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Background/aim: Intestinal neomucosa formation is a technique defined for the treatment of short bowel syndrome. This study evaluates
the effect of glutamine and omega-3 fatty acids on the growth of intestinal neomucosa on the colonic serosal surface has been evaluated.
Materials and methods: Thirty-two adult male Sprague-Dawley rats were randomly divided into 4 groups: sham, control, glutamine,
and omega-3. Laparotomy was performed on all groups. For rats other than the sham group, a 1-cm full-thickness incision was made
4 cm proximal to the ileocecal valve, and colonic serosal surface was sutured as a serosal patch over these openings. By using the oral
gavage technique, the glutamine group was ingested with 200 mg/kg/day of glutamine, and the omega-3 group was ingested with
100 mg/kg/day of omega-3 fatty acids. At the end of 14 days, the rats were euthanized, blood specimens were collected, and intestinal
segments, including serosal patches, were excised.

Results: Transforming growth factor-beta was significantly lower in the glutamine group compared to the control group. Similarly,
fibroblast growth factor-2 was significantly lower in the glutamine group compared to the sham group. Intestinal neomucosa formation
was observed in 100% of rats in the glutamine group. In the control and omega-3 groups, intestinal neomucosa formation was observed
in 57.1% and 60% of rats, respectively. The inflammatory response, granulation tissue formation, and fibroblastic activity were more
severe in the rats of the glutamine and omega-3 groups.

Conclusion: The intestinal neomucosa formation is an experimental technique, and both glutamine and omega-3 fatty acids have the
potential to positively affect inflammatory response, granulation tissue formation, and fibroblastic activity. Specifically, glutamine has a
favorable effect on intestinal neomucosa formation.

Key words: Glutamine, intestinal neomucosa, short bowel syndrome, omega-3 fatty acids

1. Introduction

Short bowel syndrome is characterized by enterocyte loss
due to extensive bowel resection for various reasons. From
an anatomical perspective, the length of the remaining
small intestine, after the duodenum, is less than 150-200
cm. On the other hand, intestinal insufficiency refers to a
condition in which patients are unable to absorb sufficient
nutrients and minerals due to short bowel syndrome.
Consequently, these patients cannot continue vital
functions without additional supportive treatment, and in
the case of children, achieving normal development and

* Correspondence: dr.mkostek@gmail.com

growth cannot be possible [1-3]. The incidence of short
bowel syndrome is approximately 5-10 patients per million
per year [1,4]. The most frequent reasons of short bowel
syndrome in adults include arterial or venous mesenteric
ischemia, chronic enteropathies, surgical complications,
Crohn’s disease, volvulus, and trauma. In children, the
leading reasons are necrotizing enterocolitis and volvulus
due to intestinal malrotation [1-3,5].

Surgical treatments are in a broad spectrum. The aim
of surgical treatments is to slow down the intestinal transit
time or to expand the intestinal mucosal surface required
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for absorption. For this purpose, many techniques have
been investigated throughout history [6,7]. Another
technique that could potentially be used in the treatment
of short bowel syndrome is the method of intestinal
neomucosa formation. This method aims to close the
full thickness defects created in the small intestines by
using various body surfaces. It also aims to develop a new
mucosal cover on this surface by using the regenerative
capacity of the small intestines [2,8].

Glutamine is a precursor for nucleotide synthesis
and an important substrate for hepatic gluconeogenesis.
Additionally, it is also an important energy source for
rapidly dividing cells, such as gastrointestinal tract
epithelium, lymphocytes, reticulocytes, and fibroblasts
[9,10]. Numerous animal studies have shown that
glutamine inhibits mucosal atrophy in the gastrointestinal
tract and increases protein synthesis in the gastrointestinal
tract mucosa in animals treated with glutamine during
gram-negative sepsis [11-14]. It is also effective in
maintaining  gastrointestinal mucosal  glutathione
concentrations during ischemia and reperfusion [15]. In
short bowel syndrome models, it has been stated that it
may contribute to intestinal adaptation [16].

