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ABSTRACT
PURPOSE: To investigate immunohistochemical aspects of the myenteric plexus of valves constructed in the colon of rats to verify 
whether any denervation occurs both at the operative site and in those areas adjacent to the third valve. 
METHODS: Thirty six male Wistar rats divided into the following three groups were used: Control Group (CG); Amputated Group 
(AG); Amputated Group with Valves (AGWV). In AG was held in the rectum amputation and the colon was sutured to the skin 
elaborating the perineal colostomy. In AGWV was held in the rectum amputation. A laparotomy was performed for the manufacture of 
valves (seromyotomy) in the colon. After this step, the colon was sutured to the skin elaborating the perineal colostomy. The density 
of the neural elements in the muscular wall as marked specifically using Protein Gene Product (PGP) 9.5 and utilising the proper tools 
of the KS300 software for measuring the area.  From these measurements, a relation and three proportions were drawn and analysed 
according to the mean of the averages obtained from the measured images. 
RESULTS: Immunoexpression of PGP 9.5 demonstrated a total absence of neural elements and myenteric plexus at the valve site. The 
density of the neural elements in the circular muscular layer at sites adjacent to the 3rd valve was lesser, however, was not significantly 
different. 
CONCLUSION: The immunohistochemical study of valves constructed in the colon of rats submitted to abdominoperineal amputation 
and perineal colostomy revealed denervation at the seromyotomy site. 
Key words: Amputation. Colostomy. Myenteric Plexus. Colorectal Surgery. Immunohistochemistry. Rats.
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Introduction 

Perineal colostomy is a useful technique for replacing 
the anal function. Reconstruction of neo-anal function following 
the abdominoperineal amputation of the rectum allows for partial 
control of intestinal content evacuation. This technique has several 
notable oncological features: it allows in a block resection of the 
pelvic tissues and subsequent filling of the pelvic hollow; it avoids 
abdominal colostomy; and patients have an improved social life, 
as they are bag-free and can schedule their intestinal hygiene at 
their convenience, despite their relative incontinence1. Perineal 
colostomy also avoids alterations to the patient’s body image 
that can be interpreted as disfiguring and necessitate a process of 
redevelopment2,3.

Seromyotomy, which is conducted to construct surgical 
valves in the pulled-through colon, consists of a total local section 
of the serosa layer, including both the external and internal 
muscular layers of the intestinal wall, to the point of making the 
protusion of the mucosa evident and creating an invaginating 
suture of the mucosa in this segment. This procedure involves the 
section of the myenteric plexus (Auerbach’s) with the preservation 
of the submucosal plexus (Meissner’s) and mucosal plexus, thus 
resulting in localized surgical de-enervation. The histological 
alterations in the valves constructed at the cellular and neural 
levels remain unknown4-6.

The objectives are as follows: 
1) Reproduce the technique of Seromyotomy in an 

experimental environment by constructing valves in the colons of 
rats. 2) Investigate the morphological and immunohistochemical 
aspects of the myenteric plexus of these valves to verify whether 
any denervation occurs both at the operative site and in those 
areas adjacent to the third valve. Furthermore, we are interested 
in whether alterations occur in the thickness of the muscle layers 
or the connective tissue in the intestinal wall adjacent to the third 
valve.

Methods 

The study was performed after obtaining approval 
from the Medical Research Ethics Committee of the institution 
(CETEA/UFMG).

Thirty six male Wistar rats (Rattus norvergicus albinus) 
between three and five months, weighing between 230g a 500g 
were used in experimental model. The rats were divided into 
the following three groups: 6 specimens in the Control Group 
(CG), 6 specimens in Amputated Group (AG) and 24 specimens 

in Amputated Group with Valve (AGWV). The animals were 
held in fasting conditions (8h), with no rations and free access 
to water. They were weighed immediately before the anaesthetic 
procedure and anaesthetised with a mixture of Xylasine (1 mL/kg 
live weight) and Ketamine (1 mL/kg live weight) in equal parts, 
via intramuscular injection, on the lateral aspect of the left thigh.

