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Abstract
Purpose: To evaluate the inflammatory reaction and measure the content of mucins, in the
colonic mucosa without fecal stream submit to intervention with mesalazine.
Methods: Twenty-four rats were submitted to a left colostomy and a distal mucous fistula
and divided into two groups according to euthanasia to be performed two or four weeks.
Each group was divided into two subgroups according daily application of enemas containing
saline or mesalazine at 1.0 g/kg/day. Colitis was diagnosed by histological analysis and the
inflammatory reaction by validated score. Acidic mucins and neutral mucins were determined
with the alcian-blue and periodic acid of Schiff techniques, respectively. Sulfomucin and
sialomucin were identified by high iron diamine-alcian blue technique. The tissue contents of
mucins were quantified by computer-assisted image analysis. Mann-Whitney test was used
to analyze the results establishing the level of significance of 5%.
Results: Enemas with mesalazine in colonic segments without fecal stream decreased the
inflammation score and increased the tissue content of all subtypes of mucins. The increase
of tissue content of neutral, acid and sulfomucin was related to the time of intervention.
Conclusion: Mesalazine enemas reduce the inflammatory process and preserve the content
of mucins in colonic mucosa devoid of fecal stream.
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DOI: http://dx.doi.org/10.1590/s0102-865020190040000006

1

Acta Cir Bras. 2019;34(4):e201900406

Enemas with mesalazine increase the tissue contents of mucins in
the colonic mucosa devoid of fecal stream
Martinez CAR et al.

■■

Acta Cir Bras. 2019;34(4):e201900406

Introduction

colitis (DC)10-12.
The colonic mucosal epithelial cells
devoid of the regular supply of SCFAs are
highly energy deprived, as indicated by
decreased expression of enzymes involved
in fatty acid metabolism in mitochondria13.
Consequently, the cells of the colonic mucosa
devoid from fecal stream suffer modifications
of mitochondrial respiration which leads to
an overproduction of ROS14,15. ROS are toxic
to cells and their overproduction is capable
of causing extensive oxidative damage to the
synthesis of mucins that cover the colonic
mucosa11,16. It was shown that increased
oxidized molecules due to excessive oxidative
stress in patients with IBD are correlated with
severity of mucosal inflammation and damage
to the mucus layer16,17. Studies adopting
experimental models of DC also showed
that oxidative stress, resulted from absence
of SCFAs supply, reduce the population of
goblet cells in the colonic mucosal glands
and the content of different types of mucins
aggravating the inflammation of the colonic
mucosa16,18,19. Deficiencies in mucin layer
that cover the colonic epithelium has been
described in different intestinal diseases such
IBD, irritable bowel syndrome, celiac diseases
and DC20. Thus, the preservation of the
mucus layer integrity is an essential factor in
maintaining colonic mucosal homeostasis.
Mesalazine (MEZ) has been used
for treatment of patients with mildmoderate active ulcerative colitis (UC),
radiation colitis and DC21-23. MEZ has multiple
mechanisms of action with numerous antiinflammatory properties including inhibition
of cyclooxygenase, lipoxygenase, plateletactivating factor, interleukin 1, nuclear factor
kappa beta, peroxisome proliferator-activated
receptor-gamma and B-lymphocytes. MEZ
due to its scavenger’s properties is a potent
antioxidant reducing the overproduction
of ROS by inflamed colonic mucosa24.

There is increasing evidence suggesting
that regular production of short-chain fatty acids
(SCFAs) as critical role to preserve the integrity
of the colonic epithelial barrier1. Acetate (C2),
propionate (C3) and, particularly butyrate (C4)
are the main types of SCFAs produced during
the fermentation of indigestible saccharides
by specific colonic anaerobic bacteria’s present
colonic microbiota2. Butyrate is the major and
preferred metabolic substrate of the colonic
epithelial cells providing at least 60–70% of
their energy requirements necessary for their
proliferation and differentiation3. Butyrate
induces trophic effects on colonic epithelium
and exerts potent effects on a variety of
colonic mucosal functions such as inhibition of
inflammation and carcinogenesis, reinforcing
various components of the colonic defense
barrier4. SCFAs acts as mediators of several
immune processes, and reduces the production
of inflammatory cytokines such as TNF-α and
IL-12, regulate the ability of antigen presenting
cells to T cells, as well as proliferation and
differentiation of T lymphocytes and in the
generation of regulatory T lymphocytes5,6.
Studies have shown that butyrate may inhibit
myeloperoxidase (MPO) activity attenuating
the grade of inflammation in colonic mucosa,
and regulates reactive oxygen species (ROS)
generation in healthy patients and those with
inflammatory bowel diseases (IBD)7,8. Also,
butyrate induces the expression of the genes
responsible by formation of mucins produced
by goblet cells of the colonic glands9. The
ability to decrease the inflammatory process of
the colonic mucosa, the modulation of the ROS
production and the increase in production of
mucus confirm the importance of the regular
supply of SCFAs to keep the colonic epithelial
barrier integrity avoiding the development of
colitis. Deficiency of SCFAs has been linked to
the ethiopatogenesis of the IBD and diversion
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and a 3-cm-long midline incision was made.
The left colon was exteriorized and sectioned
approximately 6 cm above the Peyer’s lymphoid
patch located at the transition between the left
colon and the rectum. Two circular fragments
of skin, 3 mm in diameter and 3 cm apart,
were made in the left side of the abdominal
wall at the same vertical level. The proximal
end of the colon was exteriorized through the
cranial-cutaneous orifice, and, after splitting
the abdominal wall muscles, the distal stoma
was exteriorized through the caudal skin
opening. The proximal end of the colon and
the distal stoma were fixed to the skin with
full-thickness 5–0 Prolene sutures (Ethicon
Inc., Somerville, NJ, USA). Before fixation of the
distal stoma to the skin, the distal colon was
cleaned by infusing a physiologic solution until
fecal contents were completely removed. The
abdominal incision was closed in two stages:
the muscle and aponeurosis were closed with
4–0 Vicryl (Ethicon Inc., Somerville, NJ, USA),
and the skin was closed with 4–0 Prolene
(Ethicon Inc., Somerville, NJ, USA). In this
way, two colostomies were performed: the
proximal colostomy, a terminal colostomy with
intestinal transit; and the second colostomy, a
distal stoma devoid of fecal stream. Rats were
maintained in individual cages without special
wound care given to the stomas or abdominal
incisions.

