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The octapeptide NAP is well known for its neuroprotective properties. We here investigated whether NAP treatment could
alleviate pro-inflammatory immune responses during experimental subacute ileitis. To address this, mice with a human gut
microbiota were perorally infected with one cyst of Toxoplasma gondii (day 0) and subjected to intraperitoneal synthetic
NAP treatment from day 1 until day 8 postinfection (p.i.). Whereas placebo (PLC) control animals displayed subacute ilei-
tis at day 9 p.i., NAP-treated mice exhibited less pronounced pro-inflammatory immune responses as indicated by lower
numbers of intestinal mucosal T and B lymphocytes and lower interferon (IFN)-γ concentrations in mesenteric lymph
nodes. The NAP-induced anti-inflammatory effects were not restricted to the intestinal tract but could also be observed in
extra-intestinal including systemic compartments, given that pro-inflammatory cytokines were lower in liver, kidney, and
lung following NAP as compared to PLC application, whereas at day 9 p.i., colonic and serum interleukin (IL)-10 concen-
trations were higher in the former as compared to the latter. Remarkably, probiotic commensal bifidobacterial loads were
higher in the ileal lumen of NAP as compared to PLC-treated mice with ileitis. Our findings thus further support that
NAP might be regarded as future treatment option directed against intestinal inflammation.

Keywords: octapeptide NAP, activity-dependent neuroprotective protein (ADNP), host-pathogen interactions,
Toxoplasma gondii, subacute ileitis, host immunity, human gut microbiota, fecal microbiota transplantation, secondary
abiotic (gnotobiotic) mice, intestinal, extra-intestinal and systemic immune responses
Introduction

The octapeptide NAP consists of eight amino acids (namely,
NAPVSIPQ) and was initially identified as a biologically active
fragment of the activity-dependent neuroprotective protein
(ADNP) [1]. Human ADNP is not only expressed within the
central nervous system (CNS), but also in the spleen, in periph-
eral blood leukocytes, and in macrophages [2–4]. The neuropro-
tective effects of NAP have been shown in vitro and in several
in vivo models of neuronal morbidities including Alzheimer's
disease, stroke, closed head injury, fetal alcohol syndrome, and
neonatal hypoxia [1, 5–9], as potential underlying mechanisms
for the beneficial properties exerted by NAP immunomodulatory
and anti-oxidative effects have been proposed [10]. Regardless,
information regarding anti-inflammatory effects of NAP beyond
the CNS is scarce.

In our previous mouse studies applying acute intestinal inflam-
mation models within different anatomic compartments and with
a fatal outcome within 1 week post induction, we were able to
show that NAP application resulted in potent anti-inflammatory
effects in both, acute small intestinal [11] and acute large intesti-
nal inflammation [12]. Remarkably, the anti-inflammatory effects
of NAP treatment were not restricted to the intestinal tract, given
that extra-intestinal and even systemic collateral damages of in-
flammation could be alleviated [11, 12]. This prompted us to elu-
cidate potential immune-modulatory actions of NAP in another
gut inflammation model but of less acute severity. We therefore
applied the very recently established non-lethal subacute ileitis
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mouse model [13]. Within 9 days following peroral low-dose
Toxoplasma gondii infection, susceptible mice harboring a human
commensal gut microbiota develop subacute T cell driven ile-
itis that is characterized by increased gut epithelial apoptosis
and pro-inflammatory cytokine secretion in intestinal and ex-
tra-intestinal compartments, whereas anti-inflammatory inter-
leukin (IL)-10 cytokine expression and accelerated regenerative
epithelial cell responses constitute counter-regulatory measures in
order to limit immunopathological sequelae [13]. In the present
study, we show that intraperitoneal application of synthetic NAP
alleviated intestinal as well as extra-intestinal pro-inflammatory
immune responses upon low-dose T. gondii infection, whereas in-
testinal and systemic anti-inflammatory IL-10 secretion was rein-
forced to counteract ileitis.
Materials and Methods

Generation of Human Microbiota-associated Mice.
Female C57BL/6j wildtype mice were bred and housed in the
facilities of the “Forschungseinrichtungen für Experimentelle
Medizin” (FEM, Charité — Universitätsmedizin, Berlin,
Germany) under specific pathogen-free (SPF) conditions.