Surgical procedures 

Control Group (CG)
Six rats were submitted to laparotomy, a midline 

incision with 5 cm in length. These rats underwent exploration 
of the abdominal cavity, injection of 5 mL of 0.9% saline 
solution, replacement of the intestinal loops at the incision site 
and abdominal wall closure using PDS (Polydioxanone) 4.0 
with continuous surgical suture in the aponeurosis and skin in a 
craniocaudal direction (xiphoid-pubic).

Amputated Group (AG)
Six rats were subjected to an anal bag-shaped surgical 

suture (cotton 2.0 sutures with needles) via perineal access and 
mobilization of the entire rectum and colon to pull them up 
through to the coccygeal vertebra. Following that step, the anal 
sphincter structure was resected approximately 1 centimetre from 
cranial to the anal edge. The descending colon was sutured to the 
perineal skin with cardinal points (Chromed Catgut 5.0). An extra 
stitch was placed among the previous four stitches crowning the 
perineal colostomy.

Amputated Group With Valve (AGWV)
Twenty-four rats were subjected to amputation of the 

anal sphincter structure via perineal access and construction of 3 
valves in the pulled-through colon via abdominal access, followed 
by perineal colostomy. The perineal operative time followed the 
same techniques as in the AG, with the colostomy fixed after the 
sphincters were extracted and valves constructed. A five centimetre 
midline laparotomy was performed. The arterial arcade and caudal 
mesenteric artery were preserved. A tweezer was placed by the 
perineum through the retrorectal area, to access the abdominal 
cavity, i.e., the dissection of the intestinal segment in the perineal 
operation was taken to the abdominal cavity. The construction 
of the valves through a linear section of the seromuscular layer 
(seromyotomy) was circumferential (360º) and preserving 
mucosal layer, with preservation of the arcade. The first valve was 
constructed two cranial centimetres from the anal edge, the second 
valve was constructed 1 cranial centimetre from the first valve, 
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and the third valve was constructed 1 centimetre from second 
valve. The raw areas of the seromyotomy were sutured with simple 
stitches, using mononylon 6.0 thread. The needle was transfixed 
in the seromuscular layer 4mm to 5 mm from the raw area, and 
the same steps were repeated on the contralateral border, starting 
at the mesenteric face and covering the entire circumference in 
a counterclockwise direction, generating the border union and 
mucosal invagination (Figure 1). Next, the pull-through of the 
operated segment was performed, with the resection of the anus 
approximately 1 centimetre distal to the first valve. Care was taken 
to maintain the mesocolon in a posterior position. The abdominal 
wall was closed with polydioxanone (PDS) 4.0 suture. The pulled-
through colon was sutured to the perineal skin (Chromed Catgut 
5.0) at the four cardinal points, and a fifth extra stitch was also 
added, thereby completing the perineal colostomy.

On the fortieth post-operative day, the entire large intestine 
was extracted, and the animals were killed by bloodletting.

FIGURE 1 – a. Section of the seromuscular layer showing the mucosa 
(blue arrow), b and c. Sutures at the mucosal border, d. Three constructed 
valves (black arrows).

 

Collection, fixation and histological processing of the 
material

In all three groups, a 9-centimetre segment of the intestine 
was removed, beginning at the anal edge. The segment was divided 
into two parts: a 3-cm cranial segment and 6-cm distal segment. The 
6-cm distal segment in the AGWV contained the three constructed 
valves, whereas in the CG and AG, the extracted segment of the 
intestine corresponded with the area with valves in the AGWV. 
The colon was opened longitudinally on its antimesenteric face 
and processed as described elsewhere8. Briefly, the intestine was 
washed in PBS (phosphate buffer saline) solution and the piece 
was placed onto filter paper with the serosa side in contact with the 
paper and immersed in Bouin’s fixative solution with 2% glacial 
acetic acid. The segment was kept submersed as long as necessary 

for proper former fixation to occur, which permitted the piece to 
form a roll without compressing the tissue. The proper former 
fixation time varied between 20 and 30 minutes (Figure 2). Next, 
the rolls were set in a formaldehyde solution buffered in 4% PBS 
at a neutral pH until routinely processed for paraffin embedding 
and microtomy8,9.