Experimental study showed that use of enema
containing MEZ can reduces the intensity of
oxidative damage to epithelial barrier of colon
segments without fecal stream, confirming
the scavenging effects of MEZ against ROS25.
Because oxidative stress is related to the
damage of the mucus layer in experimental
models of DC, it’s possible that use of enemas
with MEZ neutralizing the overproduction of
ROS, could reduce the inflammatory process
and preserve the protection offered by mucins
in colonic epithelium devoid of the fecal
stream. However, to the best of our knowledge,
no experimental study evaluate this possibility
yet. Thus, the aims of the present study were to
evaluate the effects of enemas with MEZ in the
inflammatory process of the colonic mucosa
and tissue content of different types of mucin
in an experimental model of DC.

■■

Methods

The experiments were performed in
accordance with the principles outlined by
Brazilian Federal Law nº 11.794 (10/08/2008)
and were approved by the Ethics Committee in
Animal Research of Universidade São Francisco
(Nº 2211/2007).
Animals and surgical techniques
Twenty-four male Wistar rats (300350g) were obtained from the ANILAB (ANILAB
– Animais de Laboratório Criação e Comércio,
Paulínea, São Paulo, Brazil), barrier facility and
maintained on light/dark cycles of 12 hours,
and fed a standard rodent chow diet. They
were deprived of food, but not water, for 12h
prior to the surgical procedure.
Diversion of fecal stream was
performed in all animals similar as previous
described25. Briefly, animals were anesthetized
by intramuscular administration of 0.1 ml/100
g 1:1 (v/v) solution of ketamine (50 mg/ml) and
xylazine (20 mg/ml). The abdomen was shaved,

Experimental groups
Twenty-four animals were divided into
two experimental groups with 12 animals each
according the euthanasia had done after 2 or
4 weeks of treatment. These two experimental
groups were divided into four subgroups with
six animals each according to the intervention
solution employed and time of intervention.
In the first and second subgroups, six animals
received daily rectal enemas containing 20 ml
of saline (control subgroup) at 37ºC, and six
received daily rectal enemas containing 20
3
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ml of MEZ (Pentasa, Ferring laboratories, São
Paulo, Brazil) at concentration of 100 mg/
kg for 2 weeks. In the 12 remaining animals
of the second group, six rats received daily
rectal enemas with saline and six with MEZ at
same concentration for 4 weeks. In order to

standardize the speed and time of application,
the enemas were administered in all animals
with an infusion pump whose speed was
standardized at 5/ml/min. Figure 1 show the
algorithm of the division of the experimental
groups.

Figure 1 - Algorithm of division of the experimental groups.

buffer (Sigma-Aldrich, St. Louis, MO, USA) for
24 h, dehydrated by exposure to increasing
ethanol concentrations and embedded in
paraffin. Thereafter, sections of tissue were
cut at 5 µm on a rotary microtome (Leica
Biosystems, Nussloch, Germany), mounted on
a glass slide, cleared, hydrated and stained with
hematoxylin-eosin (HE) for evaluation of the
presence of colitis. Slide analysis was performed
with optical microscope (Eclipse DS-50, Nikon
Inc., Osaka, Japan) with final magnification of
x200. To establish the diagnosis of colitis, as well
as the degree of inflammation, the histological
slides were analyzed by two blinded observers.
The diagnosis of colitis was made based on
presence of five independent histological
parameters: reduction of the crypt length,
number of goblet cells, crypt abscess, intensity
of neutrophil infiltration of the mucosa, and