Omega-3 fatty acids are polyunsaturated fatty acids
that play an important role in animal lipid metabolism.
They are found in vegetable oils as alpha-linolenic acid
and in animal oils as docosahexaenoic acid (DHA)
and eicosapentaenoic acid (EPA). In many studies, the
effects of DHA and EPA, which are abundant in fish oil,
on inflammatory diseases and wound healing have been
studied. It has been stated that omega-3 fatty acids, known
for positive effects in the treatment of atopic dermatitis,
rheumatoid arthritis, cyclosporine-related nephrotoxicity,
and diabetic nephropathy, also exhibit positive effects
in inflammatory bowel diseases [17]. In addition, it was
observed in animal experiments that it had a positive
effect on wound healing and barrier functions in the
intestinal mucosa [18]. In an animal model of induced
colitis, omega-3 fatty acids have been shown to stop the
inflammation that causes colitis, and in another study, it
has been shown to positively affect the healing of colocolic
anastomosis [19-21].

Our aim is to examine the effect of glutamine and
omega-3 fatty acids on the development of intestinal
neomucosa on the colonic serosa.

2. Materials and methods

In this study, 32 adult male Sprague-Dawley rats,
approximately 10-12 weeks old, with an average weight
of 300 + 30 g, were used. All animals were maintained at
room temperature of 22 °C with a 12-h dark/light cycle. All
animals in the groups were fed ad libitum with rat chow
containing 21% protein and were provided fresh drinking
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water every day. The study was completed after 14 days.
ARRIVE guidelines and EU Directive 2010/63/EU for
animal experiments were followed during the experiments
[22]. Biochemical and histopathological examinations
were performed blindly.

Rats were randomly divided into four groups, with eight
rats studied in each group. The procedures were performed
under general anesthesia, with 50 mg/kg ketamine (Ketax,
Vem Pharmaceuticals, Ankara, Tiirkiye) and 10 mg/kg
xylazine (Control 10%, Doga Pharmaceutical Company,
Istanbul, Tiirkiye) administered intraperitoneally.

If necessary, additional doses of these drugs were
administered. The rats’ abdomens were shaved, and after
providing asepsis and antisepsis with 10% povidone-iodine
solution, a 3-cm incision was made in the median line
under sterile conditions. In the sham group, the colon and
ileum were exposed by manipulation, and the incision was
closed without anastomosis. In all other groups (control,
glutamine, and omega-3 groups), a 1-cm-long longitudinal
full-thickness incision was made on the antimesenteric
surface of the small intestine, 4 cm proximal to the
ileocecal valve. The ileal defect created was sutured using
a continuous technique with 6/0 polypropylene sutures
(Dogsan, Tirkiye), and the anterior surface of the cecum
was covered with a serosal patch (Figure 1). Afterwards,
the abdominal organs were positioned, and the anterior
abdominal wall was closed continuously with 3/0 silk
sutures (Dogsan, Tiirkiye). The skin was closed, one by
one, with 3/0 silk sutures. At the end of the procedure,
the incision was once again wiped with povidone iodine,
and the operation was completed. A similar technique had
been previously employed in the gastric serosa in various
studies [23-25].

In the experiment, the glutamine group received
200 mg/kg/day glutamine (Resource Glutamine, Nestle
Healthcare Science, Lausanne, Switzerland), the omega-3
group received 100 mg/kg/day of omega-3 fatty acids
(EFA-1200, New Life, Istanbul, Tiirkiye), while the sham
and control groups were administered an equivalent
volume of physiological saline through gastric gavage for
a duration of 14 days, using a rat gavage needle size 16.
Glutamine and omega 3 fatty acids were suspended in the
solution used for feeding the control rats.

To conclude the experiment at the end of the
postoperative 14th day, the rats in the sham group were
sacrificed by obtaining their blood via intracardiac
puncture under general anesthesia (10 mg/kg xylazine and
50 mg/kg ketamine). On the other hand, relaparotomy
was performed under general anesthesia on the 14th
postoperative day in animals belonging to the remaining
groups. For biochemical analysis, blood was collected via
intracardiac puncture and sacrification was performed.
Subsequently, the specimen, including the small intestines
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Figure 1. The image after the suturing of the small intestine to the cecum

for the growth of intestinal neomucosa.

and the cecum area where the serosal patch was applied,
was excised. It was then washed with physiological
saline and placed in 10% formaldehyde solution for
histopathological examination.

