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Abstract

Background: Uncertain effects of probiotics and/or prebiotics have been reported in experimental and clinical coli-
tis. This study aims to examine the effects of a synbiotic combination comprising Bacillus licheniformis DSM 17236 and
Saccharomyces cerevisiae cell wall extract on dextran sulfate sodium (DSS)-induced colitis in Sprague Dawley rats.

Methods: Acute colitis was induced in rats by oral administration of DSS 3.5% for 7 days. Fifty rats were divided
equally into five groups; one control group and the other groups were induced with colitis and treated with or with-
out the tested synbiotic, mixed with diet, for 28 days and sulfasalazine (100 mg/kg) via intragastric tube once daily for
14 days.

Results: Symptomatically, the synbiotic administration raised the disease activity index (DAI) to comparable scores
of the DSS group, specially from the 2nd to 7th days post DSS intoxication. It also induced a significant (p < 0.05)
amplification of WBCs, myeloperoxidase (MPO), malondialdehyde (MDA), nuclear factor kappa B (NF-kB) expres-

sion and proinflammatory cytokines tumor necrosis factor alpha (TNFa), interferon gamma (INFy), and interleukin-1
beta (IL-1() while depressed the antioxidant enzymes glutathione peroxidase (GPx), catalase (CAT), and superoxide
dismutase (SOD) when compared with the DSS and control groups. The DSS intoxicated and Synbiotic4+-DSS groups
showed desquamations of the covering epithelium, noticeable diffuse leukocytic infiltrations, sever catarrhal enteritis,
ischemic colitis with diffuse coagulative necrosis of the entire colonic mucosa. Contrarily, sulfasalazine proved to be
effective in the reduction of the tested inflammatory markers and the pathological degenerative changes of the DSS
ulcerative colitis.

Conclusion: The examined synbiotic did not ameliorate but aggravated the DSS-induced colitis, so it should be
subjected to intensive experimental and clinical testing before their use in animals and human.
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Background

Inflammatory bowel disease (IBD) involves a group of
multifactorial disorders including two major forms;
Crohn’s disease (CD) and ulcerative colitis (UC), that
affect the integrity of the intestinal mucosa [1, 2].
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responses against intestinal lumen antigens in genetically
sensitive individuals [2, 3].

Cytokines specially TNFa, INFy and interleukin 1-beta
(IL-1p) are key components of IBD pathogenesis by medi-
ating the communication between innate and adaptive
immune cells and stimulate the recruitment of inflam-
matory cells to the intestinal mucosa [4—7]. DSS destroys
the intestinal epithelial lining mucosa and increases the
exposure of the innate immune cells to intestinal micro-
biota leading to acute inflammatory responses, thus it is
considered the most widely used rat model for human
IBD [8, 9].

Recent approaches dedicated that oxidative stress (OS)
including reactive oxygen and nitrogen species (ROS,
RNS) play a deleterious role in the pathogenesis of IBD
[10]. Gut comprising the microbiome, food stuffs and
immune cell interactions constitutes a potential source
for pro-oxidants [11]. Intestinal cells harbor a defense
enzymatic system including SOD, GPx, and CAT that
can scavenge the free radicals and prevent lipid peroxida-
tion and further cell damage [12]. The excessive OS could
deplete the antioxidant competencies in IBD patients
even in asymptomatic stage of the disease [13]. It is wor-
thy noted that OS could lead to immune system activa-
tion and inflammatory process that correlate to tissue
injury and ulcerations in CD and UC [14].

The current medications of IBD involving immunosup-
pressants and anti-inflammatory drugs as sulfasalazine,
corticosteroids and anti-TNFa (tumor necrosis factor
alpha) antibody are used to depress the aberrant immune
responses and inflammatory cascades [15]. However, the
lack of efficacies and the adverse effects associated with
these drugs over prolonged treatment imply for their lim-
ited use [16]. Recent studies suggested that modulation
of the OS and immune response may be valuable in the
treatment of IBD since inflammation with OS contribute
to tissue damage [17].

Probiotics and prebiotics have been used more or less
successfully in IBD patients and their protective and
therapeutic effects mainly depend on the strains used
[18-20], where each probiotic strain may have discrete
immunoregulatory properties and can be classified into
two groups according to their influence on the immune
system: one exhibiting immunostimulating activities and
the other anti-inflammatory properties [19]. Bacillus spe-
cies have been used as probiotics in Italy since 1985 as
an OTC medicinal supplement [21]. The most broadly
examined strains are Bacillus subtilis, Bacillus clausii,
Bacillus cereus, Bacillus coagulans and Bacillus licheni-
formis. Being a spore former, it has the advantages of heat
stability and can be stored at room temperature, in addi-
tion to its ability to survive the acidity of the stomach [22,
23]. According to Sorokulova et al. Bacillus licheniformis
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were found to be safe in the in-vivo toxicity studies, non-
toxinogenic, and sensitive to the antibiotics listed in
european food safety authority (EFSA), therefore it may
be considered as non-pathogenic and safe for human
consumption [24].