FIGURE 2 – a. Nine-centimetre intestinal segment comprising the three 
valves, b. Intestinal segments divided into cranial and distal segments. 
The arrows indicate the direction in which the piece was rolled, c. 
Intestinal segment roll, d. Histological cut of the intestinal roll. The red 
marks represent the valve locations, with the third being the most distant 
from the centre. Bar = 3 mm.

The histological cuts were initially stained with 
haematoxylin and eosin (H&E). Subsequent semi-consecutive 
sections were obtained for Gomori Trichrome staining and for 
immunohistochemistry of a generic neural tissue marker, the 
Protein Gene Peptide 9.5 (PGP 9.5)10,11.

Microscopy and morphometric analysis

The morphometric analysis was planned for the 
comparative study of the distal and cranial segments of the three 
experimental groups in accordance with the following parameters:

a. Intestinal wall thicknesses: Internal Muscular (IM); 
External Muscular (EM); Total Muscular (TM = IM + EM); and 
serosa (SE) layers (Figure 3).
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FIGURE 3 – a. Photomicrograph of the area corresponding with a 
valve on a rat from the Amputated Group. The valve site showed a slight 
increase in wall thickness (black line) and the interruption of the muscular 
layers (black arrow) (10x), b. Photomicrograph of the caudal segment of 
a rat from the Control Group showing the method used to measure the 
thickness of the layers: Total Muscular (TM), Internal Muscular (IM), 
External Muscular (EM) and serosa (SE) thicknesses (4x).

b. Density of the neural elements in the muscular wall as 
marked specifically using PGP 9.5 (Figure 4).

FIGURE 4 - Digitalized method used to automatically measure the 
circular muscle layer area (pink) measuring 2 µm and delimited by 
the blue mask. The areas positive for axon protein gene products after 
digitalization are shown by the green spots (10x).

c. Connective tissue area present in the intestine wall 
(Figure 5).

FIGURE 5 - Method used to measure the area coloured by Gomori 
Trichrome Stain, which indicates the presence of connective tissue (green 
areas) distributed across the entire thickness of the wall (4x).

Distal segment

To measure the thickness of the intestinal wall, five 
images of each slide were photographed at 4x magnification of the 
distal segment, which included the regions immediately adjacent, 
distally and cranially, to the third valve in each slide of the AGWV 
intestines and corresponding region in the CG and AG intestines. 
Five measurements each of the muscular and serosa layers were 
obtained from each image. In this segment, the same parameters 
were evaluated in the distal segment; five images from each slide 
were selected from a minimum of five and maximum of seven rats.

Cranial segment

Five measurements each of the muscular and serosa 
layers were made for each image, with a magnification of 4x, 
which corresponds to 3 centimetres cranial to the third valve of the 
AGWV and corresponding region in the CG and AG intestines. 
The thickness measurement was individualised for the IM, EM, 
TM and SE layers and expressed in µm (Figure 3a and b).

A minimum of four and maximum of six images were 
selected from each slide, corresponding with four rats from the 
CG, six from the AG and seven from the AGWV for the distal 
intestinal segment. At least five images from five to six rats from 
each the experimental group were also obtained for the cranial 
segment.

Utilising the proper tools of the KS300 software for 
measuring the area (binary image in a 10x objective), the internal 
muscular layer was isolated by masks, and its area was measured 
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in µm2 and denominated the IM Area. The same real image was 
digitalized, and only the area corresponding with the myenteric 
plexus marked by PGP was measured in µm2, denominated the 
Myenteric Plexus Area. From the same real image, only the 
area corresponding with the intramuscular axons of the internal 
muscular layer of the enteric neurons marked by the antibody PGP 
9.5, the sum of which was obtained in µm2, was denominated the 
Positive IM PGP Area. From the same real image, the parameter 
“distance between two points” was activated, which consisted of a 
line drawn between the circular and longitudinal muscular layers 
encompassing the field of view of the slide (10x magnification) 
from one extreme to another, measured in millimetres, denominated 
the IM Length. The total area was obtained by the sum of the 
positive PGP area in the internal muscular (IM) plus the myenteric 
plexus area.

