducted with the participation of people. It
is worth to consider the introduction of SBI as a nutritional
aid in IBD therapy.

Vitamin D

Vitamin D has a protective effect on the intestinal mucosa,
among others by increasing the proteins’ expression,
responsible for tight connections creation. Vitamin D
affects also an epithelial integrity in a process of inhib-
iting intestine epithelial apoptosis, by which influences
intestinal inflammation and healing process. Vitamin D
increases the suppressive mediators of inflammation pro-
duction such as IL-4, IL-5 and IL-10, but reduces IL-12,
IFN-y, IL-2, IL-17, TNF-a concentrations that are respon-
sible for stimulating inflammation [43].

Analyzing tissues samples in colonic biopsies in
patients with IBD, a decreased concentration of vitamin D
receptor (VDR) was showed, while the level of pro-inflam-
matory cytokines such as TNF-a and IL-1f was observed
to be high, which led to conclusion that the VDR can be
displaced by cytokines in immune-mediated diseases.
The mechanism of vitamin D activity includes decreas-
ing the proinflammatory cytokines, e.g., IL-1, IL-6, IL-8
and IFN-y and TNF-a, while enhancing protective immune
responses [44]. 1,25 D3 has also an ability to inhibit COX2
and inactivate prostaglandins involved in inflammation
process [45]. In a study conducted on 34 persons, of whom
the 19 had vitamin D deficiency, the incidence of sub-
jects with active phase of UC disease has been observed
to be higher in the vitamin D deficiency group. Also the
Mayo Score for ulcerative colitis activity in the group with
vitamin D deficiency was to be higher when compared
to normal vitamin D levels’ group as well as the need of
having steroid therapy in group of humans with vitamin D
deficiency was statistically higher. Interestingly, the study
did not show a statistically significant relationship due to
the season change [46]. In Lairds’ et al. study, conducted
on 957 older adults aged of 60 years and more, the metab-
olite of 25 (OH) vitamin D was measured by means of
liquid mass spectrophotometry and the level of cytokines
IL-6, IL-10, TNF-a and CRP, has been analyzed. Patients
treated with glucocorticosteroids, cytokine modulators
and suffering from dementia were excluded. The obtained
results showed a negative significant correlation between
the vitamin D deficiency degree and the IL-6 and CRP
concentrations, the IL-6 to IL-10 ratio was disturbed as
well. These data confirm the role of the vitamin D axis in
mucosal barrier development, integrity and healing capac-
ity and indicates the need to normalize the vitamin D level

to ensure the proper functioning of the immune system
[47]. The vitamin D influence on the course of CD disease
was also evaluated by Jorgensen et al. in a randomized
study. For a period of 12 months, 46 CD patients received
an oral formulation containing 1200 IU of vitamin D3,
while 48 patients received a placebo. The study showed a
lower rate of relapse in patients treated with vitamin D3,
compared with placebo group. However, the rate of relapse
decreased from only 29-13% [48].

Metaanalysis of Del Pinto et al. indicates that vitamin D
as a therapeutic agent has proven to be promising in reducing
the frequency of relapses and improving the quality of life
in IBD. In turn, strong evidence has been found indicating
that a group of patients with IBD have twice the chance
of developing vitamin D deficiencies compared to healthy
control [49].

In conclusion, vitamin D has a documented effect on the
immune system. In the case of inflammatory bowel diseases,
its deficiency may influence the intensity of inflammation.
Normalization of its level may help in correct function of
the immune system and healing of the intestinal mucosa.
ESPEN recommendations for vitamin D indicate the need
to monitor patients in the active phase of the disease and
treated with corticosteroids for vitamin D 25(OH) levels and
supplementation should be used [50].

Omega-3 acids

Polyunsaturated fatty acids (PUFA) from the omega-3 fam-
ily, have a confirmed immunomodulatory and anti-inflam-
matory effect. Omega-3 fatty acids compete with omega-6
acids in the cyclooxygenase and lipoxygenase pathways for
leukotrienes and prostaglandins synthesis. These acids may
also reduce the hydrogen peroxide production by reacting
with Reactive Oxygen Species (ROS). Hydrogen peroxide
is one of the Nuclear Factors’ kf3 activator [51]. Experimen-
tal animal studies that received varied PUFA content diets
within 4 weeks showed changes in the concentration of dif-
ferent inflammatory markers.

