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RESUMO
Os probidticos séo definidos como suplemento microbiano vivo, que administrados
em quantidade adequada, afetam de forma benéfica seu receptor, por meio da
melhoria do balango microbiano intestinal, conferindo beneficios a saude. Vérios
estudos demonstram, que probiéticos estimulam a proliferacdo de células do sistema
imunoldgico associado a mucosa intestinal, fato que pode contribuir para o controle
de infeccdes, assim como preveni-las no caso de doencas derivadas de caréncias
nutricionais. Em fungao disso, objetivou-se analisar morfometricamente os estratos
da parede do célon de ratos desnutridos e suplementados com probidticos. Para
tanto, utilizaram-se 16 ratos (Rattus norvegicus) Wistar, recém-desmamados (21
dias), os quais foram distribuidos em quatro grupos: animais que receberam a racao
comercial (G1, n = 4); animais que receberam a mesma ragéo do grupo G1 e foram
suplementados com probioticos (G2, n = 4); animais que receberam uma racao de
com 4% de proteinas (G3, n = 4); animais que receberam a mesma racédo do grupo
G3 e foram suplementados com probiéticos (G4, n = 4). A cultura probiética utilizada

foi a ABT-4 CHR. HANSEN contendo Lactobacillus delbrueckii ssp. bulgaricus;



Streptococcus salivarius ssp. thermophilus; Bifidumbacterium bifidus e Lactobacillus
acidhophillus. Apés 12 semanas, 0s animais foram anestesiados visando
laparotomia para remocdo do coélon, o qual foi mensurado quanto ao seu
comprimento e largura, objetivando calcular sua area. Anéis intestinais foram
submetidos a rotina de processamento histologico. Cortes transversais de 3 um
foram corados com H.E. e técnicas histoquimicas para evidenciacdo de
glicoconjugados: Periodic Acid Schifff (P.A.S.) + solucdo de diastase e Alcian Blue
(A.B.) pH 2,5 e pH 1,0. Observou-se que os coélons coletados nao tiveram suas
dimensdes (comprimento, largura e area) alteradas tanto pela desnutricdo, assim
como pela suplementacdo com probioticos. Os achados quanto a analise
morfométrica da parede do colon demonstraram que a altura dos enterdcitos, bem
como a profundidade das criptas intestinais reduziu nos animais do G3 quando
comparados aos do G1 e houve um aumento desse parametro nos animais do G4
(p<0,05), tornando-se semelhantes aos do G1. A tdnica mucosa teve déficit de
crescimento nos animais desnutridos (G3) em relacdo ao G1, sendo menos intenso
no G4, porém os animais do G2 apresentaram espessamento quando comparados
aos normonutridos (G1). Além disso, os animais desnutridos (G3) apresentaram um
deéficit de ganho na espessura da tela submucosa de ~21,5%, em relacdo aos
eutroficos (G1l),sendo amenizado em ~72% nos suplementados com probiéticos
(G4). A tanica muscular obteve um déficit na espessura em animais desnutridos nao
suplementados (G3), jA nos animais desnutridos e suplementados (G4) esse
prejuizo nao foi constatado. Como consequéncia da reducéo da espessura de todos
os estratos da parede do célon, observou-se nos animais desnutridos (G3) que a
espessura total da parede teve um déficit de crescimento de ~7%, porém

permaneceu inalterada nos ratos desnutridos suplementados com probidticos (G4),



mesmo considerando a discreta reducdo da tela submucosa, que ocorreu nesses
animais. No que tange ao numero de células caliciformes em relacdo ao numero de
enterdcitos observou-se que tanto a desnutricdo como o consumo de probidticos ndo
interferiram nessa proporcdo. Dessa forma, conclui-se que a suplementacdo com
probioticos ABT-4 durante 12 semanas previne o déficit de crescimento dos estratos
da parede do coélon, que normalmente ocorre em ratos desnutridos proteicamente
apos a lactacdo. Além disso, neste estudo ndo se observou alteracdo na proporcao
do numero de células caliciformes em relacdo ao niumero de enterocitos nos ratos

desnutridos, independentemente da suplementacdo com probioticos.

Palavras-chave: desnutri¢cdo; histologia; intestino grosso; morfometria; probioticos.
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ABSTRACT
Probiotics are defined as a live microbial supplement that, in appropriate amounts,
affects its receptor beneficially by improving the intestinal microbial balance and
benefiting health. Several studies show that probiotics stimulate the proliferation of
the immune system cells associated to the intestinal mucosa, which can contribute to
control infections as well as prevent them in case of diseases due to nutritional
deficiency. Because of that, the aim of this study is to analyze morphometrically the
colon wall strata of malnourished rats supplemented with probiotics. Thus, 16
recently weaned (21 days) male Wistar rats (Rattus norvegicus) were distributed into
four groups: animals that received commercial chow (G1, n = 4); animals that
received the same feed as G1 and were supplemented with probiotics (G2, n = 4);
animals that received chow with 4% of proteins (G3, n = 4); animals that received the
same feed as G3 and were supplemented with probiotics (G4, n = 4). The utilized
probiotic culture was ABT-4 CHR.HANSEN containing Lactobacillus delbrueckii ssp.
bulgaricus; Streptococcus salivarius ssp. thermophilus; Bifidumbacterium bifidus and
Lactobacillus acidhophillus. After 12 weeks, the animals were anesthetized for

laparotomy in order to remove the colon that was measured for its length and width



to calculate its area. Intestinal rings were submitted to the histological processing
protocol. Three-um transversal cuts were stained with H.E. and histochemical
techniques to make glycoconjugates evident: Periodic Acid Schifff (P.A.S.) +
diasthasis solution and Alcian Blue (A.B.) pH 2.5 and pH 1.0. It was observed that
the collected colons did not have their dimensions (length, width and area) altered by
the malnourishment and the supplementation with probiotics. The findings in the
morphometric analysis of the colon wall demonstrated that the height of enterocytes
as well as the depths of the intestinal crypts reduced in animals of G3 when
compared to the ones of G1, and there was an increase of this parameter in animals
of G4 (p<0.05), making them similar to the ones of G1. The mucosa had a growth
deficit in malnourished animals (G3) in relation to G1, and it was less intense in G4.
However, the animals of G2 presented thickening when compared to
normonourished ones (G1). Besides, the malnourished animals (G3) presented a
gain deficit in the submucosa thickness of ~21.5%, in relation to the eutrophic ones
(G1) and were reduced in ~72% in supplemented with probiotics (G4). The external
muscle had a thickness deficit in non-supplemented malnourished animals (G3)
whereas supplemented malnourished animals (G4) did not present this deficit. The
consequence of the thickness reduction in all colon wall strata was that the total
thickness of the wall had a growth deficit of ~7% in malnourished animals (G3), but it
was not altered in malnourished rats supplemented with probiotics (G4), even
considering the discrete reduction of the submucosa that occurred in these animals.
Regarding the number of globet cells in relation to the number of enterocytes, it was
observed that the malnourishment as well as the intake of probiotics did not interfere
in this proportion. Thus, it was concluded that the supplementation with ABT-4

probiotics for 12 weeks prevents the growth deficit of colon wall strata that normally



occurs in protein malnourished rats right after lactation. Besides, this study did not
observe any alteration in the proportion of the number of globet cells in relation to the
number of enterocytes in malnourished rats, regardless of the supplementation with

probiotics.

Keywords: histology; large intestine; malnourishment; morphometry; probiotics.
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Summary

The objective of this study was to analyze morphometrically the colon wall strata of
malnourished rats supplemented with probiotics. Sixteen recently weaned Wistar rats (Rattus
norvegicus) were distributed into four groups: animals that received commercial chow (G1, n
= 4); animals that received the same feed as G1 and were supplemented with probiotics (G2, n
= 4); animals that received chow with 4% of proteins (G3, n = 4); animals that received the
same feed as G3 and were supplemented with probiotics (G4, n = 4). After 12 weeks, the
colon was collected and submitted to histological processing. Three-um cuts were stained
with H.E., Periodic Acid Schifff (P.A.S.) + diasthasis solution and Alcian Blue (A.B.) pH 2.5
and pH 1.0. The morphometric analysis of the intestinal wall showed that the supplementation
with ABT-4 probiotic culture prevents the growth deficit of colon wall strata that normally

occurs in malnourished rats right after lactation. Besides, no alteration was observed in the
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proportion of the number of globet cells in relation to the number of enterocytes in

malnourished rats, regardless of the supplementation with probiotics.

Introduction

The digestive tube is a kinetic micro ecosystem that shelters a complex dynamic
microorganism population that contributes to the regular performance of the intestine
physiology (Andoh et al., 2006). The probiotic microrganisms are within this group (Alander,
1999; Bielecka et al., 2002; Capriles et al., 2005).

Probiotics are defined as live microbial supplements that, in appropriate amounts, affect
their receptor beneficially through the improvement of the intestinal microbial balance and
benefits to health (Food and Agriculture Organization of United Nations; World Health
Organization, 2001).

The highest metabolic activity and concentration of these microorganisms are found in the
large intestine, reaching 10'' to 10'> UFC/g (Bedani et al., 2008). This predominant
colonization of probiotics in segments of the large intestine can be explained by the favorable
conditions to the bacterial proliferation as well as by the slow peristaltism and nutritional
supply (Bielecka et al., 2002; Brady et al., 2000).

