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ABSTRACT
Introduction: the small intestine is the main portion of the digestive tract responsible for the process of digestion and 
absorption of food. Early weaning directly affects the intestinal mucosa through atrophy of intestinal crypts, reduction of villi 
or increasing the activity of enzymes such as ornithine decarboxylase, reflecting on absorption, since its absence will cause 
morphophysiological changes as well as organ growth. Melatonin is a hormone produced by the pineal gland and found in 
breast milk. As it has an amphiphilic characteristic, it passes easily through the cell membrane and has antioxidant activity, 
being used as a therapy against numerous pathologies of the digestive tract such as esophagitis, peptic ulcer, ulcerative 
colitis, intestinal ischemia/reperfusion and liver cirrhosis. Recently it was seen that exogenous melatonin reversed some 
morphological damage from EW such as presence of picnotic nucleus, villus area and crypt area for example. The present 
review also highlights the importance of exclusive breastfeeding during the first six months of life of the newborn.
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Introduction
Breastfeeding is a practice that provides benefits 

for both mother and child, and should be exclusive 
in the first six months of life according to the World 
Health Organization. This strategy aims to reduce the 
morbidity and mortality of neonates1,2.  Breastfeeding 
is a critical and extremely important period for the 
morphophysiological maturation of the organism, 
which may be reflected in child growth and 
development1.

Breast milk is considered a complete food supplying 
the needs of the developing organism, containing 
in its composition carbohydrates, proteins, lipids, 
growth factors and others.  The abrupt interruption 
of exclusive breastfeeding is called early weaning and 
is a topic of worldwide concern. Early weaning can be 
reflected in multiple systems, including the digestive 
system, which is responsible for the breakdown and 
absorption of proteins, lipids, vitamins and minerals1, 3.

The small intestine is the main portion of the 
digestive tract responsible for the process of digestion 
and absorption of food4.  Early weaning directly 
affects the intestinal mucosa through atrophy of 
intestinal crypts, reduction of villi or increasing the 
activity of enzymes such as ornithine decarboxylase, 
reflecting on absorption, since its absence will cause 
morphophysiological changes as well as organ growth5, 6, 7.

Melatonin is a hormone produced by the pineal 
gland and found in breast milk. This is only produced 
at night, during the light-dark cycle, since the 
presence of light inhibits its production8,9,10. As it has 

an amphiphilic characteristic, it passes easily through 
the cell membrane and has antioxidant activity, being 
used as a therapy against numerous pathologies of 
the digestive tract such as esophagitis, peptic ulcer, 
ulcerative colitis, intestinal ischemia/reperfusion and 
liver cirrhosis11,12,13.  	

It’s necessar to understand the action of melatonin 
in individuals who have eating disorders during 
growth. The importance of breastfeeding is already 
highlighted annually in campaigns in the country, 
and the results of this proposal can corroborate and 
expand the set of information for dissemination and 
awareness of the population. Thus, the objective of 
this review is to investigate the effect of exogenous 
melatonin in the duodenum of offspring submitted to 
early weaning.

Breastfeeding
Breastfeeding goes far beyond newborn 

nutrition.  It’s a profound interaction between the 
binomial (mother and child) with repercussions 
on physiology, nutritional status, defense against 
infections, cognitive and emotional development, and 
the long-term health of the child, in addition to having 
implications for the physical and psychological health of 
the mother14. Despite all the scientific evidence proving 
the importance and superiority of breastfeeding 
over other forms of feeding for the child, as well as 
national and international campaigns, the prevalence 
of breastfeeding (BF) in Brazil, especially exclusive 
breastfeeding, is far below the recommendations14,15.
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BF should be exclusive for up to six months, after 
which it is supplemented with any solid or semi-
solid food to complement it, not replace it14,16.  The 
WHO emphasizes that there are no advantages to 
introducing solid foods before six months of age, 
which can cause damage to the child's health such as: 
diarrhea, respiratory problems, malnutrition, lower 
absorption of nutrients rich in milk, for example, iron 
and zinc14.

Human milk has 68 calories per 100ml, consisting 
of 1.39g protein, 6.13g sugars, 4.20g fat, minerals and 
vitamins, amounts according to the Food Composition 
Table (TBCA/USP)17.  Several bioactive substances 
such as growth factors, stem cells and leukocytes are 
present. Melatonin, insulin, ghrelin, leptin, adiponectin, 
cortisol, T3, and T4 are among the hormones found in 
breast milk18,19,20,21. Accordingly, the literature reports 
the presence of concentrations of iron, copper, zinc, 
manganese, calcium and magnesium, as well as 
proteins, carbohydrates and fats in the breast milk of 
rats22.  In line with the literature, rat breast milk has 
carbohydrates, lipids and numerous hormones such 
as prolactin, melatonin, somatostatin, GnRH, IGF-1, 
among others in its composition23,24.  

