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Abstract
AIM: To evaluate the structural organization of the elastic 
and collagen fibers in the region of the ileocecal transition 
in 30 young and old male Wistar rats. 

METHODS: Histology, immunohistochemistry (IHC), 
transmission electron microscopy and scanning electron 
microscopy were employed in this study. The results 
demonstrated that there was a demarcation of the 
ileocecal region between the ileum and the cecum in both 
groups. 

RESULTS: The connective tissue fibers had different 
distribution patterns in the two groups. IHC revealed the 
presence of nitric oxide synthase, enteric neurons and 
smooth muscle fibers in the ileocecal junctions (ICJs) of 
both groups. Compared to the young group, the elderly 
group exhibited an increase in collagen type Ⅰ fibers, a 
decrease in collagen type Ⅲ fibers, a decreased linear 
density of oxytalan elastic fibers, and a greater linear 
density of elaunin and mature elastic fibers. 

CONCLUSION: The results revealed changes in the 
patterns of distribution of collagen and elastic fibers that 
may lead to a possible decrease in ICJ functionality.
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Core tip: The ileocolonic sphincter controls the forward 
and backward flow by integrating its motility with that 
of the distal ileum and proximal the ileocolonic sphincter 
controls the forward and backward flow by integrating 
its motility with that of the distal ileum and proxima. The 
ileocecal junction (ICJ) includes the muscle bundles in 
the terminal ileum, the intrinsic nerve plexus. The ICJ 
includes the muscle bundles in the terminal ileum, the 
intrinsic nerve plexus. Given the importance of knowing 
how the ICJ changes with age, the objective of this study 
was to characterize the morphological changes in the ICJ 
in rats aged 21 d and 2 years, using optical microscopy 
and electronic scanning and transmission methodologies. 
Additionally, the neurochemical characterization of the 
inhibitory neurons of the myenteric plexus, which are 
immunoreactive to the enzyme nitric oxide synthase, and 
the staining of the neuronal population were employed to 
identify immunoreactivity to HuC/D.
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INTRODUCTION 
The ileocecal junction (ICJ) has two aspects: A wedge-
shaped cavity that progressively narrows the orifice 
to form the ileum and is bordered by an upper lip and 
lower lip, joined by front and posterior commissures; 
and an invagination of the small intestine to the large 
intestine[1-4]. Morphological differences between species 
can be related to the type of digestion, either partial or 
total, in the cecum[5-8]. The smooth muscle cells of the 
ICJ maintain a high tone[9]. The ileocolonic sphincter 
controls the forward and backward flow by integrating its 
motility with that of the distal ileum and proximal[9]. The 
ICJ includes the muscle bundles in the terminal ileum, 
the intrinsic nerve plexus, and the presence or absence 
of the interstitial cells of Cajal (ICC). Many ICC associated 
with the myenteric plexus are observed in both the ileal 
and cecal sides of the valve[10]. The neuronal density 
is lower in the cecum and ileal papilla compared to the 
terminal ileum. ICC exist within the myenteric plexus 
of the ICJ, and their density is similar to the adjacent 
bowel[4]. Histochemistry for acetylcholinesterase (AchE) 
and NADPH-diaphorase (NADPH-d) histochemistry and 
immunohistochemistry for protein gene product 9.5 (PGP 
9.5) and C-kit in the ICJ revealed two distinct coaxial 

myenteric plexuses, together with superficial and deep 
submucosal plexuses. The C-kit immunostaining showed 
a continuous myenteric ICC network within the ICV[6].

Additionally, the ICJ is accompanied by a framework 
of collagen and elastic fibers[1-3,11]. The elastic fibers 
function to maintaining the elasticity of tissues throughout 
life[12]. Changes to the collagen arrangement and its 
three-dimensional (3D) distribution may be related to 
the dissimilar biomechanical proprieties in the terminal 
ileum[11]. Changes have been observed in the composition 
and architecture of the connective tissue with aging, 
resulting in the loss of elasticity and extensibility of 
different tissues[12,13].