Several studies have demonstrated that probiotics estimulate cell proliferation of the
immune system associated to the intestinal mucosa (Erickson and Hubbard, 2000; Cano and
Perdigon, 2003; Villena et al., 2006; De Souza et al., 2007; Dewan et al., 2007; Kaburagi et
al., 2007, Pitsouni et al., 2009), which may contribute to the control of infections as well as
their prevention in the case of diseases derived from nutritional deficiency. On the other hand,
few are the studies that evaluated the action of probiotics on the intestinal morphology of
malnourished animals, and mostly were restricted only to the study of the mucosa. (Allori et

al., 2000; Cano et al., 2002; Dock et al., 2004ab, Dock-nascimento et al., 2007), and a single
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study examined the different strata of the intestinal wall examining only the small intestine
(De Azevedo, 2010). Considering that, this study aimed to analyze morphometrically the
colon wall strata of malnourished rats supplemented with probiotics.

Material and Methods

Experimental design

This study was previously approved by the Committee of Ethics in Research Involving
Animal Experimentation of UNIPAR (registration n°. 11732), that follow the regulations of
the Brazilian Comission of Animal Experimentation (COBEA).

Sixteen recently weaned (21 days) 42.9+1.8g male Wistar rats (Rattus norvegicus) that
were kept in individual cages in a room under controlled temperature (+ 25°C) and dark/bright
cycle (every 12 hours). During the whole experiment, the rats had water and feed ad libitum.

The animals were randomly separated into four groups: G1 — animals that received the
commercial chow for rodents NUVILAB® (n = 4); G2 — animals that received the same feed
as Gl and that were supplemented with fermented lacteous drink containing probiotics,
through gavage performed five times a week (n = 4); G3 — animals that received modified
chow so that the protein content was reduced to 4%, following the protocol proposed by
Aragjo et al., (2005) (n = 4); G4 — animals that received the same feed as G3 and that were
supplemented as described before (n = 4). G1 and G3 animals went through he same gavage
stress, but they received only 10% skimmed powder milk (Molico, Nestl¢®) in a volume of
1% of the average group body weight.

After 12 weeks, the rats of each group fasted for 12 hours and were weighed and
anesthetized with the following protocol (Pachaly et al., 2003): Acepran (1,26 mL/Kg) +
Ketamine-10% (1,26 mL/Kg) + Xylazine-2% (0,42 mL/Kg) and Atropine-1% (0,22 mL/Kg),
injected via intramuscular. Laparotomy was done to remove the colon of each animal,

measuring its respective length and width with the help of a millimeter ruler.
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Starter Culture

A commercial culture to produce yogurt was added by probiotics (ABT4 — Chr Hansen,
Denmark) consisting of the following microorganisms: Lactobacillus delbrueckii ssp.
bulgaricus; Streptococcus salivarius ssp. thermophilus; Bifidumbacterium bifidus and
Lactobacillus acidhophillus. The culture was replicated in skimmed powered milk (Molico,
Nestlé®) at 10% of total solids and sterilized in autoclave at 127°C for 15 min, and then it
was incubated at 42°C for 48h, and the final counting was done in MRS Revitec®
‘Mann,Rugosa,Shaper) mean of 10'° UFC/mL. Dairy drink containing probiotic culture was

done considering 1% of the average group weight.

Morphometric analysis of the intestinal wall

A three-centimeter ring of the proximal part of each collected colon was fixed in Bouin
solution for 2 hours, dehydrated in an ascending series of ethylic alcohol, diaphanized in xylol
and included in paraffin to obtain 3-um transversal cuts that were stained with Hematoxylin
and Eosin (H.E.); Periodic Acid Shiff (P.A.S.) + diasthasis solution — to detect neutral mucins
and labile sialomucins; Alcian-Blue (A.B.) pH 2.5 — to detect sialomucins and sulfomucins;
and Alcian-Blue (A.B.) pH 1.0 — to detect sulfomucins, following the protocol described by
Myers et al., (2008). For techniques to detect glycoconjugates (P.A.S. and A.B.), counter-
coloration with hematoxylin was performed.

The morphometric analysis of the intestinal wall was done from the images of the stained
cuts with H.E., captured by a digital camera (Moticam® 2000, 2.0 Megapixel) mounted on a
trinocular light microscope (MOTIC® B5). The captured images with the help of a 10x lens
were used to measure the total thickness of the wall and the mucosa; and the 40x lens was
used to measure the height of enterocytes, depth of crypts, thickness of the submucosa and

thickness of the external muscle. Eighty measurements were made in semi-serial cuts,
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uniformly distributed along the intestinal circumference of each structure of each animal,

totaling 320 measures per group.

Quantitative analysis

For each 2,000 consecutive enteorocytes, the proportion of globet cells was calculated.
For that, from each intestinal segment collected from each animal, 16 images of cuts, which
were stained using each histochemical technique realized in this study, were used for the
described system with a 40x lens. Therefore, for each collected intestinal segment, a total of
192 images of the mucosa stained with P.A.S. + diasthasis solution, A.B. pH 2.5 and A.B. pH

1.0.

Statistical analysis

The collected numerical data were submitted to D"Agostino-Pearson or Shapiro Test to
verify the type of distribution. The data with normal distribution are presented as mean +
standard deviation. In this case, to compare the groups, independent-samples-Student’s t Test
was used. The data with free distribution are presented as median (percentile 25; percentile
75). Thus, the comparison among other groups was made by the Mann-Whitney Test. The
compared groups were: G1 x G2, G1 x G3, G1 x G4, G2 x G4 and G3 x G4. In all statistical

tests, the values of p were smaller than 0.05 was considered significant.

Results and Discussion

In this study, a proteic malnourishment induction protocol, which had already proved to be
efficient in rats (Araujo et al., 2005), was used. The results about the food intake, body
weight, naso-anal length and analyses of blood parameters had already been published

previously (De Lima, 2007) and demonstrated that the animals that had received modified

19



feed really became malnourished. However, it is important to emphasize that this
investigation intended to evaluate whether or not malnourished rats, when supplemented with
probiotics, exhibit different effects from the already known ones, regarding the repercussions
of protein malnourishment in the colon morphology.

Therefore, it was observed that the collected colons did not have their dimensions (length,
width and area) altered by the malnourishment nor the probiotic supplementation (Table 1),
differently from what was observed in a parallel study on the jenunun of these animals, which
had a smaller area in animals from G3 when compared to the ones from G1 (De Azevedo,
2010). Then, it is worth emphasizing that the literature shows that the protein malnourishment
generally causes atrophy of the small intestine organs (Ribeiro et al., 1987; Firmansyah et al.,
1989; Meilus et al., 1998; Torrejais et al., 1995; Natali et al., 2000; Brandao et al., 2003;
Natali et al., 2005); however, the same does not always occur in the large intestine (Schoffen
et al., 2005; Hermes et al., 2008). This can be explained as a consequence to the cell turnover
that is normally higher in the small intestine, since there is the presence of numerous villis to
increase the contact surface between the mucosa and the intestinal lumen content, and
hipoproteic diets can not offer the needed amount of aminoacids to support this phenomenon.

Although the colon dimensions have not been altered, the thickness of the wall strata was
evaluated in order to notice possible microscopic alterations (Table 2), mainly the ones
already known as effects of protein malnourishment. Therefore, it was verified that the
mucosa thickness presented gain deficit in protein malnourished animals (G3) when
compared to eutrophic ones (G1) that were not supplemented with probiotics (p<0.05). On the
other hand, the supplementation with probiotics (G4) provided a protective effect to the
mucosa; this damage is generally observed in protein malnourishment (Viteri and Schneider,
1974; Rodrigues et al., 1985; Ribeiro et al., 1987; Torrejais et al., 1995; Natali et al., 2000;

Schoffen et al., 2005; De Azevedo, 2007; Hermes et al., 2008). It is important to point out that
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the eutrophic animals were also supplemented with probiotics (G2) and presented
thicknening of the mucosa when compared to G1, corroborating the studies that describe the
proliferative effect induced by these microorganisms (Dock et al., 2004a; Aguilar-nascimento
et al., 2006; Dock-Nascimento et al., 2007; Ng et al., 2009). In a parallel study of the jejunum
of the same animals, it was observed that an equivalent result to these parameters (De
Azevedo, 2010).

Probiotics are able to stimulate the immunological system (Erickson and Hubbard, 2000;
Cano and Perdigon, 2003; Copolla and Gil Turnes, 2004; Villena et al., 2006; De Souza et al.,
2007; Dewan et al., 2007; Kaburagi et al., 2007; Pitsouni et al., 2009); it is suggested that the
deficit prevention in the tissue formation of the mucosa due to malnourishment be balanced
because of the proliferation of conjunctive tissue cells (the lamina propria), which explains
the results observed in animals of G4. Besides, the height of enterocytes must be considered
as the depths of the intestinal crypts reduced in animals of G3 when compared to the ones of
Gl (p<0.05) and that these alterations can be avoided in animals supplemented with
probiotics (G4) (p<0.05). Considering these parameters, the supplementation with probiotics
carried out in eutrophic animals presented effects that question their possible beneficial action
since the colon enterocytes of these animals (G2) were higher and their crypts were deeper
(p<0.05). Higher enterocytes increase the trajectory of molecules that diffuse the intestinal
lumen towards the lamina propria, probably interfering in the absorption rate. The increase of
crypt depth indicates a higher cell proliferation that can be the result of the need to renew
those that form the intestinal epithelium, a factor alluded to the aggression to this tissue (Elia
e Souza, 2001).