Veterinary studies showed that Bacillus licheniformis
ameliorated diarrhea in growing pigs [25], stimulated
the immune system in challenged piglets with E. coli
[26], increased milk production, milk fat, as well as pro-
tein percentage in lactating ewes [27], enhanced growth
performance and normalized intestinal microbiota in
necrotic enteritis of broilers [28], improved egg produc-
tion and quality in laying hens [29], and diminished intes-
tinal gas formation and foul fecal odor in dogs [30].

Prebiotics are nondigestible dietary substances that
have the ability to stimulate growth of native and probi-
otic bacteria [31]. Potentially, the synbiotic combinations
of probiotic and prebiotic were proved to have benefits
more than that of the probiotic alone, because the prebi-
otic can improve the colonization, growth, or affectiv-
ity of the probiotic species [32, 33]. Prebiotics including
inulin, fructooligosaccharide (FOS), and Yeast cell wall
extract (Mannan oligosaccharides and glucans) have vari-
able effects when tested in experimental and clinical IBD
[32, 34-36].

As far as our research team knows, a scarcity of studies
is available in scientific literature regarding the effect of
Bacillus licheniformis on the chemically induced colitis.
Therefore, the present study was conducted to investigate
the ability of the synbiotic mixture of Bacillus licheni-
formis DSM 17236 and an extracted prebiotic from cell
walls of the baker yeast, Saccharomyces cerevisiae, to
modify DSS-induced experimental colitis in Spargue
Dawley rats in comparison to the sulfasalazine drug. The
assessment included the detection of DAI and the colonic
tissue levels of MPO, oxidative stress parameters, NF-kB
expression. Furthermore, the leukocytic count and serum
inflammatory cytokines (TNFa, INFy, and IL1B) level
were assayed. Histopathological examination of intestinal
colitis was also performed.

Results

The administration of 3.5% of DSS in drinking water for
7 days developed the symptoms of the inflammatory con-
ditions in colon in the form of wasting, loss of weight,
diarrhea, and rectal bleeding. In parallel with the previ-
ous symptoms, the DAI (Fig. 1) markedly increased with
the 2nd day after DSS administration in comparison
with the control untreated rats. While the animals from
control group showed no weight loss, changes in stool
consistency or presence of fecal occult blood during the
7 days of treatment. The DSS group induced a significant
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Fig. 1 Disease activity index (DAI) of the 5 groups (Control group, DSS group, DSS + Syn group, DSS + Sulfa group, and DSS + Syn + Sulfa group)
during the development of DSS-induced colitis between Days 1 and 7 from DSS administration. DAl score is expressed as the mean #+SEM (n=10

elevation (P<0.05) of WBCs count (Fig. 2) in blood com-
pared to the control group.

The intoxicated rats with DSS showed severe degenera-
tions of the covering epithelium with noticeable diffuse
leukocytic infiltration extending in between the mucosa
and submucosa (Fig. 3b, c), desquamations of the cover-
ing epithelium and degenerations of the intestinal gland
lining epithelium (Fig. 3d, e), and prominent vascular
dilatation with congestion in the inter glandular areas
and hemosiderosis (Fig. 3f). Meanwhile the negative con-
trol group showing normal and intact colonic wall that is
mainly consisted of normal tunica mucosa having folds
of tubular glands or crypts lined by columnar epithelium
rich with goblet cells, submucosa of highly vascularized
connective tissue, then well-defined muscularis and ser-
osa (Fig. 3a).

The DSS clearly amplified the colonic tissue MPO by
288% more than the untreated rats (Fig. 2). In addition,
DSS induced statistical significant depression (p<0.05)

