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ABSTRACT

Polyamines play an important role in the maintenance of intestinal permeability. Therefore we
aimed to determine the effects of probiotics and omega 3 fatty acids on serum polyamine levels in
colitis. Fifty BALB/c mice were randomly grouped as normal, colitis with no treatment applied,
colitis treated by probiotics (VSL#3), colitis treated by omega-3, and colitis treated by both probi-
otics and omega-3. Experimental colitis was induced by injection of 200 mg/kg 2,4-Dinitroben-
zenesulfonic acid (DNBS). The probiotic and the omega-3 fatty acid supplements were applied
daily by oral gavage. Serum polyamine levels were measured with high performance liquid chro-
matography (HPLC). In each group, the levels of serum polyamines are the highest in spermidine
and the least in spermine. Bowel inflammation in experimentally induced colitis mice resulted in
lower serum polyamine concentrations. In probiotic and omega 3 fatty acid supplemented group
significant decreases were observed for spermine and spermidine (p<0.001), while no significant
changes were obtained for putrescine. Combined supplementation of probiotics and omega-3 fatty
acids for 10 days in colitis mice significantly decreased the serum levels of spermine and spermi-
dine.
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Introduction

Inflammatory bowel disease (IBD) is a systemic disease as-
sociate with an interaction between genetic and environmen-
tal factors and intestinal immunologic factors, with no defi-
nite etiology. It is mainly classified as ulcerative colitis (UC)
and Crohn's disease (CD). Although the etiology of IBD is
not fully understood, current studies indicate that the increase
of activation in T cells plays a significant role (Lee et al.,
2018). The incidence of UC and CD varies greatly regarding
geographical regions and populations and are more common
in developed countries. In recent years, the increase in the in-
cidence of the disease in Turkey and other developing coun-
tries is noteworthy (Ng et al., 2018). The pathogenesis of in-
flammatory bowel diseases is multifactorial (Lee et al.,
2018). There are several theories explaining the possible
mechanisms and mediators involved in the progress of the
disease. With the impairment of gastrointestinal (GI) mucosal
barrier integrity, luminal antigens trigger the mucosal im-
mune system creating tissue damage and thus clinical mani-
festations of IBD emerge (Ahluwalia et al., 2018). However,
it is now widely accepted that IBD is an idiopathic disease
caused by a dysregulated immune response to host intestinal
microflora (Gonzalez-Castro et al., 2017). The impaired im-
mune response during infection causes the bacteria to bypass
the first line of the immune defence in the host, resulting in
increased stimulation of the mucosal immunity system (Shi
etal., 2017).

Polyamines; spermidine, spermine, putrescine are aliphatic
amines found in both prokaryotic and eukaryotic cells. Poly-
amines are also produced by bacteria in the intestine. Follow-
ing the biosynthesis, polyamines are transported into the cell
via polyamine carriers. Polyamines have many functions in-
cluding cell proliferation and immunological response. They
also play an important role in the maintenance of intestinal
function, the formation of inflammation and the recovery
(Hesterberg et al., 2018; Pegg, 2009). The epithelium in the
GI system is regulated by passive diffusion by taking the pol-
yamines from extracellular sources or specific polyamine
transport proteins (Uemura & Gerner, 2011). Polyamines
have been reported to act as negative immunoregulators on
lymphocytes, neutrophil locomotion, natural killer cell activ-
ity, and nitrogen oxide production as well as regulatory ef-
fects on cell growth and differentiation. It was suggested that
the regulatory effect on the inflammatory process arose from
the local release of endogenous polyamines after cell for-
mation or injury (Joyce, 2000). Controversial results have
been reported in the studies of polyamine metabolism in tis-
sue samples of IBD patients. Moreover, it is demonstrated
that deficiency of polyamines are responsible for the impaired