It is worth remembering that protein malnourishment may cause a smaller cadherin
expression in enterocytes (Dalgk et al., 2003) and that this phenomenon can compromise the

intestinal barrier since they are important molecules to cell adhesion. On the other hand,
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studies have shown that probiotics are able to increase the efficiency of the intestinal barrier
(Menningen and Bruewer, 2009), which is very adequate in malnourishment situations.

Regarding the submucosa, it was observed that malnourished animals presented a gain
deficit of ~21.5% in relation to eutrophic ones, and that the supplementation with probiotics
descreased the loss in ~72% (p<0.05). As this stratum consists of a dense conjunctive tissue, it
is suggested that malnourishment can cause a synthesis reduction of extracellular matrix
proteins as well as increase the degradation of this tissue component in order to make
endogenous aminoacids available as a compensation mechanism, similarly to the descriptions
made for the dermis of malnourished individuals (Waterlow, 1996). The results of this study
indicate that the supplementation with probiotics reduces this phenomenon; however, the
involved mechanisms still unknown . In a parallel study on the jejunum of these animals, no
alteration of this stratum was observed (De Azevedo, 2010), indicating that rats tend to
preserve the submucosa in the small intestine when compared to the large intestine.
Unfortunately the morphometric studies of the intestinal wall generally do not evaluate the
submucosa, not allowing the comparison of results from this study to the ones in the
literature.

Similarly to what happens to the mucosa, cases of protein malnourishment usually cause
reduction of the external muscle thickness, corroborating the results of this study. This
atrophy is also explained by the increase of autolysis in order to make endogenous aminoacids
available to tissues that have a smaller regeneration capability or that have indispensable
functions to the survival of the organism (Deo, 1969). On the other hand, malnourished rats
supplemented with probiotics did not show this deficit (p<0.05), which suggests that the
number and the diameter of the cell that form this stratum were not altered by the lack of
protein in the diet, ratifying the beneficial effect of the intake of these microorganisms.

Similar results were observed in the jejunum of these animals from this study (De Azevedo,
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2010); however, in this case, the possible protective effect of probiotics lessened the
deleterious effect of malnourishement. A possible explanation for these findings is that
probiotics are present in higher amounts in the large intestine (Bielecka et al., 2002; Brady et
al., 2000; Bedani e Rossi, 2008), when compared to the segments of the small intestine, which
somehow may favor the colon to maintain its tissue structure. Differently from recently
weaned rats used in this study, malnourished adult rats did not present the same alterations in
the thickness of the external muscle (Hermes et al., 2008) when the same protocol was used,
corroborating that the results of studies involving experimental nutrition depend on the age of
the utilized animals.

As a consequence of the thickness reduction of all colon wall strata, it was observed that
in malnourished animals (G3), the total thickness of the wall has a growth deficit of ~7%, but
remained unaltered in malnourished rats supplemented with probiotics , even considering the
discrete reduction of the submucosa that occurred in this animals (p<0.05). In reality, the
supplementation with probiotics was efficient to prevent damages that generally occur in the
mucosa and external muscle of malnourished rats. These findings ratify the beneficial effect
of the intake of these microorganisms, including in cases when the amount of proteins present
in the provided diet does not meet the demand of the involved organism. Possibly, the
increase of the intestinal barrier efficiency (Menningen and Bruewer, 2009) and the
stimulation of the immunological system (Erickson and Hubbard, 2000; Cano and Perdigén,
2003; Copolla and Gil Turnes, 2004; Villena et al., 2006; De Souza et al., 2007; Dewan et al.,
2007; Kaburagi et al., 2007; Pitsouni et al., 2009) promoted by the action of probiotics must
have collaborated to a higher absorption of available aminoacids in the hypoproteic feed.
Studies on this hypothesis can corroborate future investigations that aim to optimize the
access to functional foods or supplements containing probiotics in cases of malnourishment in

humans. Further investigation is necessary to evaluate the thickness preservation of the
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intestinal strata qualitatively as well as to analyze the enteric nervous system as it represents
the main nervous control of the intestinal functions (Furness, 2006).

Regarding the number of globet cells in relation to the number of enterocytes, it was
observed that the malnourishment as well as the intake of probiotics did not infer in this
relation (Table 3), regardless of the mucin types (neutral or acid), that were also observed in
the jejunum of the same animals (De Azevedo, 2010). It is important to note again that the
age of the animals can also be a variable that is involved in these results. In a study done with
adult malnourished rats using the same protocol, it was observed that the number of globet
cells that produce neutral mucins, sialomucins and sulfomucins was reduced (Hermes et al.,
2008). It is necessary to be careful when comparing these results since the utilized
methodology by the authors of the mentioned investigation is different from the one used in
this study as they evaluated the number of globet cells in a 0.2mm’ area of the colon mucosa.
On the other hand, rats that received an aproteic diet presented reduction of the number of
globet cells (Dock-Nascimento et al., 2007). In the latter study, the authors also observed that
the supplementation with probiotics (10° UFC/mL of Strepctococcus thermophilus and
Lactobacillus helveticus) collaborates to the restauration of the cell number. There are no
other studies in literature that assessed the population of globet cells in malnourished rats
supplemented with probiotics.

It is concluded that the supplementation with ABT-4 probiotics for 12 weeks prevents the
growth deficit of the colon wall strata that generally occurs in malnourished rats right after
lactation. Besides, in this study, there was no alteration in the proportion of the number of
globet cells in relation to the number of enterocytes in malnourished rats, regardless the

supplementation with probiotics.
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Table 1. Meantstandard deviation of the length, width and area of the colon of rats submitted

to protein malnourishment and supplemented with probiotics.

Measurements Gl G2 G3 G4
Length (cm) 7.13+0.95 8.75x1.04 6.63+0.75 5.88+0.85
Width (cm) 1.10+0.29 1.20+0.54 1.28+0.32 1.48+0.73
Area (sz) 8.04+3.30 7.28+4.60 8.63+£3.09 9.11+8.90

G1: commercial chow for rodents; G2: commercial chow + supplementation with probiotics;
G3: chow with 4% proteins; G4: chow with 4% proteins + supplementation with probiotics.
Comparison of values among different groups (G1 x G2, G1 x G3, GI x G4, G2 x G4 and G3
x G4) was made using independent-samples-Student’s t Test, considering 0=0.05. There was
no significant difference among the groups.

Table 2. Median and percentiles 25 and 75 of height of enterocytes, thickness of mucosa,
depths of crypts, thickness of submucosa and external muscle, and total thickness of colon

wall of malnourished rats submitted to protein malnourishment and supplemented with

probiotics.
Parameters (um) G1 G2 G3 G4
Height of 25.94 (23.43; 26.98 (24.65; 24.93 (22.19; 24.10 (22.05;
Enterocytes 28.81)" 30.15)° 27.22)" 26.43)¢
Mucosa 232.84 (201.86;  250.18 (196.69;  190.64 (148.07;  236.28 (194.28;
266.66)" 275.13)® 230.66)° 264.24)"
Depth of Crypts  159.96 (145.83;  161.69 (127.60;  150.87 (131.78;  163.85 (141.78;
198.02)* 182.20)" 173.83)° 191.12)°
Submucosa 29.07 (23.46; 30.27 (24.55; 27.33 (23.31; 22.81 (20.82;
39.53)" 38.02)" 32.50) 27.29)
External Muscle  247.02 (209.67;  241.88 (200.82;  222.66 (191.76;  244.42 (214.46;
268.07)* 259.13)® 241.98) 296.85)°
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Total Thickness of  914.21 (856.17;  991.24 (844.32; 851.67 (797.74; 915.77 (835.40;

Colon Wall 1039.29)" 1095.15)" 915.68)" 1049.03)*

G1: commercial chow for rodents; G2: commercial chow + supplementation with probiotics;
G3: chow with 4% proteins; G4: chow with 4% proteins + supplementation with probiotics.

Medians followed by different letters on the same line are significantly different. Comparison of
values among different groups (G1 x G2, G1 x G3, G1 x G4, G2 x G4 and G3 x G4) was made using
Mann-Whitney Test, considering a=0.05.

Table 3. Mean =+ standard deviation of the proportion of globet cells/enterocytes in the colonic

mucosa of rats submitted to protein malnourishment and supplemented with probiotics.

