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Inflammatory bowel disease (IBD) is a progressive chronic inflammatory disease affecting the
gastrointestinal tract with a chronic relapsing and remitting disease course. While there are a number
of therapeutic strategies available to treat IBD, a definitive treatment still hasn’t been defined, leading
to alternative treatment options including nutritional support. Herein, we planned to investigate the
combined impact of probiotics and omega-3 (w-3) fatty acids on inflammatory response and intestinal
epithelium in chronic colitis induced by 2,4-Dinitrobenzenesulfonic acid (DNBS). Fifty BALB/c mice
were randomly divided into five groups: non-colitis control, colitis with no treatment applied (control
colitis), colitis treated with probiotics (VSL#3), colitis treated with -3, and colitis treated with both
VSL#3 and ®-3. Colitis was induced by intrarectal administration of 2,4-Dinitrobenzenesulfonic acid
(DNBS) in all groups but the non-colitis control group. Ten days after the DNBS period,
phosphate-buffered saline (for both the non-colitis control and colitis control groups), VSL#3, -3, or
VSL#3 + ®-3 treatments were administered intragastrically to their respective groups for 10 days. By
analyzing the colonic expression of interleukin IL-6, IL-10, and IL-17A, and interferon gamma
(IFN-y) and tumor necrosis factor alpha (TNF-a) levels, results revealed that levels of IFN-y, IL-17,
and TNF-o were significantly higher in the control colitis group when compared with the other groups.
The control colitis, colitis +VSL#3, and colitis + -3 groups exhibited higher scores of microscopic
damage compared to the non-colitis control and colitis + VSL#3 + @-3 groups. The closest histological
image to the non-colitis control group was presented in the colitis + VSL#3 + ©-3 group. The findings
indicate that the combined effect of probiotics and ®-3 fatty acids might have a protective effect
against colon injury and inflammation by creating synergistic effects. However, more research is
needed to understand the exact mechanism of this synergistic effect and to examine how this
therapeutic approach can be used in inflammatory bowel diseases.
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Inflammation begins when the body perceives an
undesirable challenge in the body and acts as an im-
portant part of innate immunity, which helpsto regu-
late host defense (BENNETT et al. 2018). The
inflammatory processin the body stimulates the acti-
vation of various inflammatory signaling pathways,
including the NF-xB, AP1, MAPK, CREB, c/EBP,
JAK-STAT, and | RF pathways, thereby triggering the
production of adhesion molecules, enzymes, and cy-
tokinesto fight against inflammation (L1U et al. 2017,
PLATANITIS & DECKER 2018). However, when in-
flammation becomes chronic, it causes serious dam-
age to the GI tract, especially rectal bleeding,
persistent diarrhea, bloody stool, fatigue, and weight
loss(BAUMGART & SANDBORN 2007). |nflammatory
bowel diseases(IBD), mainly Ulcerative Colitis(UC)
and Crohn’ sdisease, are chronic systematic disorders
of the gastrointestinal tract characterized by uncon-
trolled mucosal immunity and recurrent inflamma-
tory attacks (BAUMGART & SANDBORN 2007;
DIDUCH 2017). Although the prevalence of IBD has
increased worldwide over the past few decades
(ALATAB et al. 2020), itsetiology isstill not fully un-
derstood (BAUMGART & SANDBORN 2007; GHOURI
et al. 2014). Various medications are recommended
in IBD patients to prevent disease progression and
control inflammatory reactions, including aminosali-
cylates, corticosteroids, immunosuppressants, and
biologic agents (TRIPATHI & FEUERSTEIN 2019).
However, there is no agent that provides a complete
curein clinical practice (MATSUOKA et al. 2018). In
addition, these drugs have critical side effects such as
Gl toxicity, pancredtitis, and immunosuppression
(BAUMGART & SANDBORN 2007; KLEIN & ELIAKIM
2010; TRIPATHI & FEUERSTEIN 2019). Therefore, re-
searchers have been trying for yearsto find asafer al-
ternative therapeutic approach, such as nutritional
therapies and nutritional supplements, to overcome
these challenges (GHOURI et al. 2014; SINGH et al.
2019). Studies on IBD suggest that genetic, immune,
and environmental factors may contribute to the oc-
currence of these chronic inflammatory disorders
(ABEGUNDE et al. 2016). In addition, an elevated in-
flammatory state can cause damage to the Gl tract,
causing intestinal epithelial leakage and disruption of
intestinal barrier integrity (LECHUGA & |VANOV
2017). Therefore, several probiotic treatments have
been developed to provide beneficial microbial sup-
port to improve gut health (GHOURI et al. 2014; PEN-
NER et al. 2005). Probiotics act directly on the
epithelial barrier by increasing the production of mu-
cin, antimicrobial peptides, and pB-defensin in goblet
cells, thereby reducing epithelial permeability to in-
traluminal pathogens and toxins (CAMILLERI 2021).
Thisiswhy probiotic therapy iscommonly applied to
provide beneficial microbia support to maintain in-
testinal epithelial barrier integrity and mucosal ho-
meostasis in IBD patients (GHOURI et al. 2014;
PARKER et al. 2018; ZUO & NG 2018). Although pro-