Sample collection
Upon completion of the pre-determined
irrigation period, the animals were anesthetized
with the same technique used to diversion of
the fecal stream, and the midline incision was
opened again. In both groups, specimens were
taken from the intra-abdominal part of the
excluded colon (colon without fecal stream).
The removed specimens of the colon without
fecal stream, measuring approximately 6.0 cm
each, was longitudinally opened through the
anti-mesenteric border fixed in a piece of cork
and referred to histological and histochemical
analysis.
Histological and histochemical analysis
Fragments prepared for histological
analysis were immersed in 10% neutral formalin
4
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of pixels in each selected field, and the final data
were transformed into percentage expression
of mucins per field analyzed (%/field). The
final value measured for each section was
the mean of the values found from evaluating
three different fields. The tissue content of
sulfomucins and sialomucins was quantified in
the same colonic glands.

epithelial loss. These variables were stratified
as crosses, according to the degree of each,
as follows: 0: absent or no alterations; (+):
when intensity was mild; (++): moderate and,
(+++): intense. For all variables analyzed, the
final value considered for each animal was
the mean value after quantification of three
distinct histological fields. The inflammatory
score for each animal was obtained from the
sum of the five variables analyzed.
The tissue expression of the neutral and
acid mucins was determined by histochemical
technique of Periodic Acid Schiff (PAS) and
Alcian-blue (AB), respectively, as previous
report16. Neutral mucins stained magenta,
while the acid mucins stained blue. To identify
the subtypes of acid mucins (sulfomucins and
sialomucins), the slides were stained using
the high iron diamine-Alcian blue (HID-AB)
histochemical technique, in accordance with
the previous standardized methodology17.
Through the HID-AB technique, sulfomucins
stained brown and sialomucins stained blue.

Statistical analysis
The results obtained for the tissue
contents of all types and subtypes of mucins
were always described by the mean value with
respective standard error. A significance level
of 5% (p<0.05) was adopted for all tests. The
Mann-Whitney test was used to compare the
degree of inflammation, the tissue content of
the all types of mucins of animals from the
control (saline) and experimental (MEZ) groups
and to compare colon segments submitted
to intervention with saline or MEZ for two or
four weeks. BioStat software (version 5.1)
was used for the statistical analysis. Significant
values when were compared colon segments
without fecal stream irrigate with saline or
MEZ, were marked with asterisk (*) when this
level was less than 5% or two asterisks when
this level was less than 1% . At the same way,
the significant values found when the animals
submitted to the intervention with saline or
MEZ by two or four weeks were marked with
one ticket (•) when this level was less than 5%
or two tickets (••) when this level was less than
1%.

Computer-assisted image processing
The neutral and acid mucin content,
as well the tissue content of sulfomucins
and sialomucins, was quantified by means of
computer-assisted image processing and was
always performed in a focal field in which there
were at least three complete and contiguous
colonic glands, at a magnification of x200.
A pathologist with experience of IBD, who
was unaware of the origin of the material
and the objectives of the study, evaluated
the content of tissue expression of all types
and subtypes of mucins. The images selected
were captured on a video camera that had
been coupled to an optical microscope. These
images were processed and analyzed using the
NIS-Elements 3.1 software (Nikon Inc., Osaka,
Japan). By means of colored histograms in the
red, green and blue (RGB) system, the software
determined the color intensity and the number

■■

Results

In Figure 2A and B it is possible verify the
colonic mucosa of the segments without fecal
stream in animals submitted to intervention
with saline for 2 or 4 weeks. After 2 weeks of
intervention with saline t is possible to identify
edema among colonic glands, inflammatory
infiltrate in mucosa and, thickening of the
5
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muscularis mucosa layer. The inflammatory
infiltrate it is more intense in colonic crypts
submitted to intervention with saline after
4 weeks. Figure 2C and D show the colon
segments without fecal stream in animals

submitted to intervention with MEZ for 2 or
4 weeks. It is possible observer reduction of
the edema and inflammatory infiltrate among
colonic glands and increase in number of goblet
cells.

Figure 2 – A: Colon epithelium devoid of fecal stream after intervention with saline by 2 weeks, It is possible
verify the inflammatory infiltrate in colon mucosa (black arrow). B: Colon epithelium devoid of fecal stream
after intervention with saline by 4 weeks. It is possible to observe the increase of the inflammatory cells in
colon mucosa (red arrow). C: Colon epithelium without fecal stream in animals submitted to an intervention
with MEZ by 2 weeks. We verify reduction of the inflammatory infiltrate and increase of the population of the
goblet cells in colon glands (black arrow). D: Colon glands without fecal stream in animals submitted to an
intervention with MEZ by 4 weeks. It is possible to verify an even greater increase in population of the goblet
cells (red arrow) and reduction of the inflammatory infiltrate compared with those animals that receive MEZ
by 2 weeks. (HE x200).