From these measurements, a relation and three 
proportions were drawn and analysed according to the mean of the 
averages obtained from the measured images:

A relation: area of the myenteric plexus (µm2) marked 
by PGP 9.5 and divided by the length of the examined wall (µm) 
and the following three proportions: (1) PGP-positive area in the 
internal muscular area (µm2) divided by the total internal muscular 
area; (2) PGP-positive area in the internal muscular area (µm2) 
divided by the total area; and (3) PGP-positive area in the internal 
muscular area (µm2) added to the myenteric plexus area (µm2) 
and then divided by the total area (µm2)12. These proportions are 
shown in Table 2.

Distal and cranial segments were coloured with Gomori 
Trichrome stain and subjected to a morphometric procedure. In 
the distal segment, five slides from the CG, six slides from the 
AG and four slides from the AGWV were selected. Four to eight 
images were photographed for each slide, at 4x magnification. For 
the cranial segment, five slides from the CG, five slides from the 
GA and seven slides from the AGWV were selected, and five to 
six images were made from each slide using the afore mentioned 
magnification. The average of the measurements obtained for each 
group was reported. The results were expressed as a proportion 
of the area coloured in bluish-green, measured and expressed in 
square micrometres (µm2) and then divided by the total area of the 
intestinal wall (area of all layers).

Results 

Pre, intra, and post-operative complications are listed 
in Table 1. The variables considered important and capable of 

influencing the analytical results of the study in terms of the 
denervation of the colon after seromyotomy were the number 
of stitches per valve and punctiform opening of the mucosa 
membrane. Neither of these variables was significant enough to 
explain death, with p values greater than the significance level, 
defined as p = 0.20 (univariate analysis and logistic regression).

TABLE 1 - Pre and postoperative complications in 
animals from the three groups.

Complication Nº of rats
Mucosa punctiform opening 10

Encapsulated abscess 1
Abdominal adhesion 4

Tail wound dehiscence 1
Incisional hernia 1
Testicular injury 1

Leg muscle necrosis 10
Colostomy prolapsed 32

Death 6

Microscopy of the distal intestinal segment

In the CG and AG, the intestinal wall demonstrated 
habitual continuity of the mucosa, submucosa, muscular and 
serosa layers (Figure 6). The AG also demonstrated a nonspecific 
inflammatory reaction restricted to the serosa layer.

FIGURE 6 – a. Histological aspects of the distal region of the CG 
intestinal wall. Histological structure of the muscle layer is preserved 
(H&E, 4x), b. Histological aspects of the distal region of the AG intestinal 
wall. Serosa thickening (black arrow). Histological structure of the muscle 
layer is preserved (H&E, 4x). 

In the AGWV, the intestinal wall demonstrated continuity 
of all layers except in the region where it was possible to identify the 
presence of the valves by the localised thickening of the serosa and 
muscular layers, signs of chronic inflammation with the formation 
of giant cells that phagocytose parts of surgical sutures (Figure 
7) and fibrotic repairs (connective-vascular neoformation with 
collagen deposits). The linear interruption of the muscular layers in 
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a region largely replaced by exuberant vascular connective tissue 
represents fibrous scarring that mainly extended to the serosa layer 
and external and internal muscular layers (Figure 8A and B). The 
submucosal layer, including the muscularis mucosae was found to 
be preserved (Figure 9).

FIGURE 7 - Mononuclear infiltrate rich in foreign-body giant cells 
(arrows) (H&E, 10x).