The loss of ICJ function is clinically important. The 
loss of ICJ function may cause fecal reflux, with the risk 
of bacterial colonization in the terminal ileum[14]. Given 
the importance of knowing how the ICJ changes with 
age, the objective of this study was to characterize the 
morphological changes in the ICJ in rats aged 21 d and 2 
years, using optical microscopy and electronic scanning 
and transmission methodologies. Additionally, the neuro-
chemical characterization of the inhibitory neurons of 
the myenteric plexus, which are immunoreactive to the 
enzyme nitric oxide synthase (NOS), and the staining 
of the neuronal population were employed to identify 
immunoreactivity to HuC/D.

MATERIALS AND METHODS
We used 30 male Wistar rats (Rattus norvegicus) from 
the Central Animal Facility of the Institute of Biomedical 
Sciences, University of São Paulo in this study. The animals 
were housed in polypropylene cages that could hold up to 
three animals. The temperature was controlled at 21 ℃ 
± 1 ℃, and the humidity was approximately 60%. The 
animals were maintained on alternating cycles of 12 h 
of light and 12 h of dark, with a balanced diet and water 
provided ad libitum. All the procedures were approved 
by the Ethics Committee on Animal Experiments of the 
Faculty of Veterinary Medicine and Animal Science of the 
University of São Paulo. The animals were divided into two 
groups: (1) a young group, 21 d old (n = 15); and (2) an 
older group, 24 mo old (n = 15). Each group was analyzed 
using microscopy (n = 7), immunohistochemistry (IHC; n 
= 2), transmission electron microscopy (TEM; n = 2) and 
scanning electron microscopy (SEM; n = 4). 

Histology methods
For light microscopy, the animals were euthanized with 
an overdose of xylazine (40 mg/kg) and ketamine (120 
mg/kg) and then the ICJ was removed. The samples 
were fixed in 10% paraformaldehyde fixative for 24 h 
at room temperature before undergoing routine histo-
logical processing. Cuts were made in the longitudinal 
direction with a thickness of 5 µm using a Reichert Jung 
ultramicrotome. Samples were stained using hematoxylin 
and eosin (HE). Elastic fibers were revealed by staining 
with iron hematoxylin (Verhoeff), resulting in blue and 
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black tones[15-17]. Staining with resorcin-fuchsin (Weigert), 
with and without oxone, showed mature elastic fibers as 
pink, and elaunin and oxytalan were stained in shades of 
purple and black[16,17].

Picrosirius staining under polarized light allowed 
the observation of collagen birefringence, allowing the 
classification of the type or age of the collagen according 
to the color and light intensity of the refringence. Pola-
rized light of picrosirius-stained samples evidenced 
yellow and red fibers (type Ⅰ collagen) and green fibers 
(type Ⅲ collagen). The stained slides were observed and 
digitized with a NIKON Eclipse E600 microscope and NIS-
Elements AR software for documentation and further 
qualitative and quantitative analysis.

IHC fluorescence method 
For IHC, the animals were euthanized with an overdose 
of xylazine (40 mg/kg) and ketamine (120 mg/kg). After 
collection, the samples were washed by immersion in 
phosphate-buffered saline solution (PBS; 1.15 mol/L NaCl 
and 0.01 mol/L sodium phosphate buffer, pH = 7.2), and 
then they were washed with PBS. After this procedure, 
the samples were sectioned by mesenteric margins 
and were subsequently fixed in wooden rafts with the 
mucosa facing down with the aid of pins. Subsequently, 
the sections were immersed in 4% paraformaldehyde 
fixative in 0.1 mol/L sodium phosphate buffer, pH 7.3 
at 4 ℃ for 24 h. On the following day, the samples were 
removed from the fixative and washed in PBS three 
times with intervals of 10 min each. Then, some of the 
samples were stored in PBS containing sodium azide 
(0.1%) at 4 ℃ for preservation, and the others were 
transferred to PBS + 30% sucrose for 24 h at 4 ℃. The 
next day, an exchange of substances in 50:50 PBS + 
30% sucrose + Optimum Cutting Temperature Tissue 
Tek, Elkhart (OCT) was performed, and the samples 
were stored overnight. After this period, the switch was 
made at 100%. The samples were then stored at -80 ℃ 
to maintain their conservation. After the completion of 
all the procedures mentioned above, the samples were 
fixed on metal bases (stubs) in 10 µm slices, and cuts 
were made with an 1850 Leica cryostat at -25 ℃. The 
sections were mounted on slides, which were stored at 
room temperature for 1 h and then immersed in 10% 
normal horse serum solution (NHS) and 1.5% Triton 
(Sigma) in PBS for 45 min at room temperature. Then, 
the samples were incubated with primary antibody (Table 
1) for 48 h. 