Breast milk plays important roles in the growth, 
differentiation and development of various tissues of 
the baby, especially in the development of the intestinal 
mucosa7,1,25.  In the lumen of  the digestive tract, the 
interaction of the epithelium with nutrients occurs, 
thus providing proliferation, apoptosis, differentiation 
and migration of cells26. 

Breastfed babies have smaller villi and crypts than 
bottle-fed babies, suggesting that crypt fission is 
related to inhibitory factors present in milk27.  It was 
found that rats that did not undergo early weaning 
remained with the size of the crypt-villus axis, cell 
proliferation, distribution of goblet cells and the 
expression of genes involved in intestinal functions 
and renewal without any change, so breastfeeding 
contributes to the integrity of the intestinal mucosa7.

Intestine
The small intestine is the final portion of the 

digestive tract responsible for the process of digestion 
and absorption of food as well as the site of endocrine 
secretions.  The nutrients (carbohydrates, lipids, 
proteins and nucleic acids) present in the food bolus 
are digested and absorbed by the lining epithelial cells, 
the enterocytes.  The small intestine is a very long 
organ approximately five meters long and is divided 
into: duodenum, jejunum and ileum.  The latter have 
structural features in common.  It is a hollow tube in 
which at its center we find a lumen, or lumen, whose 
diameter is variable and surrounded by a wall formed 
by several layers: mucosa, submucosa, muscular and 
adventitia/serosa28.

The mucous layer is composed of simple cylindrical 
epithelial tissue, a lamina propria of loose connective 

tissue and the muscularis mucosa.  It is worth 
mentioning the presence of villi in the mucosa, 
elongated projections formed by the mucosa and 
submucosa. In the duodenum it has the shape of leaves 
taking the form of fingers near the ileum.  The villi 
epithelium is formed by enterocytes (absorptive cells), 
goblet cells (mucus production) connecting with the 
crypt epithelium, which has some absorptive, goblet, 
enteroendocrine, Paneth and stem cells.  The crypts 
are tubular in shape and have a high proliferative rate7, 28.

Enterocytes have a cylindrical morphology and an 
oval nucleus in the basal portion. In the apical portion, 
we find the microvilli, specialization of the membrane, 
creating a brush border, easily observed in light 
microscopy. In electron microscopy, the brush border 
is seen as a set of very close microvilli28.  The goblet 
cells are distributed among the enterocytes and their 
function is to produce mucus to protect and lubricate 
the intestinal mucosa, a product that is easily stained 
by Periodic acid–Schiff (PAS)28. Paneth cells are found 
in the most basal layer of the crypts and have a defense 
function through the release of their eosinophilic 
granules rich in lysozymes and defensins.  And stem 
cells have the function of giving rise to other cells in 
the crypts and villi28,29.

The submucosa is rich in connective tissue, which is 
rich in blood and lymphatic vessels, and a submucosal 
plexus (Meissner's plexus).  This layer may contain 
duodenal glands and lymphoid tissue. The muscle layer 
has smooth muscle cells oriented in two sublayers: 
circular (inner) or longitudinal (outer).  We can see 
between these two layers the myenteric nervous plexus 
(Auerbach's plexus).  Just below this we can find the 
serous layer or the adventitia layer. The serosa is a thin 
layer of loose connective tissue lined by mesothelium 
(simple flat epithelium).  The adventitia formed by 
connective tissue together with adipose tissue28.

Early Weaning
The first six months of life are a critical window 

of vulnerability, where exposure to environmental 
factors can positively or negatively influence health 
throughout life.  The exclusive intake of breast milk, 
combined with maternal care, during the first six 
months of life guarantees a better development of the 
newborn.  However, when weaning occurs abruptly, 
early weaning (EW), a practice that has been increasing, 
can cause morphophysiological and behavioral damage 
to the body30.

Early weaning is still prevalent in several countries, 
including Brazil, and is the result of several factors, 
such as maternal characteristics, working conditions, 
socioeconomic status, marital status and follow-
up31.  Although most mothers are aware of the 
importance of exclusive breastfeeding until six months 
of age and complementary breastfeeding until two 
years of age, this practice is still small in Brazil. The 
reasons for stopping breastfeeding early are lack of 
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time due to work; physical reasons, early introduction 
of other foods before six months;  thinking that your 
milk is weak due to watery consistency in addition to 
the small amount; delay in milk let-down; anatomical 
issues such as the flat or inverted beak;  the family's 
own interference in their decisions, among others32, 31.