With respect to their microbiota composition, “humanized”
mice were generated as previously described [14–16]. In brief,
the gut microbiota of female 8-week-old mice was virtually de-
pleted following a 6-week course of quintuple broad-spectrum
antibiotic treatment (ad libitum via autoclaved drinking water)
[17]. Three days after cessation of the antibiotic cocktail (to as-
sure antimicrobial washout), thus generated secondary abiotic
mice were associated with human gut microbiota by peroral fecal
European Journal of Microbiology and Immunology 8(2018)2, pp. 34–40
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microbiota transplantation (FMT) as described earlier [14–16].
To assure human commensal bacterial establishment within the
murine intestinal ecosystem, mice were kept for 2 weeks until
ileitis induction.

Induction of Subacute Ileitis and Treatment of Mice.
On day 0, subacute ileitis was induced by peroral low-dose
T. gondii ME49 strain infection of mice via gavage of only
one cyst in 0.3 mL brain suspension as reported earlier [13].
From day 1 until day 8 postinfection (p.i.), mice were either
treated intraperitoneally with synthetic NAP (1.0 mg per kg
body weight per day) or placebo (PLC; sterile phosphate-
buffered saline [PBS], Gibco, Life Technologies, UK) once
daily. A potential antimicrobial effect of the applied NAP
solution was excluded as reported earlier [11].

Sampling Procedures. Mice were sacrificed by isofluran
treatment (Abbott, Greifswald, Germany) at day (d) 9 p.i.
Cardiac blood, ileal luminal samples, and ex vivo biopsies
derived from liver, kidney, lung, mesenteric lymph nodes
(MLNs), ileum, and colon were taken under sterile conditions
and collected from each mouse in parallel for microbiological,
immunological, and immunohistochemical analyses.

Immunohistochemistry. Ex vivo biopsies derived from the
terminal ileum and colon were immediately fixed in 5% formalin
and embedded in paraffin. In situ immunohistochemical analyses
of 5 μm thin paraffin sections from small and large intestinal
ex vivo biopsies were performed as stated elsewhere [12, 18–20].
Primary antibodies against CD3 (no. IR50361-2, Dako, Santa
Clara, CA, USA; 1:5) and B220 (no. 14-0452-81, eBioscience;
1:200) were used. For each animal, the average numbers of
positively stained cells within at least six high power fields (HPF,
0.287 mm2, 400× magnification) were determined
microscopically by an independent investigator.

Cytokine Measurements. Ex vivo biopsies derived from
MLN, liver (approximately 1 cm2), kidney (one half after
longitudinal cut), and lung were placed in 24-well flat-bottom
culture plates (Nunc, Wiesbaden, Germany) containing 500 μL
Figure 1. Intestinal immune cell responses upon NAP treatment of human m
was induced in human microbiota-associated (hma) mice on day 0 by peroral
tion. Hma mice were then treated with synthetic NAP (crossed circles) or pla
day 9 p.i., the average numbers of (A) ileal and (B) colonic T lymphocytes (p
were determined microscopically in immunohistochemically stained intestinal
per animal. Naive mice (i.e., without ileitis and without treatment; white circles)
and significance levels (p values) determined by Mann–Whitney U test are indic
serum-free RPMI 1640 medium (Gibco, Life Technologies)
supplemented with penicillin (100 U/mL) and streptomycin
(100 μg/mL; PAA Laboratories). After 18 h at 37 °C, culture
supernatants and serum samples were tested for interferon
(IFN)-γ, monocyte chemoattractant protein (MCP)-1, IL-6,
IL-12p70, and IL-10 by the mouse inflammation cytometric
bead assay (CBA; BD Biosciences, Heidelberg, Germany) on
a BD FACSCanto II flow cytometer (BD Biosciences) as
stated elsewhere [11, 14, 21].

Cultural Survey of Bacterial Translocation to Extra-
intestinal Compartments. For comprehensive quantitative and
qualitative survey of viable bacteria translocating from the
intestinal tract to extra-intestinal compartments including MLN,
liver, kidney, and lung, respective intestinal samples and ex vivo
biopsies were homogenized in sterile PBS and analyzed in serial
dilutions on respective solid media as previously described [17,
18, 22]. In addition, cardiac blood was directly streaked onto
solid media. Bacteria were grown at 37 °C for at least 2 days
under aerobic, microaerobic, and anaerobic conditions.