After 24 h, the samples were again subjected to 

washes with PBS (three times for 10 min each) and were 
further incubated with a secondary antibody (Table 1). 
The tissues were immersed in 2.6-diamino-2-phenylindole 
dihydrochloride (DAPI) for five minutes to stain the nuclei 
of all the cells. Subsequently, the tissues were washed 
in PBS (3 times for 5 min each). Then, the slides were 
covered with a glycerol coverslip buffered in 0.5 mol/L 
calcium carbonate buffer (pH 8.6). Observations were 
performed with a Nikon 80i fluorescence microscope using 
the Nis Elements program. Sample preparations were also 
analyzed with a confocal scanning microscope (Olympus 
Fluorview FV10SW Laser).

TEM method 
After pre-anesthesia, the animals were perfused with a 
modified Karnovsky fixative solution containing 2.5% 
glutaraldehyde and 2% paraformaldehyde in 0.1 mol/L 
sodium phosphate buffer at pH 7.4[18]. After perfusion, 
samples were collected from the ICJ. The samples 
were post-fixed in 2.5% glutaraldehyde for 2 h at 4 ℃. 
They were then washed in sodium phosphate buffer 
and post-fixed in 1% osmium tetroxide for 2 h at 4 ℃. 
The samples were washed with brine, and then were 
immersed in 0.5% uranyl acetate overnight. On the 
following day, the samples were dehydrated in a series 
of increasing alcohol concentrations (from 2% to 70%) 
before baths in absolute alcohol and propylene oxide 
for 15 min each. The samples were then embedded in 
a mixture of Spurr® resin. The samples were placed in 
shallow molds of silicone, which were then placed in an 
oven at 60 ℃ for 48 h for polymerization of the resin. 
The blocks were then subjected to trimming, and thin 
sections from 0.5 µm to 1 µm were obtained with an 
ultra-microtome. The sections were then collected on 
glass slides, stained with toluidine blue and washed with 
1% distilled water for observation by light microscopy for 
the delimitation of areas. Ultrathin sections approximately 
70 nm thick were made and collected in 200 mesh 
copper screens. The sections were contrasted with 4% 
uranyl acetate solution for 10 min and were then washed 
with distilled water[18] and 4% lead citrate for 10 min[18]. 
All the cuts were made with an ultra-microtome (Leica 
Ultracut, Germany) in the multiuser laboratory of the 
Department of Biomedical Sciences Institute of Anatomy, 
University of São Paulo. The sections were analyzed by 
TEM (Fei Morgagni 265 and Jeol 1010 brand microscopes 
set to 80 kV).

SEM method 
For SEM, the animals were anesthetized intraperitoneally 
with ketamine (60 mg/kg) and xylazine (20 mg/kg) 
and then were perfused with a fixative solution of 
modified Karnovsky containing 2.5% glutaraldehyde, 2% 
paraformaldehyde, and a 0.1 mol/L solution of sodium 
phosphate buffer at pH = 7.4[18]; approximately 60 mL 
of solution was injected through the left ventricle of the 
heart. After perfusion, samples from the ICJ were then 
removed and immersed in fixative for 48 h at 4 ℃. Then, 
the tissues were sectioned at the mesenteric margin. 
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Table 1  Characteristics of the primary and secondary antibodies 
used in this study

Antigen Host Dilution Source

Nitric oxide synthage Sheep 1:1000 Chemicon
HuC/D Mouse 1:100 Molecular probes
Anti-sheep IgG 488 Donkey 1:100 Molecular probes
Anti-mouse IgG 594 Donkey 1:200 Molecular probes
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in three different muscle layers: Two circular layers and 
one longitudinal muscle layer, with their cores in the 
central portion of the cells (Figure 1A-D). Spaces between 
smooth muscle cells were observed in the young group 
(Figure 1A, B); however, in the older group (Figure 1C, D), 
connective tissue fiber condensation between the smooth 
muscle cells was observed. The transition region had 
different cell characteristics. The ileum protruded into the 
cecum, while thickening occurred in the circular muscle 
layer. The cecum of both groups comprised a glandular 
epithelium without villi (Figure 1A-D).

