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Abstract: Several international guidelines recommend a peri-operative immunonutrition (IN) sup-
port for patients care in elective colorectal surgery, to reduce postoperative complications, particularly
infections. In Crohn’s patients, is also used to mitigate the severity of the disease. We performed a
pilot study on 16 Crohn’s patients undergoing intestinal surgery for active disease, not responsive to
pharmacological treatment; half of them received an oral nutritional supplement enriched with im-
munonutrients (IN patients) for 7 days prior to surgery, in addition to normal food intake. Markers of
oxidative stress (Advanced Glycated End-products (AGEs) and Advanced Oxidation Protein Products
(AOPPs) were measured both in plasma and tissue samples wherein the Receptor for Advanced Glyca-
tion End products (RAGE) and Tight Junction Protein 1 (TJP1) gene expression were also determined.
Plasma AGEs were significantly and positively correlated with tissue levels of AGEs (p = 0.0354) and
AOPPs (p = 0.0043) while they were negatively correlated with TJP1 expression (p = 0.0159). The
expression of RAGE was also negatively correlated with that of TJP1 gene (p = 0.0146). IN patients
exhibited significantly lower AGEs plasma levels (p = 0.0321) and a higher mucosal TJP1 expression
(p = 0.0182). No patient had postoperative complications and the length of hospital stay was similar
in the two groups, but IN patients, showed a significantly shorter time to resume fluid and solid diet.
These preliminary data suggest that IN might support patient’s recovery by improving intestinal
mucosa barrier function through the regulation of AGEs/RAGE signaling.

Keywords: Crohn’s disease; AGEs; AOPP; RAGE; oxidative stress; immunonutrition; barrier function

1. Introduction

Crohn’s Disease (CD) patients are often affected by various grades of malnutrition
because of impaired absorption and loss of nutrients, secondary to severe diarrhea and
intestinal fistulae [1].

Enteral nutrition (EN) has been studied in CD for decades, in particular in the pediatric
population, proving to be as effective in inducing remission as steroids [2]. Beneficial
effects ascribed to EN include the reduction in disease activity scores, mucosal healing,
and downregulation of mucosal pro-inflammatory cytokines with mechanisms including
relative bowel rest, reduced antigenic load, provision of trophic amino acids, local anti-
inflammatory effects, and modification of bowel microflora [3,4].

Recently, immunonutrition (IN) formulas have been added to the standard nutritional
interventions, supplemented with biologically active nutrients such as arginine, omega-3
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fatty acids, glutamine, and RNA, among others [5]. The rationale of adding immunonu-
trients to standard nutritional support is to boost the systemic and gut immune response
improving the control of inflammation and tissue regeneration.

Nutritional status is a key factor influencing clinical outcomes and nutritional supports
are also often used in patients undergoing major intestinal surgery. In the last years, IN
has gained increasing interest, it is now recommended in several international guidelines
and has been included in the Enhanced Recovery After Surgery (ERAS) protocol for
colorectal surgery [6].

In surgical IBD patients, inadequate body composition and malnutrition are associated
to a higher risk of postoperative complications and to a longer hospital stay [7]. Thus,
IN has the potential to improve surgical outcomes also in IBD patients, by reducing the
incidence of postoperative complications and shortening the hospital stay. Although IN
has been used in clinics for over 20 years, results are not always consistent and there is
debate as to whether it should also be used in well-nourished patients [8]. However, since
surgical injury may alter the mucosal structure, potentially resulting in a loss of the gut
barrier function, IN may be beneficial regardless of nutritional status [9].

In CD patients, the hyperactivation of the immune system and chronic inflamma-
tion promote the production of reactive oxygen species (ROS) thereby increasing oxida-
tive damage, however, several evidence suggests that oxidative stress itself may be a
disease-triggering factor and a key effector of mechanisms leading to tissue injury [10].
ROS are involved in several intracellular signaling regulating cell growth, differentiation,
death, and inflammation. Indeed, redox signaling are involved in the upregulation of pro-
inflammatory cytokines and in the increased infiltration of inflammatory cells in particular
via stimulating the redox-sensitive transcription factor nuclear factor kappa B (NF-kB) [11].