Technique G1 G2 G3 G4
P.AS. + 0.39+0.04 0.42+0.04 0.37+0.04 0.33+0.07
diasthasis
solution
A.B. pH2.5 0.38+0.07 0.37+0.08 0.38+0.08 0.33+0.05
A.B. pH1.0 0.39+00.3 0.40+0.04 0.37+0.02 0.39+0.01

G1: commercial chow for rodents; G2: commercial chow + supplementation with probiotics;
G3: chow with 4% proteins; G4: chow with 4% proteins + supplementation with probiotics;
P.A.S.: Periodic Acid Schiff; A.B.: Alcian blue, Comparison of values among different groups (G1 x
G2, G1 x G3, G1 x G4, G2 x G4 and G3 x G4) was made using independent-samples-Student’s t Test,
considering 0=0.05. There was no significant difference among the groups.
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Resumo

Objetivou-se analisar morfometricamente os estratos da parede do colon de ratos desnutridos
e suplementados com probioticos. Utilizaram-se 16 ratos (Rattus norvegicus) Wistar, recém-
desmamados, distribuidos em quatro grupos: animais que receberam a racao comercial (G1, n
= 4); animais que receberam a mesma racao do grupo Gl, entretanto suplementados com
probidticos (G2, n = 4); animais que receberam uma ragdo com 4% de proteinas (G3, n = 4);
animais que receberam a mesma ra¢do do grupo G3, todavia suplementados com probiodticos
(G4, n = 4). Ap6s 12 semanas, o colon foi coletado e submetido a rotina de processamento
histologico. Cortes de 3um foram corados com H.E., Periodic Acid Schifff (P.A.S.) + solucao
de diastase e Alcian Blue (A.B.) pH 2,5 e pH 1,0. A anélise morfométrica da parede intestinal
revelou que a suplementacdo com a cultura probidtica ABT-4 previne o déficit de crescimento
dos estratos da parede do colon que normalmente ocorre em ratos desnutridos proteicamente

pos-lactacdo. Além disso, ndo se observou alteracdo na propor¢do do niimero de células
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caliciformes em relagao ao numero de enterdcitos nos ratos desnutridos, independentemente

da suplementagdo com probioticos.

Introducéo

O tubo digestorio ¢ um microecossistema cinético que abriga uma complexa e dinamica
populagdo de microrganismos, que contribuem para o desempenho normal da fisiologia do
intestino (Andoh et al., 2006). Dentro desse grupo estdo os microrganismos probidticos
(Alander, 1999; Bielecka et al., 2002; Capriles et al.,2005).

Os probidticos sdo definidos como suplemento microbiano vivo, que administrados em
quantidade adequada, afetam de forma benéfica seu receptor, por meio da melhoria do
balango microbiano intestinal, conferindo beneficios a satde (Food and Agriculture
Organization of United Nations e World Health Organization, 2001).

A maior concentracdo e atividade metabodlica desses microrganismos sdo encontradas no
intestino grosso, alcangando 10'' a 10'> UFC/mL (Bedani e Rossi, 2008). Essa predominancia
de colonizacdo de probidticos nos segmentos do intestino grosso pode ser explicada pelas
condicdes favoraveis para proliferagdo bacteriana, assim como pelo peristaltismo lento e
suprimento nutricional (Bielecka et al., 2002; Brady et al.,2000).

Virios estudos demonstram que probidticos estimulam a proliferacdo de células do
sistema imunoldgico associado a mucosa intestinal (Erickson e Hubbard, 2000; Cano e
Perdigon, 2003; Villena et al., 2006; De Souza et al., 2007; Dewan et al., 2007; Kaburagi et
al., 2007, Pitsouni et al., 2009), fato que pode contribuir para o controle de infec¢des, assim
como preveni-las no caso de doengas derivadas de caréncias nutricionais. Por outro lado,
poucos sdo os estudos, que avaliaram a ag¢do de probiodticos sobre a morfologia intestinal de
animais desnutridos, sendo a maioria restritos a investiga¢do apenas da tunica mucosa (Allori

et al., 2000; Cano et al., 2002; Dock et al., 2004ab, Dock-nascimento et al., 2007). Além
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disso, o unico estudo avaliando os diferentes estratos da parede intestinal foi realizado apenas
com o intestino delgado (De Azevedo, 2010). Dentro desse proposito, neste estudo, objetivou-
se analisar morfometricamente os estratos da parede do colon de ratos desnutridos e

suplementados com probioticos.

Material e Métodos
Delineamento experimental

Este trabalho foi previamente aprovado pelo Comité de Etica em Pesquisa Envolvendo
Experimentacdo Animal da UNIPAR (protocolo n°. 11732), que segue as normas do Colégio
Brasileiro de Experimentacdao Animal (COBEA).

Foram utilizados 16 ratos Wistar (Rattus norvegicus) machos, recém-desmamados (21
dias), com 42,9+ 1,8¢g, os quais foram alojados em gaiolas individuais, mantidos em recinto
com controle de temperatura (£ 25°C) e de ciclo claro/escuro (12 em 12 horas). Durante todo
o experimento foi oferecido agua e racao ad libitum.

Os animais foram separados aleatoriamente em quatro grupos: G1 — animais que
receberam a ragio comercial para roedores NUVILAB® (n = 4); G2 — animais que receberam
a mesma ragdo do grupo G1, suplementados com uma bebida lactea fermentada contendo
probiodticos, por intermédio de gavage administrada cinco vezes na semana (n = 4); G3 —
animais que receberam uma ra¢do manipulada para que o teor de proteinas fosse reduzido a
4%, seguindo protocolo proposto por Aradjo et al., (2005) (n = 4); G4 — animais que
receberam a mesma rag¢ao do grupo G3, contudo suplementados como ja descrito (n = 4). Os
animais do G1 e G3 passaram pelo mesmo estresse da gavage, porém administrando-se
apenas leite em po desnatado a 10% (Molico, Nestlé®) num volume de 1% do peso corporal

da média do grupo.
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ApoOs 12 semanas, os ratos de cada grupo ficaram em jejum de 12 horas, em seguida foram
pesados e anestesiados com o seguinte protocolo (Pachaly et al., 2003): Acepran (1,26
mL/Kg) + Ketamina-10% (1,26 mL/Kg) + Xilazina-2% (0,42 mL/Kg) e Atropina-1% (0,22
mL/Kg), administrado pela via intramuscular. Foi realizada laparotomia para remog¢ao do
colon de cada animal, medindo seus respectivos comprimento e largura, com auxilio de uma

régua milimetrada.

Cultura lactica

Foi empregada uma cultura comercial para produ¢do de iogurte adicionada de probioticos
(ABT4 — Chr Hansen®, Dinamarca) composta pelos seguintes microrganismos: Lactobacillus
delbrueckii ssp. bulgaricus; Streptococcus salivarius ssp. thermophilus; Bifidumbacterium
bifidus e Lactobacillus acidhophillus. A cultura foi repicada em leite em p6 desnatado
(Molico, Nestlé®) a 10% de sélidos totais, e esterilizada em autoclave por 127°C por 15 min.,
sendo entdo incubada a 42°C por 48h, obtendo-se contagem final em meio MRS Revitec®
(Mann,Rugosa,Shaper) de 10'° UFC/mL. A administracio da bebida lactea contendo a cultura

probidtica nos animais foi realizada considerando 1% de peso médio do grupo.

Analise morfométrica da parede intestinal

Um anel de trés centimetros da parte proximal de cada cdlon coletado foi fixado com
Bouin durante 2 horas, desidratado em série ascendente de alcool etilico, diafanizado em xilol
e incluido em parafina para posterior obtengdo dos cortes transversais de 3um, que foram
corados com Hematoxilina e Eosina (H.E.); Periodic Acid Shiff (P.A.S.) + solu¢do de diastase
- para deteccdo de mucinas neutras e sialomucinas labeis; Alcian-Blue (A.B.) pH 2,5 - para

detec¢do de sialomucinas e sulfomucinas; e Alcian-Blue (A.B.) pH 1,0 - para detec¢do de
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sulfomucinas, seguindo protocolo descrito por Myers et al., (2008). No caso das técnicas para
deteccao de glicoconjugados (P.A.S. e A.B.) realizou-se contra-coloracao com hematoxilina.
A analise morfométrica da parede intestinal foi realizada a partir de imagens de cortes
corados com H.E., capturadas por meio de uma cimera digital (Moticam® 2000, 2.0
Megapixel) acoplada a um microscopio de luz trinocular (MOTIC® B5). Imagens capturadas
com auxilio da objetiva de 10x foram utilizadas para medir a espessura total da parede e a
espessura da tinica mucosa; € com a objetiva de 40x foram mensuradas a altura dos
enterocitos, profundidade das criptas, espessura da tela submucosa e espessura da tinica
muscular. Foram realizadas 80 medidas, em cortes semi-seriados, distribuidas uniformemente
em toda a circunferéncia intestinal, de cada estrutura de cada animal, totalizando 320 medidas

por grupo.

Analise quantitativa

Para cada 2000 mil enterécitos consecutivos, calculou-se a proporcdo de células
caliciformes. Para tanto, por intermédio do sistema descrito ¢ uso da objetiva de 40 x,
capturaram-se 16 imagens de cortes corados (por cada técnica) de cada segmento intestinal
coletado de cada animal. Portanto, para cada segmento intestinal coletado avaliou-se um total
de 192 imagens da tinica mucosa corada com P.A.S. + solu¢do de didstase, A.B. pH 2,5 e

A.B. pH 1,0.