Enzyme-linked immunosorbent assay (ELISA)
technique was used to study vascular endothelial growth
factor (VEGF), platelet-derived growth factor (PDGF),
fibroblast growth factor 2 (FGF2), transforming growth
factor-beta (TGF-beta) and epidermal growth factor
(EGF) in rat serum. For this technique, the blood collected
from the rats was left to clot for a while, then centrifuged
at 4000 rpm for 10 min, and the serums were stored at
-80 °C after being transferred into Eppendorf tubes. Later,
purchased ELISA kits (Sunredbio, Shanghai, China) and
sera were run with the BIO-TEK ELx50 (Vermont, USA)
washer and BIO-TEK ELx500 (Vermont, USA) reader, and
the results were statistically evaluated.

The materials excised for histopathological examination
and kept in 10% formaldehyde solution were cut and

embedded in paraffin blocks to examine the neomucosa
that would develop on the serosal surface. After the follow-
up procedures, the sections with a thickness of 5 um were
stained with hematoxylin-eosin. In these preparations,
the inflammatory response, granulation tissue formation,
neomucosa formation, angiogenesis, collagen deposition,
and fibroblastic activity were studied and scored under
light microscopy (Nikon Eclipse E200, Tokyo, Japan) (0:
absent, 1: mild, 2: moderate, 3: severe). Mitosis, villus
density, and goblet cell count were studied and scored
under light microscopy (0: absent, 1: mild, 2: moderate,
3: severe) in the preparations in which neomucosa
developed. Cellular density was scored according to the
number per 2 mm? (10 high power field (HPF)). (0: absent,
1: 1 cell/2mm? (10 HPF)2: 2-3 cells/2mm? (10 HPF), 3: 4
or above cells/2mm? (10 HPF)). In addition, villi lengths
and crypt depths were measured in microns using a light
microscope. The obtained data were evaluated statistically
(Figure 2).
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Figure 2. In the glutamine group, new mucosal formation in the center of inflammatory granulation
tissue between both mucosae, under the muscle (shown by black arrows) (H.E. x100).

Statistical analysis was performed using IBM SPSS
version 27 (IBM Corporation, Armonk, NY, USA).
Results were given as mean * standard deviation (SD).
After determining whether the parameters fit the normal
distribution with the Shapiro-Wilk test, the one-way
ANOVA test was applied for the normally distributed
parametric tests. Tukey posthoc test was used to identify
the specific groups that exhibit statistically significant
differences in parameters determined by the test results.
Kruskal-Wallis test was used for assessing nonparametric
distribution. Values with p < 0.05 were considered
statistically significant, and posthoc test was applied for
paired group comparisons for the parameters that were
significant, etc.

3. Results

During the study, two rats in the sham group, one in the
control group, two in the glutamine group, and three
in the Omega-3 group died. In the sham group, one rat
died during the operation, while the other rat died on
the first postoperative day. This situation was evaluated
as a complication after anesthesia. One rat in the control
group, one rat in the glutamine group, and two rats in
the omega-3 group died due to cannibalism. One rat in
the glutamine group and one rat in the omega-3 group
died on the postoperative 3rd and 4th days, respectively.
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No leakage or postoperative mechanical obstruction was
detected during the autopsy.

Rat serum samples were evaluated with the ELISA test,
and test results showed that TGF-betaand FGF2 values were
significantly different between the groups. These values are
indicated in separate Tables for each group (Table 1). In
posthoc analysis, TGF-beta levels were significantly higher
in the control group compared to the glutamine group.
Additionally, FGF2 levels were significantly higher in the
sham group compared to the glutamine group (Figures 3
and 4). No significant differences were observed among
the other groups.

The serosal patched areas of rats in the control,
glutamine, and omega-3 groups were examined
histopathologically and scored for inflammatory
response, granulation tissue formation, fibroblastic
activity, neomucosa formation, angiogenesis, and collagen
deposition (Table 2). The villus density, goblet cell count,
and mitosis were scored in rats developing neomucosa,
while villus length and crypt depth were measured (Table
3).

The inflammatory response and fibroblastic activity
were more severe in the glutamine and omega-3 groups
according to the histopathological examination; however,
no statistically significant results were obtained. The
granulation tissue formation in the sections is examined,
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Table 1. Mean values of growth factors according to groups. Significant values are indicated in bold. (VEGF: vascular endothelial growth
factor, PDGF: platelet-derived growth factor, FGF2: fibroblast growth factor 2, TGF-beta: transforming growth factor-beta and EGF:
epidermal growth factor.)