Picrosirius staining under non-polarized light (Figure 
1E and G) showed the general appearance of the ICJ. 
Picrosirius staining under polarized light showed the 
architecture of the Type Ⅰ and Type Ⅲ collagen fibers of 
the ICJ in both groups. These fibers were arranged around 
the smooth muscle cells and originated from both sides of 
the cecal ileum to form the transition surface. In addition, 
evaluating the structure of the connective framework 
revealed a clear predominance of type Ⅰ collagen fibers, 
which was characteristic of mature tissue in the elderly 
group (Figure 1H), that were shorter, thicker and more 
numerous. Note that the type Ⅰ collagen fibers in the 
young group (Figure 1F) were more elongated and thin 
and were less prevalent compared to the elderly group. 
Type Ⅲ collagen fibers were more numerous in the young 
group (Figure 1F) and were thinner compared to the older 
group (Figure 1H).

Elastic fibers: Weigert staining with previous oxidation 
showed oxytalan fibers (Figure 2A and B). In the young 
group (Figure 2A), these fibers were arranged in parallel, 
were thinner compared to the elderly group (Figure 2B), 
and were thicker and curved. Weigert staining (Figure 
2C) also showed elaunin fibers. These fibers were 
arranged in parallel and were straight and slender in the 
young group (Figure 2C), which was different from the 
observations in the elderly group (Figure 2D) in which 
these fibers were more curved and thick. With Verhoeff 
staining (Figure 2E and F), it was possible to identify 
mature elastic fibers in both groups. These showed more 
slender and straight fibers in the young group (Figure 
2E). However, in the elderly group (Figure 2F) these 
fibers were thicker, shorter and more crooked.

IHC: Immunoreactive neurons and fibers were identified 
by HuC/D (Figure 3A and D) and NOS (Figure 3B, E) in 
the young and elderly groups. The nuclei of the smooth 
muscle cells were identified by DAPI staining (Figure 
3C and D). Figure 3C and F shows the triple labeling of 
immunoreactive neurons with NOS, HuC/D and DAPI. 
There was a homogeneous distribution of cytoplasmic 
immunoreactivity for HuC/D and NOS in the myenteric 
neurons of both groups. 

TEM: In the young group (21-d-old), the observation of 
the mucosa of the ileocecal transition region revealed the 
presence of smooth muscle cells sectioned transversely 

Some of the samples were selected for SEM, and some 
were subjected to treatment with a 5% aqueous solution 
of sodium hydroxide (NaOH)[19,20], which was changed 
daily for 4 d; the samples were then washed in distilled 
water for 2 d at 4 ℃. After this step, all the samples 
(sectioned and macerated) were post-fixed in aqueous 
1% osmium tetroxide for 2 h at 4 ℃ and dehydrated in a 
series of increasing alcohol concentrations and dried in a 
critical point apparatus (Balzers CPD-020) using liquid CO2. 
After drying, the samples were mounted on aluminum 
metal bases and subjected to a metal cover with gold ions 
in the “sputtering” unit (Union Balzers SCD 040).

Quantitative analysis
Collagen fibers: The study of the collagen fiber system 
was performed by capturing random fields using the 
Imaging Software NIS program - Elements AR 3.1 for 
the observation of collagen types Ⅰ and Ⅲ. Six fields of 
each slide were captured with a × 20 lens. From these 
images, collagen fiber type Ⅰ (red) and type Ⅲ (green) 
densities were quantified with a software tool that 
recognizes color variations in an image using the color 
channels of red, green and blue (RGB). This software 
allows the identification of one color at a time, yielding 
the average color intensity of the given area and the area 
of each field equivalent to 274252.78 pixels[21]. 