Early weaning vs TGI
By identifying the morphological changes of in 

gastric tissue, it was found that (EW) increases the 
mucosal area, thus increasing the area of ​​the glands 
and mucosal muscle, consecutively increasing 
stomach acidity.  A decrease in the longitudinal and 
submucosal muscle area was also observed, causing 
the organism to undergo adaptations for functioning 
in rats submitted to (EW).  Thus, indicating possible 
damage that the abrupt interruption of breastfeeding 
can cause to health33.

Differentiation of gastric epithelial cells ends at 
the time of weaning. However, when weaning occurs 
early, this differentiation is affected.  In the study to 
investigate the role of corticosterone on the gastric 
mucosa of rats submitted to early weaning, Zulian 
et al.,34, found that (EW) increases the expression of 
mucins, Mist1 and pepsinogen C in mRNA and protein 
levels, and changed the number of colonic mucosal 
cells (CMC) and zymogenic cells (ZC). Corticosterone, 
on the other hand, regulated the expression of 
pepsinogen C and the distributions of CMC and 
ZC. Thus, proving the importance of corticosterone in 
gastric cell maturation. Corroborating this study, when 
comparing the immediate and long-term effects of early 
weaning on gastric mucosa cell differentiation, Teles 
Silva et al.,26, observed that (EW) transiently affects the 
expression of genes related to differentiation (Atp4b, 
Bhlha15 and Pgc ) as well as increasing the population 
of (ZC).

Based on previous studies on how (EW) affects the 
distribution of gastric glands in rats, Bittar et al.,35 
investigated the distribution of ghrelin and its receptor 
in the gastric epithelium of rats during the postnatal 
period. Among the findings we have that (EW) increased 
the distribution of ghrelin-secreting cells. The ghrelin 
receptor is found in the neck area of ​​the glands, but 
there is no change in its levels. Therefore, ghrelin and 
its receptor are involved in somatic growth of the 
stomach during early weaning.

Non-pharmacological early weaning also affects 
the liver of adult male rats.  A study carried out by 
Bertasso et al.,36, evaluated between two experimental 
models, non-pharmacological and pharmacological 
early weaning (depriving milk production with 
bromocriptine), lipogenesis, β-oxidation, very low-
density lipoprotein (LDLP) and gluconeogenesis in 
both sexes in adult Wistar rats. Male rats submitted to 
non-pharmacological early weaning showed elevated 
plasma triglycerides, hepatic triglycerides and 
cholesterol by lipogenesis. The females of both groups 

did not have any changes, thus showing normal plasma 
levels and preserved liver cytoarchitecture. 

Studies have linked early weaning to the development 
of obesity and type 2 diabetes in adulthood.  In view 
of this, it was investigated whether (EW) could affect 
the pancreatic islets, since research on this topic 
is rare.  Early weaning has been shown to lead to 
increased insulin secretion in adolescent males and 
reduced insulin secretion in adult offspring2

Early Weaning vs Intestine
When evaluating the late effects of early weaning 

in rats through histomorphometry, Barbosa et al.,6 
observed that in the small intestine, EW caused atrophy 
of the intestinal crypts. Corroborating this, Lemos, et 
al.,1, found that the (EW) group showed significantly 
(P<0.001) a reduction in the depth of the Lieberkuhn 
crypts, compared to the control group.

Studying the size of the crypt-villus axis, cell 
proliferation, the distribution of goblet cells, and the 
expression of genes involved in intestinal functions 
and jejunal renewal,  da Costa et al.,7 observed that 
villus height decreased significantly. by (EW) at 18 days, 
showing an evident atrophy. However, at 60 days there 
was no difference between the control group and the 
early weaned group. However, there was no recovery 
of the number of goblet cells at 60 days in the rats 
that were submitted to (EW) on the 18th day. The cell 
proliferation index decreased in pups (EW) (18 days), 
and the effect was maintained in adults (60 days). This 
suggests that early weaning affects cell proliferation, 
gene expression and the number of goblet cells in rats 
subjected to weaning on the 18th day and that these 
effects last until adulthood.  It can thus affect the 
physiology of the intestine, such as the absorption of 
nutrients7.