Increased levels of circulating Advanced Oxidation Protein Products (AOPPs) and of
Advanced Glycated End-products (AGEs) have been reported in the serum/plasma of CD
patients [12,13]. AOPP and AGEs are both ligands of the Receptor for Advanced Glycation
End-products (RAGE), a transmembrane, multi-ligand receptor, expressed by a wide range
of cells and upregulated in chronic diseases, including CD, mainly in inflamed areas [14].

In experimental models, it has been reported that AOPPs reduced intestinal mucosa
integrity [15], and AGEs reduced the expressions of the tight junction proteins Zonula
occludens-1 (ZO-1), also known as Tight junction protein-1 (TJP1), and Occludin, by acti-
vating RAGE/NF-kB pathway suggesting that RAGE signaling down-regulates proteins
involved in barrier function [16].

We herein reported the results of a pilot study on a small cohort of CD patients with
complicated disease requiring surgery. Our aim was to evaluate the effects of a preoperative
IN on circulating and mucosal levels of AOPP and AGEs and its possible impact on post-
surgical outcomes. While at circulating level we did not observe differences between groups,
locally, IN significantly reduced the amount of AGEs and increased the expression of TJP1.
Moreover, patients who underwent a perioperative IN protocol resumed liquid and solid
diet earlier compared to controls suggesting positive effects also on post-surgical recovery.

2. Materials and Methods
2.1. Patient’s Enrollment and Sample Collections

This study was approved by the Research Ethics Committee of the Hospital of Careggi,
Florence, Italy (12382_BIO, 11/6/2018). After obtaining written informed consent, 16 CD
patients were recruited between September 2019 and January 2020, at the Digestive Surgery
Unit of Careggi Hospital. The patients enrolled in the study underwent surgery for active
disease, not responsive to pharmacological treatment and/or with a complicated disease.
Patients were matched for age, gender, disease location and smoking habit.

Mucosa and blood samples were collected at surgery; blood samples were collected
in EDTA coated tubes, centrifuged at 2000 rpm for 10 min to isolate plasma, and stored at
−20 ◦C, like tissue samples, until analysis.
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Demographic and clinical data (age, gender, body mass index, smoking habit, familial
IBD, disease duration, disease location, the interval between diagnosis and surgery, number
of surgeries, presences of abdominal fistulae, disease behavior, type of surgery, therapies
before surgery, short-term post-operative complications and length of hospital stay) were
retrieved from medical records. Disease activity was defined according to the CD activity
index (CDAI).

A dedicated dietitian of our Inflammatory Bowel Disease (IBD) Unit evaluated the
nutritional status of each patient during the pre-hospitalization assessment; the physicians
involved in the study were blinded regarding any nutritional intervention. All patients
were screened for malnutrition with the Nutritional Risk Screening (NRS-2002) tool [17].
Patients with a score ≥3 were considered nutritionally at-risk.

Half the patients enrolled were asked to consume 2 cartons (400 mL) of Impact® Oral
(Nestlè) per day, for 7 days prior to surgery, in addition to normal food intake, regardless
of their nutritional status (IN group); in the control group, malnourished patients received
standard nutritional support, without IN. No patients were so malnourished as to require
enteral nutrition.

2.2. Markers of Oxidative Stress

AOPPs were measured in plasma and tissue samples. For plasma determination, 20 µL
of plasma and 980 µL of PBS were mixed to 50 µL of KI 1.16 M and 100 µL of acetic acid.

The absorbance of the reaction mixture was read at 340 nm and the AOPPs were
quantified in µmol/mg of proteins using Chloramine-T (Sigma-Aldrich, Milan, Italy) as
standard for the calibration curve.

AGEs were determined on 100 µL of 1:5 PBS-diluted plasma, reading the fluorescence
intensity at 460 nm, after excitation at 355 nm. Results were expressed as arbitrary units (AU).