100.00

Mean TGF-Beta Values (pg/ml)

Sham Control

1
80.00
60.00
40.00
20.00
0.00

Glutamine

Groups

VEGF (ng/mL) TGF-beta (pg/mL) | EGF (ng/L) PDGF (ng/mL) FGF2 (ng/L)
Sham 86.45 £ 9.26 75.87 £ 15.77 124.30 £ 50.91 30.88 £ 8.26 42.28 +3.91
Control 99.75 £ 19.10 89.81 £9.37 124.27 + 33.67 29.07 £ 4.65 37.09 £ 2.94
Glutamine 91.82 £ 15.61 70.49 £ 12.91 104.27 £ 32.92 36.38 £13.76 33.53 £2.30
Omega-3 96.60 = 13.04 83.54£9.31 93.70 £ 28.27 32.99 £9.04 38.53+7.24
p-value 0.441 0.049 0.443 0.554 0.017
* p=0.044

Omega-3

Figure 3. Comparison of serum mean TGF-beta values between groups.
Asterisk means statistically significant difference between groups. (TGF-beta:
transforming growth factor-beta.)

50.00

Mean FGF2 Values (ng/L)

Sham Control

Glutamine

Groups

p=0.010

40.00
30.00
20.00
10.00

0.00

Omega-3

Figure 4. Comparison of serum mean FGF2 values between groups. Asterisk means
statistically significant difference between groups. (FGF2: fibroblast growth factor 2.)
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Table 2. Histopathological findings observed in all sections as a result of examinations. Significant values are indicated in bold.

Results of histopathological analysis Control Glutamine Omega-3 (n=5) |p-value
(n=7) (n=6)

None 0 0 0
Mild 3 (42.8%) 1 (16.7%) 0

Inflammatory response 0.152
Moderate 2 (28.6%) 0 2 (40%)
Severe 2 (28.6%) 5(83.3%) 3 (60%)
None 1(14.3%) 0 0

. Mild 3 (42.8%) 1(16.7%) 0

Granulation tissue formation 0.038
Moderate 2 (28.6%) 0 2 (40%)
Severe 1(14.3%) 5(83.3%) 3 (60%)
None 1(14.3%) 0 0
Mild 3 (42.8%) 1(16.7%) 0

Fibroblastic activity 0.103
Moderate 1(14.3%) 0 2 (40%)
Severe 2 (28.6%) 5(83.3%) 3 (60%)
None 3 (42.8%) 0 2 (40%)
Mild 2 (28.6%) 3 (50%) 1(20%)

Neomucosa formation 0.264
Moderate 1(14.3%) 0 1 (20%)
Severe 1 (14.3%) 3 (50%) 1 (20%)
None 1(14.3%) 0 0
Mild 1(14.3%) 0 0

Angiogenesis 0.756
Moderate 2 (28.6%) 3 (50%) 3 (60%)
Severe 3 (42.8%) 3 (50%) 2 (40%)
None 1(14.3%) 0 0
Mild 1 (14.3%) 0 1 (20%)

Collagen deposition 0.496
Moderate 3 (42.8%) 3 (50%) 2 (40%)
Severe 2 (28.6%) 3 (50%) 2 (40%)

Table 3. Histopathological findings in animals developing neomucosa. Mean villus length and mean crypt depth were expressed as
mean + standard deviation (lowest value-highest value).

Histopathological analysis of neomucosa Control (n =4) Glutamine (n = 6) Omega-3 (n = 3) p-value
Mild 2 (50%) 3 (50%) 1(33.3%)

Villus density Moderate 0 0 1(33.3%) 1
Severe 2 (50%) 3 (50%) 1(33.3%)
Mild 0 0 0

Mitosis Moderate 2 (50%) 3 (50%) 2 (66.7%) 0.888
Severe 2 (50%) 3 (50%) 1(33.3%)
Mild 0 3 (50%) 1(33.3%)

Goblet cell count Moderate 2 (50%) 1(16.7%) 2 (66.7%) 0.162
Severe 2 (50%) 2(33.3%) 0

Mean villus lenght (micron) 437 +2.14 (1.5-6) |2.67 £1.51(1-5) 3.17 +£1.76 (1.5-5) |0.359