A diet with omega-3 acids predominance has reduced
the COX-2 (cycloxygenase) expression in colon and
decreased the IL-6 and TNF-a production as well. A diet
with omega-9 acids predominance has been also found to
decrease the colon IL-6 production [52]. The next experi-
mental studies performed on rats, took consideration for
omega-3acids supply followed by 5-ASA (5-aminosalic
acid) therapy, where subjects have been administered with
drug alone or omega-3 acid alone, as controls. The results
indicate the omega-3 and 5-ASA combination to be more
beneficial in therapy, due to more effective inflammatory
response inhibition by reducing the NF-xB activation.
In addition, the omega-3 and 5-ASA are more effective
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together at reducing the NF-kB activation when compared
to higher 5-ASA dose, administered alone. It seems that
the implementation of omega-3 supplementation may
allow to reduce the dose of used medicaments [53]. A
systematic review on the effectiveness of n-3 acid use in
CD remission (n=1039) and UC (n=138) showed a lack
of sufficient data to commission the use of omega-3 to
maintain remission of both diseases [54]. ESPEN recom-
mendations do not recommend the inclusion of n-3 supple-
mentation to maintain remission in patients with IBD [50].
In conclusion, n-3 acids play an important role in reducing
inflammation, however, the strongest effect is observed in
the therapy combining pharmacological treatment and n-3
supplementation.

Nutraceuticals

Nutraceuticals according to Dr. Stephen L. DeFelice’s defini-
tion are defined as a food or part of a food, such as a dietary
supplement, that has a medical or health benefit, including
the prevention and treatment of disease [55]. These include
isolated food constituents, herbal products, especially phy-
tochemicals and dietary supplements. Nutraceuticals contain
biologically active substances that can affect physiological
and metabolic functions and have a beneficial effect on the
human organism [55].

Eupatilin and quercetin-3-p-p-glucuronopyranoside
belong to flavonoids.

In the Joo et al. study, the eupatilin extract is an ethanol
extract made from the dried parts of the plant Artemisia
vulgaris L. In this investigation eupatillin was administered
orally to rats with induced acute colitis for 48 h. After this
period, an inflammatory response was analyzed by myelop-
eroxidase (MPO) level measuring, nitric oxide production,
TNF-a expression and total glutathione concentration. The
results demonstrated that MPO level, nitric oxide produc-
tion, TNF-a expression decreased in a dose-dependent
manner, opposite to glutathione level that increased. In
addition, the given eupatilin extracts and quercetin-3-p-p-
glucuropyranoside reduced oxidative stress and improved
inflammatory response [56]. In vitro studies conducted by
Zhou et al. have demonstrated that eupatilin inhibits the
NF-«kB activation both in intestinal epithelial cells, in mac-
rophages and in experimental models, where colitis have
been induced. In addition, this compound influences the
NF-kB suppression in activated macrophages and reduces
the oxygen free radicals’ production. Improvement of intes-
tinal barrier function was also observed through the hermeti-
cally connections sealing in tight junctions cells [57].

In summary, studies carried out on animals and in vitro
cultures show the positive effect of eupatilin extract on
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inflammation reduction. However, further human studies
are needed to confirm the validity of its use in IBD patients.

Apigenin is another compound belonging to flavonoids,
which occurs naturally in artichokes, cheese or Mexican cul-
tivar of oregano [58]. In Mascaraque et al. research, the rats
with induced colitis received orally apigenin K (its soluble
form). The inflammatory response was examined with use
of microscope and biochemical analyze. In the microscopic
imaging, the inflammation area was observed to be reduced,
and in biochemical parameters, the myeloperoxidase, TNF-o
and IL-6 concentrations decreased. Thus, the anti-inflamma-
tory effect of apigenin in inflammatory bowel diseases in an
animal model have been demonstrated [59]. Other studies
conducted also on rats with experimental colitis evaluated
the apigenin and Dracocephalum kotschyi Boiss hydroalco-
holic extract supply and prednisolone as the standard drug
for comparison. The biochemical evaluation of the colon
inflammation was carried out by measuring the myeloperoxi-
dase (MPO) activity. This research has demonstrated after
5 days treatment, an anti-inflammatory potential of apigenin
in experimentally induced colitis, and its beneficial effect
was comparable with that of prednisolone [60]. Ben-Arye
et al. conducted a randomized double-blind placebo-con-
trolled trial, using wheatgrass juice—Triticum aestivum.
Twenty-three patients with diagnosed UC were randomly
assigned to the wheatgrass juice group or to the placebo
group, respectively. The study lasted for a month and
patients received daily doses of juice or placebo. After this
time, the disease activity index was calculated. The results
showed that the juice intake was associated with a signifi-
cant reduction in the rate of disease activity and reduction
in severity of rectal bleeding [61].