of intestinal tissue levels of SOD, CAT, and GPx (2.5, 2.2,
and 1.9-fold changes), while it augmented the produc-
tion of colonic MDA by 8.9 folds when compared with
the control group, respectively (Fig. 4). The results of this
study revealed that the experimental induction of colitis
using DSS markedly upregulated the expression by 3.3
folds change for NF-kB than the control group (Fig. 4)
and induced a significant increase (P<0.05) in the serum
levels of TNFa (116.91 +3.74), INFy (148.03 +6.37), and
IL-1B (1931.554+44.91) in comparison to the control
group; TNFa (65.12+1.322), INFy (51.57+51.57), and
I1-1P (1309.65+ 28.02), respectively as shown in Fig. 5.
The current findings demonstrated that the tested syn-
biotic raised all inflammatory markers and deteriorated
the DSS induced colitis where the DAI of this group
(Fig. 1) indicated that the first clinical signs of colitis in
the acute study were at the 2nd day after starting DSS
administration (hemoccult+), whereas at the fourth day
some animals started to present gross bleeding (score 4).
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Fig. 2 The effect of synbiotic (B.licheniformis and yeast extract) and or sulfasalazine (100 mg/kg) on WBCs count in blood and colonic tissue MPO
level (U/g tissue) against DSS induced colitis in rats. Data are expressed as the mean & SEM. # indicates significant difference (P < 0.05) compared to
control group. $ indicates P<0.05 compared to DSS group (n= 10 treatments)
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Fig. 3 lllustrative photomicrograph of colon of the negative control rat. a showing normal and intact colonic wall that is mainly consisted of
normal tunica mucosa (arrow) having folds of tubular glands or crypts lined by columnar epithelium rich with goblet cells, submucosa of highly
vascularized connective tissue (dashed arrow), well-defined muscularis (M) and serosa (arrow head). b-f Colon of positive control rat treated with
DSS, b) showing sever degenerations of the covering epithelium (arrow), noticeable diffuse leukocytic infiltration extending in between the
mucosa and submucosa (inset box). ¢ Higher magnification of fig b inset box showing the diffuse leukocytic infiltration (arrow head). d,e showing
sever desquamations of the covering epithelium (arrow) and degenerations of the gland lining epithelium (arrow head). f showing sever vascular

ce=300um; f=40um

dilatation with congestion in the inter glandular areas and hemosidriosis (arrow). Stain: Haematoxylin & Eosin (H&E). Scale bars: a,b,d =900 um;

The presence of blood in feces and differences in weight
loss during the disease induction process were most pro-
nounced in the last day of DSS-colitis induction.

Figures 2 and 4 presented that the WBCs count, intesti-
nal MPO level and NF-«B expression of (DSS 4 Syn) group
were significantly increased (P<0.05) than the control
group (4.16- and 3.2-fold changes). The oxidative stress
parameters: CAT, SOD, GPx, and MDA, in the colonic tis-
sue of DSS+ Synbiotic treated rats were noticeably dete-
riorated (Fig. 4). In addition, the synbiotic administration
markedly elevated serum levels of the pro-inflammatory
cytokines; TNF a (2.05 folds), INFy (3.38 folds), and IL1-
(1.4 folds) compared to the control group and TNF « (1.14
folds), INFy (1.18 folds) than the DSS group (Fig. 5).

On the histological level the synbiotic treatment pro-
duced intense degenerations and desquamations of the
covering epithelium with loss of the cell’s details (Fig. 6a),
severe catarrhal enteritis represented in diffuse inflam-
matory cells infiltration in the mucosa, congestion in the
inter glandular area with goblet cells hyperplasia with
excessive mucous secretions filling the intestinal glands
(Fig. 6b, c), hemorrhage (Fig. 6d), and moderate hemo-
siderosis (Fig. 6e). In addition, ischemic colitis with dif-
fuse coagulative necrosis of the entire intestinal mucosa
characterized by maintaining tissue architecture but with

completely loss of cellular details was also clarified of
some examined sections (Fig. 6f).

Among DSS-colitis groups, it is remarkable that the
group of rats that administered the sulfasalazine exhib-
ited fewer changes in the symptoms evaluated during
the induction period. The DAI of this group exhibited
the lowest weight loss, regular stool consistency until the
4th day and the presence of slight bleeding either occult
or apparent in the stool only on the 6th and 7th days
(Fig. 1). The pro-inflammatory cytokines were signifi-
cantly reduced (P<0.05) by 36% for TNFa, 50% for INFy,
and 26% for IL-1p from the DSS group (Fig. 5). Figure 2
presented that the WBCs count, MPO level, were also
obviously decreased than that of the DSS group by 40 and
64.7%, respectively. The antioxidant enzymes: GPx, SOD,
and CAT, were markedly augmented, while the MDA was
obviously depressed when compared with the DSS group.