Analise estatistica

Os dados numéricos coletados foram submetidos ao teste D’Agostino-Pearson ou de
Shapiro para verificar o tipo de distribui¢do. Dados com distribuicdo normal sdo apresentados
como média + desvio padrao. Neste caso, para comparar os grupos, utilizou-se Teste t de

Student para amostras independentes. Dados com distribuicdo livre sdo apresentados como
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mediana (percentil 25; percentil 75). Neste caso, a comparacao entre os grupos foi realizada
pelo teste de Mann-Whitney. Os grupos comparados foram G1 x G2, G1 x G3, G1 x G4, G2 x
G4 e G3 x G4. Em todos os testes estatisticos, valores de p menores que 0,05 foram

considerados significantes.

Resultados e Discusséo

Neste estudo, utilizou-se um protocolo de inducdo de desnutrigdo proteica que ja
demonstrou sua eficiéncia em ratos (Aragjo et al., 2005). Os resultados quanto ao consumo
alimentar, peso corporal, comprimento naso-anal e de analises de pardmetros sanguineos ja
foram publicados previamente (De Lima, 2007) e demonstraram que, os animais que
receberam a ragcdo manipulada realmente ficaram desnutridos. Porém, ¢ importante destacar
que nesta investigacdo buscou-se avaliar se ratos desnutridos, quando suplementados com
probidticos, exibiriam efeitos diferentes dos ja conhecidos, quanto as repercussdes da
desnutri¢ao proteica a morfologia do colon.

Neste sentido, observou-se que os colons coletados ndo tiveram suas dimensdes
(comprimento, largura e area) alteradas tanto pela desnutricdo quanto pela suplementagdo
com probioticos (Tabela 1). Fato esse, diferente do observado num estudo paralelo com o
jejuno desses animais, o qual estava com menor area nos animais do G3 quando comparado
aos do G1 (De Azevedo, 2010). Neste sentido, vale destacar que a literatura demonstra que a
desnutricao proteica geralmente provoca atrofia dos 6rgdos do intestino delgado (Firmansyah
et al., 1989; Meilus et al., 1998; Torrejais et al., 1995; Natali et al., 2000; Brandao et al.,
2003; Natali et al., 2005), porém o mesmo nem sempre ocorre com O intestino grosso
(Schoffen et al., 2005; Hermes et al., 2008). Este fato pode ser explicado como consequéncia
da taxa de renovacao celular, que normalmente ¢ maior no intestino delgado, visto que nesse

ha presen¢a de numerosos vilos, para aumentar a superficie de contato entre a tinica mucosa e
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o conteudo do lumen intestinal. Sendo assim, dietas hipoproteicas nao podem oferecer a
quantidade de aminoacidos necessarios para sustentar esse fenomeno.

Apesar das dimensdes do colon ndo terem sido alteradas, a espessura dos estratos da sua
parede foi avaliada no intuito de se perceber possiveis alteragdes microscopicas (Tabela 2),
sobretudo as ja conhecidas como efeitos da desnutricdo proteica. Neste sentido, constatou-se
que a espessura da tinica mucosa teve déficit de ganho nos animais desnutridos (G3) em
relacdo aos eutréficos (G1), quando ndo suplementados com probioticos (p<0,05). Por outro
lado, a suplementagdo com os probioticos (G4) promoveu um efeito protetor a tinica mucosa
quanto a esse prejuizo que normalmente ¢ observado em quadros de desnutricdo proteica
(Viteri e Schneider, 1974; Rodrigues et al., 1985; Torrejais et al., 1995; Natali et al., 2000;
Schoffen et al., 2005; De Azevedo , 2007; Hermes et al., 2008). E importante ressaltar, que os
animais eutroficos que também foram suplementados com probioticos (G2) apresentaram um
espessamento da tunica mucosa quando comparados aos do G1, o que vem ao encontro de
estudos que descrevem o efeito proliferativo induzido por estes microrganismos (Dock et al.,
2004a; Aguilar-nascimento et al., 2006; Dock-Nascimento et al., 2007; Ng et al., 2009). Num
estudo paralelo com o jejuno dos mesmos animais observou-se resultado equivalente quanto a
esses parametros (De Azevedo, 2010).

Como se sabe que os probioticos sdo capazes de estimular o sistema imunologico
(Erickson e Hubbard, 2000; Cano e Perdigén, 2003; Copolla e Gil Turnes, 2004; Villena et
al., 2006; De Souza et al., 2007; Dewan et al., 2007; Kaburagi et al., 2007; Pitsouni et al.,
2009), sugere-se que a prevencao de déficit na formacgao tecidual da tinica mucosa provocada
pela desnutri¢do seja balanceada pela proliferagdo de células do tecido conjuntivo (ldmina
propria), o que pode explicar os resultados observados nos animais do G4. Além disso, deve-
se considerar que a altura dos enterocitos, assim como a profundidade das criptas intestinais

reduziram nos animais do G3 quando comparados aos do G1 (p<0,05) e, que essas alteragdes
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também foram evidenciadas nos animais suplementados com probidticos (G4) (p<0,05).
Quanto a esses parametros, a suplementagao com probidticos realizada nos animais eutroficos
demonstrou efeitos que colocam em duvida a sua possivel acao benéfica, ja que os enterdcitos
do célon desses animais (G2) estavam mais altos e as criptas mais profundas (p<0,05). Sabe-
se que enterocitos mais altos aumentam o trajeto a ser percorrido por moléculas que difundem
do lumen intestinal em dire¢do a lamina propria, o que pode interferir na taxa de absor¢ao.
Além disso, o aumento da profundidade das criptas indica maior prolifera¢do celular, o que
pode ser resultante da necessidade de renovagdo daquelas que compdem o epitélio intestinal,
fator considerado como alusivo a agressoes a esse tecido (Elia e Souza, 2001).

Neste contexto, vale lembrar que a desnutricdo proteica pode provocar uma menor
expressdo de caderinas em enterocitos (Dalgik et al., 2003) e que esse fenomeno pode
comprometer a barreira intestinal, ja que se trata de importantes moléculas de adesdo celular.
Por outro lado, estudos demonstram que os probidticos sdo capazes de aumentar a eficacia da
barreira intestinal (Menningen ¢ Bruewer, 2009), o que ¢ muito oportuno em quadros de
desnutrigao.

Quanto a tela submucosa, observou-se que animais desnutridos apresentaram um déficit
de ganho de ~21,5% em relagdo aos eutroficos, e que a suplementacdo com probidticos
amenizou esse prejuizo em ~72% (p<0,05). Como esse estrato ¢ composto por tecido
conjuntivo denso, sugere-se que a desnutricdo possa provocar uma reducdo da sintese de
proteinas da matriz extracelular, assim como um aumento da degradacdo desse componente
tecidual, na forma de disponibiliza¢do de aminoacidos endégenos, como mecanismo de
compensagdo, semelhantemente as descri¢des feitas para a derme de individuos desnutridos
(Waterlow, 1996). Os resultados deste estudo indicam que a suplementacdo com probioticos
ameniza esse fendmeno, contudo os mecanismos envolvidos ainda necessitam ser

investigados. Num estudo paralelo realizado com o jejuno desses animais nao se observou
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nenhuma alteracdo desse estrato (De Azevedo, 2010), o que indica que ratos tenham uma
tendéncia de preservacao deste estrato no intestino delgado quando comparado ao do intestino
grosso. Infelizmente, estudos morfométricos da parede intestinal geralmente ndo avaliam a
tela submucosa, o que desfavorece a comparacao dos resultados deste estudo com a literatura.

Semelhante ao que ocorre com a tinica mucosa, quadros de desnutrigdo proteica
geralmente provocam reducdo da espessura da tunica muscular, o que vem ao encontro dos
resultados deste estudo. Essa atrofia também ¢é explicada por aumento de autdlises no intuito
de disponibilizar aminoacidos enddgenos para tecidos com menor capacidade de regeneragao
ou que tenham fungdes indispensaveis para sobrevivéncia do organismo (Deo, 1969). Por
outro lado, ratos desnutridos, suplementados com probidticos ndo apresentaram esse déficit
(p<0,05), o que sugere que o numero ¢ o diametro das células que compdem este estrato ndo
foram alterados pela caréncia de proteinas da dieta, ratificando o efeito benéfico do consumo
desses microrganismos. Resultados semelhantes foram observados no jejuno dos animais
deste estudo (De Azevedo, 2010), porém neste caso o possivel efeito protetor dos probidticos
atenuou o efeito deletério da desnutricdo. Uma possivel explicacdo para estes achados pode
ser o fato de que os probidticos estdo em maior quantidade no intestino grosso (Bielecka et
al., 2002; Brady et al., 2000; Bedani e Rossi, 2008), quando comparado aos segmentos do
intestino delgado, o que de alguma maneira deve favorecer o célon quanto a manutengdo da
sua estrutura tecidual. Diferentemente dos ratos recém-desmamados utilizados neste estudo,
ratos adultos desnutridos, valendo-se do mesmo protocolo aqui utilizado, ndo apresentaram
alteracdes da espessura da tinica muscular (Hermes et al., 2008), o que ratifica que os
resultados de investiga¢des envolvendo nutricdo experimental sdo dependentes da idade dos
animais envolvidos.