Molecular Analysis of Gut Microbiota. Fresh ileal luminal
samples were immediately snap-frozen in liquid nitrogen and
stored at −80 °C until further processing. DNA was extracted
from intestinal luminal samples as reported earlier [17, 23]. In
brief, DNA was quantified by using Quant-iT PicoGreen
reagent (Invitrogen, UK) and adjusted to 1 ng/μL. Then, the
main bacterial groups abundant in the murine intestinal
microbiota including enterobacteria, enterococci, lactobacilli,
bifidobacteria, Bacteroides/Prevotella spp., Clostridium coccoides
group, Clostridium leptum group, and total eubacterial loads
were determined by quantitative real-time polymerase chain
reaction (qRT-PCR) with species-, genera-, or group-specific 16S
rRNA gene primers (Tib MolBiol, Germany) as reported
previously [19, 24–27], and numbers of 16S rRNA gene copies
per nanogram DNA of each sample were assessed.

Statistical Analysis. Medians, means, standard deviations,
and significance levels using Mann–Whitney U test were
icrobiota-associated mice suffering from subacute ileitis. Subacute ileitis
low-dose T. gondii infection as described in Materials and Methods sec-
cebo (PLC; black circles) from day 1 until day 8 postinfection (p.i.). At
ositive for CD3) and of (C) colonic B lymphocytes (positive for B220)
paraffin sections from six high power fields (HPF, 400× magnification)
served as negative controls. Numbers of animals (in parentheses), means,
ated. Data shown were pooled from four independent experiments
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Figure 2. Intestinal pro-inflammatory cytokine response upon NAP
treatment of human microbiota-associated mice suffering from subacute
ileitis. Subacute ileitis was induced in human microbiota-associated
(hma) mice on day 0 by peroral low-dose T. gondii infection as de-
scribed in Materials and Methods section. Hma mice were then treated
with synthetic NAP (crossed circles) or placebo (PLC; black circles)
from day 1 until day 8 postinfection (p.i.). At day 9 p.i., secretion of the
pro-inflammatory cytokine IFN-γ was determined in ex vivo mesenteric
lymph node (MLN) biopsies. Naive mice (i.e., without ileitis and with-
out treatment; white circles) served as negative controls. Numbers of an-
imals (in parentheses), means, and significance levels (p values)
determined by Mann–Whitney U test are indicated. Data shown were
pooled from four independent experiments

Figure 3. Hepatic pro-inflammatory cytokine responses upon NAP treatmen
Subacute ileitis was induced in human microbiota-associated (hma) mice on
and Methods section. Hma mice were then treated with synthetic NAP (cross
infection (p.i.). At day 9 p.i., secretion of the pro-inflammatory cytokines (A
mice (i.e., without ileitis and without treatment; white circles) served as nega
icance levels (p values) determined by Mann–Whitney U test are indicated. D
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determined using GraphPad Prism Software v6 (La Jolla, CA,
USA). Two-sided probability (p) values ≤ 0.05 were considered
significant. Experiments were repeated three times.

Ethics Statement. All animal experiments were conducted
according to the European Guidelines for animal welfare
(2010/63/EU) with approval from the commission for animal
experiments headed by the “Landesamt für Gesundheit und
Soziales“ (LaGeSo, Berlin, Germany, registration number
G0145/10). Animal welfare was monitored twice daily by
assessment of clinical conditions and weight loss of mice.

Results

NAP Treatment of Human Microbiota-associated Mice
Suffering from Subacute Ileitis Results in less Pronounced Pro-
inflammatory Immune Responses in the Intestinal Tract.
In order to induce subacute ileitis, mice harboring a human
commensal gut microbiota were perorally infected with a low
dose of T. gondii on day 0 and subjected to intraperitoneal
treatment with synthetic NAP or placebo from day 1 until day
8 p.i. At day 9 p.i., mice suffering from ileitis displayed
increased numbers of T lymphocytes in their ileal as well as
colonic mucosa and lamina propria (p < 0.005–0.001; Figure 1A,
B). These increases were, however, far less pronounced upon
NAP treatment (p < 0.05 vs. placebo), which also held true for
colonic B lymphocyte counts at day 9 p.i. (p < 0.05 vs. placebo;
Figure 1C). The reduced intestinal immune cell responses
following daily NAP challenge were accompanied by lower
IFN-γ concentrations in MLN of NAP as compared to placebo-
treated mice at day of necropsy (p < 0.01; Figure 2).