biotics are known to have various beneficial effects
on health, their benefits vary depending on the type
and stage of the diseaseto betreated and thestrain and
dose of the probiotics administered (MARCASON
2013). A systematic review of randomized controlled
trials (RCTs) determining the effect of probiotics,
prebiotics, and symbioticson IBD noted that aV SL#3
probiotic mixture was administered infive of the nine
RCTs conducted on patients with UC (GHOURI et al.
2014). All studiesinvestigating V SL#3 supplementa-
tion and UC demonstrated that the probiotic blend had
significant beneficial effects, including an improve-
ment in clinical activity and an increase in beneficial
dendritic cell cytokines in UC patients. However,
these RCTs had some limitations, including a high
placebo response rate and short administration period
(GHOURI et al. 2014). Therefore, more studies are
needed to clarify the precise efficacy of these probiot-
ics on IBD patients. Omega-3 (0-3) fatty acids are
long-chain fatty acids well-known for their strong
anti-inflammatory properties due to the anti-
inflammatory activity of -3 derived eicosanoids
(HUSSEIN et al. 2019). Studies on IBD show that »-3
can play a protective role during the inflammatory
process of IBD by providing substrates for the pro-
duction of protectins, resolvins, and maresins that
regul ate and attenuate inflammatory conditionsin IBD
and lead to remission of IBD (DURKIN et al. 2021;
MARTON et al. 2019). However, there are still many
unknowns about the efficacy of ®-3 fatty acids on
IBD (BARBALHO et al. 2016). Therefore, the effect of
w-3 fatty acids on IBD needs further clarification. To
our knowledge, no studies have investigated the ap-
plication of probiotics supplemented with ©-3 fatty
acids on the intestinal epithelium and inflammatory
response in IBD patients/animal models. Therefore,
we aimed to determine the combined effect of probi-
otics and 3 fatty acids on the inflammatory response
and intestinal epithelium in mice with chemically in-
duced chronic calitis.

Material and Methods

The study received ethical approval from the Istan-
bul Medipol University Experimental Animals Re-
search Committee (12/2014, no. 38328770/83). All
proceduresinvolved in animal experimentswere per-
formedinaccordancewiththe’ Guidefor the Careand
Useof Laboratory Animals prepared by the National
Institute of Health (NATIONAL RESEARCH COUNCIL
(US) CoMMITTEE 2011). The sample size was calcu-
lated based on the tissue TNF-a values of colitis-
induced mice in a previous experimental study
(SOYTURK et al. 2012). The power analysis showed
that a sample size of 6 mice/group has an 80% power
to detect an ESof 1.98 pg/ml or an 8% change, assum-
ing a5% significance level and atwo-sided test. The
attrition rate is expected to be around 10-20% in ani-
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mal studies involving acute treatments (CHARAN &
KANTHARIA 2013). However, thisrate may be higher
in long-term studies in which chronic disease is trig-
gered (HOLMAN et al. 2016). Therefore, we included
10 mice per group based on an expectation of 40% at-
trition from the experimental treatment.