FIGURE 8 – a. Histopathological aspects of the valves. A partial 
interruption of the muscle layers (dashed area) is visible. The mucosa 
and submucosa are preserved (H&E, 4x), b. Histopathological aspects 
showing exuberant connective and vascular tissue representing fibrous 
scarring (detail) with collagen deposits (arrow). Conjunctive tissue can be 
observed surrounding the empty space (blue arrow) previously occupied 
by the surgical thread. Gomori Trichrome Stain colouration shows the 
connective tissue and collagen deposits in bluish-green (detail) (H&E, 
4x), Gomori Trichrome (detail).

FIGURE 9 - Histopathological aspects of the areas adjacent to the 
valve (interruption of the muscle layer continuity – thick arrow) 
showing complete preservation of the structures and minimal deposition 
of connective tissue (blue). Serosa thickening (thin arrow) (Gomori 
Trichrome, 4x). 

Nevertheless, despite the intense alterations described 
in the valve region, a systematic inspection of the adjacent areas 
demonstrated well-preserved tissue with only minimal deposits 
of connective tissue that did not result in important structural 
alterations in the wall. These findings may be observed in Figure 
9, which is representative of the intestinal wall between the valves.

The colouration of connective tissue using Gomori 
Trichrome Stain revealed habitual collagen deposits in several 
anatomic regions of the wall, which showed no qualitative or 
quantitative differences between the groups.

The distribution of the myenteric plexus along the 
intestinal wall sampled in the roll of the regions between the valves 
remained preserved in terms of the structure and density of the 
neural elements, as was well demonstrated by PGP 9.5 expression 
(Figures 10 and 11). 
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FIGURE 10 - PGP 9.5 expression on the intestinal wall of the CG 
rats. Preservation of neural fibre density (brown spots – arrows) can be 
observed in the internal muscular layer (20x).

FIGURE 11 - PGP 9.5 expression in the intestinal wall of the AG rats. 
Preservation of neural fibre density (brown spots – arrows) can be 
observed in the internal muscular layer (20x).

However, at the site of the surgical valves, a concomitant 
discontinuity in the internal and external muscular layers was 
observed, in addition to the virtual absence of the elements that 
constitute the myenteric plexus at these sites. Figure 12 shows 
the paucity of these filaments in the internal muscular layer at the 
site immediately adjacent to the valves. This decrease in density 
was not detected in the intervalve areas where the morphometric 
analysis was conducted.

FIGURE 12 - PGP 9.5 expression on the intestinal wall of the GACV rats 
in the area adjacent to the third valve. An important decrease in the density 
of neural fibres in the internal muscle layer can be observed (arrow) (20x).
 

Microscopy of the cranial intestinal segment

The intestinal rolls in the cranial region reveal well-
preserved intestinal layers from a structural point of view. 
Staining with H&E, Gomori and immunohistochemistry for 
PGP demonstrated similar findings when comparing the groups. 
Furthermore, the morphometry of these elements did not reveal 
any quantitative differences. The serous layers of the representative 
animals in the AGWV rats can be observed to be discretely 
enlarged due to a chronic inflammatory process indicative of a 
giant cell reaction (Figure 13).

FIGURE 13 - Histological aspects of the cranial intestinal segment of the 
AGWV. The presence of chronic inflammation with a foreign-body giant 
cell reaction can be observed (arrow) with preservation of the histological 
structure of the muscular layers (H&E, 4x). 
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Thickness of the distal and cranial intestinal layers

The thicknesses of the internal muscular, external 
muscular, total muscular and serosa layers of the intestinal wall in 
the distal region were not statistically significant between the three 
groups. In the cranial region, the thickness of the specific muscular 
layers did not differ statistically between the GC, AG and AGWV, 
whereas the thickness of the serosa layer was significantly different 
between the groups (p = 0.024). According to the Mann-Whitney 
test, the serosa layer was significantly larger in the AGWV than 
the CG.

Gomori Trichrome Stain in the distal and cranial 
intestinal segments

This colouration reveals the habitual features of collagen 
deposits evident in the diverse anatomic regions of the wall, 
although neither qualitative nor quantitative differences were 
found between the groups.