NAP Treatment of Human Microbiota-associated Mice
Suffering from Subacute Ileitis Results in Less Pronounced
Pro-inflammatory Immune Responses in Extra-intestinal
Compartments. We next addressed whether NAP could effec-
tively exert anti-inflammatory properties beyond the intestinal
tract. In fact, placebo-treated, but not NAP-treated, mice
displayed increased secretion of pro-inflammatory cytokines
t of human microbiota-associated mice suffering from subacute ileitis.
day 0 by peroral low-dose T. gondii infection as described in Materials
ed circles) or placebo (PLC; black circles) from day 1 until day 8 post-
) MCP-1 and (B) IL-6 was determined in ex vivo liver biopsies. Naive
tive controls. Numbers of animals (in parentheses), means, and signif-
ata shown were pooled from four independent experiments
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Figure 5. Pulmonary pro-inflammatory cytokine response upon NAP
treatment of human microbiota-associated mice suffering from subacute
ileitis. Subacute ileitis was induced in human microbiota-associated
(hma) mice on day 0 by peroral low-dose T. gondii infection as described
in Materials and Methods section. Hma mice were then treated with syn-
thetic NAP (crossed circles) or placebo (PLC; black circles) from day 1 until

U. Escher et al.
such as MCP-1 and IL-6 in liver ex vivo biopsies at day 9 p.i.
(p < 0.05; Figure 3), which was also true for IL-12p70
concentrations in kidneys (p < 0.001; Figure 4). Furthermore,
mice suffering from subacute ileitis displayed multi-fold increased
INF-γ protein levels in their lungs (p < 0.001; Figure 5), which
were more than 50% lower upon NAP as compared to placebo
treatment (p < 0.001; Figure 5). Of note, we were not able to
detect any viable bacteria that had translocated from the intestinal
tract to extra-intestinal including systemic compartments.

NAP Treatment of Human Microbiota-associated Mice
Suffering from Subacute Ileitis Results in More Distinct
Intestinal as well as Systemic Anti-inflammatory Cytokine
Secretion. To further underline the anti-inflammatory properties
of NAP, we additionally assessed intestinal as well as systemic
IL-10 secretion. As compared to naive control animals, NAP-
treated, but not placebo-treated, human microbiota-associated (hma)
mice with subacute ileitis displayed higher IL-10 concentrations in
colonic ex vivo biopsies (p < 0.005; Figure 6A) as well as in
serum samples (p < 0.05; Figure 6B) taken at day 9 p.i.

Hence, NAP exerts anti-inflammatory properties during sub-
acute ileitis of (with respect to their gut microbiota) “humanized”
mice that are not restricted to the intestinal tract but can also be
observed in extra-intestinal including systemic compartments.

Bifidobacterial Loads are Higher Following NAP Treatment
of Human Microbiota-associated Mice Suffering from Subacute
Ileitis. We finally surveyed changes in the small intestinal microbiota
composition during subacute ileitis development in NAP-treated
hma mice applying quantitative culture-independent 16S rRNA
based analyses. At day 9 p.i., mice of either cohort displayed
higher loads of commensal enterobacteria (including Escherichia
Figure 4. Renal pro-inflammatory cytokine response upon NAP treat-
ment of human microbiota-associated mice suffering from subacute ileitis.
Subacute ileitis was induced in human microbiota-associated (hma)
mice on day 0 by peroral low-dose T. gondii infection as described in
Materials and Methods section. Hma mice were then treated with syn-
thetic NAP (crossed circles) or placebo (PLC; black circles) from day 1
until day 8 postinfection (p.i.). At day 9 p.i., secretion of the pro-
inflammatory cytokine IL-12p70 was determined in ex vivo kidney
biopsies. Naive mice (i.e., without ileitis and without treatment; white
circles) served as negative controls. Numbers of animals (in parentheses),
means, and significance levels (p values) determined by Mann–Whitney
U test are indicated. Data shown were pooled from four independent
experiments

day 8 postinfection (p.i.). At day 9 p.i., secretion of the pro-inflammatory
cytokine IFN-γ was determined in ex vivo lung biopsies. Naive mice (i.e.,
without ileitis and without treatment; white circles) served as negative
controls. Numbers of animals (in parentheses), means, and significance
levels (p values) determined by Mann–Whitney U test are indicated. Data
shown were pooled from four independent experiments
coli; p < 0.05–0.01; Figure 7B) and of enterococci in their ileal
lumen (p < 0.005–0.001; Figure 7C), whereas small intestinal
numbers of (potentially probiotic) bifidobacteria (p < 0.05–0.001;
Figure 7E) and of Clostridium coccoides group members (p <
0.05–0.001; Figure 7G) were lower as compared to naive
controls. Notably, decreases in ileal bifidobacterial counts were
less pronounced upon NAP as compared to placebo treatment
(p < 0.05; Figure 7E). Furthermore, Clostridium leptum loads were
slightly decreased in the small intestines of placebo, but not NAP-
treated hma mice at day 9 p.i. (p < 0.005 vs. naive; Figure 7H).