Elastic fibers: The histomorphometrical examination 
was performed using linear density (Ld) estimation of 
the elastic system. The estimated elastic fiber length 
was derived from the formula L = 2Q × EV, where L = 
length of the elastic fiber structure per unit volume, Q 
= number of cross-sectioned elastic fibers in the plane 
of the section and EV = unit volume. The fiber length 
per unit volume is directly proportional to the number of 
fiber intersections within the unit section area[21-23]. The 
samples were analyzed with a 100X lens, immersion 
oil, and eye Kf 10 × 18 compensation, with 117 points 
integration, showing 13 parallel lines vertically and 
9 horizontally. The total area was 117000 µm2. The 
distance (L) between the points in this system was 10 
μm according to the procedure reported[24]. Histological 
sections of the ICJ were observed and documented under 
a microscope (Nikon Eclipse E600/NIS - Elements).

Statistical analysis
A statistical analysis was performed by comparing the 
linear density of the collagen and elastic fibers of the 
young and elderly groups. The data were analyzed stati-
stically using Student’s t-test with a significance level of P 
< 0.05.

RESULTS
Histological analyses
The HE staining showed that smooth muscle cells were 
distributed in the mucosa and submucosa of the intestine 
in both groups, and both regions showed an arrangement 
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and mitochondria (Figure 4B). In the elderly group 
(24-mo-old), longitudinal sections were observed (Figure 
4C). Between muscle fibers in the elderly group, there 
was a larger amount of collagen fibers forming the 

(Figure 4A). The smooth muscle cells were surrounded 
by bundles of collagen fibers (Figure 4A and B). Between 
muscle cells, we observed numerous unmyelinated fibers 
(Figure 4B). The nerve fibers contained neurofilaments 
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Figure 1  Histological sections of the ileocecal junctions in the young group and the elderly group. Hematoxylin-eosin staining (A-D) was performed to 
examine the ileum (IL), cecum (C), circular muscle layer (CM) and longitudinal muscle layer (ML). Picrosirius staining under non-polarized light (E and G) showed the 
transition region between the ileum (IL) and cecum (C). Picrosirius staining under polarized light (F and H) showed type I collagen fibers (yellow, orange and red) (arrows) 
and type III collagen fibers (green) (arrowhead). 
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region had only foramens without collagen (Figure 5D). 
In the elderly group, the line delimiting the two 

regions was visible as a surface containing a groove 
(Figure 5E). A characteristic, normal-looking mucosa 
forming the microvilli was observed (Figure 5F). After 
treatment with a sodium hydroxide solution, the epi-
thelial-tissue interface regions of the ileum and cecum 
showed that the ileum region had numerous laminar 
projections of collagen fibers interspersed with an ess-
entially circular foramen (Figure 5G). In the region of the 
cecum, numerous circular and elongated foramens in a 
three-dimensional arrangement were observed (Figure 
5H). 

Quantitative analysis
An analysis of light intensity after picrosirius staining 
under polarized light showed that the value for the 
average linear type Ⅰ collagen fibers in the young group 

endomysium of the cells (Figure 4C). There were many 
unmyelinated nerve fibers of different diameters (Figure 
4D). 

SEM
SEM of ileocecal transition segment samples from 
the young and elderly groups revealed the transition 
region, with mucosal projections of the ileal and cecal 
regions (Figure 5). In the young group, the mucosal 
surface of the transition between the ileum and cecum 
showed a perfectly demarcated area where numerous 
elongated buds had formed on the microvilli in the ileum 
region (Figure 5A and B). After treatment with sodium 
hydroxide solution, the cell layers were completely 
removed and the ileocecal transition region was clearly 
identified, revealing numerous foramens in the cecum. 
There were foramens and laminar projections of collagen 
fibers in the ileum (Figure 5C and D); however, the cecal 
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Figure 2  Histological sections of ileocecal junctions in the young group (A, C, E) and the elderly group (B, D, F) stained with Weigert with oxone (A, B), 
Weigert (C, D) and Verhoeff (E, F).
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young group (Figure 6A). The average linear value of 
type Ⅲ collagen fibers in the young group was 21706.4 
± 47.9 pixels. The elderly group showed a mean linear 