Density of the neural elements in the distal and cranial 
intestinal segments

The density of the neural elements of the intestinal wall in 
the region distal to the third valve was analysed using the Kruskal-
Wallis test. Although the differences in density were not statistically 
significant, the differences in proportions were significant (Tables 
2 and 3). One may observe that all of the parameters evaluated 
for the densities of positive PGP 9.5 elements in this region were 
significantly greater in the CG than the AG. There was also a 
significant difference between the CG and AGWV in terms of the 
density parameter expressed as PGP pos-IM + plexus area / total 
area, with the CG demonstrating greater values. The intestinal 
segment cranial to the third valve was analysed in the same 
manner as described for the distal intestinal segment. The Kruskal-
Wallis test was applied. None of the differences in terms of the 
relation and proportions for the density of the PGP-positive neural 
elements were statistically significant.

TABLE 2 - Density analysis of PGP-positive neural 
elements in the distal intestinal segment in the CG, AG and AGWV.

Statistical test: Kruskal-Wallis.
p value ≤ or = 0.05

TABLE 3 - Density proportion analysis of PGP-positive 
neural elements in the distal intestinal segments in the CG, AG 
and AGWV.

Mann-Whitney Test.
Significance Level = Bonferroni correction = 0,05/3 = 0,0167
Caption: PGP=protein gene product; CG=control group; AG=amputated group; 
AGWV =amputated group with valve; IM=internal muscular; pos=positive.

Discussion

The experimental reproduction of the technique for 
constructing biological surgical valves in the colons of rats subjected 
to abdominoperineal amputation with surgical reconstruction of 
the pelvis and exteriorisation of perineal colostomy has proven 
executable and achieved its objective.

The seromyotomy undertaken in the valve construction 
results in local denervation4-6,13. In this denervated segment, there 
is fibrotic replacement without re-enervation up to the 40th post-
operative day. There is no cicatricial stenosis. The pathoanatomical 
analysis did not reveal significant hypertrophy of the intestinal wall 
in the distal and cranial segments. This absence of hypertrophy 
represents an intestinal adaptation because the valve, although 
denervated, is not able to block the functioning of all motility 