Animals

Fifty mae BALB/c miceweighing 20-30 g (6-8 weeks
old) were obtained from the | stanbul Medipol Univer-
sity Medical Research Center (MEDITAM). The
mice were housed in standard polypropylene cages at
20 + 1°C with 50% + 5% humidity on a 12-hour
light/dark cycle at the Istanbul Medipol University
Regenerative and Restorative Medicine Research
Center (REMER) Animal Laboratory, fed with stan-
dard chow and water ad libitum, and weighed daily
throughout the experiments. After a one-week accli-
mati zation period, the mice were randomly assigned
tofivegroups(n= 10/group): control non-colitis, con-
trol colitis, treated with probiotics, treated with ®-3
fatty acids, and treated with both probiotics and -3
fatty acids. During the study period, four mice each
from the control non-calitis, control colitis, ®-3, and
probiotics plus o-3 groups, and five mice from the
probiotic group died due to aspiration or both
aspiration and colitis, leading to the continuation of
the experiment with fewer mice planned for inclusion
for the probiotic group at the beginning of the study.

Induction of colitis using Dinitrobenzene Sulfonic
Acid and experimental design

Chronic moderate colitiswasinduced using amethod
previously described (MARTIN et al. 2014). The ex-
perimental protocol implemented in the study in-
cluded acute calitis induction with Dinitrobenzene

sulfonicacid (DNBS), arecovery period, reactivation
of colitiswith DNBS, and therapeutic treatment with
gavage. Before starting the protocol, a10 cm long piece
of PE tubing (ClayAdam, Parsippany, NJ, USA) at-
tached toatuberculin syringewasinserted 3.5cminto
the colon after the mice were anesthetized with en-
flurane (Abbott, Abbott Park, IL, USA). The micein
the colitis groups were treated intercolonially with
200 mg/kg DNBS dissolved in 30 % ethanol via the
PE tube for three days, while the non-calitis control
group was administered phosphate-buffered saline
(PBS) only (Sigma-Aldrich, USA). A 6% sucrose so-
lution was administered to the mice through their
drinking water for thefirst three daysto prevent dehy-
dration. A 10-day recovery period (no treatment, fed
and allowed to drink water ad libitum) was provided
for al groups after the 3-day DNBS administration.
The treatment groups were administered probiotics,
-3, or both together for ten daysfrom day 14 foll ow-
ing the recovery period while the non-calitis control
and control colitis groups received PBS. During the
treatment period, the colitis was reactivated on days
21 to 24 by administering 100 mg/kg DNBS solution
through the PE-tube. Micewerekilled by cervical dis-
location on day 24. The study protocol is detailed in
Figure 1.

Disease activity index

Calculation of Disease Activity Index (DAI) ispre-
sented in Table 1 (MURTHY et al. 1993). The DAI
scores were calculated daily for each mouse through-
out the study period.

Probiotic and omega-3 administration

Ten daysafter colitisinduction, the groupsreceived
probiotics, ®-3, probiotic plus -3, or PBS aone
(control non-calitis and control colitis groups) for ten
days (day 14-23). The V SL#3 probiotic mixture was

Therapeutic treatment
via gavage*

v
Day 21 Day23 Day24

.@/\, Day 1 Day 4
I DNBS/EtOH I
e I 200 mg/kg I

7 Days l )\

DNBS/EtOH
I 100 mg/kg

[

Induction

Recovery
period

)
Colitis
Reactivation

* Gavage includes;
- Control non-colitis group (n=6): PBS
- Control colitis group (n=6): PBS

v
Histologic
assessment
Inflammatory
cytokine analysis

- Probiotic group (n=5): VSL#3 probiotic mixture containing 10° CFU of probiotics per capsule
- Omega-3 group (n=6): soft gel capsule of omega 3 containing 504 mg EPA and 378 mg DHA
- Probiotics plus omega-3 group (n=6): VSL#3 probiotic mixture plus soft gel capsule of omega 3 containing 504 mg EPA and 378 mg DHA

Fig. 1. Experimental protocol.
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Table 1
Calculation of disease activity index”
Score Weight loss (%) Stool Consistency Occult blood or gross bleeding
0 None Normal None
1 1-5
2 5-10 Pasty/semi-formed stool Occult bleeding”
3 10-15
4 15 Liquid stool Gross bleeding

* The average daily disease activity index (DAI) was calculated by summing the results of these parameters and dividing the results by

three (MURTHY et al. 1993).