Sulfasalazine treatment ameliorated the pathological
damage in the colon induced with DSS and demonstrated
mild degeneration and desquamation of the covering epi-
thelium (Fig. 7a, b), mild to moderate inflammatory cells
infiltrations in the mucosa (Fig. 7c), hyperplastic changes
of the intestinal gland and its lining goblet cells with
excessive mucous secretions, and minute hemorrhage
(Fig. 7d).
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Fig. 4 Effect of synbiotic (B.licheniformis and yeast extract) and or sulfasalazine (100 mg/kg) on GPx (U/g tissue), CAT (U/g tissue), SOD (U/g tissue),
MDA (mmol/g tissue) and NF-kB/B-actin (relative expression) levels in colonic tissue against DSS induced colitis in rats. Data are expressed as the
mean = SEM. # indicates significant difference (P<0.05) compared to control group. $ indicates P<0.05 compared to DSS group (n= 10 treatments)
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Furthermore, the sulfasalazine reduced the inflamma-
tory condition caused by the tested synbiotic and DSS in
(DSS + Syn+ Sulfa) group. This group presented mod-
erate DAI (Fig. 1), proinflammatory cytokines profile
(Fig. 5), MPO level (Fig. 2), oxidative parameters level
(Fig. 4), NF-kB expression (Fig. 4) and Grade II (Fig. 3¢)
pathological lesion including colitis with showing mas-
sive coagulative necrosis of the entire intestinal mucosa.
Moreover, colon sections of this group revealed moder-
ate lymphocytic aggregations in the mucosa (Fig. 8a, b),
moderate vascular congestion and minute hemorrhage
(Fig. 8¢). Also massive hyperplastic changes of the entire
intestinal glands & goblet cells with diffuse mononuclear
cells infiltrations were also observed with moderate des-
quamation of covering epithelium (Fig. 84, e, f).

Discussion
Probiotics and/or prebiotics have been evaluated for the
management of some of gastrointestinal disorders includ-
ing UC [37, 38], pouchitis [38] and CD [39, 40]. Since the
safety profile of probiotics and prebiotics in patients with
IBD remains less explored, the current study investigated
the potential for the synbiotic mixture of Bacillus licheni-
formis DSM 17236 and an extracted prebiotic derived
from cell walls of the baker yeast Saccharomyces cerevi-
siae (It distinguishes itself by high amounts of Mannan-
Oligosaccharides (MOS) and f3-Glucans), in comparison
to sulfasalazine regarding their role on the severity of
DSS-induced colitis in Sprague Dawley rats.

It was found that the synbiotic combination was
not able to reduce the symptomatic, heamatological,

biochemical and histopathological features of DSS colitis.
Interestingly, synbiotic treatment actually increased most
of the tested inflammatory indicators of DSS-colitis.

In our study, DSS intoxication for 7days developed
the symptoms of the inflammatory conditions in colon,
markedly increased the DAI with the 2nd day, and ele-
vated the WBCs count in blood. These findings are simi-
lar to what was mentioned by other authors who had
applied the same way of induction [20, 41, 42].

DSS model for induction of ulcerative colitis was origi-
nally reported by Okayasu et al. [43]. DSS-induced colitis
is becoming a fixed model that is phenotypically similar
to ulcerative colitis in humans [44]. Oral administration
of DSS for several days, leads to enteric and colonic epi-
thelial lesions including ulcerations, detached mucosa,
epithelial erosions and acute inflammation characterized
by the presence of RBCs, neutrophils and macrophages
within damaged segments [9, 20, 45]. This was in accord-
ance with the severe necrotizing colitis demonstrated in
our histopathological results. Therefore, the acute DSS
colitis model is particularly applicable to study probiotic
effects on epithelial barrier function.

The main histological feature of colitis is the leukocytic
infiltration of the colonic tissue specially with the poly-
morph nuclear cells and monocytes [9, 46]. Neutrophiles
migrate to the damaged colonic tissue during the acute
inflammation and is associated with elevated MPO activ-
ity as a parameter reflecting the severity of the lesion in
acute colitis [47, 48]. This was in accordance with our
findings where the DSS intoxication clearly amplified the
colonic tissue MPO more than the untreated rats. MPO
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Fig. 5 Effect of synbiotic (B.licheniformis and yeast extract) and or sulfasalazine (100 mg/kg) on proinflammatory cytokines TNFa (ng/L), INFy (ug/
dL), and IL1B (hg/L) level in serum against DSS induced colitis in rats. Data are expressed as the mean =+ SEM. # indicates significant difference
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has a peroxidase activity that produce hypochloric acid
from hydrogen peroxide that in turn induce the release of
free oxygen radicals from activated neutrophils [49].

The imbalance between the increased amounts of toxic
reactive oxygen and nitrogen species (ROS and RNS) and
the capacity of the tissue antioxidant defense mecha-
nisms; CAT, SOD, and GPx, leads to oxidative injury
and increases mucosal injury in colitic patients [48, 50].
The ROS and RNS trigger the damage of protein, nucleic
acids, and lipid peroxidation of colonic mucus mem-
branes [51]. Elevated MDA is the associated marker to
lipid peroxidation of the colonic tissue [52, 53]. In our
work DSS depressed the intestinal tissue levels of SOD,
CAT, and GPx, while augmented the production of
colonic MDA.

The free radicals and the cytokine like property of
MPOinduces nuclear factor NF-kB which is a transcrip-
tion factor that controls the expression of genes of the
proinflammatory cytokine; TNF-a, IFN-y and IL-1{ [54].
Increased expression of NF-kB factor has been associ-
ated with the pathogenesis of IBD [55]. In accordance,
our findings revealed that the experimental induction of
colitis using DSS markedly upregulated the expression
for NF-kB than the control group.