In Figure 3 it is possible to verify the
pattern tissue expression of neutral mucins,
acid mucins, sulfomucins and sialomucins
in colonic segments without fecal stream in
animals submitted to intervention with saline
or MEZ for four weeks. In Figure 3A and B it
is possible to observe the pattern of tissue
expression of neutral in glands of the colonic
mucosa of animals submitted to intervention

with saline or MEZ for 4 weeks. There are
increases in tissue content of neutral mucins
in colonic segments submitted to intervention
with MEZ. In Figure 3C and D it is possible to
see the pattern of tissue expression of acidic
in glands of the colonic mucosa of animals
submitted to intervention with saline or MEZ for
4 weeks. There are increases in tissue content
of acidic mucins in colonic segments submitted
6
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to intervention with MEZ. In Figure 3E and
F it is possible to observe the tissue content
of sulfomucins and sialomucins in glands of
the colonic mucosa of animals submitted to

intervention with saline or MEZ for 4 weeks.
There are increases in tissue content of both
subtypes in animals submitted to intervention
with MEZ.

Figure 3 - A: Reduction of the tissue expression of neutral mucins (staining in magenta) in glands of the colon
epithelium devoid of fecal stream after intervention with saline by 4 weeks (PAS-x200). B: Increase in the
tissue content of neutral mucins (staining in magenta) in goblet cells of the colon mucosa devoid of fecal
stream submitted to an intervention with MEZ by 4 weeks (PAS-x200). C: Reduction of the tissue expression of
acidic mucins (staining in blue) in goblet cells of the colon glands devoid of fecal stream after intervention with
saline by 4 weeks (AB-x200). D: Increase in the content of the acidic mucins (staining in blue) in goblet cells of
the colon glands devoid of fecal stream after intervention with MEZ by 4 weeks (AB-x200). E: Tissue expression
of sulfomucins (staining in brown) and sialomucins (staining in blue) in goblet cells of the colon glands devoid
of fecal stream after intervention with saline by 4 weeks (HIDAB-x200). F: Tissue expression of sulfomucins
(staining in brown) and sialomucins (staining in blue) in glands of the colon epithelium devoid of fecal stream
after intervention with MEZ by 4 weeks (HIDAB-x200). Increase in the sulfomucins and sialomucins content in
the animals submitted to enemas with MEZ by 4 weeks in relation to those that received enemas with saline.
7
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The mean values, with the respective
standard error, for the inflammatory score,
tissue content of neutral, acid mucins,
sulfomucins and sialomucins, in colon
segments without fecal stream, of the animals
submitted to intervention with saline or MEZ,
for two or four weeks are show in Table 1. It
is possible to verify that animals submitted
to intervention with saline presents high
grade of inflammatory score compared those
submitted to intervention with MEZ. The

application of enemas with MEZ by 4 weeks
showed more efficacies to reduce the grade of
inflammation. Animals that received enemas
with MEZ presents increase in the tissue
content of neutral, acid and sufomucins when
compare with those submitted to intervention
with saline regardless of intervention time.
However, in animals treated with MEZ, the
content of sialomucins was only higher after
2 weeks of intervention than the animals that
received intervention with saline.

Table 1 – Mean value, with respective standard error, of the tissue content of neutral, acid mucins,
sulfomucin and sialomucin in colon segments without fecal stream submitted to intervention with
saline or MEZ for two or four weeks.
2 weeks
4 weeks
Saline
MEZ
Saline
Mez
M ± SE
Inflammatory score

8.70±0.4**

5.31±0.3••

9.20±0.5**

3.30±0.3

Neutral mucin

6.67±0.34

15.25±0.98**

7.73±0.48

16.96±085**

Acid mucin

5.85±0.61

11.40±0.69**

9.22±0.46

19.84±2.35** ••

Sulfomucin

7.60±0.13

8.65±0.12**

6.58±0.21

15.55±0.85** ••

Sialomucin

0.04±0.006

0.27±0.05**

0.20±0.04••

MEZ = Mesalazine. M = Mean. SE = Standard Error. * saline × MEZ (p<0.05); ** = saline × MEZ (p<0.01);
(p<0.01). Mann-Whitney test.