Como consequéncia da redugdo da espessura de todos os estratos da parede do cdlon,

observou-se nos animais desnutridos (G3) que a espessura total da parede teve um déficit de

39



crescimento de ~7%, porém permaneceu inalterada nos ratos desnutridos suplementados com
probidticos, mesmo considerando a discreta reducdo da tela submucosa que ocorreu nestes
animais (p<0,05). Na verdade, a suplementagdo com probidticos foi eficaz para prevenir os
danos, que geralmente ocorrem na tunica mucosa e muscular de ratos desnutridos
proteicamente. Esses achados ratificam o efeito benéfico do consumo desses microrganismos,
inclusive em quadros nos quais a quantidade de proteinas presente na dieta fornecida nao
atenda a demanda do organismo envolvido. Possivelmente, o aumento da eficiéncia da
barreira intestinal (Menningen e Bruewer, 2009) e a estimulacdo do sistema imunologico
(Erickson e Hubbard, 2000; Cano e Perdigén, 2003; Copolla e Gil Turnes, 2004; Villena et
al., 2006; De Souza et al., 2007; Dewan et al., 2007; Kaburagi et al., 2007; Pitsouni et al.,
2009) promovidos pela acdo dos probiodticos devem ter corroborado para uma maior absorg¢ao
dos aminoacidos disponibilizados na ragdo hipoproteica. Estudos avaliando essa hipotese
podem contribuir para futuras investigagdes, que visem otimizar o acesso de alimentos
funcionais ou suplementos contendo probidticos, em quadros de desnutricio em
humanos.Além disso, mais estudos também sdo necessarios para avaliar essa preservacao das
espessuras dos estratos intestinais de forma qualitativa, como também analises do sistema
nervoso entérico, ja que representa o principal controle nervoso das fungdes intestinais
(Furness, 2006).

No que tange ao numero de células caliciformes em relagdio ao nimero de enterocitos
observou-se que tanto a desnutricdo, como o consumo de probidticos ndo interferiram nessa
relacdo (Tabela 3), independentemente dos tipos de mucina (neutra ou acida), fato também
observado no jejuno desses mesmos animais (De Azevedo, 2010). E importante destacar que,
novamente, a idade dos animais também pode ser uma varidvel que esteja envolvida nestes
resultados, ja que num estudo com ratos adultos desnutridos com o mesmo protocolo aqui

utilizado se observou reducdo do ntimero de células caliciformes produtoras de mucinas
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neutras, sialomucinas e sulfomucinas (Hermes et al., 2008). Ratifica-se a cautela na
comparagdo desses resultados, j& que a metodologia utilizada pelos autores da citada
investigacdo se difere da aplicada neste estudo, visto que avaliaram o numero de células
caliciformes numa area de 0,2 mm? da tinica mucosa do colon. Por outro lado, ratos que
recebem dieta aproteica apresentam reducdo no nuimero de células caliciformes (Dock-
Nascimento et al., 2007). Neste ultimo estudo, os autores também observaram que a
suplementacio com probidticos (10° UFC/mL de Strepctococcus thermophilus e
Lactobacillus helveticus) corrobora com a restauragdo do nimero dessas células. Ndo ha
outros estudos na literatura que avaliaram a populagdo de células caliciformes de ratos
desnutridos e suplementados com probidticos.

Conclui-se que a suplementagdo com probioticos ABT-4 durante 12 semanas previne o
déficit de crescimento dos estratos da parede do célon, que normalmente ocorre em ratos
desnutridos proteicamente ap6s a lactacdo. Além disso, neste estudo ndo se observou
alteracdo na propor¢do do numero de células caliciformes em relacio ao numero de

enterocitos nos ratos desnutridos, independentemente da suplementagdo com probidticos.
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Tabela 1. Médiat+desvio-padrao do comprimento, largura e area do colon de ratos submetidos

a desnutrigdo proteica e suplementados com probioticos.

Medidas Gl G2 G3 G4
Comprimento (cm) 7,13+£0,95 8,75+1,04 6,63+0,75 5,88+0,85
Largura (cm) 1,10+0,29 1,20+0,54 1,28+0,32 1,48+0,73
Area (cm?) 8,04+3,30 7,28+4,60 8,63+3,09 9,11£8,90

G1: racdo comercial para roedores; G2: ragdo comercial + suplementacdo com probidticos;
G3: racdo com 4% de proteinas; G4: racdo com 4% de proteinas + suplementagdo com
probidticos. A comparacao dos valores entre os diferentes grupos (G1 x G2, G1 x G3, G1 x
G4, G2 x G4 e G3 x G4) foi realizada pelo Teste t de Student para amostras independentes,
considerando 0=0,05. Nao houve diferenga significativa entre os grupos.

Tabela 2. Mediana e percentis 25 ¢ 75 da altura dos enterocitos, espessura da tunica mucosa,

profundidade das criptas, espessura da tela submucosa, da tinica muscular e espessura total

da parede do colon de ratos submetidos a desnutricdo proteica e suplementados com

probioticos.

Parametros (pm) G1 G2 G3 G4
Altura dos 25,94 (23,43; 26,98 (24,65; 24,93 (22,19; 24,10 (22,05;
Enterécitos 28.81)° 30,15)° 27,22) 26,43)

Tunica Mucosa 232,84 (201,86; 250,18 (196,69; 190,64 (148,07, 236,28 (194,28;
266,66) 275,13)™ 230,66)° 264,24)%

Profundidade das
Criptas

Tela Submucosa

TUnica Muscular

159,96 (145,83;
198,02)°
29,07 (23,46;
39,53)"
247,02 (209,67;

268,07)"

161,69 (127,60;
182,20)"™
30,27 (24,55;
38,02)®
241,88 (200,82;

259,13)®

150,87 (131,78;
173.83)°
27,33 (23,31;
32,50)™
222,66 (191,76;

241,98)°

163,85 (141,78;
191,12)°
22,81 (20,82;
27,29)¢
244,42 (214,46,

296,85)¢
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Espessura Total da 914,21 (856,17; 991,24 (844,32, 851,67 (797,74; 915,77 (835,40;

Parede 1039,29)" 1095,15)* 915,68) 1049,03)

G1: ragdo comercial para roedores; G2: ragdo comercial + suplementacdo com probioticos; G3: ragao
com 4% de proteinas; G4: ragdo com 4% de proteinas + suplementagdo com probidticos. Medianas
seguidas de letras diferentes numa mesma linha s@o significativamente diferentes. A comparacao dos
valores entre os diferentes grupos (G1 x G2, G1 x G3, G1 x G4, G2 x G4 ¢ G3 x G4) foi realizada pelo
Teste de Mann-Whitney, considerando a=0,05.

Tabela 3. Média + desvio padrdo da propor¢do de células caliciformes/enterocitos na tinica

mucosa do coélon de ratos submetidos a desnutricio proteica e suplementados com

probidticos.
Técnica Gl G2 G3 G4
P.AS. + 0,39+0,04 0,42+0,04 0,37+0,04 0,33+0,07
solucéo de
diastase
AB.pH25 0,38+0,07 0,37+0,08 0,38+0,08 0,33+0,05
AB.pH1,0 0,39+00,3 0,40+0,04 0,37+0,02 0,39+0,01

G1: ragdo comercial para roedores; G2: ragao comercial + suplementagdo com probidticos; G3: ragdo
com 4% de proteinas; G4: ragdo com 4% de proteinas + suplementacdo com probioticos. P.A.S.:
Periodic Acid Schiff; A.B.: Alcian blue. A comparagdo dos valores entre os diferentes grupos (G1 x
G2, G1 x G3, G1 x G4, G2 x G4 ¢ G3 x G4) foi realizada pelo Teste de t de Student para amostras
independentes, considerando a=0,05. Nao ha diferenca significativa entre os grupos.
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or Firefox 1.0.4 or higher) and go to the journal's ScholarOne Manuscripts homepage
(http://mc.manuscriptcentral.com/ahe ).

2. Log-in or click the "Create Account" option if you are a first-time user of Manuscript
Central.
3. If you are creating a new account

- After clicking on "Create Account", enter your name and e-mail information and click
"Next". Your e-mail information is very important.
- Enter your institution and address information as appropriate, and then click "Next."
- Enter a user ID and password of your choice (we recommend using your e-mail address as
your user ID), and then select your area of expertise. Click "Finish".

4. If you have an account, but have forgotten your log in details, go to Password Help on the
journals online submission system (http://mc.manuscriptcentral.com/ahe) and enter your e-
mail address. The system will send you an automatic user ID and a new temporary password.

5. Log-in and select "Author Center."
Submitting Your Manuscript

5. After you have logged in, click the "Submit a Manuscript" link in the menu bar.
6. Enter data and answer questions as appropriate. You may copy and paste directly from your
manuscript and you may upload your pre-prepared covering letter.
7. Click the "Next" button on each screen to save your work and advance to the next screen.
8. You are required to upload your files.

Click on the "Browse" button and locate the file on your computer.
Select the designation of each file in the drop down next to the Browse button.
When you have selected all files you wish to upload, click the "Upload Files" button.
9. Review your submission (in PDF format) before sending to the Journal. Click the "Submit"
button when you are finished reviewing.You may suspend a submission at any phase before
clicking the "Submit" button and save it to submit later. After submission, you will receive a
confirmation e-mail. You can also access Manuscript Central any time to check the status of
your manuscript. The Journal will inform you by e-mail once a decision has been made.