was 10842.7 ± 212.6 pixels. The elderly group had a 
mean linear value of 16465.4 ± 184.4 pixels, a significant 
increase of 51.9% (P < 0.001) compared to that in the 
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Figure 3  Immunohistochemistry mistry final. HuC/D staining in immunoreactive neurons (A, D), NOS staining in immunoreactive neurons and nerve fibers (B, E), and 
DAPI staining of the nuclei of immunoreactive cells (C, F) of the ileocecal junction in young rats (A-C) and elderly rats. The co-localization of HuC/D, NOS and DAPI (C, F). 
The arrows indicate immunoreactive neurons stained for HuC/D (A, D), NOS (B, E), and triple colocalization with HuC/D, NOS and DAPI (C, F). The double arrows indicate 
immunoreactive fibers stained for NOS (B, E). The double arrows show muscle fiber nuclei stained with DAPI (C, F). NOS: Nitric oxide synthage; DAPI: 4',6-diamidino-2-
phenylindole.
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Figure 4  Transmission electron microscopy. A: A cross-
section of the muscle layer showing the muscle fibers (*) and 
connective tissue (arrow) of the young group. Magnification: 
× 6000; B: A longitudinal section of the muscle layer showing 
muscle fibers (*), nuclei (N) and a set of unmyelinated 
fibers (arrows) of the young group Magnification: × 20000; 
C: A longitudinal section of the muscular layer showing 
collagen fibers arranged in different directions (arrows) and 
muscle fibers of the elderly group. Magnification: × 10000; 
D: Nucleus (N) and collagen fibers arranged in different 
directions (arrows) and synaptic vesicles (arrowhead) of the 
elderly group. Magnification: × 10000.
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The results for elaunin, which were obtained from 
samples stained with resorcin-fuchsin (Weigert), showed 
that the average linear density was 0.00692 ± 0.00015/

value of 20876.9 ± 60.4 pixels, a significant decrease of 
3.8% (P < 0.001) compared to the young group (Figure 
6A).
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Figure 5  Normal mucosa of the rat ileocecal transition point of the young and elderly groups. A: Normal mucosa of the rat ileocecal transition point of the 
young showing the ileum (IL) and cecum (*); B: Villi with a normal appearance (arrows); C: Sample treated with NaOH solution. Image showing the connective 
tissue with different forms of blades (*) and numerous foramens (arrows) in a network of collagen fibers; D: Image showing the interphase cell surface tissue of 
the cecum, including the foramen; E: Ileum (IL), cecum (*) and ileocecal junction (arrows) of the elderly group; F: The highest increase in ileal villi (arrows); G: 
Sample treated with NaOH solution. Ileum tissue-shaped blade (*) and numerous foramens as a network of collagen fibrils (arrows). Image showing the foramen 
cecum surface (arrows).
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i.e., two circular muscle layers and a longitudinal layer, 
as also observed[10]. In the transition region, there was 
a thickening of the circular muscle layer, as previously 
observed[4]. 

The present data revealed the presence of NOS in the 
ICJ. Furness[26] (2006) emphasized that NOS catalyzes the 
formation of the NO that is present in the myenteric plexus 
and neuronal processes in the gut, which acts to relax the 
muscle fiber function of the gastrointestinal musculature. 
Previous studies have shown the presence of NOS in the 
enteric ganglia and muscle fibers under various conditions, 
such as malnutrition and renutrition[27,28], ischemia and 
reperfusion[29-31] and obesity[32,33]. The enteric neurons of 
the ICJ stain positive for NOS, PGP 9.5, and c-kit[3,4,6,8]. 
Additionally, neuronal nitric oxide synthase (nNOS) is 
present in the myenteric, the submucosal ganglia and the 
IJC muscle layers in horse[8]. In our study, we noticed the 
presence of NOS in the muscle layers and neurons in the 
ICJs of both the young and elderly groups, but we did not 
observe a difference in the intensity of the stain for HuC/D 
or NOS between groups. Major losses of enteric neurons 
occur during aging; these losses have been described 
in both the myenteric and submucous plexus ganglia of 
all regions of the gut in several mammalian species[24,34]. 
Regarding significant changes in the number of myenteric 
neurons during aging in several species, including 
humans[35,36], previous studies have suggested the 
possible involvement of the regulation of gastrointestinal 
functions. Moreover, Hoyle and Saffrey[37] (2012) stressed 
that the thickening of the circular muscle layer is due to 
increased contractility during aging.