® The presence of occult blood in the stool was detected using the Hemoccult II; Beckman Coulter Inc., Fullerton, CA, USA.

prepared daily for ten days, dissolved in 200 ml drink-
ing water, and administered intragastrically to the
probiotic and probiotic plus ®-3 groups. VSL#3 is
amixture of one billion CFU of freeze-dried probiot-
icsin onecapsule, consisting of eight bacterial strains
including three strains of bifidobacteria (B. longum,
B. infantis, and B. breve), four strains of lactobacilli
(L. acidophilus, L. paracasei, L. delbrueckii subsp.
bulgaricus, and L. plantarum), and Streptococcus
salivarius subsp. thermophilus (Sigma-Tau Pharma-
ceuticals Gaithersburg, MD, USA).

Additionally, miceinthe»-3 and probiotic plusw-3
groups received a 300 mg/kg dose of o-3 fatty acids
intragastrically for ten days. The »-3 administered
was the soft gel form of ®-3 containing 504 mg of
EPA and 378 mg of DHA per capsule (Omega 950,
Solgar, Turkey). The »-3 dose was determined ac-
cording to the Health Canada Draft Guidelines, which
states that it is the therapeutically effective dose to
achieve a human equivalent dose of 3.0 g/day (REA-
GAN-SHAW et al. 2008).

Colonic tissue collection

The entire colon was cleaned after exposing the ab-
dominal cavity with amidline laparotomy. The colon
was opened longitudinally and half was immediately
placedinaformalin solution for histopathol ogical ex-
amination, while the remainder was snap-frozen in
liquid nitrogen and stored at -80°C for analysis of in-
flammatory cytokines.

Tissue homogenization and determination of inflam-
matory cytokines in tissue homogenates

To preparetissue homogenates, the colontissuewas
homogenized in 400 ml of Tris-HCI buffer containing
proteaseinhibitors(Sigma, Aldrich) inaTissueLyser
at pH 7.4 at 0-4°C. Thehomogenateswerethen centri-
fuged at 14,000 x g for 30 minutes and the super-

natants were collected for inflammatory cytokine
analysis. Five pro-inflammatory cytokines, including
interferon-gamma (IFN-y), interleukin IL-6, IL-10,
and IL-17, and tumor necrosis factor-alpha (TNF-a)
in tissue homogenates were quantified using the
Mouse ELISA Kit (BioLegend, San Diego, USA) ac-
cording to the manufacturer’ sinstructions. Cytokines
were analyzed using a Magpix Luminex System
(Austin, Texas, USA) according to the manufactur-
er'sinstructions. Briefly, primary antibodiesfor each
cytokinewereimmobilized on magnetic beadsand af -
ter overnight incubation at +4°C, samples were incu-
bated with a streptavidin-phycoerythrin solution at
room temperaturein the dark. The sampleswere then
measured luminometrically. The data obtained were
evaluated using XPONENT software.

Histological evaluation

The colon wasfixed in 10% formal dehyde and then
processed for paraffin embedding and cut into 5 um
thick sections. Paraffin blocks were stained with he-
matoxylin and eosin (H& E; Merck, Darmstadt, Ger-
many) for histological scoring using light microscopy
(AxioV 16) by apathologist blinded to the study. The
colon was examined under alight microscope at x16
magnification by the same pathologist. Microscopic
colitis was assessed using normal morphological
structure, density of goblet cells, presence of crypts,
and lymphoid tissue and scored according to epithe-
lial and infiltration status as described (OBERMEIER
et al. 1999) (Table 2). A numerical score was calcu-
lated for each mouse by summing the epithelium and
infiltration scores.