■■

0.33±0.01*
••

= 2 weeks × 4 weeks

the goblet cells cytoplasm presents in colonic
glands and are composed of two fractions, one
glycid and other protein16,17,19. Regarding the
protein fraction of the mucins molecule, several
subtypes were described but the subtype MUC2
are the most often found in colonic epithelium.
Others subtypes like MUC1, MUC4, MUC5A,
MUC5B and MUC6 may also be expressed
but in smaller quantities9,20. Regarding the
glycid fraction, colonic mucins belong to two
main histochemical groups: neutral and acid
mucins16. Acid mucins are composed by two
subtypes: sulfomucins and sialomucins17,26.
Neutral mucins are expressed in greater
quantities in the more cranial portions of the
digestive tract and, going towards the colon,

Discussion

The colonic mucosal barrier is made up
of epithelial and immune cells which together
form a barrier to harmful agents. The colonic
epithelium is covered by a thick layer of
mucus that serves as a first line of the colonic
epithelium defense system20. The mucous layer
represents one of the most important defense
systems of the intestinal mucosa that prevents
microorganism and noxious substances from
reaching the surface of the epithelium. The
protective effect provided by the mucous layer
is related to the presence of a high molecular
weight glycoprotein called mucins16. The
mucins are produced and stored in granules of
8
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with and without fecal stream16,17,27-29. The
results showed that in colonic mucosa with
fecal stream (provide of the regular supply
of SCFAs) the tissue content of both types
of mucins do not change along of colonic
mucosa16. In colonic segments with fecal
stream, the tissue content of neutral mucins
is slightly higher than that of acidic mucins,
especially in the proximal portions of the
colon16,26. However, in the colonic segments
devoid of fecal stream (without regular supply
of SCFAs), there is a significant reduction in the
content of both types of mucins, with a more
pronounced reduction of the acidic mucins,
mainly in the distal portions of the colon. The
reduction of content of both types of mucins
is related with increased levels of ROS and
with the worst of mucosal inflammation and
epithelial damage10-13,16,17. Although studies
showed that in the colonic segments without
fecal stream occurs a small increase in tissue
content of both types of mucins with the time
of colonic exclusion, these values are always
smaller than content presents in the colon
segments with fecal stream16,17. Thus, the
regular supply of SCFAs protects the mucus
layer that covers the colonic epithelium by
two different mechanisms: stimulating the
production of mucins by the goblet cells and
reduce its damage by oxidative stress13,19. The
influence of oxidative stress in reduction of
the tissue content of neutral and acid mucins
appear to be confirmed by experimental
studies27-29. They showed that the application
of enemas containing sucralfate or curcumin
an antioxidant substance in colonic mucosa
without fecal stream, in addition to reduce the
oxidative stress and improve the inflammatory
process, increased the tissue content of neutral
and acidic mucins27-29.
The results of the present study seems
to confirm the antioxidant action of MEZ in
protect the colonic mucosa devoid of the fecal
stream. Enemas with MEZ were able to reduce

the predominant tissue expression changes to
acid mucins26.
There are several evidences suggesting
that SCFAs reinforces the colonic defense
barrier mainly by stimulating the synthesis of
mucins3,7. Studies have shown that butyrate
increased the MUC2 gene expression,
stimulated mucin synthesis thereby increasing
the thickness of the mucus layer that covers
the colonic epithelium8,9. While the adequate
supply of SCFAs to colonic mucosa increase the
mucus production, studies has shown that in
absence of a regular supply of SCFAs, like occur
in colonic segments devoid of the fecal stream,
there is a reduction in the tissue content and
modification of the mucin expression pattern
in glands of the colonic epithelium8,16,18. Thus,
the colonic mucosa excluded from fecal stream
becomes more vulnerable to the deleterious
effects of overproduction of ROS and
development of an inflammatory process10.
Deficiency of SCFAs colonic mucosa cells
could potentially increase production of ROS,
resulting in onset of mucosal inflammation
6,10,15,17,18
. It is now well recognized that oxygen
radicals such as superoxide, hydroxyl radical,
hydrogen peroxide, and hypochlorous acid
may be pathogenic and are produced in
excess by colonic mucosa when devoid of fecal
stream10,15. Increased formation of ROS and
continuous exposure of colonic epithelium cells
to these harmful radicals promote, damage
of the mucus layer and intercellular adhesion
molecules, peroxidation of cellular membrane
lipids and oxidative DNA damage to epithelial
cells, thereby triggering development of colitis
and colorectal cancer11,12,15,25. The radical
induction theory was proposed to explain
the importance of the oxidative stress in the
ethiopatogenesis of UC15.
Experimental studies evaluated the
effects of oxidative stress and substances with
antioxidant properties on the tissue content of
neutral an acidic mucins in the colonic mucosa
9
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type of acidic mucins. Sialomucins were found
only at 6 weeks in the inferior third of the gland
with a high intensity and then at 17 weeks
with a weak intensity all along the height of
the gland26. However, the tissue content of
both subtypes of acidic mucins was measure
subjectively, therefore subject to variations in
the measure between observers. Posteriorly,
other’s authors using computer-assisted image
analysis software to measure the content of
both subtypes of acidic mucins showed that in
the colonic mucosa without fecal transit there
is a significant reduction in the tissue content
of both subtypes when compared with mucosa
with fecal stream17. Sialomucins showed a
more significant reduction when compared
with sulfomucins and practically disappear
after 18 weeks of colonic diversion. As occur
with neutral and total acid mucins, these same
animals presents high inflammatory score and
increase levels of oxidative stress in colonic
segments without fecal stream, suggesting
a relation among overproduction of ROS,
mucosal damage and modification in tissue
content of sulfomucins and sialomucins10,17. In
order to evaluate the interference of oxidative
stress on the tissue content of sulfomucins and
sialomucins in colonic segments without fecal
stream, experimental studies evaluated the
effect of use of enemas containing antioxidant
substances25,27-30. The results showed that
sucralfate, n-acetylcysteine and, oil extract
of curcimun, substances with antioxidant
properties, in addition to reducing the degree
of tissue inflammation, and the levels of lipids
peroxidation, increase the content of both
acidic mucin subtypes in the colonic mucosa
without supply of SCFAs.
The results of this study seems to
confirm the action of MEZ in maintain the
tissue content of sulfomucins and sialomucins
in colonic mucosa devoid of the fecal stream.
Regardless of the time of intervention
adopted, the tissue content of sulfomucins