In our ultrastructural analysis, both groups had smooth 
muscle cells with elongated nuclei between these collagen 
fibers, forming an endomysium of smooth muscle cells. 
In the group of older animals, the collagen fibers were 
thicker. The mitochondria in both groups had different 
shapes and sizes. It should be noted that, in this study, 
the mitochondria were not quantified, but they appeared 
to be present in greater quantity in the elderly group. 
In agreement with observations obtained in this study, 

µm2 in the young group and 0.0075 ± 0.00023/µm2 in 
the elderly group, a significant increase of 8.7% in the 
elderly group compared to the young group (P < 0.001; 
Figure 6B). Regarding the mature elastic fibers that 
underwent Verhoeff staining, the mean linear density was 
0.00564 ± 0.00067/µm2 in the young group and 0.0074 
± 0.00049/µm2 in the elderly group, a significant increase 
of 31.2% (P < 0.001) in the elderly group compared to 
the young group (Figure 6B). After oxytalan, resorcin, 
and fuchsin staining (Weigert) and after oxidation with a 
1% aqueous solution of oxone, the linear density of the 
fibers in the young group was 0.0064 ± 0.0067 µm2, and 
that in the elderly group was 0.00575 ± 0.00027/µm2. 
There was a significant decrease of 10.3% in the elderly 
group compared to that in the young group (P = 0.001; 
Figure 6B).

DISCUSSION
This study examined and compared the ICJ structures of 
young and aged rats. Histological analysis revealed that 
connective tissue fibers and smooth muscle cells were 
present in the ICJs of both groups. The ileum protruded 
into the cecum, as reported[4], who used human ICJ 
samples and reported that the muscle layers of the ileum 
and large intestine extended into the ileal papilla. In this 
study, we observed a thickening and narrowing of the 
smooth muscle layer in both groups, as reported[1-4,10].

Histologically, the elderly group exhibited a cond-
ensation of the connective tissue between smooth 
muscle cells in the transition; however, the young group 
displayed noticeable gaps between the smooth muscle 
fibers, which likely indicate limited development of 
collagen fibers. Similar results were described in colons 
of humans at different ages[25]; their data indicated that 
the connective tissue was more slender in the young 
group but had a larger amount of collagen and elastic 
fibers around the myenteric plexus in older individuals. 
Our results demonstrated that smooth muscle cells of 
the ICJ were distributed with three distinct muscle layers, 
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ICJ. The linear density analysis revealed that oxytalan 
fibers were in greater quantity in the young group and 
were diminished in the elderly group. Similar results in 
the gastroduodenal junctions of young and old animals 
were reported[21]. In the present work, the linear density 
of elaunin fibers and elastic fibers was increased in the 
elderly group compared to the young group, and oxytalan 
fibers was decreased in the elderly group compared to 
the young group. Similar results were described by[44,45], 
who found that during aging, there was a decrease in 
oxytalan fibers and an increase mature elaunin and 
elastic fibers. Furthermore, elastin was thicker and more 
fragmented in older people, and there was a greater 
deposition of calcium in the amorphous material. In a 
study of aging cerebral meninges, reported decreases 
and increases in the oxytalan fiber contents of mature 
elaunin and elastic fibers, respectively[46]. In studies 
on the vas deferens reinforced these findings, stating 
that there was an increase in elastin during aging[47]. 
Moreover, study of the interspinous ligament during 
aging found the disappearance of oxytalan fibers[48], 
which is in agreement with our results. In addition to our 
study, authors suggested that aging is accompanied by 
a significant and progressive reduction in oxytalan fibers 
and significant increases in mature elaunin and elastic 
fibers in the interfoveolar ligament[44].