Tissues were first homogenized using an Ultraturrax homogenizer on PBS and sub-
sequently centrifuged at 13,000 rpm at 4 ◦C. The supernatant (400 µL) was divided into
aliquots used for AOPPs and AGEs determination as described above. Proteins content
in plasma and tissue samples was determined by using the Bio-Rad DC protein assay kit
(Bio-Rad, Milan, Italy) and albumin as standard for the calibration curve.

2.3. RT-PCR

The Nucleo Spin® RNA kit (Macherey-Nagel, Bethlehem, PA, USA) was used to extract
total RNA from tissue homogenates.

For first-strand cDNA synthesis, about 100 ng of total RNA from each sample were
reverse-transcribed by using the RevertAid RT Kit (ThermoScientific, Waltham, MA, USA)
according to the manufacturers’ protocol.

Primers were designed based on the GenBank sequences for Homo sapiens Tight Junc-
tion Protein 1, TJP1 (NM_003257.4): forward primer 5′-GGGAGCACATGGTGAAGGTAA-
3′, reverse primer 5′-ATCACAGTGTGGTAAGCGCA-3′ and of Homo sapiens Advanced
Glycosylation End-Product Specific Receptor, RAGE (NM_001136.5): forward primer 5′-
GGAAAGGAGACCAAGTCCAA-3′, reverse primer 5′-CATCCAAGTGCCAGCTAAGA-3′.
GAPDH was co-amplified as reference gene: forward primer 5′-CCCTCAAGGGCATCCTG
GGCT-3′, reverse primer 5′-GCAGGGACTCCCCAGCAGTGA-3′. PCRs were carried out
using 1 µL of cDNA in a 25µL total volume containing 1 × PCR buffer, 0.5 mM dNTPs,
8 ng/µL of primer, 0.1 ng/µL of GAPDH primers and 1.25 units of Taq polymerase (Dream
Taq, Carlo Erba, Milan, Italy). The PCR conditions were: 95 ◦C for 5 min and 30 cycles at
95 ◦C for 30 s, 60 ◦C for 30 s and 72 ◦C for 55 s. PCR products were separated on an agarose
gel (1.8%) and visualized by Safeview staining (Euroclone, Milan, Italy). Gel images were
captured by an UVIdocHD2 acquired system (Eppendorf, Milan, Italy) and the intensity of
the bands were analyzed with the Quantity-One software (Bio-Rad, Segrate, Milan, Italy).
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2.4. Statistical Analyses

Statistical analyses were performed using Graph-Pad Prism 8.01 and Statgraphics
Centurion XVI software. Normality was verified with the Kolmogorov-Smirnov test and
normally distributed data were expressed as means ± standard error (SE) and analyzed by
Student’s t-test. Non-normally distributed variables, expressed as median and interquartile
range, were analyzed by unpaired t test. Differences between proportions were assessed
using the chi-square or Fisher exact test. Correlations among continuous variables were
analyzed by linear and multiple regression. A stepwise multiple linear regression analysis
was performed with oxidative stress markers as dependent variables and the following
factors as independent variables: age at surgery, gender, smoke habit, surgical recurrence,
CDAI, disease duration and nutritional risk. p-values less than 0.05 were considered
statistically significant.

3. Results

The demographics and clinical characteristics of CD patients included in this study
were similar. No significant differences were observed in age, gender, BMI, smoking habit,
disease duration, disease behavior and location, between IN and control patients (Table 1).
All patients underwent an ileocecal resection that in most of the cases was performed by a
minimally invasive surgical approach (laparoscopy). One patient in the IN group and one
patient in the control group underwent an open surgery.

Table 1. Demographics and clinical characteristics of the two groups of Crohn’s disease patients.