Thus, anti-inflammatory effects exerted by NAP were ac-
companied by less distinct inflammation-induced decreases in
ileal bifidobacteria during subacute ileitis in hma mice.

Discussion

Many in vitro and in vivo studies have shown that the octa-
peptide NAP exerts its neuroprotective effects via immunomod-
ulatory and anti-oxidative mechanisms [10]. Very recently, our
group showed for the first time that the beneficial actions of
NAP were not restricted to the nervous system but could also
be observed during inflammatory conditions of the intestinal
tract [11, 12]. Given that either applied murine inflammation
model (i.e., acute ileitis following peroral high-dose T. gondii
infection and acute dextran sulfate sodium [DSS] induced colitis)
was lethal within 1 week, the here presented results provide addi-
tional insights into the anti-inflammatory properties of NAP in
a far less acute gut inflammation model. The applied subacute
ileitis model following peroral low-dose T. gondii infection of
(with respect to their gut microbiota) “humanized” mice
37
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Figure 6. Intestinal and systemic anti-inflammatory cytokine responses upon NAP treatment of human microbiota-associated mice suffering from
subacute ileitis. Subacute ileitis was induced in human microbiota-associated (hma) mice on day 0 by peroral low-dose T. gondii infection as de-
scribed in Materials and Methods section. Hma mice were then treated with synthetic NAP (crossed circles) or placebo (PLC; black circles) from
day 1 until day 8 postinfection (p.i.). At day 9 p.i., secretion of the anti-inflammatory cytokine IL-10 was determined in (A) ex vivo colon biopsies
and (B) serum samples. Naive mice (i.e., without ileitis and without treatment; white circles) served as negative controls. Numbers of animals (in
parentheses), means, and significance levels (p values) determined by Mann–Whitney U test are indicated. Data shown were pooled from four in-
dependent experiments

NAP in Humanized Mice with Subacute Ileitis
model has been very recently introduced to the scientific
community [13] (within this issue) and provides valuable op-
portunities to elucidate the molecular mechanisms underlying
the interplay between pathogen(s), the human commensal gut
microbiota, and host immune responses during intestinal
inflammation.

In the present study, we show that NAP exerts anti-inflammatory
properties during subacute ileitis of “humanized” mice as indicated
by (1) lower intestinal numbers of T and B lymphocytes; (2) less
secretion of pro-inflammatory IFN-γ by mesenteric lymph nodes;
(3) lower pro-inflammatory cytokine levels in extra-intestinal
compartments including liver, kidney, and lung; (4) augmented
colonic as well as systemic secretion of the anti-inflammatory
cytokine IL-10; and (5) higher (probiotic) bifidobacterial loads in
the ileal lumen following NAP as compared to placebo treatment.

The better outcome in NAP-treated mice was due to an allevi-
ated Th1-type immune response as indicated by less pronounced
small and large intestinal accumulation of T lymphocytes, the
major driving forces of T. gondii-induced ileitis [28] and lower
intestinal IFN-γ concentrations, which is in line with results
obtained from our previous acute inflammation models with
lethal outcome [11, 12]. In support, NAP was shown to sup-
press proliferation and activation of T cells in vitro leading to
a dampened secretion of pro-inflammatory mediators includ-
ing IFN-γ [10]. Remarkably, the anti-inflammatory properties
of NAP were not restricted to the intestinal tract but were also
effective in extra-intestinal including systemic compartments.
Lower concentrations of pro-inflammatory cytokines in liver
and kidney of NAP as compared to placebo-treated mice suffer-
ing from intestinal inflammation are supported by our previous
studies [11, 12]. The anti-inflammatory effects of NAP were not
only due to less distinct expression of pro-inflammatory media-
tors but also to increased intestinal as well as systemic
38
secretion of the anti-inflammatory cytokine IL-10. Particularly,
the pronounced systemic anti-inflammatory response observed
in serum samples taken from NAP-treated mice in our present
report is remarkable. ADNP is hypothesized to be a secreted
protein [2, 29], and NAP, to exert its immunoregulatory prop-
erties in the circulation in a cytokine-like (apocrine or para-
crine) manner, but without a defined surface receptor [3].