Manuscripts should be uploaded as Word (.doc) or Rich Text Format (.rft) files (not write-
protected) plus separate figure files. GIF, JPEG, PICT or Bitmap files are acceptable for
submission, but only high-resolution TIF or EPS files are suitable for printing. The files will
be automatically converted to a PDF document on upload and will be used for the review
process. The text file must contain the entire manuscript including title page, abstract, text,
references, tables, and figure legends, but no embedded figures. Figure tags should be
included in the file. Manuscripts should be formatted as described in the Author Guidelines
http://www.blackwell-science.com/tpjbelow.

Please note that any manuscripts uploaded as Word 2007 (.docx) will be automatically
rejected. Please save any .docx file as .doc before uploading.
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Revised manuscripts must be uploaded within 2 months of authors being notified of
conditional acceptance pending satisfactory revision.

Upon acceptance, the corresponding author must sign and return the Copyright Transfer
Agreement (see section 3.6 Copyright below) to:

Cheryl Chong Yen Yee

Production Editor

Journal Content Management

Wiley-Blackwell

Wiley Services Singapore Pte Ltd

600 North Bridge Road, #05-01 Parkview Square
Singapore 188778

Fax: +65 62956202

E-mail: chchong@wiley.com mailto:chchong@wiley.com

OnlineOpen is available to authors of primary research articles who wish to make their
article available to non-subscribers on publication, or whose funding agency requires grantees
to archive the final version of their article. With OnlineOpen, the author, the author's funding
agency, or the author's institution pays a fee to ensure that the article is made available to non-
subscribers upon publication via Wiley InterScience, as well as deposited in the funding
agency's preferred archive. For the full list of terms and conditions, see
http://www3.interscience.wiley.com/authorresources/onlineopen.html#OnlineOpen_Terms.
Any authors wishing to send their paper OnlineOpen will be required to complete the
payment form available from our website at:
https://secure.interscience.wiley.com/funded_access.html

Prior to acceptance there is no requirement to inform an Editorial Office that you intend to
publish your paper OnlineOpen if you do not wish to. All OnlineOpen articles are treated in
the same way as any other article. They go through the journal's standard peer-review process
and will be accepted or rejected based on their own merit.

3. ETHICAL GUIDELINES

Anatomia, Histologia, Embryologia adheres to the ethical guidelines below for publication
and research.

3.1. Authorship and Acknowledgements

Authorship: Authors submitting a paper do so on the understanding that the manuscript has
been read and approved by all authors and that all authors agree to the submission of the
manuscript to the Journal. ALL named authors must have made an active contribution to the
conception and design and/or analysis and interpretation of the data and/or the drafting of the
paper and ALL must have critically reviewed its content and have approved the final version
submitted for publication. Participation solely in the acquisition of funding or the collection of
data does not justify authorship and, except in the case of complex large-scale or multi-centre
research, the number of authors should not exceed six.

Anatomia, Histologia, Embryologia adheres to the definition of authorship set up by The
International Committee of Medical Journal Editors (ICMJE). According to the ICMJE
authorship criteria should be based on 1) substantial contributions to conception and design
of, or acquisition of data or analysis and interpretation of data, 2) drafting the article or
revising it critically for important intellectual content and 3) final approval of the version to
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be published. Authors should meet conditions 1, 2 and 3. It is a requirement that all authors
have been accredited as appropriate upon submission of the manuscript. Contributors who do
not qualify as authors should be mentioned under Acknowledgements.

Acknowledgements: Under Acknowledgements please specify contributors to the article
other than the authors accredited. Please also include specifications of the source of funding
for the study and any potential conflict of interests if appropriate. Suppliers of materials
should be named and their location (town, state/county, country) included.

3.2.Ethical Approvals

Experimental Subjects: In experiments where animals were used, authors are requested to
give full details about the animals (source, breeding, pathogen-free, conventional conditions,
etc.) and their maintenance (standard diet, environment, etc.). When experimental animals are
used the methods section must clearly indicate that adequate measures were taken to
minimize pain or discomfort. Experiments should be carried out in accordance with the
Guidelines laid down by the National Institute of Health (NIH) in the USA regarding the care
and use of animals for experimental procedures or with the European Communities Council
Directive of 24 November 1986 (86/609/EEC) and in accordance with local laws and
regulations.

All studies using animal subjects should include an explicit statement in the Material and
Methods section identifying the review and ethics committee approval for each study, if
applicable. Editors reserve the right to reject papers if there is doubt as to whether appropriate
procedures have been used.

3.3 Conflict of Interest and Source of Funding

Conflict of Interest: Authors are required to disclose any possible conflict of interest.

These include financial (for example patent, ownership, stock ownership, consultancies,
speaker's fee). Author's conflict of interest (or information specifying the absence of conflicts
of interest) will be published under a separate heading entitled 'Conflict of interest'.
Anatomia, Histologia, Embryologia requires that sources of institutional, private and
corporate financial support for the work within the manuscript must be fully acknowledged,
and any potential conflicts of interest noted. As of 1st March 2007, this information will be a
requirement for all manuscripts submitted to the Journal and will be published in a
highlighted box on the title page of the article. Please include this information under the
separate headings of 'Source of Funding' and 'Conflict of Interest' at the end of your
manuscript.

If the author does not include a conflict of interest statement in the manuscript then the
following statement will be included by default: "No conflicts of interest have been declared".

Source of Funding: Authors are required to specify the source of funding for their research
when submitting a paper. Suppliers of materials should be named and their location (town,

state/county, country) included. The information will be disclosed in the published article.

3.4 Appeal of Decision

The decision on a paper is final and cannot be appealed.
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3.5 Permissions

If all or parts of previously published illustrations are used, permission must be obtained from
the copyright holder concerned. It is the author's responsibility to obtain these in writing and
provide copies to the Publishers.

3.6 Copyright

Authors submitting a paper do so on the understanding that the work and its essential
substance have not been published before and is not being considered for publication
elsewhere. The submission of the manuscript by the authors means that the authors
automatically agree to sign a Copyright Transfer Agreement form when the manuscript is
accepted for publication. The work shall not be published elsewhere in any language without
the written consent of the publisher. The articles published in this journal are protected by
copyright, which covers translation rights and the exclusive right to reproduce and distribute
all of the articles printed in the journal. No material published in the journal may be stored on
microfilm or videocassettes, in electronic databases and the like, or reproduced
photographically without the prior written permission of the publisher.Correspondence to the
journal is accepted on the understanding that the contributing author licences the publisher to
publish the letter as part of the journal or separately from it, in the exercise of any subsidiary
rights relating to the journal and its contents. Upon acceptance of a paper, authors are required
to sign the Copyright Transfer Agreement form . Papers will not be passed to the publisher for
production unless a signed form has been received. A completed Copyright Transfer
Agreement form must be sent to the production office and can be downloaded here.

Please return the form to:

Cheryl Chong Yen Yee

Production Editor

Journal Content Management

Wiley-Blackwell

Wiley Services Singapore Pte Ltd

600 North Bridge Road, #05-01 Parkview Square
Singapore 188778

Fax: +65 62956202

E-mail: chchong@wiley.com

For questions concerning copyright, please visit Wiley-Blackwell Publishing's Copyright

FAQ.

4. MANUSCRIPT TYPES ACCEPTED

Original Articles: Original papers should not exceed 30 DIN A4 typewritten pages including
figures, tables and references. Summaries of original papers should not exceed 1200
characters.

Short Communications: Short communications should not exceed 5 DIN A4 typewritten

pages including figures, tables and references. Summaries of short communications should
not exceed 600 characters. Short communications may be given priority for publication.
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Reviews: Due to their nature, reviews are not limited in length per se, however editors reserve
the right to have them shortened for brevity during review.

5. MANUSCRIPT FORMAT AND STRUCTURE
5.1. Format

Language: The language of publication is English. Authors for whom English is a second
language must have their manuscript professionally edited by an English speaking person
before submission to make sure the English is of high quality. It is preferred that manuscripts
are professionally edited. A list of independent suppliers of editing services can be found at
http://authorservices.wiley.com/bauthor/english_language.asp All services are paid for and
arranged by the author, and use of one of these services does not guarantee acceptance or
preference for publication.

Abbreviations, Symbols and Nomenclature: All measurement specifications must follow
the S.I. system. Solution concentrations are to be given in mol/l. All other concentrations are
to be given in % (volume or weight). Abbreviations of biological, chemical or other terms
should only be employed when it is certain they are internationally known. The full name
must be stated in brackets when an abbreviation is used for the first time in a paper.

Scientific Names: All biological, chemical, medical or other names are to be given according
to the most recent international nomenclature. In the case of substances or reagents obtained
commercially, the name and address of the manufacturer or supplier (as a footnote) should be
given the first time the product is mentioned. Products with a trademark should be marked
with ©. Names of bacteria should be in accordance with the latest edition of Bergey's Manual
of Determinative Bacteriology (The Williams and Wilkins Co., Baltimore). Viruses should be
classified and named as recommended by the International Committee on the Nomenclature
of Viruses.

Font: Names of micro-organisms and zoological or botanical names should be given in
italics.

5.2. Structure

All manuscripts submitted to Anatomia, Histologia, Embryologia should include: Summary,
Introduction, Materials and Methods, Results and Discussion, and References.