The use of apigenin may have a positive effect on the
reduction of disease activity in patients with UC. In addition,
it may reduce rectal bleeding in this group. However, there
is a lack of data confirming apigenin activity in patients with
CD.

Polyphenols contained in the grape extract, mainly antho-
cyanins, flavonol glycosides and hydroxycinnamic acids
have a protective effect on ulcerative colitis in mice. A study
conducted by Boussenna et al. has shown that the 21-day
supply of a polyphenol-rich preparation to UC-induced
mice, reduces the proinflammatory cytokines production
and influences the MPO and antioxidant enzymes activities
[62]. Polyphenols derived from apples have also a positive
effect on inflammatory process. This potential has been con-
firmed in D’Argenio et al. research, who administered rec-
tally apple methanol extract to rats with experimental colitis
for 14 days. The results have shown a reduction of inflam-
matory process activity as well as normalization of inflam-
matory markers values, such as IL-1f, IL-1a, IFN-y, IL-6,
TNF-a [63]. Different polyphenols can also affect the human
intestinal microflora. A study with caffeic acid, chlorogenic
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acid, catechin, epicatechin, rutin, naringenin, daidzein and
quercetin, which were stored in dimethyl sulfoxide (DMSO)
in temperature—20 °C was carried out on Caco-2 cell line
enterocytes. The influence of polyphenols on the intesti-
nal bacterial growth and their adhesion to enterocytes was
investigated. The influence of polyphenols on the growth
of Lactobacillus rhamnosus, Escherichia coli, Staphylococ-
cus aureus and Salomnella typhimurium was observed. The
results showed an effect of all tested polyphenols, exclud-
ing rutin, on the viability of intestinal bacteria. Naringerin
had the most significant inhibitory effect on the four tested
bacteria, while all polyphenols influenced on Staphylococ-
cus aureus inhibition. On the other hand, rutin enhanced
the Lactobacillus rhamnosus adhesion to enterocytes [64].

Studies with the purple potato extract, rich in polyphe-
nols, showed an improvement in the condition of intestinal
epithelium. The intestinal barrier function was improved by
the activation of AMP-activated Protein Kinase (AMPK).
Activated AMPK in turn mediated an increase in Caudal
type homebox 2 (CDX2) expression, which in turn is a
transcriptional factor responsible for intestinal epithelial
cells differentiation [65]. AMPK is an energy metabolism
regulator having an important role in maintaining metabolic
homeostasis [66, 67]. It influences the epithelial barrier by
differentiating, forming and maintaining it. Additionally,
AMPK strengthens its action by increasing CDX2 expres-
sion [65, 67].

Curcumin belongs to the curcuminoid family and is a
natural compound that can be found, among others, in the
turmeric root. Suskind et al. conducted studies on pediat-
ric patients being in IBD remission or having mild disease
symptoms. All of patients received curcumin as a standard
pharmacotherapy supplementation. Supplementation lasted
a total of 9 weeks, during which the preparation was admin-
istrated in variable doses. The results show that curcumin
has been well tolerated in all patients, and the PDCAI (Pedi-
atric Crohn’s Disease Activity Index) and PUCAI (Pediatric
Ulcerative Colitis Activity Index) was improved. These indi-
cators consider the biochemical blood parameters (hemato-
crit, albumin), abdominal pain occurrence, the daily stools
quantities, general well-being and parenteral symptoms
[68]. Another placebo-controlled study has been conducted
in adults with UC where curcumin was administrated for
disease remission maintaining. The supplementation lasted
6 months, administrated in oral dose of 2 g daily. The calcu-
lated CAI (Clinical Activity Index) has shown significantly
lower values in preparation receiving group, compared to the
placebo. The studies’ conclusions are consistent and con-
firm that curcumin use in patients with IBD may be a safe
and effective pharmacotherapy support, by dint of tumeron
activity [69]. A meta-analysis of the use of curcumin and
mesalazine was carried out by researchers from the USA.
While the literature analysis using the MEDLINE, Pubmed

and Embase databases searching in December 2017, inves-
tigators compared studies with curcumin and mesalazine
use versus placebo. Randomized trials in 142 patients have
shown that the use of a two-component treatment is associ-
ated with a higher incidence of disease remission. In addi-
tion, basing on endoscopic examination, the disease remis-
sion and patients’ condition improvement has been observed
to occur more frequently in curcumin treated group, com-
pared to placebo [70]. In another study, 89 patients with
UC participated in a randomized, double-blind placebo-
controlled study. 45 patients received supplementation with
curcumin at a dose of 1 g a day in combination with mesala-
zine or sulfalazine, a 44 person placebo group received the
drug alone. The study lasted a total of 6 months, the clinical
activity index (CAI) and the endoscopic index (EI) were
calculated at the patients’ admission, then every 2 months
and at the end of the study. The results showed a significant
difference between curcumin and placebo. The combination
of pharmacotherapy with curcumin reduced relapses in this
group of patients [71].