By evaluating the effects of weaning age on 
morphological changes that occur in the intestine 
(jejunum and ileum) of rats, through intestinal 
histomorphometry and somatic growth, in 21-day-old 
pups and 90-day-old mature rats that were weaned 
early (day 16), it was observed that early weaning 
resulted in deeper crypts, a lower villus/crypt ratio, 
and a smaller villus area on day 21. At 90 days, early 
weaned animals had shallower crypts, a higher villus/
crypt smaller villosa compared to normally weaned 
animals.  Thus, stating that early weaning affects 
the intestinal mucosa, which can cause damage to 
food absorption and concomitantly in the growth of 
the organ38.  Rojas Castañeda et al.,39 observed, in a 
morphometric study in rats, that (EW) increased villi 
size, depth and number of crypts in the duodenum and 
jejunum, while the number of villi decreased. However, 
the ileum showed no changes with early weaning.

  Lin et al.5 investigated whether ornithine 
decarboxylase (ODC) activity is involved in intestinal 
(jejunal) growth after early weaning, as the enzyme 
activity is associated with rapid cell proliferation in 
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many cell types through from immunohistochemistry 
to cell proliferation.  It was seen that EW increased 
ODC activity in the jejunal mucosa, peaking on the 
third day of weaning (18th day), compared to the 
breastfed group.  The sequence of increased ODC 
activity suggests that it can be used as a marker of 
mucosal maturation in the face of early weaning.  In 
neonatal rats, early introduction of fructose into 
the diet significantly increases brush-edge fructose 
transport rates and GLUT-5 mRNA levels during early 
weaning, thus confirming gut adaptation to diet40.

Pups weaned on day 17 showed an immediate increase 
in intestinal length, a decrease in lactase, and an early 
increase in sucrose and maltase41.  Sucrase activity 
did not depend on the weaning period in the study by 
Shinder et al.,42 in suckling rats weaned prematurely 
on the 15th, 17th, 19th or 21st day of life. Weaning on the 
15th or 17th day of life considerably delayed the decrease 
in lactase activity42. The delay in body weight gain and 
small bowel weight was greater in infants who were 
weaned early42. Changes in segmental mucosal weight, 
DNA and protein content, however, paralleled those 
of controls. Enterokinase and leucine aminopeptidase 
showed little change, regardless of dietary changes. At 
19 days, early weaned pups had serum levels of 
corticosteroids about three times those of control or 
prolonged pups41. Thus, proving that the change in the 
diet causes a change in the levels of enzymes, for the 
latter to act against the dietary pattern that the animal 
is subjected to.

Melatonin
Melatonin (MEL) is a hormone produced in many 

cells and tissues, but it is synthesized in high amounts 
by the pineal gland, especially in mammals, during 
the night period of the light-dark cycle, since the 
presence of light inhibits its production8,9,10.  The 
synthesis of melatonin by the pinealocytes in the 
pineal gland is initiated with tryptophan which, under 
the action of tryptophan hydroxylase, is transformed 
into 5-hydroxytryptophan which, being converted 
into serotonin, which is acetylated by arylalkylamine 
N-acetyltransferase (AANAT) into N-acetylserotonin 
(NAS) which is converted to melatonin by 
acetylserotonin O-methyltransferase (ASMT).  The 
three enzymes above are under the control of the 
neural and endocrine systems that regulate the timing, 
duration and amount of melatonin produced43,8.

The gastrointestinal tract (GIT) in mammals is 
the most abundant extrapineal source of MEL, with 
mucosal concentrations exceeding blood plasma 
levels by 100-400 times. This source is responsible 
for concentrations in peripheral blood during the 
day. In rats, intestinal MEL concentration varies with 
age, peaking at birth and decreasing with age. In 
the jejunum, ileum and colon, the decline in MEL is 
greater compared to the stomach. Later in life, the 
concentration of MEL in the mucosa of the ileum and in 
the distal colon is 126% higher in older rats compared 
to younger rats44,45,46,47 2017. MEL biosynthesis in the 
GIT is not dependent on the pineal gland, as was seen in 
pinealectomized rats48. The main production of honey 
in the GIT occurs during the day and is related to the 
frequency of food intake. Through HPLC-validated 
immunohistochemistry and radioimmunoassay studies, 
the presence of MEL in the GIT mucosa was 
confirmed, as well as the identification of 
enterochromaffin cells as the main source of MEL in 
the GIT49. Messner et al.50 found high 
concentrations of MEL in gastric, duodenal and 
colonic mucosa.