Despite the DSS-colitis is caused through the toxic
damage of the intestinal and colonic epithelial cells, the
inflammatory reactions ensue after the proinflamma-
tory cytokines (II-1p, I1-6, TNFq, and INFy) production
by tissue macrophages that seems to play an essential
role in the disease process [56, 57]. In this study, the DSS
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Fig. 6 Colon of the DSS + Syn treated group, a) showing sever degenerations and desquamations of the covering epithelium with loss of the cells
details (arrow). b showing diffuse inflammatory cells infiltrations in the inter glandular areas of the mucosa (arrow head). ¢ showing sever blood
vessels dilatation with congestion (arrow). d showing sever hemorrhage in the inter glandular areas (arrow). e showing moderate hemosiderosis
(arrow). f showing diffuse coagulative necrosis of the entire intestinal mucosa characterized with maintaining tissue architecture but with
completely loss of cellular details of some examined sections (arrow). Stain: H&E. Scale bars: All=300 pm, except ¢, d, e=40um
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intact colonic wall; mucosa (arrow), submucosa (dashed arrow),
musculosa (M) and serosa (arrow head). b showing intact mucosa
but with mild degeneration and desquamation of the covering
epithelium (arrow). € showing mild to moderate inflammatory cells
infiltrations in the mucosa (arrow). d showing hyperplastic changes
of the intestinal gland & goblet cells hyperplasia with excessive
mucous secretions (dashed arrow), minute hemorrhage (arrow),

in addition, focal area of degeneration and desquamation of the
covering epithelium (arrow head). Stain: H&E. Scale bars: a=900 um;
b,d=300um; c=40um

intoxication induced a significant raise in the serum lev-
els of TNFa, INFy, and IL-1f.

TNF-a exerts its pro-inflammatory impacts via the
raised production of IL-1p and IL-6, as well as initia-
tion of cytotoxic and apoptotic response [58—60]. TNF-a
production by human macrophages was discovered in
the colonic tissue in patients with CD and UC [61], and
there is linear correlation between serum levels of TNF-a
with clinical and laboratory indices of intestinal disease
activity [62]. IFN-y and IL-1 family of cytokines have
eminent roles in IBD pathogenesis [63-65]. In UC, IL-1
promotes inflammation where it is secreted from mono-
cytes and macrophages, and activated into IL-1f in the
colonic mucosa [66]. IFN-y, produced from the colonic
lamina propria mononuclear cells (LPMC), causes dis-
ruption of the vascular barrier and increases the perme-
ability of colonic tissue. INF-y is reduced as a result of
anti-TNF-« treatments [63]. The current findings showed
that the tested synbiotic raised the DAI scoring, WBCs
count, intestinal MPO level and NF-«kB expression. The
oxidative stress parameters; CAT, SOD, GPx, and MDA,
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in the colonic tissue of DSS + Synbiotic treated rats were
noticeably deteriorated. In addition, the synbiotic admin-
istration markedly elevated serum levels of the pro-
inflammatory cytokines; TNF o, INFy, and IL1-f.

On the histological level, the synbiotic treatment
induced severe damage of the covering epithelium, coag-
ulative necrosis, and catarrhal enteritis.

These results were in contrary to Li Y et al. who
reported that Bacillus licheniformis Zhengchangsheng®
succeeded to attenuate the severity of colitis induced by
DSS in mice where it reduced the weight loss, colonic
mucosal damage and increased the DAI [67]. Moreover,
widely reported evidences indicated that the use of single
probiotic; Bifidobacterium [68], or Lactobacillus strains
[69], or mixtures of probiotics; quadruple probiotic mix-
ture (P-qua), Siliankang, consisting of Bifidobacterium
infantis, Lactobacillus acidophilus, Enterococcus faecalis,
and aerobic Bacillus cereus [70], or VSL#3 which con-
tains eight bacterial species including four strains of lac-
tobacilli, three strains of Bifidobacteria and Streptococcus
salivarius subsp. thermophiles [71-74], have shown
potential capabilities to decrease the pro-inflammatory
cytokines, mucosal ulcerations, leukocytic infiltrations in
the damaged tissue, and in general ameliorated the acute
and chronic DSS colitis in a preventive and a therapeu-
tic regimens. Yeast cell wall MOS was administered in
DSS-induced mouse model of acute colitis and found to
reduce the DAI and histological scores (mucosal damage)
[36]. Inulin and beta glucans have been demonstrated to
reduce the inflammation symptoms in patients with IBD
(75, 76).

