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Introduction

Aging has been defined as a series of changes 
taking place during life, which reduces the capability 
of an organism survival. It is associated to metabolic, 
neuroendocrine, genetic and immunological changes 
that may contribute to the process of cellular death by 
apoptosis or necrosis(2)

The nature of the aging process has been reason to 
considerable speculation such as: the aging of DNA 
codification, progressive deterioration in the synthesis 
of proteins and also of other macro-molecules, attacks 
to the immune system and the action of free radicals(15). 
Free radicals are molecules that have an extra unpaired 
electron, which does not have a pair in its external orbit 
and usually derives from oxygen. They originate in the 
mitochondria, through energy production from glucose 
and O

2
 and are immediately neutralized by the enzymes 

within the mitochondria(13, 18). Free radicals play a role 
in the aging process since they harm directly, constantly 
cells and tissues and also have a cumulative action(20).

The consequence of the free radicals action is called 
cellular oxidation, and is considered the initial stage of 
several diseases. This process can only be neutralized 
by the presence of vitamins considered antioxidants (12). 
Ascorbic acid is one of these vitamins used to fight off 
free radicals. In most species, the hepatic metabolism 
of glucose includes the ascorbic acid synthesis. Human 
beings, however, do not synthesize it due to the absence of 
the gulonolactone oxidase enzyme in the metabolic stage. 
Therefore, it is necessary the daily intake of ascorbic acid 
to prevent illnesses such as the scorbutus(14).

Changes in the gastrointestinal neuromuscular func- 
tions due to aging process have been seen in animal models as 
well as in human beings, with the evidence of dysphagia and 
constipation(10). The enteric nervous system (ENS) (responsible 
for the control of gastrointestinal functions) is affected by the 
aging process with a reduction in the number of myenteric 
neurons in several intestinal segments being observed(8, 16, 19). 
Some pathological cases (such as diabetes mellitus) accelerate 
the aging process, as it can be seen by the alteration in the 
number and size of enteric neurons(6, 25, 26, 27).
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The majority of researches are carried out with myenteric 
neurons and few are those with submucous neurons. There are 
two large groups of submucous neurons: - cholinergic neurons 
(55%) and those containing the vasoactive intestinal peptide 
(VIP) and dynorphin, the non-cholinergic neurons (45%)(7).

Our objective was to study the VIP-ergic submucous neurons 
of the ileum of normal rats with and without the ascorbic acid 
supplementation for a period of 120 days.

Material and methods

The experimental protocols used in this study are in accordance 
with the ethical principles in animal research prescribed by the 
Brazilian College of Animal Experimentation (COBEA).

Fifteen male Wistar rats (Rattus norvegicus), weighing 
about 300 g, were used. The rats were divided in three groups: 
untreated control with 90 days (C), untreated control with 210 
days (C2) and ascorbic acid-treated rats with 210 days (CA). 
Ascorbic acid was given for 16 weeks from the 90th day of 
age by adding it to drinking water (1 g/L prepared fresh each 
day)(24). The rats were kept in individual metabolic cages in a 
room with a maintained photoperiod (6:00 a.m.–6:00 p.m.) 
and at room temperature (RT) (24º ± 2ºC) with water and food 
(Nuvital lab chow) ad libitum.

On the sacrifice day, all rats were anesthetized intraperitoneally 
with thiopental (40 mg/kg-body wt). Blood from groups C2 and 
CA was collected by cardiac puncture to measure the blood levels 
of ascorbic acid(11). Rats from groups C2 e CA were monitored 
during the four months of the experiment.

Immunohistochemistry and morphological analysis
After an abdominal incision, the ileum segments were collected, 

rinsed in 0.01M phosphate buffer saline (PBS), pH 7.4, and fixed 
in Zamboni’s liquid for 18 hours(23) at 4º C. The segments were 
processed according to the immunohistochemistry technique for 
whole-mount preparation(4) in order to detect the presence of VIP 
immunoreactive (VIP-IR) in the submucous plexus.

Soon after, the segments were opened along the mesenteric 
border, washed and dehydrated, diaphanized in xylene and rehydrated. 
Afterwards, they were placed in 0.01 M PBS pH 7.4. Samples were 
reduced with the aid of a circular sectioner and the mucosa and 
muscle layers were dissected under stereomicroscope. The isolated 
submucous layer was incubated with polyclonal rabbit anti-VIP 
(Penninsula Labs, USA) overnight at RT at 1:200 under shaking. 
The samples were washed in PBS and then incubated in sequence 
with the secondary FITC-conjugated antibody (Penninsula Labs, 
USA) for 1 h at 1:100 (RT) under shaking. In the control samples, 
the primary antibody was substituted by goat serum. The whole-
mounts were placed in glycerol-coated slides.