MEL plays an important role in the GIT by acting in 
the regulation of gastrointestinal motility, free radical 
scavenging, local anti-inflammatory activity, thus 
being a potential therapeutic target in the treatment 
of intestinal diseases12,13. Wu et al.,51 highlighted the 
adjuvant therapeutic potency of melatonin against 
colorectal cancer, as it activates apoptosis and immunity 
to colon cancer, concomitantly reducing proliferation, 
autophagy, metastasis and angiogenesis, thus exerting 
its anticancer effects. The results of Lin et al.,52 suggest 
that MEL significantly attenuates psychological stress-
induced injury to the intestinal mucosa. Melatonin 
treatment restored colonic melatonin concentration 
and modulated gut microbiota dysbiosis53. Melatonin 
supplementation increased body weight and preserved 
intestinal morphology, having little effect on cell 
proliferation and apoptosis, as well as on goblet cells 
and Paneth cells in the ileum of weaned mice3.

Recent Findings
Recently it was seen by Costa, MAS et al, 2021, that 
exogenous melatonin reversed some morphological 
damage from EW such as presence of picnotic nucleus, 
villus area and crypt area for example. The study also 
highlights the importance of exclusive breastfeeding 
during the first six months of life of the newborn.

Costa MAS et al.  The Importance of Exclusive Breastfeeding and Melatonin on the TGI of Wistar Rats’ Offspring Submitted to Early Weaning



Journal of Morphological Sciences Vol. 39/2022 113

References

fasebj.2019.33.1_supplement.762.1.
4. ROSS, Michael H.; PAWLINA, Wojciech; BARNASH, Todd A. Atlas de
histologia descritiva. Artmed Editora, 2016.
5. LIN, C.-H., CORREIA, L., TOLIA, K., GESELL, M. S., TOLIA, V., LEE,
P.-C., & LUK, G. D.,1998. Early Weaning Induces Jejunal Ornithine
Decarboxylase and Cell Proliferation in Neonatal Rats. The Journal
of Nutrition, vol.128, n°10, p.1636–1642. https://doi.org/10.1093/
jn/128.10.1636.
6. BARBOSA, M M B., 2019 Avaliação histomorfométrica da mucosa
gástrica e intestinal em ratos Wistar submetidos ao desmame
precoce. Recife: Departamento de Histologia e Embriologia;
Universidade Federal de Pernambuco. Dissertação de Mestrado.
7. DA COSTA, Marcos Aurélio Santos et al. Efeito da melatonina exógena 
frente ao trato digestório da prole de camundongos submetidos
ao desmame precoce: uma revisão sistemática. Research, Society
and Development, v. 9, n. 10, p. e5009108869-e5009108869, 2020.
8. AMARAL, F. G. D., & CIPOLLA-NETO, J., 2018. A brief review about
melatonin, a pineal    hormone. Archives of endocrinology and
metabolism, vol. 62, n°4, p.472-479.
9. TAN, Dun Xian et al. Pineal calcification, melatonin production,
aging, associated health consequences and rejuvenation of the
pineal gland. Molecules, v. 23, n. 2, p. 301, 2018.
10. MODERIE, Christophe et al. Home versus laboratory