On the other hand, because probiotics have influ-
ences on both the innate and acquired immune systems,
including effects on cytokine secretion and dendritic
cell function [77, 78], exaggerated concerns have been
raised about the potential to overly stimulate the immune
response in some individuals, possibly leading to inflam-
mation or autoimmune phenomena [79].

In accordance with our work, feeding chicks with Bacil-
lus subtilis Gallipro DSM 17299 and MOS depressed
the growth rate and elevated serum C-reactive protein
(CRP), acute phase protein, that is enhanced in response
to stimulation by both IL-1 and IL-6, such increase
reflects intestinal inflammatory process [80, 81]. Adding
Bacillus licheniformis to diet amplified mRNA expression
of NF-«B in the jejunum of broilers and in turn activation
of their signaling cascade leading to initiation of cellular
responses of innate immune cells and production of pro-
inflammatory cytokines [82]. Porcine intestinal epithelial
cells (IPEC-J2 cells) treated with Bacillus licheniformis
showed increased production of the proinflammatory
cytokine, IL-8, significantly more than the control group,
while Bacillus subtilis increased IL-6 secretion [83]. This
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Fig. 8 Colon of the DSS + Syn + Sulfa treated group a&b) showing moderate lymphocytic aggregations in the mucosa (arrow). ¢ showing
moderate vascular congestion (arrow) and minute hemorrhage. d showing massive hyperplastic changes of the entire intestinal glands (arrow)
with goblet cells hyperplasia with excessive mucous secretions (arrow head). e showing massive intestinal glands hyperplasia (arrows head) and
desquamation of the covering epithelium (arrow). f showing goblet cells hyperplasia of the intestinal glands (arrowhead), with diffuse mononuclear
cells infiltrations (arrow) and moderate desquamation of covering epithelium (dashed arrow). Stain: H&E. Scale bars: All =300 um except b, f=40um

indicate that normal microbiota might increase pro-
inflammatory cytokines similar to pathogen induced
response as detected in other studies [84].

In the same line, Zhou et al. demonstrated that ani-
mals treated with Lactobacillus crispatus M206119 sus-
pension induced a higher severity of colitis in the form
of elevated DAI involving diarrhea, bloody stools, greater
weight loss, higher histopathological damage and leuko-
cytic infiltration when compared to the control group
[85]. Moreover, Lactobacillus salivarius subsp. salivarius
433,118 (UCC118) did not have a beneficial effect on DSS
colitis or on pathological or physiological parameters
[86]. Other strains like L. acidophilus NCFM, L. plane-
tarium NCIMB8826 and L. rhamnosus GG also did not
attenuate but deteriorate some colitis symptoms [87—-89].

In a double-blind placebo-controlled trial, Mangalat
et al. observed an eminent proinflammatory trigger-
ing following the administration of Lactobacillus reuteri
in healthy adults and increased fecal calprotectin [90].
Moreover, some individuals taking probiotic may tempo-
rarily experience an increase in gas production and swell-
ing, in addition to constipation [91, 92].

There are numerous clinical and experimental stud-
ies that yeast might induce intestinal inflammation.
Anti—Saccharomyces cerevisiae antibodies (ASCAs) was
discovered in the serum of CD patients [93, 94] which
indicates that an aberrant immune reaction to yeast
might be engaged in IBD progression. Experimentally,

treatment with yeast worsened the DAI in DSS colitis and
exacerbated ASCA levels, in addition promoted serum
and colonic tissue pro-inflammatory cytokine secretion
(TNE- «, IL-1p and IL-6) and stimulated the expression
of NF-kB in colonic tissue [95]. In the same line, Chiaro
et al,, reported that animals treated with Saccharomyces
cerevisiae exhibited intestinal epithelial damage, more
crypt loss, and inflammatory cells infiltration [96].

Interestingly, FOS treatment, alone and in synbiotic
combination with L. fermentum BR11, elevated the rigor-
ousness of some indicators of DSS-colitis [32]. B-glucans
increased intestinal inflammation and inflammatory
cytokines level in colonic tissue after DSS-colitis [97].
Similarly, zymosan (a product derived from Saccha-
romyces cerevisiae and contains about 55% [-glucans)
aggravated the progression of DSS-induced colitis and
amplified colonic levels of pro-inflammatory cytokines
[97].

The interactions of different oligosaccharides (MOS,
FOS and inulin) with different carbohydrate receptors
located on either epithelial or immune cells can trigger
the immune reactions in the gastrointestinal tract includ-
ing the inflammation [98, 99]. We can in ease say that the
probiotic strain, prebiotic type, in addition to the dura-
tion and dose may play a central role in modulating the
inflammatory colitis.