Statistical analysis

Statistical analysiswas performed using SPSS (ver-
sion 22.0). A one-way ANOVA was performed to
compare the differences between the experimental
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Table 2
Criteria for scoring microscopic colitis'
Factors Score
Epithelium
Normal morphology 0
Loss of goblet cells 1
Loss of goblet cells in large areas 2
Loss of crypts 3
Loss of crypts in large areas 4
Infiltration
No infiltration 0
Infiltration around crypt basis 1
Infiltration reaching to Lamina muscularis mucosa 2
Extensive infiltration reaching the Lamina muscularis
mucosae and thickening of the mucosa with abundant | 3
edema
Infiltration of the Lamina submucosa 4

!Criteria for scoring microscopic colitis was reported by
OBERMEIER ef al. 1999.

groups. Levene' s test was used to determine the ho-
mogeneity of variances. A p-value of <0.05 was con-
sidered significant. When an overall significance was
observed, pairwise posthoc analyses were run using
Tukey’ stest totest the probability of wherethe differ-
ences actually came from. Results were expressed as
mean + standard error of the mean (SEM) and pre-
sented as bar graphs.

Results

Changes in body weight and food and water intake
before the experimental period

No differences were observed in changes in body
weight, or food and water intake over the 1-week ac-
climatization period (data not shown).

Characterization of DNBS-induced colitis

While the decrease in body weight percentage was
higher in the control colitis group than in the other
groups, there was no significant difference between
the other groups (Figure 2). The total microscopic
damage scores were aso significantly greater in the
control colitis group compared to the other groups
(Figure 3). Furthermore, a significant difference was
detected in histological changes between the control

Fig. 2. Changes in body weight after the experimental trials. All
findings are presented as the mean + SEM; w-3 — omega 3 fatty
acids.

*p<0.05; **p<0.01; ****p<0.0001.

colitis and non-colitis control groups (Figure 4). The
control colitis group had higher goblet cell depletion,
morphologic derangements, and loss of crypt struc-
tures compared to the non-colitis control group. For
daily DAI index scores, asignificant increasein DAI
index was observed in the DNBS-treated mouse
groups compared to the non-colitis control group
(p<0.05), indicating the presence and activation of co-
litisasaresult of DNBS administration.

Alterations in disease activity index scores moni-
tored daily

We monitored colitis-related clinical symptoms
(weight change %, stool consistency, and presence of
bloodinthestool) onadaily basisto determinethe se-
verity of colitis (Figure 5). After the second day of
acute colitis induction, a significant increase in DAI
scoreswas detected in all DNBS-treated groups, with
a significant difference compared to the non-colitis
control group. The DAI scoresof theV SL#3 plus »-3
group weresignificantly lower than the control colitis
groups. A significant reductionin colitis severity was
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Fig. 3. Microscopic damage score calculated after colitis. All
findings are presented as the mean + SEM; w-3 — omega 3.
*AE*p<0.0001.

observed in mice treated with VSL#3 plus »-3, in-
cludinglittleor nobloodinthestool and anincreasein
stool consistency.

Effects of therapeutic treatment on pro-inflammatory
cytokines in colonic tissues

Figure 6 presents the concentrations of proinflam-
matory cytokines in colonic tissue after the experi-
mental period. Tissue concentrations of IFN-y were
found to be significantly higher in the control colitis
group (63.6 £ 10.3 pg/mg protein) compared to the
non-colitis control group (27.0 = 7.8 pg/mg protein)
(p<0.05). Lower levels of IFN-y were also observed
inthe VSL#3 (26.2 £ 3.1 pg/mg protein) and V SL#3

Control non-colitis (n=6)

=6)

Control colitis (n

:5)

VSL#3 (n

W-3 (n=6)

VSL#3 plus w-3 (n=6)

Fig. 4. Representative colonic histopathological images of
experimental groups. Hematoxylin/eosin staining of representative
cross-sections of distal colon (H&E x 100). Control non-colitis group
(n=6): Normal appearance of the mice colon; Control colitis group
(n=6): Diffuse lymphoid tissue in the submucosa, complete epithelial
eradication, diffuse goblet cell loss; VSL#3 group (n=5): Diffuse
lymphoid tissue in the submucosa, epithelial erosion and goblet cell
loss; omega-3 (w-3) group (n=6): Diffuse lymphoid tissue in the
submucosa, partial epithelial erosion and goblet cell loss;
VSL#3+omega group (n=6): Very similar morphology with the
normal group and goblet cells rich single-prismatic epithelium.
*represents the absence of goblet cells. **shows diffuse
lymphoid tissue in the submucosa and epithelial erosion.

plus-3(31.4 £ 6.8 pg/mg protein) groupscompared to
the control colitis group.