Research Article

intestinal barrier which is an important step in the pathophys-
iology of IBD. Two factors are responsible for the intestinal
barrier disruption. The first, the tight junction increases the
basal permeability and causes the barrier defect. Second, ep-
ithelial apoptosis or necrosis leads to large epithelial defects
leading to local leaks in the intestinal barrier. Bacterial trans-
location is followed by degradation of the epithelial barrier
(Sung, 2015). People with IBD have a deteriorated intestinal
bacterial population (Gong et al., 2016). Changes in the bac-
terial population may cause degradation of polyamine levels.
That is why each bacterium can produce polyamines in dif-
ferent amounts. It was shown that the levels of polyamines,
especially those with anti-inflammatory properties, are de-
creased in people with IBD (Weiss et al., 2004). A study on
dogs with IBD also revealed a significant decrease in poly-
amine levels in polyps (Rossi et al., 2018). The elimination
of this deficiency is one of the possible mechanisms by which
inflammation can be reduced. Polyamines are important for
the differentiation and proliferation of the intestinal mucosa
that is rapidly renewing itself. Putrescine and spermidine are
required for proliferation and spermine is specifically re-
quired for differentiation (Gao et al., 2013). Deterioration of
polyamine synthesis may cause chronic intestinal inflamma-
tion by affecting the epithelial barrier. Currently there is no
curative medical tratment for IBD. Alternative treatment
methods will be beneficial. Probiotics have a direct effect on
the epithelial barrier by increasing mucin, antimicrobial pep-
tides and f-defensin production in goblet cells, decreasing ep-
ithelial permeability to intraluminal pathogens and toxins
(Lee et al., 2018). Among the long chain fatty acids, omega-
3 fatty acids have strong anti-inflammatory properties
(Calder, 2012). There are several researches to indicate sepa-
rately the positive effects of omega-3 fatty acids and probiotic
supplements on IBD treatment (Parker et al., 2018; Scaioli et
al., 2017). Our hypothesis is that the combined probiotic and
omega-3 fatty acids supplementation affects the levels of se-
rum polyamines in experimentally induced colitis mice.
Hence, the detection of the amount of serum polyamines may
be useful to monitor the diagnose and treatment of IBD pa-
tients. Further studies are needed to examine the association
between the levels of serum polyamines and diagnose and
progress of IBD. This study was aimed to determine the ef-
fects of probiotics and omega 3 fatty acids on serum polyam-
ine levels in colitis.

Materials and Methods
Study Design

Fifty BALB/c mice with 20-30 g (6-8 weeks) were used in
this study. Animals were obtained from the animal house of
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MEDITAM, Istanbul Medipol University. The animals were
housed under controlled conditions. The room temperature
was 21+2°C and the air humidity was 50+5%. The rhythm of
light and darkness was established (light phase from 6:00
a.m. to 6:00 p.m.). They had free access to tap water and to
standard laboratory chow pellets. Mice were randomly as-
signed to five groups (n= 10/group) as healthy control (non-
colitis), colitis control, probiotic group (colitis and treated
with probiotics), omega-3 (colitis and treated with omega-3),
probiotictomega-3 (colitis and treated with both probiotics
and omega-3). All the animals were weighed before colitis
induction and before sacrifice.

Induction of Experimental Colitis in Mice

Before the 2,4-Dinitrobenzenesulfonic acid (DNBS) applica-
tion mice were fasted for 24 hours and allowed free access to
water only. They were intraperitoneally aneshtesized with 80
mg/kg body weight of ketamine hydrochloride (Ketalar,
Parke Davis ve Eczacibasi, Istanbul) and 10 mg/kg body
weight of xylazine hydrochloride (Rompun, Bayer
HealthCare). Colitis was induced by intrarectal injection
through this tube of 200 mg/kg of DNBS solution (Sigma,
Aldrich) in 30% ethanol (EtOH) except normal group as in
previous (Martin et al., 2014). Healthy control group received
only phosphate-buffered saline (PBS) (Sigma, Aldrich). The
same procedure was repeated with the half dose of DNBS
(100 mg/kg) at the 21th day. The solutions were applied via
a 10 cm of polyurethane cannula placed in 3-4 ¢cm through
rectum. To prevent the reflow the mice were hold upside
down for 90 seconds. Afterwith they were kept trandelenburg
position untill anesthesia emerged. The protocol of DNBS-
induced colitis is detailed in Figure 1 (Martin et al., 2014).

Animal Feed and Nutritional Supports

Mice were reached the standard chow and water ad libitum
whole experimental period. The supplements were given
through oral gavage daily between the 14th and 24th days.
The equal amount of PBS instead of nutritional supplements
were applied to healty and DNBS control groups in the same
period. The probiotic support (VSL#3, Sigma-Tau Pharma-
ceuticals, Inc.) including Lactobacillus acidophilus, Lb. del-
brueckii subsp. bulgaricus, Lb. casei, Lb. plantarum,
Bifidobacterium breve, B. longum, B. infantis ve Streptococ-
cus salivarius subsp. thermophilus had 10° CFU/mL/day
[18]. The supplement of omega-3 fatty acid involving 504 mg
EPA and 378 mg DHA in a gel capsule (Solgar Inc.) was
given 300 mg/kg/day.