Sulfasalazine, the union of 5-aminosalicylic acid (bio-
logically active molecule) and sulfapyridine moiety, is
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an analgesic and non-steroidal anti-inflammatory drug
(NSAID) from the salicylates group, which has been
extensively used for the management of moderate ulcera-
tive colitis [54, 100, 101]. It acts through suppressing the
migration of polymorphonuclear leukocytes to intestinal
wall, as well as inhibits macrophages to produce IL-1f,
proinflammatory leukotrienes (LTB4 and 5-HETE),
and prostaglandins [49, 101-104]. This was supported
with our results where sulfasalazine treated rats showed
fewer changes in the symptoms, WBCs count, pro-
inflammatory cytokines, tissue MPO, NF-kB expression,
oxidative stress markers and histopathological level in
comparison to the control group. This was in agreement
with the results of some researches which reported that
sulfasalazine administration led to anti-inflammatory
effects including reduced body weight loss, proinflamma-
tory cytokines level, MPO level, NF-kB expression, and
microscopic damage induced by DSS intoxication [54,
105, 106].

However, there is a lack of availability to address some
key points in the current study regarding exploring the
colitis associated and the effect of the tested symbiotic
on T-cell clonotypes through analyzing the colonic T
cell receptor repertoire of the diseased, synbiotic treated,
and control animals. The potential implication of immu-
nophenotyping of T cell subsets associated with colitis
needs further investigations in the future.

Conclusion

We can conclude that synbiotic mixture of Bacillus
licheniformis DSM 17236 and an extracted prebiotic
derived from cell walls of the baker yeast Saccharomyces
cerevisiae does not reduce but increased the severity of
experimentally-induced colitis in Spargue dawley rats.
Future studies could investigate the effects of this syn-
biotic on the inflammatory reactions in the gut, which
may affect the extent of colonic injury. The application
of probiotics and/or prebiotics as a potential adjunc-
tive treatment for IBD remains controversial and further
experimental studies are indicated.

Methods

Chemicals and kits

Sulfasalazine® was purchased from Rosemont Pharma-
ceuticals Co., UK, and dextran sulfate sodium (DSS) from
MP Biomedicals Co., UK. Commercial, double sandwich,
enzyme-linked immunosorbent assays (ELISA) kits for
the accurate quantification of Interferon y (IFN-y) with
Cat. No. E0105Hu, Interleukin 1B(IL-1p) with Cat. No.
E0094Hu and Tumor necrosis factor a (TNF-a) with Cat.
No. E0082Hu in serum. These ELISA kits were obtained
from Bioassay Technology Laboratory Co., China. MDA
diagnostic kit was purchased from Biodiagnostics Co.
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(Cairo, Egypt), while the MPO kit was bought from
Jiancheng biotech Co (China). All other chemicals were
purchased from standard commercial suppliers and were
of analytical grade.

Synbiotic preparations
Bacillus licheniformis DSM 17236 (GalliPro® Tect) is
purchased from (Biochem company, Germany). This
probiotic strain has been isolated from soil and is a non-
genetically modified organism (GMO). Bacillus licheni-
formis are Gram positive organisms, Spore formers and
facultative aerobe but at presence of nitrate/nitrite it can
grow anaerobic. The product was mixed at a final con-
centration of 1.6 x 10° CFU/kg of the basal diet [107].
TechnoMos® (Biochem company, Germany) is an
extracted prebiotic derived from cell walls of the baker
yeast Saccharomyces cerevisiae. It distinguishes itself by
high amounts of Mannan-Oligosaccharides (MOS) and
B-Glucans. It is mixed at 0.1% (1g/kg) of the basic diet
[108].

Rats and ethical statement

Fifty adult male Sprague Dawley rats (200-250g) were
used. The age of rats was about 8 months. They were
obtained from the laboratory animal unit, Faculty of Vet-
erinary Medicine, Misurata University. They were clini-
cally healthy, kept under hygienic condition and housed
in plastic cages with hard wood shavings as bedding and
at a controlled temperature (21-24°C) with a relative
humidity of 50-60% and a 12-hr light-dark cycle. They
were fed a balanced diet and had free access to clean
water. All animals were accommodated for laboratory
conditions for 2weeks before being experimented. Ani-
mals were managed according to the Guidelines for the
Care and Use of Laboratory Animals of the Institutional
Animal Care and Use Committee of the Zagazig Univer-
sity, Egypt (ZU-IACUC), and Approval number (ZU-
IACUC/2/F/31/2022) and all methods are reported in
accordance with ARRIVE guidelines.

Experimental protocol

The rats were simply randomized and allocated into
five groups of ten animals in each group and the experi-
menter followed single blind design during the experi-
ment and analysis:

Control group: healthy animals that were fed on basal
diet.

DSS group: animals with DSS induced ulcerative
colitis and fed on basal diet only.