One might assume that the better outcome of mice following
NAP treatment might be due to less induced small intestinal in-
flammation following T. gondii infection. Notably, we assured
that NAP application did not interfere with T. gondii infection
and hence the induction of small intestinal inflammation. First, to
avoid direct NAP-parasite-interaction, synthetic NAP treatment
was initiated 24 h after peroral T. gondii challenge; and second,
comparable parasitic DNA loads were measured in the ilea of
NAP and placebo-treated mice in our previous [11] and actual
study (not shown).

Furthermore, we ruled out that NAP exerts any anti-bacterial
effects in vitro, given that the distinct gut microbiota composition
plays a critical role in initiation, perpetuation, and limitation of
immunopathological conditions [11, 26, 27, 30–34]. Interestingly,
subacute ileitis development was accompanied by profound shifts
in gut microbiota composition that were characterized by higher
loads of potentially pro-inflammatory enterobacteria such as
E. coli and enterococci within the inflamed ileal lumen, whereas
anaerobic bacterial groups such as C. coccoides and bifidobac-
teria were far less abundant as compared to naive mice. These re-
sults are supported by the small intestinal commensal bacterial
changes observed in hyper-acute ileitis following high-dose
T. gondii infection of both conventionally colonized and human
microbiota-associated mice [17, 23, 33–37].

Remarkably, bifidibacterial loads were higher in the small
intestines of NAP as compared to placebo-treated mice with
Unauthenticated | Downloaded 05/19/23 02:05 PM UTC



Figure 7. Ileal microbiota composition in NAP-treated mice with a human gut microbiota suffering from subacute ileitis. Subacute ileitis was induced in
human microbiota-associated (hma) mice on day 0 by peroral low-dose T. gondii infection as described in Materials and Methods section. Hma mice were
then treated with synthetic NAP (crossed circles) or placebo (PLC; black circles) from day 1 until day 8 postinfection (p.i.). The main gut bacterial groups
within the ileum lumen of hma mice were quantitatively assessed applying culture-independent (i.e., molecular 16S rRNA based) methods at day 9 p.i.
Naive mice (without ileitis and without treatment; white circles) served as negative controls. 16S rRNA of the total eubacterial loads as well as of the main
intestinal bacterial groups including enterobacteria, enterococci, lactobacilli, bifidobacteria, Bacteroides/Prevotella species, Clostridium coccoides group
and Clostridium leptum group are expressed as gene numbers per nanogram DNA. Medians (black bars) and significance levels (p values) determined by
Mann–Whitney U test are indicated. Data shown are pooled from three independent experiments

U. Escher et al.
subacute ileitis. This observation is well in line with results
obtained from our recent study where NAP-treated mice were
not only less suffering from acute colitis but also displayed
higher fecal bifidobacterial loads [12]. Bifidobacteria belong
to the phylum Actinobacteria and constitute anaerobic Gram-
positive commensal bacteria fulfilling a multitude of metabolic
functions such as production of fatty acids and vitamins, deg-
radation of oxalate, and hydrolysis of bile salts, for instance
[38]. Furthermore, bifidobacteria are known to exhibit probi-
otic (i.e., health-promoting) and particularly anti-inflammatory
properties [38]. Until now, we cannot decipher, however,
whether the higher bifidobacetrial numbers in NAP-treated
mice were due to a direct NAP effect or a bystander-effect during
a less severe intestinal inflammatory process following NAP
treatment, or both (“hen-and-egg-paradigm”). Nevertheless, very
recently, a distinct Bifidobacterium dentium strain was shown to
modulate visceral sensitivity in the intestines by production of
the primary inhibitory neurotransmitter within the mammalian
CNS, namely, γ-aminobutyric acid (GABA), thereby providing a
direct link between bifidobacteria and neuromodulatory activities
[39]. This study (in line with our previous [12] and present re-
port) further emphasizes the (patho-)physiological importance of
the gut–brain axis.

It is tempting to speculate whether the observed anti-inflammatory
effects of NAP might have been even more pronounced upon in-
creases in dosage and/or application frequencies of the synthetic
compound or upon a prophylactic application regimen starting
before induction of disease.
In summary, the octapeptide NAP exerts intestinal as well
as extra-intestinal including systemic anti-inflammatory effects
in “humanized” mice suffering from subacute ileitis. Benefi-
cial effects of NAP treatment/prophylaxis further need to be
addressed in chronic gut inflammation models.

We conclude that our findings further support that NAP
might be regarded as future treatment option directed against
intestinal inflammation.
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