The immunofluorescence was analyzed on a trinocular bio- 
logical optic microscope, 40X lens, equipped with immunofluores-
cence filters (FITC) and a kit to capture images IPPWIN-DCAM. 
The images were taken by a high-resolution camera, transmitted 
to a personal computer and then recorded in a compact disc.

The area (µm2) of 80 cellular bodies of immunoreactive 
VIP-ergic neurons (VIP-IR) from each studied group was 

FIGURE 1 - Daily water consumption/mL (DWC), daily food intake/g 
(DFI) of animals from: untreated control with 90 days 
(C), untreated control with 210 days (C2) and ascorbic 
acid-treated rats (CA). All groups, when compared, are not 
significantly different (P >0.05). (n) = 5 rats per group.
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measured through the image analysis software Image-Pro-
Plus 3.0.1. Neurons were classified in intervals of 100 μm2 
classes and the percentage of each group was calculated. The 
values obtained were analyzed by Student’s t test (PRISMA 
software). Significance level was set at P < 0.05. Data are 
reported as means (M) ± standard error (SE) for the indicated 
number of observations (n).

Results

The plasmatic concentration of ascorbic acid in group C2 was 
26.7 ± 2.7 and 48.8 ± 3.8 in group CA, a significant difference 
(P < 0.05). There were no difference between the water intake 
and the food consumption when we compared the three studied 
groups (P > 0.05). The results are shown in Figure 1.

Cellular bodies and VIP-IR neurons fibers from the submucous 
plexus were found in all studied groups (Figure 2). The lowest 
immunoreactivity was observed in neurons from group C. We 
also observed that group C presented neurons with the smallest 
cell profile, 108 µm2. Group CA presented neurons with the 
largest cell profile 1171.9 µm2.

Figure 3 shows the areas of VIP-IR neurons of the three 
studied groups. The 4-months aging period (group C2) caused an 
increase of 50.8 % in the area of VIP-IR neurons when compared 
to those observed at 90 days of age (group C) (P < 0.001). The 
cellular profile of VIP-IR neurons for group CA was 59.2 % and 
17 % larger than those found in groups C and C2 respectively 
(P < 0.001).

Most VIP-IR neurons in group C had cellular body areas 
distributed in the following ranges: from 101-400 µm2 (86.2%), 
from 401-600 µm2 (12.5%) and larger than 601 µm2 (1.3%) (Figure 
4). We found a reduction of 38.8 % in the area of VIP-IR neurons 
for group C2 in the range 101–400 µm2 when compared to the 
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results obtained for group C (Figure 4). An increase of 18.8% and 
20% in the VIP-IR neurons areas in the 401–600 µm2 and >601 
µm2 ranges respectively, were also found when we compared 
group C2 to group C; 62.6% of neurons from group CA had a 
cell profile above the 601 µm2 range (Figure 4).

FIGURE 2 -	 Immunostaining of VIP-positive neurons in the submucous 
plexus from untreated control with 90 days (A), untreated 
control with 210 days (B) and ascorbic acid-treated rats 
(C). Bars calibrations: 10 µm

FIGURE 3 - Means and standard errors of cell body areas from VIP-IR 
neurons from: untreated control with 90 days (C), untreated 
control with 210 days (C2) and ascorbic acid-treated rats 
(CA). All groups, when compared, are significantly different 
(P <0.001). (n) = 5 rats per group
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FIGURE 4 -	 Size distribution of VIP-IR submucous neurons in intervals 
of 100 µm2. Key: untreated control with 90 days (white bar), 
untreated control with 210 days (C2) (gray bar) and ascorbic 
acid-treated rats (CA) (black bar). n= 5 rats per group
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DISCUSSION