DSS+ Syn group: animals with chemically induced
ulcerative colitis and fed on the synbiotic combina-
tion that was mixed with the basal diet.
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DSS + Sulfa group: animals with chemically induced
ulcerative colitis, treated with intragastric sulfasala-
zine (100 mg/kg of body weight) and fed on the basal
diet.

DSS+ Syn+Sulfa group: animals with chemically
induced ulcerative colitis, treated with intragastric
sulfasalazine (100 mg/kg) and fed with the synbiotic
combination that was mixed with the normal basal
diet.

As described previously [109] ulcerative colitis was
induced by dissolving 3.5% DSS in the animals’ drinking
water; this solution is prepared every day for a period of
successive 7 days. Throughout the experimental period,
individual body weight and fecal output were exam-
ined daily. The severity of DSS-colitis was determined
using the disease activity index (DAI) that depends
on the methodology of Murthy et al. [110] who uses a
scoring system taking into account three parameters:
weight loss, stool consistency, rectal bleeding in feces
where each criteria was given a score between 0 and 4,
thus resulting in the total DAI score. The DAI was used
as an indicator of rat health between Days 7 and 14 of
the experiment. Synbiotic was fed to animals 7days
prior to, along with and 14 days after chemical induc-
tion of ulcerative colitis. Sulfasalazine was intragastri-
cally given to animals 14 days after the induction of the
colitis. After the last treatment, animals were eutha-
nized using halothane. Gastrointestinal samples were
prepared for biochemical, RT-PCR and histopathologi-
cal examinations. Whole blood was collected in tubes
with EDTA, while serum was separated after collecting
the blood without anticoagulant then centrifugation in
5000 G for 10 min.

Cytokines assay

Detection of serum TNFa, INFy, and IL-1- using double
antibodies sandwich ELISAs were adopted for estima-
tion of the three cytokines according the manufacturer’s
guidelines.

WBCs count

A sample volume of a whole blood specimen is aspirated
into the analyzer. M- 52DIFF LYSE applies to BC-5000
Auto Hematology Analyzer manufactured by Mindray
to dissolve the WBCs for their counting according to the
manufacturer’s instructions.

MPO activity

MPO was measured in the homogenate supernatant of
the intestinal tissue as a marker of neutrophile accumula-
tion in colonic mucosa as preciously described [111].
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MDA activity

Lipid Peroxides (MDA) was estimated in intestinal tissue
homogenate according to instructions described in the
kits and the method of [51].

The transcriptional levels of necrotic factor kappa B
(NF-kB) in intestinal tissue

Total RNA was extracted from 20mg of colon tissues
using the RNeasy kit of Qiagen (Cat. No.74104). The high
purity of the extracted RNA samples were confirmed
using a NanoDrop spectrophotometer technologies
(Wilmington, Dela-ware, USA). The gene-specific primer
sets used in the present study were as follows: -kB prim-
ers, F:5'-AAT TGC CCC GGC AT -3, R: 5- TCC CGT
AACCGC GTA -3' (Accession No. XM_342346.4) and
B-actin primers, F:5- TCA CTA TCGGCAATGTGC
GG -3', R: 5°- GCT CAG GAG GAG CAA TGA TG -3’
(Accession No.NM_007393). cDNA was prepared by the
reverse transcription reaction (QIAamp RNA Mini Kit
(Qiagen, Germany, Gmbh). The real-time PCR reaction
was performed in a total volume of 20yl of the follow-
ing reaction mixture: 1pl of each primer (20 pmol), 6pul
template DNA, 10pl SYPR® Green (1X) and 2l water
nuclease-free. The samples were transferred to each well
of a PCR plate. Rotor-Gene Q2 plex (Qiagen Inc., Valen-
cia, CA, USA) was used to carry out the amplification
reaction. The relative quantitation detection method used
for calculating the transcripts of the replicates and p-actin
was used as a house keeping gene for normalization [112].

Histopathology

Specimens of colon were collected and immediately fixed
in 10% neutral buffered formalin for 48hrs and then
processed histologically. These specimens were dehy-
drated in ascending grades of ethanol, cleared in xylene
and embedded in paraffin wax forming paraffin blocks.
4-5um thick sections were obtained and stained with
Harris Hematoxylin and Eosin (H&E) [113]. The micro-
photographs were taken using a digital Dsc-W130 super
steady cypershot camera (Sony, Japan) connected to an
Olympus BX 21 light microscope.

Statistical analysis

All data were tested for normality by the Shapiro-Wilk
test and homogeneity of variance by Levene’s mean test
before being analyzed with a one-way ANOVA followed
by a Tukey’s multiple-comparison test using SPSS/21
software. The figures were generated using GraphPad
Prism 7.0. The data were expressed as mean =+ standard
error of mean (SEM) for ten animals in each group. P val-
ues of less than 0.05 were considered to indicate statisti-
cal significance.
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