Polyamine Analysis

At the end of the 24th day, the animals were euthanized using
cervical dislocation. Blood specimens were collected through

cardiac puncture. For HPLC analysis, blood samples were
centrifuged at 15,000xg at 4 °C for 10 minutes. After centrif-
ugation, 100 pL of the resulting supernatant was removed. A
hundred pL of cold 1.5 M HCIO4 was added and mixed at
medium speed for 30 seconds at 25°C. Then, 50 pL of cold 2
M K,COs was added, the formed gas was removed. Samples
were centrifuged at 15,000xg for 10 minutes at 4°C. A hun-
dred pL of supernatant was transferred into a new plastic vial
and added 150 puL. H,O. Then 700 uL of H,O, 50 puL of 1.2%
(w/v) benzoic acid and 50 uL of samples were placed in 2 mL
plastic vials for 2 pL injection. HPLC analysis was conducted
by Waters Alliance €2695 HPLC equipped with Waters Sym-
metry C18 (75 mm, 3.5 um, 4.6 mm) analytical column. Wa-
ters 2475 FLR detector was used for fluorescent effect of each
polyamine derivative with excitation A set at 340 nm and
emission A at 450 nm. As previous study, The Empower 3
software (Waters) was used for HPLC chromatography data
analysis (Dai et al., 2014).

Statistical Analysis

Statistical analysis was performed with SPSS 22.0 package
program. All data were tested for normal distribution using
the Shapiro-Wilk test and graphical methods. Statistical anal-
yses were performed using ANOVA followed by Hochberg’s
GT2 or Games-Howell post-hoc test. The results were ex-
pressed as mean + standard error of the mean (SE) and p val-
ues <0.05 were considered significant.

Results and Discussion

The concentrations of natural polyamines, spermine, spermidine
and putrescine in all groups are shown in Table 1. The levels of
serum polyamines are the highest in spermidine and the least in
spermine in both control non-colitis and control colitis groups.
However all polyamines decreased in mice with induced colitis in
comparison with control non-colitis. In control colitis groups, the
only significant differentiation was observed in the level of spermi-
dine (p<0.05). In comparison with the control colitis mice, the pro-
biotic supplementation decreased the level of spermine and in-
creased the levels of spermidine and putrescine; omega-3 fatty acids
supplementation decreased the levels of spermine and putrescine
and increased the level of spermidine; combined probitic and
omega-3 fatty acids supplementation decreased the all measured
polyamines. Statistical analysis revealed a significant main factor
effect of the group supplemented with probiotic and omega-3 fatty
acids (for spermine and spermidine p<0.001; for putrescine
p<0.005). Combined probiotic and omega-3 fatty acids was admin-
istered for 10 days, the spermine values were significantly lower
than the values in all other groups (p<0.001); spermidine values
were significantly lower than the values in control non-colitis and
omega-3 groups (p<0.001). There were significant differences in
serum spermidine values for control colitis, probiotic and the pro-
biotictomega-3 groups in comparison with control non-colitis
group (p<0.01). The serum putrescine differences were significant
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(p<0.01) only between the control non-colitis and omega-3 group.
We hypothesize that the combined probiotics and omega-3 fatty ac-
ids supplementation in colitis induced mice affects the serum levels
of spermine, spemidine and putrescine. Polyamines play key roles
in immune response system via T-cell and B-cell development
(Hesterberg et al., 2018). The conflicting results from the studies on
the relationship between the levels of polyamines and IBD were re-
ported in patients and animals with autoimmune diseases (Park &
Igarashi, 2013; Giacomo Rossi et al., 2015). In isolated colonic ep-
ithelial cells from endoscopic biopsies from patients with IBD re-
vealed increased spermidine and N®-acetylspermidine levels re-
flecting increased uptake and metabolism (Weiss et al., 2004). Nitta
et al. (2001) showed that polyamines involved in B cell antigen re-
ceptor (BCR) mediated apoptosis, therefore the levels of putres-
cine, spermidine and spermine were reduced following BCR cross-
linking. In a recent review by Hesterberg et al. the role of polyam-
ines in immune cell functions was evaluated (Hesterberg et al.,
2018). They reported that BCR-dependent activation induces mye-
loid cells which regulates T-cell function indicating the role of pol-
yamines autoreactive B- and T-cells in autoimmune disease. Sup-
porting the interaction between polyamine levels and immune sys-
tem we observed a decrease for polyamines in mice with DNBS
induced colitis in comparison with control non-colitis mice. The
combined supplement to mice resulted in the minimum spermine,
spermidine and putrescine values in comparison with other groups.
The dramatic decreases spesifically in the levels of spermine be-
tween combined group and others were significant. Studies on hu-
mans and animals resulted many beneficial effects of probiotic