As shown in Figure 6, higher IL-6 concentrations
and lower 1L-10 levels were observed in the control
colitis group compared to the other groups; however,
the differences were not statistically significant.

IL-17A expression was significantly increased in
the control colitisgroup (257.8 = 34.7 pg/mg protein)
compared to the other groups (p<0.05) (Figure 3).
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4=

DAl score
Y

€ Control non-colitis (n=6)
£ Control colitis (n=6)

- VSL#3 (n=5)

% w-3 (n=6)

- VSL#3 plus w-3 (n=6)

Colitis
Induction

Days

Reactivation

Therapeutic
Treatment

Fig. 5. Time course of changes in Disease Activity Index (DAI) scores.
 p<0.05 between the control non-colitis and control-colitis groups; > p<0.05 between the control non-colitis and VSL#3 groups;

¢ p<0.05 between the control non-colitis and omega 3 fatty acids (w-3) groups.

d fp<0.05 between the control non-colitis and VSL#3 and

w-3 groups. ¢ p<0.05 between the control colitis and VSL#3 and w-3 groups. ' p<0.05 between the w-3 and VSL#3 and w-3 groups.

However, no meaningful difference was detected be-
tween the treatment groups.

Lower TNF-a concentrations were observed in the
VSL#3(36.4+ 7.7 pg/mg protein), o-3(67.0+ 13.5 pg/mg
protein), and VSL#3 plus®-3(52.6 + 13.5 pg/mg pro-
tein) groups compared to the control colitis group
(128.0 + 15.2 pg/ mg protein) (p<0.05) (Figure 6).

Microscopic damage scores

The microscopic damage score of the experimental
groups is presented in Figure 3. The highest micro-
scopic colitis score (7.8 + 0.1) was found in the con-
trol colitis group compared to the other groups
(p<0.0001). Comparing the therapeutic treatment
groups, the VSL#3 plus o-3 group showed a lower
damage score than that observed in the VSL#3 and
®-3 groups. In addition, the score observed in the
VSL#3 + »-3 group (0.6 £ 0.2) was similar to the
non-colitis control group (p>0.05).

Histopathological results

The histopathological appearance of representative
H&E stained sections of colonic tissue is shown in
Figure 4. No histopathological abnormalitiesand dis-
ordered morphology were detected in the non-colitis
control group. In contrast, the control colitis group
showed significant differences compared to the non-
colitiscontrol group, such asan alteration of crypt pa-

thology, a significant reduction in goblet cells, and
a diffusion of lymphoid tissue extending from the
submucosato thelumen. Inthe V SL#3-treated group,
normal morphology was generally preserved; how-
ever, a disappearance in crypt structure in a limited
areaand areductionin goblet cellswas observed. The
histological images of the »-3 group were quite simi-
lar to the VSL#3 group, except that crypt structures
disappeared in amore limited area. The morphology
of the VSL#3 + »-3 group including the regular,
single-layer prismatic epithelium rich in crypt and
goblet cellswas quite similar to that of the non-colitis
control group. In addition, lymphoid tissue was ob-
served in alimited areain the VSL#3 + ©»-3 group.