Elaunin fibers play an intermediary role between 
oxytalan fibers and mature elastic fibers, providing 
functional adaptation in different tissues. Based on the 
results, the function of the ICJ appears to change with 
aging, which is associated with changes in the patterns 
of distribution of collagen and elastic fibers, resulting in 
increased tensile strength and firmness, but decreased 
elasticity. With the decrease in the ICJ, oxytalan fibers 
can lose complacency, becoming less flexible, looser 
and less able to retreat. Moreover, increased amounts 
of mature elaunin and elastic fibers are present. We 
suggest that, with the gradual reduction of the elastic 
components and replacement of the collagen types in the 
fibers, ICJ function loss occurs due to the loss of elasticity 
and the resultant decreased distensibility. 

Finally, we highlight the importance of the results 
of our morphoquantitative analysis of changes in the 
connective tissue of the ICJ in young and elderly groups, 
which revealed changes in the patterns of distribution 
of collagen and elastic fibers that may lead to a possible 
decrease in ICJ functionality, which may favor the occ-
urrence of pathological processes. These results do not 
elucidate all the aspects of ICJ function; additional studies 
should be conducted in the future.
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the authors reported that in the submucosal plexus of 
the small intestine of rats at different ages, mitochondria 
were present in greater numbers in the elderly group 
and had a degenerative aspect[38]. In the process of 
aging, changes in cell morphology occur that include the 
presence of pleomorphic mitochondria[39]. 

The SEM results in both groups revealed a clear 
demarcation of the transition region, which was bounded 
by a line of flat connective tissue between the ileum and 
the cecum. In the ileum, numerous elongated buds were 
present, constituting microvilli. The villus morphology 
seemed to depend on age, exhibiting a sheet form, 
which has been predominantly reported in children. 
However, this form is present in adults as fingerlike pro-
jections[40]. Collagen fibers were present on both sides 
of the cecal ileum, forming the transition surface. In the 
cecal portion, low laminar-form microvilli were observed, 
as were numerous foramens of regular collagen fibers 
with interconnected formats.

Our results showed that the type Ⅰ collagen fibers in 
the elderly group were more bulky and appeared thicker; 
they were classified as mature collagen. These fibers 
were resistant to traction and tension, giving strength to 
the tissue. In contrast, in the young group, we noticed 
a predominance of type Ⅲ collagen fibers, which were 
thinner and were characterized as immature collagen, 
which produces flexibility in the tissue. In accordance 
with the results observed[38], the elderly group exhibited 
a replacement of type Ⅲ collagen with type Ⅰ collagen 
around the submucosal plexus of the jejunum and ileum 
compared to the young group. This finding suggests 
that changes in the distribution of collagen fibers could 
damage the function of the submucosal ganglia. Also, 
authors reported an increase in the number of collagen 
fibers in the aorta of aged mice[41]. In addition, authors 
showed that aging favored an increase in the diameter 
of collagen fibrils[42], in agreement with our findings. 
Additionally, both collagen and elastic system fibers 
were more numerous in the enteric ganglia from the 
old subjects[25]. Changes in the distribution pattern 
of collagen fibers in the ICJ can lead to intestinal dis-
orders, such as decreased motility and changes in the 
retrograde return of feces, which consequently leads 
to the inflammation of the ileal mucosa. Therefore, the 
replacement of the collagen in the ICJ is not beneficial to 
the operating mechanism of the intestinal segment. 

During aging, changes occur in the architecture of 
the collagen fibers, compromising the biomechanical and 
biochemical properties of tissues due to an accumulation 
of advanced glycation end-products (AGEs)[43]. The 
authors also suggested that aging structurally changes 
the collagen monomer, which greatly affects both the fib-
rillogenesis process and the architecture of the collagen 
fibers.

Additionally, our results reveal that elastic fibers were 
identified by staining with Weigert oxone, Weigert and 
Verhoeff, indicating that three types of the elastic system 
fibers were present along the smooth muscles of the 
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