The use of curcumin as an anti-inflammatory agent is
common, and curcumin is widely used in therapy of many
diseases. Jimenez-Flores et al. conducted a study in diabetic
mice, supplemented with curcumin for a period of 8 weeks.
The investigators concluded that curcumin regulates by
decreasing the expression of NF-kB in the liver of mice [72].

Curcumin has a strong anti-inflammatory effect. Its
supplementation combined with pharmacotherapy in IBD
therapy has very positive effects—it increases the percent-
age of remissions obtained and reduces the frequency of
exacerbations.

Phosphatidylcholine

Phosphatidylcholine (PC) is the main lipid of the gastro-
intestinal mucosa layer constituting a barrier against bac-
terial invasion, thus providing an anti-inflammatory effect.
Studies conducted in patients with UC have shown their
low mucus PC content. Similar results were obtained by
German researchers who observed that patients with UC
have significantly lower content of mucus PC, when com-
pared to patients with CD and healthy control group [73,
74]. However, it is estimated that in persons with Crohn’s
disease, the amount of PC is reduced by up to 70%, which
may additionally contribute to the inflammation occurrence
[74]. In addition, clinical trials made on the Caco-2 cell line
showed that using the slow-release PC form supply has a
beneficial therapeutic effect on colonic mucus [75]. Amadei
et al. also suggest that PC administration to defected mucus
layer in IBD patients may be a promising treatment strategy
[76]. A randomized, double-blinded placebo-controlled trial
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performed by Stremmel et al. was carried out on 60 patients
with UC. Patients were randomly divided into two groups:
receiving a slowly released phosphatidylcholine (PC) sup-
plement and a placebo group. After 3 months observa-
tion, 58 patients underwent a colonoscopy (2 patients have
refused). The results showed induction of clinical remission
in 53% of PC group patients while remission was achieved
by 10% in the placebo group [77].

In summary, it is the missing component of the intesti-
nal mucosa in patients with inflammatory bowel disease.
Therefore, a therapy to supplement it, administered as a sup-
plement, may be promising. However, further research is
needed on a larger group of patients.

Terminalia arjuna, commonly known as Arjuna, is a
plant which root and fruit are widely used in medicine.
It is a large deciduous tree, belonging to the Combreta-
ceae family, widespread in India, Burma, Mauritius and
Sri Lanka [78, 79]. It has antiseptic, immunomodulating
and antioxidant properties. The Arjuna’s root contains as
much as 60-70% of polyphenols, especially those having
an anti-cancer activity of flavonoids, tannins and triterpe-
noids [80]. It also includes such amino acids as tyrosine,
histidine, cysteine and tryptophan [78]. It is recommended
as a supporting treatment in inflammation processes, ulcers
and diarrhea. The Cota et al. study aimed to investigate the
anti-inflammatory activity of 7. arjuna in rats with experi-
mentally induced colitis. The animals were administered
Arjuna in various doses (500, 250, 125 mg/kg) for 28 days,
after which the extent of intestinal tissue damage was evalu-
ated by macroscopic and histological assessment, as well
as concentrations of inflammatory mediators, e.g., TNF-a,
IL-1B, I1-6. The results indicate a reduction in the macro-
scopic and histological characteristics of intestine inflam-
matory process. In addition, the myeloperoxidase (MPO)
and nitric oxide (NO) concentrations decreased. Arjuna
has been shown to have a protective effect, leading to glu-
tathione, superoxide dismutase and catalase concentrations
decrease. Analysis of gene expression of proinflammatory
mediators—TNF-a, IL-1p, I1-6 showed a decrease in the
expression of these genes, which had a beneficial effect on
intestinal microflora. The best anti-inflammatory effects
were obtained at a dose of 500 mg/kg of the preparation
[79].

Animal studies show the potential effect of 7. arjuna
on the reduction of inflammation. However, further
research is needed to confirm its effectiveness in humans.