the mucosa inflammation and maintain the
tissue content of neutral and acids mucins
despite the lack of supply of SCFAs. Regardless
of the time of intervention adopted, the
tissue content of neutral and acidic mucins
was always higher in animals treated with
MEZ when compared with those treated with
saline. There was an increase in the tissue
content of acid mucins with the intervention
time. Animals treated with MEZ also had an
improvement in the inflammatory score when
compared to those treated with saline. It is
possible that these findings are related to the
reduction of levels of oxidative damage. In
a previous study, utilizing the same group of
animals, we showed that the application of
enemas with MEZ was able to reduce the levels
of oxidative damage to the DNA of the isolate
cells obtained from colonic segments devoid of
fecal transit, even after ex vivo challenge with
H2O225. These results confirm the importance
of the adequate supply of SCFAs to reduce the
oxidative stress and consequently maintain the
content of neutral and acidic mucins in colonic
mucosa.
Keli et al.26 were the first to study the
tissue content and the pattern of expression
of the subtypes of acidic mucins (sulfomucins
and sialomucins) in colonic segments diverted
from fecal stream. The results showed that
colonic segments without fecal stream
presents reduction in the length of the colonic
glands, increase of the inflammatory grade
and significant modification of the pattern
of distribution and tissue content of the two
subtypes of acidic mucins. Using a subjective
method of analysis the author has showed
that sulfomucins, initially present in the upper
two-thirds of the colic glands, with a weak
intensity were found after 6 weeks of colonic
diversion along of all colonic glands with a
high intensity, and this was maintained at 17
weeks. Thus, in colonic mucosa devoid of the
fecal stream sulfomucins is the predominant
10
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further studies in patients with DC should be
performed to confirm whether these effects
are replicated in humans.

and sialomucins mucins was always higher in
animals treated with MEZ when compared
with those treated with saline. There was
an increase in the tissue content only of
sulfomucins with the intervention time.
Although the sialomucins are the subtype
of acid mucin that presents the greatest
reduction of its contents in colonic mucosa
excluded from fecal stream, the tissue content
of sialomucins was always higher in animals
treated with MEZ when compared with those
treated with saline. These same results were
found by other authors who used enemas
with antioxidant substances in the mucosa
devoid of fecal stream29,30. Taken together, all
these results suggest that the tissue content of
both acidic mucin subtypes increases with the
regular supply of SCFAs and with the reduction
of tissue oxidative stress.
These results reinforce the possibility
that oxidative stress caused by overproduction
of ROS by epithelial cells devoid of fecal stream
may be related to the reduction of the mucins
contents. The data confirm the benefits of
MEZ in the treatment of DC, as demonstrated
by its therapeutic effects at increasing the
production of the all types and subtypes of
mucins studied. Previous experimental studies
showed that the use of enemas containing
MEZ could reduce levels of oxidative damage
in cells of chronically inflamed colonic mucosa,
and may be this one of the most important
mechanism related to reduction of the mucins
content25. Because oxidative damage caused
by ROS is one of the mechanisms related to
rupture of the epithelial barrier in patients
with IBD and DC, it is possible that antioxidant
activity preserving the mucins contents is an
explanation for the protective effects of MEZ
in the treatment of these diseases7,11,12,17,23,25,26.
Although these data demonstrate the efficacy
of MEZ in preserve the tissue content of the
mucins in the colonic epithelium devoid from
fecal stream in experimental model of DC,

■■

Conclusion

Daily enemas with MEZ can improve the
inflammatory process and increase the tissue
content of mucins in colonic mucosa devoid of
the fecal stream in an experimental model of
diversion colitis.