Title Page: The following information should be given on page one of the manuscript: the
name of the institution where the work was carried out, the title of the manuscript, the
name(s) of the author(s), the address(es) of the author(s), the e-mail address of the
corresponding author, and the number of figures and tables accompanying the manuscript.

Summary: Summaries of original articles should not exceed 1200 characters, and those of
short communications should not exceed 600 characters.
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Optimizing Your Summary for Search Engines

Many students and researchers looking for information online will use search engines such as
Google, Yahoo or similar. By optimizing your article for search engines, you will increase the
chance of someone finding it. This in turn will make it more likely to be viewed and/or cited
in another work. We have compiled these guidelines to enable you to maximize the web-
friendliness of the most public part of your article.

5.3. References

Each original paper should have a list of references which should be restricted to a minimum.
The references should be listed alphabetically according to the name of the first author.Every
reference should be structured as follows: author or author's surname and initials of the given
name; year of publication (without brackets); title of paper; name of the journal; volume
number (bold); page numbers, e.g.:

Gothe, R., Y. Gold and A. Kraiss, 1986: On the subspecific validity of Rhipicephalus evertsi
mimeticus DONitz, 1910. J. Vet. Med. B 33, 47-59.

Books or separate publications should be quoted as follows:

Boch, J. and R. Supperer, 1977: Veterinary Medical Parasitology. Paul Parey Scientific
Publishers, Berlin.

Reference to the quoted literature in the text should be given by putting the name(s) of the
author(s) in brackets, with the year of publication, e.g.: (Thein and Hértl, 1986).
The editor and publisher recommend that citation of online published papers and other
material should be done via a DOI (digital object identifier), which all reputable online
published material should have - see www.doi.org/ for more information. If an author cites
anything which does not have a DOI they run the risk of the cited material not being
traceable.

We recommend the use of a tool such as EndNote or Reference Manager for reference
management and formatting.EndNote reference styles can be searched for here:
www.endnote.com/support/enstyles.asp

Reference Manager reference styles can be searched for here:
www.refman.com/support/rmstyles.asp

5.4. Tables, Figures and Figure Legends
The number and size of illustrations and tables should be kept to the minimum necessary.
Tables: Tables should be created using the table function.

Figures: Please note that figures will generally be reduced to fit within the column-width or
the print area. This means that numbering and lettering must still be readable when reduced
(e.g. maps) and that the scale might not correspond with the original (microscopic pictures),
thereby invalidating references to scale in the text. These figures should include a bar the size
of which is defined in the caption of the photograph concerned. If a figure is to be cropped,
please mark the lines on a photocopy or tracing paper. Printouts should be made with a

54


http://authorservices.wiley.com/bauthor/english_language.asp

laserprinter at the highest resolution (> 600 dpi). If artwork is to be scanned, line drawings
should only be contour drawings without halftones (shades of grey). Please do not use
patterns; rough hatching is possible.Graphs with an x and y axis should not be enclosed in
frames; only 2-dimensional representations.Do not forget the labels and units.

Preparation of Electronic Figures for Publication

Although low quality images are adequate for review purposes, print publication requires high
quality images to prevent the final product being blurred or fuzzy. Submit EPS (line art) or
TIFF (halftone/photographs) files only. MS PowerPoint and Word Graphics are unsuitable for
printed pictures. Do not use pixel-oriented programmes. Scans (TIFF only) should have a
resolution of at least 300 dpi (halftone) or 600 to 1200 dpi (line drawings) in relation to the
reproduction size (see below). Please submit the data for figures in black and white or submit
a Colour Work Agreement Form (see Colour Charges below). EPS files should be saved with
fonts embedded (and with a TIFF preview if possible). For scanned images, the scanning
resolution (at final image size) should be as follows to ensure good reproduction: line art:
>600 dpi; halftones (including gel photographs): >300 dpi; figures containing both halftone
and line images: >600 dpi.Further information can be obtained at Blackwell Publishing's
guidelines for figures:http://authorservices.wiley.com/bauthor/illustration.asp
Check your electronic artwork before submitting it:
http://authorservices.wiley.com/bauthor/eachecklist.asp

Permissions: If all or parts of previously published illustrations are used, permission must be
obtained from the copyright holder concerned. It is the author's responsibility to obtain these
in writing and provide copies to the Publisher.

Colour Charges: It is the policy of the Anatomia, Histologia, Embryologia for authors to pay
the full cost for the reproduction of their colour artwork. However, in the event that an author
is not able to cover the costs of reproducing colour figures in colour in the printed version of
the journal, Anatomia, Histologia, Embryologia offers authors the opportunity to reproduce
colour figures in colour for free in the online version of the article (but they will still appear in
black and white in the print version). Questions concerning colour figures should be directed
to the Editorial Office, Iduna Haus (iduna-haus@ethz.ch). If an author wishes to take
advantage of this free colour-on-the-web service, they should liaise with the Editorial Office
(iduna-haus@ethz.ch) to ensure that the appropriate documentation is completed for the
Publisher. Therefore, please note that if there is colour artwork in your manuscript when it is
accepted for publication, Wiley-Blackwell Publishing require you to complete and return a
colour work agreement form before your paper can be published. This form can be
downloaded as a PDF* from the Internet. The web address for the form is:
http://www.blackwellpublishing.com/pdf/SN_Sub2000_F_CoW.pdf. Please return the Colour
Work Agreement Form upon acceptance of your manuscript to the production editor:
chchong@wiley.com

Figure Legends: Legends for the figures should give a precise description of the content and
should not be repeated within the figure.Note to NIH Grantees: Pursuant to NIH mandate,
Wiley-Blackwell will post the accepted version of contributions authored by NIH grant-
holders to PubMed Central upon acceptance. This accepted version will be made publicly
available 12 months  after  publication. = For  further = information, see
www.wiley.com/go/nihmandate
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6. AFTER ACCEPTANCE

Upon acceptance of a paper for publication, the manuscript will be forwarded to the
Production Editor who is responsible for the production of the journal.

6.1 Proof Corrections

The corresponding author will receive an e-mail alert containing a link to a website. A
working e-mail address must therefore be provided for the corresponding author. The proof
can be downloaded as a PDF (portable document format) file from this site.
Acrobat Reader will be required in order to read this file. This software can be downloaded
(free of charge) from the following website:
www.adobe.com/products/acrobat/readstep2.html.

This will enable the file to be opened, read on screen, and printed out in order for any
corrections to be added. Further instructions will be sent with the proof. Hard copy proofs will
be posted if no e-mail address is available; in your absence, please arrange for a colleague to
access your e-mail to retrieve the proofs.

Proofs must be returned to the Production Editor within three days of receipt. Excessive
changes made by the author in the proofs, excluding typesetting errors, will be charged
separately. Other than in exceptional circumstances, all illustrations are retained by the
publisher. Please note that the author is responsible for all statements made in their work,
including changes made by the copy editor.

6.2 Early View (Publication Prior to Print)

Anatomia, Histologia, Embryologia is covered by Wiley-Blackwell's Early View service.
Early View articles are complete full-text articles published online in advance of their
publication in a printed issue. Early View articles are complete and final. They have been
fully reviewed, revised and edited for publication, and the authors' final corrections have been
incorporated. Because they are in final form, no changes can be made after online publication.
The nature of Early View articles means that they do not yet have volume, issue or page
numbers, so OnlineEarly articles cannot be cited in the traditional way. They are therefore
given a Digital Object Identifier (DOI), which allows the article to be cited and tracked before
it is allocated to an issue. After print publication, the DOI remains valid and can continue to
be used to cite and access the article.

6.3 Author Services

Online production tracking is available for your article through Wiley-Blackwell's Author
Services. Author Services enables authors to track their article - once it has been accepted -
through the production process to publication online and in print. Authors can check the status
of their articles online and choose to receive automated e-mails at key stages of production.
The author will receive an e-mail with a unique link that enables them to register and have
their article automatically added to the system. Please ensure that a complete e-mail address is
provided when submitting the manuscript. Visit http://authorservices.wiley.com/bauthor/ for
more details on online production tracking and for a wealth of resources including FAQs and
tips on article preparation, submission and more.
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6.4 Author Material Archive Policy

Please note that unless specifically requested, Blackwell Publishing will dispose of all
hardcopy or electronic material submitted two months after publication. If you require the
return of any material submitted, please inform the editorial office or production editor as
soon as possible.

6.5 Offprints and Extra Copies

A PDF offprint of the online published article will be provided free of charge to the
corresponding author, and may be distributed subject to the Publisher's terms and conditions.
Additional paper offprints may be ordered online. Please click on the following link, fill in the
necessary details and ensure that you type information in all of the required fields:
offprint.cosprinters.com/cos/bw/main.jsp?SITE ID=bw&FID=USER HOME PG

If you have queries about offprints please e-mail offprint@cosprinters.com

Last update: April 2010
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Baixar Monografias e TCC

Baixar livros Multidisciplinar

Baixar livros de Musica

Baixar livros de Psicologia

Baixar livros de Quimica

Baixar livros de Saude Coletiva
Baixar livros de Servico Social
Baixar livros de Sociologia

Baixar livros de Teologia

Baixar livros de Trabalho

Baixar livros de Turismo
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