p Value

Groups PGPposIM     
IMArea 

PGPposIM
Total Area

Area PGPposIM 
± Plexus Area

 Total area

CG x AG   0.011      0.011 0.011
CG x AGWV   0.131      0.058 0.008
AG x AGWV   0.199      0.775 0.317

Variable Group N I M X ± s Mi CI SDM p 
value

Plexus Area/ 
Length

CG 4 19 171 3.74 ± 1.19 3.44 1.83 – 5.65 0.5996
0.255AG 6 30 270 3.04 ± 0.91 2.9 2.08 – 3.99 0.3715

AGWV 7 38 342 2.66 ± 1.34 2.27 1.41 – 3.90 0.5080

PGP-pos IM 
/ IM Area

CG 4 19 171 0.020 ± 0.008 0.019 0.006 – 0.034 0.0043
0.033AG 6 30 270 0.008 ± 0.002 0.008 0.006 – 0.011 0.0010

AGWV 7 38 342 0.011 ± 0.003 0.011 0.008 – 0.015 0.0013

PGP-pos IM 
/ Total Area

CG 4 19 171 0.019 ± 0.008 0.018 0.006 – 0.033 0.0042
0.041AG 6 30 270 0.008 ± 0.002 0.008 0.005 – 0.011 0.0010

AGWV 7 38 342 0.010 ± 0.003 0.01 0.006 – 0.013 0.0014
PGP-pos 

IM + Plexus 
Area / Total 

Area

CG 4 19 171 0.046 ± 0.013 0.042 0.025 – 0.068 0.0068
0.010AG 6 30 270 0.027 ± 0.005 0.026 0.021 – 0.033 0.0023

AGWV 7 38 342 0.030 ± 0.004 0.032 0.026 – 0.034 0.0015
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mechanisms. As a result, the valves are likely less effective 
and uncoordinated, and for this reason, the seromyotomy is not 
destructive but rather retainer. It is clear that the valve construction 
of the valve does not result in a disease in the operated segment 
that may lead to systematic repercussions, i.e., in the descriptive 
analysis, there was preservation of the histological structure at the 
intervals between the valves and upstream of the last valve. In 
the qualitative analysis of the distribution of Auerbach’s plexuses 
along the sampled intestinal wall, the structure and density of its 
neuronal elements was preserved in the regions between valves. 
At the valve sites, these plexuses were no longer visible in small 
microscopic segments of the wall in association with irregularities 
in the presentation of the muscular layers that lose distinction 
and present areas of connective tissue deposits. As it is retainer, 
the valve re-establishes close-to-physiological behaviour in the 
operated segment.

The thicknesses of the internal and external muscular 
layers did not significantly vary between groups. However, there 
was a slight increase in the external muscular thickness in the 
AGWV. The AG showed smaller values in all of the thickness 
parameters, indicating that amputation without concurrent 
construction of the valves not only significantly diminished the 
transit time but also resulted in some degree of muscular atrophy 
of the wall.

The creation of the valves leads to changes in peristalsis, 
with stasis and intestinal distension downstream sum to different 
degrees, which inhibit and delay intestinal transit. Many reports 
of this phenomenon can be found in the literature. Dilation is the 
second morphological parameter of intestinal adaptation6. The 
increase in intraluminar pressure caused by the accumulation of 
content in the segment proximal to the surgical injury produces 
transluminar tension. In this experimental model, dilation occurred 
in all animals to varying degrees. This distension presented with the 
formation of segmentation chambers, revealing a gradual intestinal 
adaptation process towards valve resistance.  This adaptation 
might even enable an increase in the absorption of water, among 
other local alterations, as direct contact of the mucosa with luminar 
nutriments and hormones affects the proliferation of cells in a 
manner similar to what occurs in the human intestine. The valves 
did not produce intestinal obstruction, and the adaptation took 
place at different levels. Valve construction leads to alterations of 
peristalsis, with resulting stasis and intestinal distension upstream 
at different levels, which inhibits and retards intestinal transit. 
Many such observations are reported in the literature4-6,14,15.

Biological surgery valves do not obstruct or starve the 
animals; they are retainers allowing a delay in the intestinal flow 

and faecal exoneration, re-approximating the evacuation act to 
the physiological pattern. These valves do not create alterations 
that stimulate disease, and they provoke denervation only at the 
valve sites. They generate an intestinal adaption response with the 
preservation of histological structures in the intestinal segments 
between and downstream of the valves and from them. Nor 
do they behave as scar stenosis but rather work as valves and 
transform the intestinal segment where they are created to storage. 
The technique is easily executed and has potential importance for 
clinical applicability.

Biological surgical valves do not become obstructed 
in animals; they are contentive, which allows for retardation of 
the intestinal flow, and they function in faecal exoneration, thus 
restoring the act of evacuation close to its physiological pattern. 
These valves do not generate alterations that simulate diseases, 
and they result in denervation exclusively at the creation site. They 
generate an intestinal adaptive response with preservation of the 
histological structures in the operated intestinal segment between 
and upstream of the valves. Furthermore, they do not create 
cicatricial stenosis but instead function as valves to transform the 
intestinal segment into a storage segment. This technique is easily 
performed and has important potential for clinical applications.

To extrapolate the current findings to human beings, we 
conclude with future perspectives of more studies that consider 
the systematic analysis of other elements, such as interstitial cells 
of Cajal, neurotransmitters and the physiology of the operated 
segment, submucosal plexus of Meissner and colonic mucosa16. 
Given its certain clinical applicability, this technique may be able 
to improve patients’ quality of life.

Conclusion

The morphological and immunohistochemical valve built 
in the left colon of rats subjected to abdominoperineal amputation 
and perineal colostomy revealed denervation site seromyotomy, 
which contributes to the delay of the intestinal flow.
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