assessments of melatonin production and melatonin onset in
young adults complaining of a delayed sleep schedule. Journal of
sleep research, v. 29, n. 3, p. e12905, 2020.
11. DE TALAMONI, Nori Tolosa et al. Melatonin, Gastrointestinal
Protection, and Oxidative Stress. In: Gastrointestinal Tissue.
Academic Press, 2017. p. 317-325.
12. FERREIRA, Rosenely Aline Pereira et al. O efeito do uso da
melatonina no tratamento das doenças inflamatórias intestinais:
uma revisão integrativa. Research, Society and Development, v. 8,
n. 9, p. 12, 2019.
13. MA, Ning et al. Melatonin mediates mucosal immune cells,
microbial metabolism, and rhythm crosstalk: a therapeutic target
to reduce intestinal inflammation. Medicinal Research Reviews, v.
40, n. 2, p. 606-632, 2020.
BRASIL. Ministério da saúde. Saúde da criança: aleitamento
materno e alimentação complementar. Editora MS, Brasília, 2015.
14. SANTOS, E. M., SILVA, L. S., RODRIGUES, B. F. de S., AMORIM,
T. M. A. X., SILVA, C. S., BORBA, J. M. C., & TAVARES, F. C. de L. P.,
2019. Avaliação do aleitamento materno em crianças até dois
anos assistidas na atenção básica do Recife, Pernambuco, Brasil.
Ciência & Saúde Coletiva, vol.24, n°3, p.1211–1222. https://doi.
org/10.1590/1413-81232018243.126120171.
15. MONTEIRO, J. C. DOS S., GUIMARÃES, C. M. de S., MELO, L. C. de
O., & BONELLI, M. C. P., 2020. Breastfeeding self-efficacy in adult
women and its relationship with exclusive maternal breastfeeding. 
Revista Latino-Americana de Enfermagem, vol. 28. https://doi.
org/10.1590/1518-8345.3652.3364.
16. Tabela Brasileira de Composição de Alimentos (TBCA).
Universidade de São Paulo (USP). Food Research Center (FoRC).
Versão 7.0. São Paulo, 2020. Acesso em: 02/06/2020. Disponível em: 
http://www.fcf.usp.br/tbca.
17. DE SOUZA, M., ARAUJO, S., DE OLIVEIRA, N., PORFIRIO, P., Silveira,
A., & VIERA, V., 2018. o Efeito Protetor do Aleitamento Materno
Contra Obesidade Infantil. https://doi.org/10.1055/s-0038-1674864
18. GILA-DIAZ, A., ARRIBAS, S. M., ALGARA, A., MARTÍN-CABREJAS, M.
A., LÓPEZ DE PABLO, Á. L., SÁENZ DE PIPAÓN, M., & RAMIRO-CORTIJO,
D., 2019. A Review of Bioactive Factors in Human Breastmilk: A
Focus on Prematurity. Nutrients, vol. 11, n°6, p.1307. https://doi.
org/10.3390/nu11061307.
19. KATZER, D., PAULI, L., MUELLER, A., REUTTER, H., REINSBERG,
J., FIMMERS, R., BARTMANN, P., & BAGCI, S., 2016. Melatonin
Concentrations and Antioxidative Capacity of Human Breast
Milk According to Gestational Age and the Time of Day. Journal
of Human Lactation, vol.32, n°4, p.105–110. https://doi.
org/10.1177/0890334415625217.
20. MAZZOCCHI, A., GIANNÌ, M. L., MORNIROLI, D., LEONE, L., ROGGERO, 
P., AGOSTONI, C., DE COSMI, V., & MOSCA, F., 2019. Hormones in
Breast Milk and Effect on Infants’ Growth: A Systematic Review.
Nutrients, 11(8), 1845. https://doi.org/10.3390/nu11081845.