Controls Immunonutrition p

n 8 8
Age, years 49.0 ± 5.1 50.5 ± 4.3 0.8270
Gender M, n (%) 5 (62.5%) 4 (50.0%) >0.999
Smokers/former smoker, n (%) 5 (62.5%) 4 (50.0%) >0.999
BMI, kg/m2 23.1 ± 1.43 20.92 ± 1.1 0.2484
Disease duration, yrs 18.2 ± 3.2 12.3 ± 3.5 0.2274
Familial IBD, n (%) 0 2 (25.0%) 0.4667
Disease location ileal, n (%) 8 (100%) 8 (100%) >0.999
Disease behavior >0.999
Stricturing 4 4
Fistulizing 4 4
Nutritional risk, n(%) >0.999
1–2 3 (37.5%) 4 (50.0%)
3–4 5 (62.5%) 4 (50.0%)
Surgical recurrence n (%) 5 (71.4%) 2 (28.6%) 0.3147
∆ diagnosis-surgery, years 7.4 ± 2.6 3.1 ± 1.6 0.4437
Abdominal fistulae, n (%) 2 (25.0%) 5(62.5%) 0.3147
Preoperative therapy, n (%)
corticosteroids 3 (37.5%) 3 (37.5%) >0.999
5-ASA 3 (37.5%) 2(25%) >0.999
CDAI 250 (250–300) 300 (250–350) 0.1189
Type of Surgery >0.999
open 1 1
laparoscopy 7 7

Data are expressed as mean (±SEM) or median (interquartile range) for continuous variables and numbers (percent-
ages) for categorical variables. IBD = Inflammatory Bowel Disease; CDAI = Clinical Disease Activity Index.

Regarding pre-operative medications, there were no differences in the number of pa-
tients treated with 5-aminosalicylate (5-ASA) or corticosteroids between the two groups. In
any case, pharmacological therapies, if any, were suspended at least two weeks
before surgery.

CD patients in the IN group had a slightly higher CDAI compared to the control group,
but this difference did not reach statistical significance (p = 0.1189) (Table 1).
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The nutritional status of CD patients in the IN group was similar to those in the control
group; 62.5% of controls and 50% of IN patients had a score >3 according to the NRS-2002
screening system that takes into account the undernutrition (BMI, percent of recent weight
loss and change in food intake) and disease severity (absent, mild, moderate or severe) of
the patient.

On the contrary, among post-operative outcomes, we found that IN patients had
a faster oral nutrition resumption. Indeed, in the IN-group, all patients resumed oral
fluid nutrition at postoperative day (POD) 1 compared to the 37.5% of control patients
(p = 0.0256, Table 2 and Figure 1, panel A). Moreover, 87.5% of the IN patients resumed
solid food intake at POD2 compared to the 25% of patients in the control group (p = 0.0286,
Table 2 and Figure 2, panel B). No significant differences were observed in time to first
POD flatus passage or time to first POD stool passage between the IN and control groups
(Figure 1, panels C and D).

Table 2. Post-operative items of the two groups of Crohn’s disease patients.

Controls Immunonutrition p

n 8 8
POD discharge, days 5 (5–6) 6 (5.2–6.7) 0.2071
Days of first flatus passage 4 (2–4) 3 (2–3.75) 0.2890
Days of first stool 4(3.25–4.75) 4(3–4.75) >0.999
Oral fluid nutrition n (%) 0.0256
POD1 3 (37.5%) 8 (100%)
POD2–3 5 (62.5%) 0
Oral solid nutrition, n (%) 0.0286
POD2 2 (25.0%) 7 (87.5%)
POD3 2 (25.0%) 1 (12.5%)
POD4 4 (50.0%) 0

Data are expressed as median (interquartile range) for continuous variables and numbers (percentages) for
categorical variables. Differences between proportions were assessed using the chi-square or Fisher exact test and
significant differences were highlighted in bold. POD = postoperative day.
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Figure 2. Mean levels of Advanced Glycated End-products, AGEs (A) and of Tight junction protein-1
(TJP1) gene expression (B) in mucosal samples from CD patients in the control and IN groups. * p < 0.05
by unpaired t test. UA = Arbitrary Unit.