■■

References

1. Geirnaert A, Calatayud M, Grootaert C, Laukens
D, Devriese S, Smagghe G, De Vos M, Boon N,
Van de Wiele T. Butyrate-producing bacteria
supplemented in vitro to Crohn’s disease patient
microbiota increased butyrate production and
enhanced intestinal epithelial barrier integrity.
Sci Rep. 2017;7(1):11450. doi: 10.1038/s41598017-11734-8.
2. Scheppach W. Effects of short chain fatty acids
on gut morphology and function. Gut. 1994;35(1
Suppl):S35–8. PMID: 8125387.
3. Hamer HM, Jonkers DM, Vanhoutvin SA, Troost
FJ, Rijkers G, de Bruïne A, Bast A, Venema K,
Brummer RJ. Effect of butyrate enemas on
inflammation and antioxidant status in the
colonic mucosa of patients with ulcerative colitis
in remission. Clin Nutr. 2010;29(6):738-44. doi:
10.1016/j.clnu.2010.04.002.
4. Leonel AJ, Alvarez-Leite JI. Butyrate: implications
for intestinal function. Curr Opin Clin Nutr
Metab Care. 2012;15(5):474-9. doi: 10.1097/
MCO.0b013e32835665fa.
5. Elce A, Amato F, Zarrilli F, Calignano A, Troncone
R, Castaldo G, Canani RB. Butyrate modulating
effects on pro-inflammatory pathways in human
intestinal epithelial cells. Benef Microbes.
2017;8(5):841-7. doi: 10.3920/BM2016.0197.
6. Liu Q, Shimoyama T, Suzuki K, Umeda T, Nakaji
S, Sugawara K. Effect of sodium butyrate
on reactive oxygen species generation by
human neutrophils. Scand J Gastroenterol.
2001;36(7):744-50. PMID: 11444474.
7. Hamer HM, Jonkers DM, Bast A, Vanhoutvin
SA, Fischer MA, Kodde A, Troost FJ, Venema
K, Brummer RJ. Butyrate modulates oxidative
stress in the colonic mucosa of healthy humans.
11

Enemas with mesalazine increase the tissue contents of mucins in
the colonic mucosa devoid of fecal stream
Martinez CAR et al.

Acta Cir Bras. 2019;34(4):e201900406

Clin Nutr. 2009;28(1):88-93. doi: 10.1016/j.
clnu.2008.11.002.
8. Finnie I A, Dwarakanath AD, Taylor BA, Rhodes
JM. Colonic mucin synthesis is increased by
sodium butyrate. Gut. 1995;36(1):93-9. PMID:
7890244.
9. Gaudier E, Rival M, Buisine MP, Robineau I,
Hoebler C. Butyrate enemas upregulate Muc
genes expression but decrease adherent
mucus thickness in mice colon. Physiol Res.
2009;5891):111-9. PMID: 18198997.
10.Martinez CA, Ribeiro ML, Gambero A, Miranda
DD, Pereira JA, Nadal SR. The importance of
oxygen free radicals in the etiopathogenesis
of diversion colitis in rats. Acta Cir Bras.
2010;25(5):387-95.
doi:
10.1590/S010286502010000500002.
11.Martinez CA, de Campos FG, de Carvalho VR, de
Castro Ferreira C, Rodrigues MR, Sato, DT, Pereira
JA. Claudin-3 and occludin tissue content in the
glands of colonic mucosa with and without a
fecal stream. J Mol Histol. 2015;46(2):183-94.
doi: 10.1007/s10735-015-9610-y.
12.Kadri CJ, Pereira JA, da Silva CM, Nonose R,
Nascimento EF, Jacomo AL, Martinez CA.
E-cadherin expression in colonic mucosa with and
without fecal stream. J Invest Surg. 2013;26(2):729. doi: 10.3109/08941939.2012.693334.
13.Tazoe H, Otomo Y, Kaji I, Tanaka R, Karaki SI,
Kuwahara A. Roles of short-chain fatty acids
receptors, GPR41 and GPR43 on colonic
functions. J Physiol Pharmacol. 2008;59:251-62.
PMID: 18812643.
14.Donohoe DR, Garge N, Zhang X, Sun W, O’Connell
TM, Bunger MK, Bultman SJ. The microbiome
and butyrate regulate energy metabolism
and autophagy in the mammalian colon. Cell
Metabolism. 2011;13:517-26. doi: 10.1016/j.
cmet.2011.02.018.
15.Pravda J. Radical induction theory of ulcerative
colitis. World J Gastroenterol. 2005;11(16):237184. PMID: 15832404.
16.Nonose R, Spadari AP, Priolli DG, Máximo FR,
Pereira JA, Martinez CA. Tissue quantification
of neutral and acid mucins in the mucosa of
the colon with and without fecal stream in rats.
Acta Cir Bras. 2009;24(4):267-75. doi: 10.1590/
S0102-86502009000400005.
17.Martinez CA, Nonose R, Spadari AP, Máximo
FR, Priolli DG, Pereira JA, Margarido NF.
Quantification by computerized morphometry
of tissue levels of sulfomucins and sialomucins
in diversion colitis in rats. Acta Cir Bras.