21. KEEN, C. L., LÖNNERDAL, B., CLEGG, M., & HURLEY, L. S., 1981.
Developmental Changes in Composition of Rat Milk: Trace Elements, 
Minerals, Protein, Carbohydrate and Fat. The Journal of Nutrition,
vol.111, n°2, p.226–236. https://doi.org/10.1093/jn/111.2.226.
22. REPPERT, S. M., & KLEIN, D. C., 1978. Transport of maternal [3H]
melatonin to suckling rats and the fate of [3H]melatonin in the
neonatal rat. Endocrinology, vol.  102, n°2, p.582–588. https://doi.
org/10.1210/endo-102-2-582.
23. ZONTA, Gizela Maria Agostini. Efeitos tardios do desmame
precoce sobre a renovação e diferenciação do epitélio gástrico
em ratos. Tese de Doutorado. Universidade de São Paulo.
24. PALMEIRA, P., & CARNEIRO-SAMPAIO, M.,2016. Immunology of
breast milk. Revista Da Associação Médica Brasileira, vol.62, n°6,
p.584–593. https://doi.org/10.1590/1806-9282.62.06.584.
25. TELES SILVA, M., MESQUITA DA SILVA, K., CAMPOS RATTES,
I., MARIA AGOSTINI ZONTA, G., VASQUES DA COSTA, A., GALVÃO
FIGUEREDO COSTA, R., KAREN CORDEIRO NOGUEIRA, L., OGIAS, D.,
& GAMA, P. 2019a. Immediate and Late Effects of Early Weaning on
Rat Gastric Cell Differentiation. International Journal of Molecular
Sciences, vol.21, n°1, p.196. https://doi.org/10.3390/ijms21010196.
26. CUMMINS, A. G., 2002. Effect of breast milk and weaning on
epithelial growth of the small intestine in humans. Gut, vol.51, n°5, 
748–754. https://doi.org/10.1136/gut.51.5.748.
JUNQUEIRA, L. C.; CARNEIRO, J. Histologia básica: texto e atlas. 13°
edição, Rio de Janeiro: Guanabara Koogan, 2017.
27. REN, W., WANG, P., YAN, J., LIU, G., ZENG, B., HUSSAIN, T., PENG,
C., YIN, J., LI, T., WEI, H., ZHU, G., REITER, R. J., TAN, B., & YIN, Y.,
2018. Melatonin alleviates weanling stress in mice: Involvement
of intestinal microbiota. Journal of Pineal Research, vol. 64, n° 2,
p.12448. https://doi.org/10.1111/jpi.12448.
28. RODRIGUES, Karoline dos Santos. Desmame precoce: impacto
molecular e comportamental na prole de ratos Wistar. 2020.
29. FEITOSA, M. E. B., SILVA, S. E. O. DA, & SILVA, L. L., 2020. Aleitamento 
materno: causas e consequências do desmame precoce. Research,
Society and Development, vol.9, n°7, e856975071. https://doi.
org/10.33448/rsd-v9i7.5071.
30. DA SILVA MARQUES, Victor Guilherme Pereira et al. Fatores
que influenciam o desmame precoce. Research, Society and
Development, v. 9, n. 10, p. e6249108910-e6249108910, 2020.
31. BARBOSA, M. M. B., AGUIAR JÚNIOR, F. C. A. de, MAIA, C. S.,
TENÓRIO, F. das C. Â. M., OLIVEIRA, L. dos S., & MEDEIROS, J. P. de.,
2020. Aspectos morfológicos do estômago de ratos submetidos ao
desmame precoce / Morphological aspects of the stomach of rats
submitted to early weaning. Brazilian Journal of Health Review,
vol. 3, n°5, p.13876–13889. https://doi.org/10.34119/bjhrv3n5-200.
32. ZULIAN, J. G., HOSOYA, L. Y. M., FIGUEIREDO, P. M., OGIAS, D.,
OSAKI, L. H., & GAMA, P., 2017. Corticosterone activity during
early weaning reprograms molecular markers in rat gastric
secretory cells. Scientific Reports, vol.7, n°1, p.45867. https://doi.
org/10.1038/srep45867.
33. BITTAR, N. M. V. R., ZULIAN, J. G., OGIAS, D., & GAMA, P., 2016.
Ghrelin and GHS-R in the rat gastric mucosa: Are they involved in
regulation of growth during early weaning? Nutrition, vol. 32, n°1,
p.101–107. https://doi.org/10.1016/j.nut.2015.06.014.
34. BERTASSO, I. M., PIETROBON, C. B., DA SILVA, B. S., MIRANDA,
R. A., BONFLEUR, M. L., BALBO, S. L., MANHÃES, A. C., OLIVEIRA, E.,
DE MOURA, E. G., & LISBOA, P. C.,2020. Hepatic lipid metabolism
in adult rats using early weaning models: sex-related differences.
Journal of Developmental Origins of Health and Disease, 1–10.
https://doi.org/10.1017/S2040174420000495.
35. BARBOSA, L V., 2020.  Efeitos da melatonina no controle da
colite experimental, via modulação da microbiota intestinal. Tese
de Doutorado. Universidade de São Paulo.
36. CRISPEL, Y., SHAOUL, R., KHAMAISE, R., SABO, E., & HOCHBERG,
Z., 2019. Effect of weaning age on the small intestine mucosa of
rats. Applied Physiology, Nutrition, and Metabolism, vol.44, n°9,
p.985–989. https://doi.org/10.1139/apnm-2018-0454.
37. ROJAS CASTAÑEDA, J. C., VIGUERAS VILLASEÑOR, R. M., VENCES
MEJÍA, A., & CARMONA MANCILLA, A., 1995. The effects of early
and late weaning on the development of the small intestine in
the rat: a light-microscopic morphometric study. Revista de
Gastroenterologia de Mexico, vol.60, n°2, p.70–77. http://www.