While we did not observe differences in the plasma levels of both AGEs and AOPPs
comparing the two groups, the amount of AGEs in tissue samples was significantly lower
in the IN-group compared to controls (26.83 ± 3.06 vs. 39.59 ± 4.41 UA/mg of proteins;
p = 0.0321) (Table 3 and Figure 2, panel A).

Table 3. Mean values of oxidative markers in plasma and/or mucosa samples of Crohn’s disease patients.

Oxidative Markers Controls Immunonutrition p

n 8 8
Plasma samples

AGEs, UA/mg of proteins 7.89 ± 1.46 7.56 ± 0.91 0.8560
AOPPs, µmol/mg of proteins 1.51 ± 0.38 1.55 ± 0.19 0.9095

Mucosal samples
AGEs, UA/mg of proteins 39.59 ± 4.41 26.83 ± 3.06 0.0321

AOPPs, µmol/mg of proteins 22.74 ± 6.18 25.15 ± 5.55 0.7753
Data are expressed as means ±SEM. p < 0.05 by unpaired t test. AOPPs = Advanced Oxidation Protein Products;
AGEs = Advanced Glycated End-products; UA = Arbitrary Unit.

Interestingly, TJP1 gene expression in mucosal samples from CD patients in the IN
group was significantly higher than in controls (Figure 2, panel B), while RAGE expression
was similar (0.88 ± 0.1 vs. 0.89 ± 0.15 relative expression).

The levels of AGEs in tissue samples were significantly lower in IN patients even after
adjustment for demographics (age, gender, and smoke habit) or clinical factors (surgical
recurrence, CDAI, disease duration and nutritional risk), data not shown.

Circulating AGEs were positively and significantly correlated to their tissue levels
(Figure 3, panel A, p = 0.0354), to AOPP plasma levels (Figure 3, panel B, p = 0.0043) and to
TJP1 gene expression, in mucosal specimens (Figure 3, panel C, p = 0.0159). Interestingly,
we also found a negative correlation between TJP1 and RAGE gene expression (Figure 3,
panel D, p = 0.0148).
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Figure 3. Correlation between Advanced Glycated End-products (AGEs) levels in the plasma of CD
patients and in mucosal samples (A); correlation between AGEs levels in the plasma and Advanced
Oxidation Protein Products (AOPPs) in mucosal samples (B); correlation between AGEs levels in
the plasma and Tight junction protein-1 (TJP1) gene expression (C) in mucosal samples; correlation
between TJP1 and Receptor for Advanced Glycation End products (RAGE) gene expression (D) in
mucosal samples. Dotted symbols (•) represent controls; square symbols (
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) represent IN patients.

4. Discussion

Malnutrition is a frequent occurrence in CD patients and a systematic review on
preoperative nutritional support in adult CD over 20 years, indicated that malnutrition is a
major risk factor for postoperative complications and that preoperative nutritional support
decreases morbidity after surgery [18].

A perioperative IN is recommended based on a high level of evidence in the setting
of gastrointestinal cancer surgery [8,19]: it should be started after nutritional screening
and for a minimum of five days, depending on the degree of malnutrition and the type
of surgery [20]. In this way, IN seems to reduce postoperative complications, particularly
infections, along with the length of hospital stay [8,21]. Moreover, providing immunonutri-
tion could have a beneficial effect for both well-nourished and poorly nourished patients
since in both cases, surgical stress may alter the mucosal barrier structure and function and
gut inflammation.

So far, the molecular mechanisms mediating the beneficial effects of IN have been
scarcely investigated.

In this study, preoperative IN was used in CD patients regardless of their nutritional
status, and its effects on post-operative outcomes were investigated along with molecular
insights on its effects in the intestinal mucosa and in circulating and mucosal markers of
oxidative damage.

Despite the small number of patients enrolled, the two groups were well matched,
regarding their demographic, clinical and surgical data. All our patients required surgery
due to an acute or complicated disease, refractory to pharmacological therapy; 37.5% of
the patients in both groups were treated with corticosteroids and similarly no differences



Nutrients 2023, 15, 882 8 of 12

were found regarding pre-operative use of ASA. In anyway, all therapies were suspended
at least two weeks before surgery.