Table 1. The polyamine concentrations of mice (mean + SE)
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strains. Linsalata et al. revealed that probiotics reduced the levels of
polyamines in normal colonic mucosa of rats (Linsalata et al.,
2005). In a similar way, in our study the levels of polyamines in
probiotic group were lower than the control non-colitis group. It is
known that increasing nutrient uptake contributes to mucosal resto-
ration (Vidal-Lletjos et al., 2017). Daily intake of omega-3 fatty ac-
ids are associated with a decrease in inflammation in IBD. A study
suggested that any claims of omega-3 fatty acids efficacy in IBD
should be regarded with caution (Yakoob & Abbas, 2016). We ob-
served a significant decrease in the level of putrescine in omega-3
group in comparison with the control non-colitis. However it is yet
difficult to conclude that the serum polyamine level is associated
with the healthy bowel. Interestingly when probiotic and omega-3
fatty acids were given in combination to mice for 10 days, the levels
of polyamines reduced significantly more than the mice which were
supplemented with either omega-3 fatty acids or probiotics. In a
study, it was shown that the levels of spermine were reduced
whereas spermidine was overexpressed in chronic intestinal inflam-
mation (Bailey, 2017). However, Weiss et al. (2004) reported en-
hanced levels of spermidine and spermine in acute colitis, whereas
in chronic inflammation, colonic epithelial cell spermine concen-
trations were decreased. In our study the levels of spermidine were
higher than the levels of spermine and putrescine for each groups,
except probiotictomega-3 and group which the putrescine level
was the highest. Moreover, the amounts of serum polyamines de-
creased in the order of spermidine, putrescine and spermine in each
groups except probiotictomega-3 group.

Polyamines

Probiotic p
(nmol/mL) Control non-colitis Control colitis Probiotic Omega-3 +
Omega-3
Spermine 9.3£0.7 9.2+0.6 8.8+03 7.8+£0.6 0.3+0.1%bcd 0.000
Spermidine 20.0£1.7 11.6+£09* 11.8+1.5*141+1.4 6.8+0.8% 0.000
Putrescine 10.3+£0.2 93+£02 102+13 8.1+02* 7.7+0.6 0.005

Values expressed as mean + SE; Except in control group, all other mice were induced with DNBS for colitis.
2 p<0.01 vs control non-colitis; ® p<0.01 vs control colitis; ¢ p<0.01 vs probiotic; ¢ p<0.05 vs omega-3 group.
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Therapeutic treatment
via gavage*

v
.@m Day 1 Day 4 Day 14

DNBS/EtOH

v
Day 21 Day23 Day24

. 200 mg/kg
7 Days | I\

I DNBS/EtOH
I 100 mg/kg

| T
Acclimation Colitis Recovery Colitis
Induction period Reactivation

* Gavage includes;

- Control non-colitis group: PBS

- Control colitis group: PBS

- Probiotic group: VSL#3 probiotic mixture containing 10° CFU of probiotics per capsule
- Omega-3 group: soft gel capsule of omega 3 containing 504 mg EPA and 378 mg DHA

v

Histologic
assessment
Inflammatory
cytokine analysis

- Probiotics plus omega-3 group: VSL#3 probiotic mixture plus soft gel capsule of omega 3 containing 504 mg EPA and 378 mg DHA

Figure 1. Experimental protocol.

Figure 1. Experimental protocol

Conclusion

This study revealed that the combined probiotics and omega-
3 fatty acids supplementation in colitis induced mice de-
creased the serum levels of spermine, spemidine and putres-
cine more than in the mice fed with either one of these sup-
plements. However the levels of polyamines in colitis mice
groups did not reached the levels as in the healthy mice. It
seems that the inflammation of bowel decreases polyamine
levels irreversibly. Further research is needed to evaluate the
interactions of probiotic microorganisms combined with
omega-3 fatty acids in terms of understanding of metabolic
pathways.
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