Costa MAS et al. The Importance of Exclusive Breastfeeding and Melatonin on the TGI of Wistar Rats’ Offspring Submitted to Early Weaning



Journal of Morphological Sciences Vol. 39/2022114

Received: January 20, 2022
Accepted:  January 25, 2022

Corresponding author
Marcos Aurélio Santos da Costa
E-mail: marcosxp17@gmail.com

Mini Curriculum and Author’s Contribution

1. Marcos Aurélio Santos da Costa - MsC. performed the maintenance of the animals and the experimental part and
writing and correction of the manuscript. ORCID: 0000-0001-9836-9444

2. Otaciana Otacilia de Arruda - BsC. performed the maintenance of the animals and the experimental part. ORCID:
0000-0002-4319-607X

3. Guilherme Antônio de Souza Silva – PhD student. Carried out the translation of the manuscript. ORCID: 0000-0003-
4364-6648

4. Fernanda das Chagas Angelo Mendes Tenorio - PhD. correction of the manuscript. ORCID: 0000-0002-8255-356X.

5. Sônia Pereira Leite - PhD. correction of the manuscript. ORCID: 0000-0002-0634-9735

ncbi.nlm.nih.gov/pubmed/7638535.
38. SHU, R., DAVID, E. S., & FERRARIS, R. P. 1998. Luminal fructose
modulates fructose transport and GLUT-5 expression in small
intestine of weaning rats. American Journal of Physiology-
Gastrointestinal and Liver Physiology, vol.274,n°2, p.232–239.
https://doi.org/10.1152/ajpgi.1998.274.2.G232.
39. LEE, P. C., & LEBENTHAL, E.,1983. Early Weanling and Precocious
Development of Small Intestine in Rats: Genetic, Dietary or
Hormonal Control. Pediatric Research, vol. 17, n° 8, p.645–650.
https://doi.org/10.1203/00006450-198308000-00008.
40. SHINDER, D. A., USMANOVA, O. D., & RAKHIMOV, K. R. 1992.
Changes in the saccharase and lactase activities of the small
intestine in suckling rats prematurely weaned from the nursing
dam. Fiziologicheskii Zhurnal SSSR Imeni I. M. Sechenova,
vol.78,n°1, p.53–58. http://www.ncbi.nlm.nih.gov/pubmed/1330717.
41. AFECHE SC, DO AMARAL FG, VILLELA DCM, ABRAHÃO MV, PERES R,
CIPOLLA-NETO J, 2008. Melatonin and the Pineal Gland. In: Romano
E, De Luca S, editors. New Research on Neurosecretory Systems.
New York: Nova Biomedical Books;. p. 151-77.
42. BUBENIK, G. A.; PANG, S. F. The role of serotonin and melatonin
in gastrointestinal physiology: ontogeny, regulation of food intake, 
and mutual serotonin‐melatonin feedback. Journal of pineal
research, v. 16, n. 2, p. 91-99, 1994.
43. POON, A. M. S. et al. Autoradiographic localization of 2 [125I]
iodomelatonin binding sites in the gastrointestinal tract of
mammals including humans and birds. Journal of pineal research,
v. 23, n. 1, p. 5-14, 1997.
44. BERTRAND, P. P. et al. Simultaneous measurement of serotonin
and melatonin from the intestine of old mice: the effects of daily

melatonin supplementation. Journal of pineal research, v. 49, n. 1, 
p. 23-34, 2010.
45. TOLOSA DE TALAMONI, NORI. GASTROINTESTINAL TISSUE ||
Melatonin, Gastrointestinal Protection, and Oxidative Stress. , (),
317–325, 2017.
46. BUBENIK, G. A., & BROWN, G. M. Pinealectomy reduces melatonin 
levels in the serum but not in the gastrointestinal tract of rats.
Neurosignals, 6(1), 40-44, 1997.
47. BUBENIK, G. A., PANG, S. F., HACKER, R. R., & SMITH, P. S. Melatonin 
concentrations in serum and tissues of porcine gastrointestinal
tract and their relationship to the intake and passage of food.
Journal of pineal research, 21(4), 251-256, 1996.
58. MESSNER, M., HUETHER, G., LORF, T., RAMADORI, G., &
SCHWÖRER, H. Presence of melatonin in the human hepatobiliary-
gastrointestinal tract. Life sciences, 69(5), 543-551, 2001.
49. WU, H., LIU, J., YIN, Y., ZHANG, D., XIA, P., & ZHU, G. Therapeutic
opportunities in colorectal cancer: focus on melatonin
antioncogenic action. BioMed Research International, 2019.
50. LIN, R., WANG, Z., CAO, J., GAO, T., DONG, Y., & CHEN, Y. Role of
melatonin in intestinal mucosal injury induced by restraint stress
in mice. Pharmaceutical Biology, 58(1), 342-351, 2020.
51. PARK, Y. S., KIM, S. H., PARK, J. W., KHO, Y., SEOK, P. R., SHIN,
J. H., ... & KIM, E. K. Melatonin in the colon modulates intestinal
microbiota in response to stress and sleep deprivation. Intestinal
Research, 18(3), 325, 2020.
52. COSTA, MAS ET AL. Effect of Exogenous Melatonin on the
Duodenum of Wistar Rats’ Offspring Submitted to Early Weaning.
Journal of Morphological Sciences. 38, 417-424, 2021.

Costa MAS et al.  The Importance of Exclusive Breastfeeding and Melatonin on the TGI of Wistar Rats’ Offspring Submitted to Early Weaning