The percentage of patients at nutritional risk was similar between groups (50% in IN
and 62.5% in the control group). The number of patients with surgical recurrence was higher
in the control group (71.4% vs. 28.6%) while the percentage of patients with abdominal
fistulae (62.5% vs. 25%) and the CDAI values (300, 250–350 vs. 250, (250–300; median, IQ)
were higher in IN patients but none of these differences reached statistical significance.
Most of the patients (14 out of 16; 87.5%) underwent an ileocecal resection by a minimally
invasive surgical approach and no patient experienced postoperative complications. The
length of hospital stay was similar in the two groups, however, IN patients showed a
significantly shorter time to resume the fluid and solid diet compared to the control group.

The mean plasma levels of AOPP and AGEs were similar between groups and the
AOPP concentrations were comparable in mucosal samples. On the contrary, we observed
a significant reduction in the amount of AGEs in the inflamed mucosa.

AGEs are a class of heterogeneous compounds derived from proteins, lipids, and
nucleic acids, non-enzymatically glycated by reducing sugars, produced endogenously,
in highly processed food and in cigarette smoke [22]. An increased amount of AGEs is
observed in the presence of hyperglycemia and oxidative stress [23,24].

AOPPs are biomarkers widely used to estimate both circulating and tissue protein
oxidative damage; AOPPs result from the reaction of proteins with chlorinated oxidants
such as hypochlorous acid via the action of neutrophil myeloperoxidase [13].

We also recently demonstrated that AGEs and AOPPs are increased in the blood of CD
patients with severe disease compared to controls [13]. AGEs may affect membrane integrity
both through the glycation of tight junction proteins and by activating RAGE signaling [22].

The activation of RAGE by its ligands, initiates complex signaling pathways, including
the activation of NADPH oxidase, p21ras GTPase, ERK1/2 and MAP kinases and the
JAK/STAT pathway, with downstream inflammatory consequences, including the activa-
tion of NF-kB. Notably, NF-kB itself modulates the expression of RAGE, maintaining and
boosting the signal [25]. Moreover, RAGE is involved in a crosstalk with Toll-like receptors
to coordinate and regulate immune and inflammatory responses [26].

Recently Body-Malapel and coworkers reported that mice lacking RAGE are less
susceptible to intestinal inflammation and that WT mice treated with a RAGE-specific
inhibitor were protect from indomethacin-induced enteritis and DSS-induced colitis [27].
The role of the AGE-RAGE axis as modulator of gut permeability is well described in
diabetes [28], but emerging evidence supports its role also in other contexts. AGEs increased
placental vascular permeability of human BeWo cells reducing the expressions of the
transmembrane proteins ZO-1 and Occludin and an anti-RAGE antibody or a NF-kB
inhibitor, partially restored their levels [16]. In rats fed an AGEs diet, the expressions of
Occludin and ZO-1 were reduced and the structure of colonocytes altered, demonstrating
that the epithelial barrier was partially damaged [29].

Accordingly, we observed that the expression of TJP1, also known as ZO-1, was
significantly higher in IN patients who also exhibited a lower AGEs level; moreover, TJP1
expression was negatively correlated with that of RAGE.

Impact® Oral contains components that may interfere with the immune system: glu-
tamine, arginine, omega-3 fatty acids and nucleotides.