Mean crypt depth (micron) 7.62+6.18 (1.5-16)|6.50 + 3.83 (3-12) 7.17 £5.30 (1.5-12) |0.938
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and it is observed to be more severe in the glutamine and
omega-3 groups compared to the control group. Although
there was a significant difference between the groups in
the statistical evaluation, no significant difference was
found in the posthoc analysis. The neomucosa formation
was also examined, revealing that neomucosa formed
in all rats in the glutamine group, while it did not form
in three rats in the control group and in two rats in the
omega-3 group. However, no significant results were
obtained in the statistical comparison when the severity
of angiogenesis and collagen accumulation was examined;
similar responses occurred in all groups.

There was no statistically significant difference, and
similar responses were observed in all groups when
examining the villus density, mitosis severity, and number
of goblet cells on the neomucosa. Additionally, when
evaluating the villi lengths and crypt depths on the
neomucosa, similar results were seen in all groups, and
there was no statistically significant difference.

4. Discussion

Intestinal insufficiency and short bowel syndrome
are serious medical problems that hinder growth
and development due to inadequate absorption and
functionality of the intestines, necessitating  total
parenteral nutrition [26]. The limited success of surgical
techniques has led surgeons to seek different techniques
[5,6,26,27]. Although intestinal neomucosa formation is
an experimental technique, it is a technique that allows
for an increase in the intestinal absorption area. With the
proliferation of enterocytes, the absorption area increases
due to the progression of the small intestinal mucosal
surface to the surface used as a patch. The success of
this technique depends on the localization of the small
intestine to which it is applied, the surface on which the
patch is made, the size of the intestinal defect, and the
content of nutrients in the lumen. Intestinal neomucosa
application can be performed on gastric serosa, colon
serosa, peritoneum, or prosthetic materials [2]. However,
the application of this experimental technique has not yet
been integrated into the clinical stage.

Glutamine, being an essential amino acid for rapidly
dividing enterocytes and leukocytes, serves as both an
important energy source and a precursor molecule for
metabolites. Furthermore, studies have indicated that
body glutamine stores are depleted after major operations,
necessitating external supplementation is required.
Additionally, its effect on intestinal regeneration in rats
has been shown in various studies in the literature [28].
Omega-3 fatty acids are essential fatty acids with systemic
immunomodulatory effects. They can be characterized
as an antiinflammatory food, particularly due to their
inhibitory effects on the synthesis of arachidonic acid

metabolites [29]. However, studies on the effects of
omega-3 fatty acids on the intestinal mucosa are limited.

In this study, we chose to use the 4 cm proximal part of
the ileocecal valve and the serosa of the cecum as a patch
for intestinal neomucosa formation. Various authors have
studied this technique; however, gastric serosa was mostly
used in those studies. The cecum serosa was chosen in this
study, considering the good blood supply of the cecum
serosa and the wider serosal surface in rats as positive
aspects for the development of intestinal neomucosa. The
4 cm proximal part of the ileocecal valve was chosen based
on its distance from the ileocecal valve, thereby preventing
adequate peristalsis in the small intestines. An approximately
1 cm defect was created in the small intestine, resulting in
intestinal neomucosa formation on the cecum serosa.

In the biochemical examination, it was revealed that
similar results were obtained for VEGEF, EGFE, and PDGF
in all groups, and there was no statistically significant
difference. However, there was a significant difference
between the control and glutamine groups for TGF-beta.
In addition, there is a significant difference between the
sham group and the glutamine group for FGF2. TGF-beta
is a profibrogenic molecule that regulates the immune
system. Although it is also affected by other cytokines in
the area of its effects, it generally regulates the maturation
and differentiation of immune system cells [30,31]. In this
study, it was observed that TGF-beta was significantly
lower in the glutamine group compared to the control
group. In the literature, it has been shown that glutamine
has an antioxidant effect with glutathione and causes a
decrease in TGF-beta levels [32]. In another study, the
effect of an amino acid mixture containing glutamine,
beta-hydroxy beta-methyl butyrate, and arginine on
fibrosis caused by radiotherapy was observed. It was found
that the TGF-beta value was low in the groups treated
with this amino acid mixture [33]. This result obtained in
our study may have resulted from the antioxidant effect
of glutamine, along with other findings in the literature.
FGF?2 is a protein that regulates mesenchymal, epithelial,
and neuroectodermal cell proliferation. Additionally, it
acts as an autocrine growth factor, stimulating intestinal
epithelial cell proliferation [34]. In this study, during the
comparison between the experimental groups, it was
observed that the FGF2 value in the glutamine group was
significantly lower than that in the sham group. In the
literature, it has been reported that intestinal epithelial
repair is stimulated by FGF2 in a TGF-beta-dependent
manner in in vitro studies [35,36]. At the same time,
considering that the TGF-beta value was significantly
lower in the glutamine group compared to the control
group in our study, it can be interpreted that the FGF2
value may be lower in proportion to TGF-beta.