Discussion

The current study evaluated the effect of VSL#3 or
-3 alone or the combination of the two supplements
on chronic DNBS-induced colitisin mice. Our main
findings confirmed our hypothesis by showing that
the administration of probiotics in combination with
®-3 is more effective in managing chronic DNBS-
induced colitis by preserving intestinal mucosal mor-
phology, and alleviating microscopic damage and
disease activity. Administration of VSL#3 aone and
in combination with -3 reduced the concentrations
of IFN-y and TNF-a, the well-known proinflamma-
tory cytokinesthat are elevated by colitis induction.
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Before evaluating the efficacy of the therapeutic
treatment applied in this study, we checked whether
colitisoccurred with DNBSinduction. DNBS-induced
colitis is a well-defined experimental model of UC
that exhibitsvarious morphological and pathophysio-
logical features similar to human UC (MORAMPUDI
et al. 2014). The specific mechanism of colitisinduc-
tionisstill not well defined (RANDHAWA et al. 2014).
However, it hasbeen reported that DNBS administra-
tion changesthe histopathol ogical morphology of co-
lon tissue, disrupts the intestinal mucosal barrier,
triggers proinflammatory response, and worsens gas-
trointestinal symptoms such as diarrhea and bloody
stool (MARTIN ef al. 2014; MORAMPUDI et al. 2014,
RANDHAWA et al. 2014). Our findings demonstrate
that the DNBS-treated groups exhibited disordered
colonic morphology, including a loss of goblet cells
and crypt structures compared to the non-colitis con-
trol group. In addition, greater weight loss was ob-
served inthe DNBS-induced colitisgroups. Thismay
be attributed to the severe diarrheathat progressively
increased from the second day of DNBS administra-
tion and sharp decrease in food intake (data not
shown). Furthermore, higher DAI and microscopic
colitis scores were observed in the control colitis
group. Considering al thesedata, itiswell-confirmed
that colitis was induced by DNBS in the mice.

Studieshavereveal ed that treatment with probiotics
(CHEN et al. 2019; DUARY et al. 2012; ISIDRO et al.
2017; STOFILOVA et al. 2017) or ®»-3 (CAMUESCO
et al. 2005; REIFEN et al. 2015; TYAGI et al. 2012) af -
fect the pro/anti-inflammatory cytokine balance by
reducing the production of proinflammatory cytoki-
nes and by reducing mucosal inflammation during
IBD. Although treatment with w-3 appearsto bebene-
ficial for reducing inflammation in patients with IBD
(CAMUESCO et al. 2005; REIFEN et al. 2015), several
studies have demonstrated it failsto achieveits bene-
ficial effectsduring IBD relapse (HAWTHORNE et al.
1992; TURNER et al. 2007). Therefore, we aimed to
determine whether treatment of ®-3 in combination
with VSL#3 could provoke its beneficial effects on
reducing inflammation and upregulating cytokine
balance, particularly during the relapse of IBD.
A number of proinflammatory cytokines, including
TNF-a, IL-6, IL-17A, and IFN-y, are well-known for
their rolesin inducing inflammation-rel ated gene ex-
pressions, thus triggering the inflammatory cascade
and damaging colon tissue during the pathological
progression of UC (BAUMGART & SANDBORN 2007;
MUZES et al. 2012). Studies on UC patients have re-
veal ed that the col oni c tissue concentrationsof TNF-a
and IL-6 are higher during the active phase compared
tothat in patientsinremission (ATREYA & NEURATH
2005; BENTO et al. 2012). In this study, we observed
that TNF-o concentrationswerelower inall therapeu-
tic groups than in the control colitis and non-colitis
control groups. However, no meaningful difference

was detected in IL-6 levels among all experimental
groups. The exact reason why tissue|L-6 expressions
did not differ between groupsisunclear. Oneexplana
tion could bethat it isrelated to the chronic experimen-
tal model applied inthestudy. IL-6 isamultifunctional
cytokine that is of great importance on both pro- and
anti-inflammatory responses (ATREYA & NEURATH
2005). Whileitiswell-known that | L-6 expression by
monocytes and macrophages increases sharply in re-
sponse to any inflammatory condition to initiate mu-
cosal immunity, itsoverexpressionisoften associated
with uncontrolled inflammatory processes (ATREYA
& NEURATH 2005; MUZESet al. 2012; TANAKA et al.
2014). In the present study, reactivation of DNBS-
induced colitis may have caused a dysregulation of
the IL-6 expression levels in the studied mice colon
tissue.