Glutamine is one of the precursors of glutathione synthesis and serum L-glutamine
levels in CD patients are lower than in healthy individuals [30]. A number of experimental
studies in rodents demonstrated that L-glutamine alleviates IBD, administered before,
after or during the induction of colitis [31]. L-glutamine exhibited antioxidant and anti-
inflammatory effects andattenuated endoplasmic reticulum stress and apoptosis [32]. In
intestinal porcine epithelial cells and in the jejunum of weanling piglets, L-glutamine
enhanced the barrier integrity and function by increasing the expression of TJ proteins ZO,
occludin, claudins, and JAM-A [33,34].
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In addition to being a building block for several cellular proteins such as ornithine,
proline, glutamic acid, glutamine and creatine, L-arginine plays a critical role in enhancing
the immune system, wound healing and tissue regeneration: dietary supplementation
of L-arginine protected against colitis by modulating gut microbiota [35], and reduced
intestinal permeability, markers of oxidative stress and inflammation [31]. Furthermore,
L-arginine can regulate many signaling pathways, being a substrate of nitric oxide (NO)
synthases thus allowing the generation of physiological NO amounts. It is also a precursor
of the formation of polyamines, which are important for connective tissue repair [36].

It has been suggested that L-arginine mays unveil its full potential only if combined
with other micronutrients. In active CD patients, the supplementation of arginine alone, did
not increase NO production while in combination with glutamine, reduced the release of
pro-inflammatory cytokines [37]. A systematic review on the perioperative use of arginine
supplementation evidenced that the rate of infectious complications was reduced with
Impact® Oral and not with other arginine formulations [38].

There is no consensus on the efficacy of n-3 polyunsaturated fatty acids (n-3 PUFA)
in the prevention or treatment of IBD; the latest Cochrane review concluded that they
are probably ineffective for maintenance of remission in CD [39], and they are currently
not recommended by the ESPEN 2017 guidelines for the treatment of CD patients [40].
However, several data demonstrated their effects in reducing inflammation, probably in
virtue of their ability to change cell membrane composition and to activate the peroxisome
proliferator activated receptor γ. Moreover, some studies showed that n-3 PUFA reduced
intestinal permeability and improved intestinal morphology and barrier function [41]. In
Caco2 cells, docosahexaenoic acid (DHA) limited the effect of the inflammatory stimulus
on occludin, ZO-1 and barrier function [42], inhibited the NF-kB pathway and ameliorated
experimental colitis in IL-10-/- mice, improving intestinal epithelial barrier function [43].

As components of the nucleic acids DNA and RNA, nucleotides are integral compo-
nents of almost all physiological processes and in conditions characterized by an increased
demand for nucleic acid synthesis, including gut injury, exogenous supplies may be benefi-
cial to cells undergoing rapid turnover such as those of the gut and immune systems.

The postulated influence of nucleotides in IN is in fact related to their relative de-
ficiency during severe inflammation secondary to their excessive use by immune cells.
Dietary nucleotide supplementation showed beneficial effects on the gut under stressful
conditions, improved intestinal recovery, increased adaptive growth of the small intestine,
and increased absorption capacity under malabsorption conditions [44]. Regarding surgical
stress, nucleotides have been shown to play a role in immune cell synthesis, tissue repair,
and in maintaining organ function [45].

There are few data on the perioperative use of IN in CD patients. The systematic
review by Grass and coworkers (2017) identified 14 studies, mainly retrospective, half with
exclusive enteral nutrition (EEN) and/or half with total parenteral nutrition [18]. There
were only two studies reporting the use, both as EEN, of TGF-β-based IN: Heerasing et al.
(2017) reported that patients pre-optimized with Modulen-IBD had significantly fewer
surgical complications than control patients [46]. On the contrary, Beaupel and colleagues
(2016), using an exclusive polymeric diet enriched with TGF-β in high-risk patients, did
not find difference in the rate of postoperative complications between these cases and
low-risk patients [47].

In patients undergoing elective surgery, Impact® Oral supplementation was associated
with significant reductions in postoperative infectious complications and with a significant
decrease in hospital stay. Moreover, the greatest improvement in postoperative outcomes
was observed in patients receiving preoperative nutritional support [48].

While aware that this is a small–size pilot study, our results suggest that IN might ben-
eficially modulate mechanisms that promote local intestinal inflammation and compromise
mucosal integrity and that its effects should be explored in a specifically designed clinical
trial. Moreover, this data suggest that IN may enhance mucosal integrity and reconstitution
by down-regulating the AGE/RAGE axis and increasing TJP1 expression.
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