In the histopathological examination, there was a
notable increase in inflammatory response, granulation
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tissue formation, and fibroblastic activity observed in
both the omega-3 group and in the glutamine group
compared to the control group. Although these results are
not statistically significant, glutamine and omega-3 fatty
acids have favorable effects on inflammatory response,
granulation tissue formation, and fibroblastic activity.
Additionally, mild or severe neomucosa formation was
observed in all rats (100%) in the glutamine group, while no
neomucosa formation was observed in three out of seven
rats (42.8%) in the control group. Therefore, glutamine has
a positive effect on neomucosa formation. Villus density,
the amount of mitosis and the number of goblet cells were
evaluated qualitatively, while villus length and crypt depth
were quantitatively evaluated in rats with neomucosa.
However, similar results were obtained between the
groups. This indicates that although glutamine contributes
to the formation of neomucosa, there is no significant
difference between the groups in terms of the properties of
the formed neomucosa.

Intestinal neomucosa formation has been studied in
various studies. In a previous study, intestinal neomucosa
was grown over the gastric serosa in rats, and the effects
of glutamine, nesfatin-1, and curcumin on neomucosa
were evaluated [24]. In contrast to our findings, increased
levels of PDGF, TGF-beta, and VEGF were observed
in the glutamine group compared to the control group.
Nevertheless, this may be related to the use of colonic serosa
or a limited number of animals in this experimental study.
There was no statistical difference in the inflammatory
process, granulation tissue production, fibroblastic activity,
and neomucosa formation between the control group and
the glutamine group. However, inflammatory processes,
granulation tissue production, and fibroblastic activity
were more severe in the glutamine group in our study. In
both studies, the authors showed that a high percentage
of neomucosa formation was observed in the glutamine
group compared to the control group. In a recent study,
the effect of glutamine on neomucosa formation was
positive; however, it was not statistically significant [37].
The authors showed that oxidative damage was lower and
antioxidant enzyme activities were higher in the glutamine
group.

There has been no previous study that evaluates the
effects of omega-3 fatty acids on neomucosa formation;
however, several studies have evaluated the relationship
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between omega-3 fatty acids and intestinal wound healing.
In a study on the healing of colon anastomosis, it was stated
that preoperatively started omega-3 fatty acids increased
the accumulation of type I collagen on the postoperative
5th day but did not contribute to the tensile strength
[20]. In another study conducted on colonic anastomosis,
the effect of omega-3 fatty acids, together with ascorbic
acid, was examined, and a higher anastomotic opening
pressure was observed in the omega-3 group compared
to the control group [19]. However, there are studies
indicating that intestinal wound healing is delayed due to
the inhibitory effect of omega-3 fatty acids on epithelial
growth factor receptor transactivation [38]. In our study,
inflammatory response, granulation tissue formation
and fibroblastic activity was more severe in the omega-3
group. However, there is a need for more studies on the
contribution and mechanism of omega-3 fatty acids to
intestinal healing and intestinal neomucosa.

The limitations of our study include the loss of animals
during the experiment and the limited number of animals
that can be used within the framework of ethical rules. Since
the treatment responses in rats may be low numerically,
conducting intestinal neomucosa formation studies in
larger experimental animals such as pigs or rabbits would
be a better solution to overcome this limitation.

Intestinal neomucosa formation is a technique that
has been studied for the future treatment of patients with
short bowel syndrome. Both glutamine and omega-3 fatty
acids potentially positively affect inflammatory response,
granulation tissue formation, and fibroblastic activity.
Glutamine specifically favors the growth of neomucosa on
the cecum histopathologically.
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