In addition, IL-17A and IFN-y are other proinflam-
matory cytokines characterized by their involvement
in the pathogenesis of IBD (GALVEz 2014; MUZES
etal. 2012). Itisknownthat T helper (Th) cellsarere-
sponsiblefor the stimulation and release of these pro-
inflammatory cytokines during IBD processes
(GALVEZ 2014). Wefoundthat IL-17A and | FN-y ex-
pression rates were higher in the control colitis group
than in the control group without colitis. While
IL-17A concentration did not differ between thera-
peutic support groups, IFN-y levels were found to be
lower in groups supplemented with VSL#3 aloneand
in combination with m-3. One explanation for the
similar results of IL-17A levels between treatment
groups is that all therapeutic approaches may have
similar favorable effects on the treatment of DNBS-
induced colitis. However, the concentration of I1L-10,
an anti-inflammatory cytokine known for its thera-
peuticroleincontrolling inflammatory processesdur-
ing IBD, was similar in all groups, inconsistent with
other animal studies supplementing VSL#3. With all
theresultsinmind, treatment with V SL#3, aprobiotic
supplement well characterized for itsbeneficial effect
on regulating gut barrier function, anti-inflammatory
cytokine expression, and gut microbial composition
(CHENG et al. 2020; ISIDRO et al. 2017; SOOD et al.
2009), supplemented with -3 may provide benefi-
cia results, including asignificant decreasein TNF-a
and IFN-y. Morework isrequired to elucidate the cy-
tokine response during induction of chronic calitis.

Our results on histological examination, DAI, and
micrascopic scores shed light on determining muco-
sal barrier function and histopathological changes
during chronic DNBS-induced colitisin mice. Muco-
sal damage characterized by infiltration of pro-
inflammatory cellsis one of the most common char-
acteristics of UC. Wefound that co-administration of
VSL#3 and »-3 resulted in better morphologic out-
comes, including the higher presence of crypt and
goblet cells, indicating alessening of tissue damage.
These results are consistent with previous animal
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studies suggesting a preservative role of VSL#3
(CHEN et al. 2019; ISIDRO et al. 2017; SOOD et al.
2009) or ®-3 (CAMUESCO et al. 2005; REIFEN et al.
2015; TYAGI et al. 2012) aone on decreasing macro-
scopi ¢ score and inflammation, and improving histo-
pathology in IBD.

The protection of goblet cells during calitis pre-
vents DNBS-induced colonic mucosal damage and
increased inflammation, and increasestheir secretion,
providing an intact mucosal membrane (GRONDIN
et al. 2020). Goblet cell depletion and damaged cryp-
tic structures are considered indicators of chronic in-
flammation during colitis (HENDRICKSON et al. 2002).
Inthisstudy, all groups except V SL#3 plus o-3 treat-
ment showed a depletion of goblet cells and loss of
cryptic structure, suggesting that co-admini stration of
V SL#3 with -3 in mice with chronic colitis reduced
the severity of mucosal damage and provided colonic
maintenance.

Our findings need to be evaluated in light of poten-
tial limitations. Initially, although we started this
study with fifty mice, we completed the study with
five micein the probiotic group and six in each of the
other groups. It is important to note that the main
cause of death was aspiration or both aspiration and
colitis, not the treatment administered. Furthermore,
the deaths did not affect the power analysis of the
study, aswe included 10 mice per group based on the
expectation of 40% attrition from the experimental
treatment in which chronic colitis was induced. Sec-
ond, we did not analyze the gut microbiome composi-
tion. Further studies should include microbiome
analysis using high-throughput sequencing technol o-
giesto better identify the gut microbiome and poten-
tial interactions between microbes and metabolic
pathways while investigating the combined effect of
-3 and probiotic supplementation during chronic co-
litis. Our study has many strengths. The inclusion of
both a non-calitis control and control colitis group
provided abetter understanding of both the severity of
colitis and the potential impact of therapeutic treat-
ments. We administered both supplements at doses
indicated assuitablefor compliancein human studies.
We applied a chronic colitis model involving reacti-
vation of colitis. Since we know that chronic inflam-
mation iscommon in IBD patients, the application of
thechronic colitismodel allowed usto obtain morere-
alistic results.

Conclusion

Our findings showed that treatment with VSL#3 in
combination with ®-3 significantly reduced mucosal
damage, gastrointestinal disturbances, and histopa-
thological change, thus significantly suppressing the
severity of chronic DNBS-induced colitis. To our
knowledge, thisisthe first study to include the appli-

cation of V SL#3 combined with w-3inachronic coli-
tis model. These findings suggest that this combined
therapy may contribute as a complementary therapy
in chronic colitis. However, further studiesinvolving
detailed analyses of cytokine response and micro-
biome samples are needed before they can be applied
to human studies.
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