Soy protein
Investigations suggest a potential soy protein anti-inflamma-

tory effect. Metzger et al. researchers from the US, curried
out the analysis, whether the use of a diet enriched with soy

@ Springer

protein in an animal model with chronic colitis can affect
the reduction of inflammatory process. The animals were
given a 35% soy protein content diet for 28 days. Histologi-
cal examinations of both the intestinal and bone tissues have
shown their structures improvement related to dietary sup-
ply. In addition, the TNF-a concentrations were reduced. For
resolving question what the mechanism is by which white
soy influences TNF-a, further research is needed. It seems
that a soy protein rich diet can strongly affect the environ-
ment of both the stomach and intestines by modulating the
lymphatic structure [81].

Common nettle

Urtica dioica belongs to the popular annual plants group.
It is used in medicine mainly due to its ability to increase
the binding capacity of iron and vitamins B9 and B12 in
blood [82]. It contains flavonoids, phenolic acids, silicic
acids, scopoletin having anti-cancer activity and reduced
diuretic effect. It is also characterized by a high concen-
tration of rare elements such as titanium and silicon [83].

In a study carried out by Nematgorgani et al. in 64 per-
sons, dried hydroethanolic nettle leaf extract administered
in the form of tablets was used for a period of 3 months. 30
patients received nettle preparation containing 400 mg of
nettle extract, 3 times a day, while the 29 patients received
placebo. The high-sensitivity CRP serum levels as well as
platelet count demonstrated a significant reduction. How-
ever, there have been observed a superoxide dismutase
(SOD) increase, being responsible for free radicals’ elimi-
nation. In addition, in patients with coexisting inflamma-
tory bowel diseases, a clinical health improvement was
noted. The quality of patients’ life measured using the dis-
ease dedicated IBDQ-9 questionnaire has also improved
significantly [84].

In ex vivo human platelets investigations, it was shown
that nettle root extract inhibited thromboxane production
as well as the release of pro-inflammatory LPS induced
chemokines and COX2 expression in intestinal epithelial
cells. The herbal extract has also inhibited the 12 LOX
pathway. Urtica dioica influences an increase of intesti-
nal epithelial cells chemokine secretion, which not only
stimulates a signal transduction but also supports the
maintenance of epithelial integrity and intestinal mucosal
defensive ability. Therefore, the nettle plant modulates
the immune system response not only the sick patients,
but also healthy individuals in extract concentration of
200 mg/L [82].

In connection with the above information, it seems
important to include mentioned nutraceuticals in patients’
diet. Especially since they can be consumed with appro-
priately selected products in the daily diet. Nutraceuticals
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Fig. 1 Diet supporting therapy for inflammatory bowel diseases (IBD)—the influence of the substances described on pro-inflammatory (red
color) and anti-inflammatory (green color) mediators is presented. *7NF-a tumor necrosis factor o; /FN-y interferon gamma; /L interleukin

administered in the form of supplements or directly with
nutrition can support pharmacological treatment, support
the maintenance of correct integration of the intestinal epi-
thelium and have an effect on the reduction of inflamma-
tion. However, further research is needed to determinate
the mechanism of action of diet compounds in CD and UC.

In summary, there is a wide range of diet supporting
therapy for inflammatory bowel diseases that is worth con-
sidering in the active phase of disease Fig. 1.

In conclusion, the studies analysis of dietary inter-
ventions in CD and UC available in the medical litera-
ture databases has shown a positive diet effect on clini-
cal patient’s condition in both diseases. Nevertheless,
further research is needed to determinate the mechanism
of action of diet compounds in CD and UC. An ade-
quate dietary intake in patients, rich in components that
have been discussed in the recent article, undoubtedly

supports the pharmacological treatment of IBD. The
analysis of collected studies is presented in Table 1.

Structure of the underlying research

The present review evaluates the above-mentioned topics
considering the literature published up to 31 January 2020.
A systematic literature search has been conducted based
in the PubMed and Embase database. The passwords were
checked on terms: inflammatory bowel diseases, ulcerative
colitis and Crohn’s disease. These terms were combined
with nutrition, supplementation, diet, probiotics ad inflam-
mation. Studies that were not in English language, letters
to editor, and abstracts to conferences were excluded as
shown on flow chart (Fig. 2). All included studies were
screened and discussed by the authors until a general con-
sensus was reached.
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Fig.2 Flow-chart of the review
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@ Springer
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excluded: conference abstract, non English version,
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n=6 n=77 n=49
Of the remaining 1151 articles, more were rejected because of:
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