2010;25(3):231-40.
doi:
10.1590/S010286502010000300004.
18.Circu ML, Aw TY. Redox biology of the intestine.
Free Radic Res. 2011;45(11-12):1245-66. doi:
10.3109/10715762.2011.611509.
19.Mello Rde O, Silva CM, Fonte FP, Silva DL, Pereira
JA, Margarido NF, Martinez CA. Evaluation of the
number of goblet cells in crypts of the colonic
mucosa with and without fecal transit. Rev
Col Bras Cir. 2012;39(2):139-45. doi: 10.1590/
S0100-69912012000200010.
20.Cornick S, Tawiah A, Chadee K. Roles and
regulation of the mucus barrier in the gut.
Tissue Barriers. 2015;3(1-2):e982426. doi:
10.4161/21688370.2014.982426.
21.Hanauer SB. Oral or topical 5-ASA in ulcerative
colitis. Dig Dis. 2016;34(1-2):122-4. doi:
10.1159/000443026.
22.Seo EH, Kim TO, Kim TG, Joo HR, Park J, Park SH,
Yang SY, Moon YS, Park MJ, Ryu DY, Song GA.
The efficacy of the combination therapy with
oral and topical mesalazine for patients with the
first episode of radiation proctitis. Dig Dis Sci.
2011;56(9):2672-7. doi: 10.1007/s10620-0111637-7.
23.Triantafillidis JK, Nicolakis D, Mountaneas
G, Pomonis E. Treatment of diversion
colitis with 5-aminosalicylic acid enemas:
comparison with betamethasone enemas. Am
J Gastroenterol.1991;86(10):1552-3. PMID:
1928058.
24.Millar AD, Rampton DS, Chander CL, Claxson
AW, Blades S, Coumbe A, Panetta J, Morris CJ,
Blake DR. Evaluating the antioxidant potential of
new treatments for inflammatory bowel disease
using a rat model of colitis. Gut.1996;39(3):40715. PMID: 8949646.
25.Caltabiano C, Máximo FR, Spadari AP, da
Conceição Miranda DD, Serra MM, Ribeiro
ML, Martinez CA. 5-aminosalicylic acid (5-ASA)
can reduce levels of oxidative DNA damage in
cells of colonic mucosa with and without fecal
stream. Dig Dis Sci. 2011;56(4):1037-46. doi:
10.1007/s10620-010-1378-z.
26.Keli E, Bouchoucha M, Devroede G, Carnot
F, Ohrant T, Cugnenc PH. Diversion-related
experimental colitis in rats. Dis Colon Rectum.
1997;40(2):222-8. PMID: 9075761.
27.Bonassa CE, Pereira JA, Campos FG, Rodrigues
MR, Sato DT, Chaim FD, Martinez CA. Tissue
content of sulfomucins and sialomucins in
the colonic mucosa, without fecal stream,
undergoing daily intervention with sucralfate.
12

Acta Cir Bras. 2019;34(4):e201900406

Enemas with mesalazine increase the tissue contents of mucins in
the colonic mucosa devoid of fecal stream
Martinez CAR et al.

Acta Cir Bras. 2015;30(5):328-38. doi: 10.1590/
S0102-865020150050000004.
28.Chaim FM, Sato DT, Rodrigues MR, Dias
AM, Silveira Júnior PP, Pereira JA, Martinez
CA. Evaluation of the application of enemas
containing sucralfate in tissue content of neutral
and acid mucins in experimental model of
diversion colitis. Acta Cir Bras. 2014;29(9):54452. doi: 10.1590/S0102-8650201400150001.
29.Alves AJ Júnior, Pereira JA, Pansani AH, Magro
DO, Coy CS, Martinez CA. Tissue sulfomucin and
sialomucin content in colon mucosa without

intestinal transit subjected to intervention
with Curcuma longa (curcumin). Acta Cir
Bras. 2017;32(3):182-93. doi: 10.1590/S0102865020170030000002.
30.Martinez CA, de Almeida MG, da Silva CM,
Ribeiro ML, da Cunha FL, Rodrigues MR, Sato
DT, Pereira JA. Enemas with N-acetylcysteine
can reduce the level of oxidative damage in cells
of the colonic mucosa diverted from the faecal
stream. Dig Dis Sci. 2013;58(12):3452-9. doi:
10.1007/s10620-013-2768-9.

Correspondence:
Carlos Augusto Real Martinez
Rua Rui Barbosa, 255/32
09190-370 Santo André – São Paulo Brasil
Tel.: (55 11)4438-9203
caomartinez@uol.com.br

Conflict of interest: none
Financial source: CNPq (Grant No. 312587/20147)

Research performed at Medical Investigative
Laboratory (LIM), Postgraduate Program in
Health Sciences, Universidade São Francisco
(USF), Bragança Paulista-SP, Brazil.
1

Received: Dec 16, 2018
Review: Feb 18, 2019
Accepted: Mar 17, 2019

This is an Open Access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use,
distribution, and reproduction in any medium, provided the original work is properly cited.

13