The supplementation with antioxidants agents is very 
important, since the aging process compromises the enzymes 
and antioxidants agents that fight off the free radicals, causing 
them to accumulate. Our research showed an increase in the area 
of cell bodies of submucous VIP-ergic neurons in the 4-month 
period. There was no other work reporting the decrease in the 
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RESUMO – Racional - O envelhecimento é um processo deteriorativo que acomete o trato gastrointestinal, provocando alterações no número 
e tamanho dos neurônios do sistema nervoso entérico. A ação dos radicais livres nos neurônios entéricos é favorecida pela diminuição 
significativa de antioxidantes. Objetivo - Avaliar o efeito da suplementação com ácido ascórbico sobre os neurônios submucosos do íleo de 
ratos normais que produzem o peptídio intestinal vasoativo (VIP) por um período de 120 dias. Métodos - Quinze ratos foram divididos em 
três grupos: controles com 90 dias, controles com 210 dias e tratados com ácido ascórbico com 210 dias. O ácido ascórbico foi administrado 
durante 16 semanas a partir de 90 dias de idade pela adição em água (1 g/L/dia). O íleo foi processado para obtenção de preparados totais 
empregados na realização de técnica imunoistoquímica para detectar a presença de corpos celulares e fibras VIP imunoreativas nos neurônios 
do plexo submucoso. O perfil celular e a imunoreatividade de 80 corpos celulares de neurônios VIP-érgicos de cada grupo estudado foi 
verificada. Resultados - A suplementação com ácido ascórbico não alterou parâmetros fisiológicos tais como a água ingerida e alimento 
consumido nos três grupos estudados. Observou-se aumento significativo do perfil celular dos neurônios VIP-érgicos dos animais controles 
com 210 dias, quando comparados com os controles com 90 dias. O perfil celular dos neurônios VIP-érgicos no grupo de animais tratados 
com ácido ascórbico foi maior do que aqueles observados nos grupos controles. Conclusão - O ácido ascórbico teve efeito neurotrófico 
sobre os neurônios VIP-érgicos do íleo após 120 dias de suplementação.
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number of submucous VIP-ergic neurons in the aging process. 
However, we do believe that VIP-ergic neurons are also lost in 
this condition, similar to what occurs to myenteric neurons(16, 19). 
SANTER and BAKER(19) evaluated the neuronal density in the 
jejunum, ileum, colon and rectum. Using the technique NADH-
diaphorase, they observed a 40%-reduction in the myenteric 
neurons of the jejunum, colon and rectum of rats aged 24 months, 
when compared to 6-months-old animals. The loss observed in 
the colon was still more accentuated, reaching 60%. GABELLA(8) 
observed a reduction of 50% in the number of intestinal neurons 
due to the aging process, together with structural changes and 
the reorganization of the remaining nervous cells. SOUZA et 
al.(22) using the Giemsa method of observed the loss of 34% of 
neurons in all parts of the small intestine of old human beings, 
especially of the duodenum (38%). According to GOMES et al(9), 
the total number of myenteric neurons of the ganglia decreased 
37% in human beings over 60-years of age.

CHA et al.(3) studied the changes that take place in 
neurons containing neuropeptides in the cortex of old rats, 
and noticed a reduction in the number of VIP-IR neurons and 
also those expressing to the neuropeptide Y. The cell profile 
increase observed in age-related VIP-ergic neurons might be 
a compensatory effect caused by the eventual reduction in 
the number of these neurons. The increase in the cell profile 
was accompanied by the increase in the immunoreactivity, 
being this an indicator that the cell increased its synthesis 
process of the VIP neurotransmitter. Another hypothesis for 
the increase in the profile of submucous VIP-ergic is that 

it might be related to the loss of myenteric neurons taking 
place during aging process. Although the enteric plexus are 
spatially separated, the connection between them suggests 
they form an integrative unit(7). SEE et al.(21) observed an 
increase on the cellular body volume of submucous VIP-ergic 
neurons after myenteric denervation. The authors speculate 
that in normal conditions the myenteric plexus would have 
an indirect inhibitory action over the submucous plexus to 
which it is connected. The removal of the inhibitory impulse 
for the submucous neurons could result in a VIP production 
increase, leading to an increase in the area of the cell bodies 
submucous VIP-ergic neurons.

Our study showed an increase of 17.02% in the area of the 
submucous VIP-ergic neurons supplemented with ascorbic 
acid when compared to controls without supplementation at 
the same age (group C2). It also showed an increase of 59.20% 
when compared to control at 90 days of age (group C). The 
ascorbic acid may have had a neurotrophic effect, generating an 
increase in the cellular profile. This increase may be positive, 
since it is believed that this neurotransmitter works directly 
in the intestinal mucosa, causing an increase in the intestinal 
secretion(5). As for the absorptive function in the rat intestine, 
there is considerable evidence for reduction due to age in the 
water, sugar, and amino acids transportation(1).

Summing up, a 120-day aging period caused an increase in 
the area of VIP-ergic neurons of the submucous plexus in the 
ileum of rats. The ascorbic acid supplementation presented a 
neurotrophic effect on these neurons.
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