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Microanatomy of the small intestine

The small intestine is an organ located in the gastrointestinal tract between the stomach and the large intestine. It is on average, 23 feet long and is comprised of three structural parts; the duodenum, jejunum, and ileum. The small intestine is chiefly involved in the digestion and absorption of nutrients. It receives pancreatic secretions and bile through the hepatopancreatic duct which aids with its functions.

Duodenum

This is the first and shortest part of the small intestine. It receives chyme (partially digested food) from the stomach and plays a vital role in the chemical digestion of chyme in preparation for absorption in the small intestine. It is a 10-12 inch long c-shaped hollow tube and is attached to the pyloric sphincter of the stomach on its superior end and to the jejunum on its inferior end.

Layers of the Duodenum

The innermost layer, the mucosa , lines the inner surface of the duodenum and is in contact with chyme passing through the intestinal lumen. It is made of simple columnar epithelial tissue with microvilli on its surface to increase its surface area and improve the absorption of nutrients. Plentiful mucous glands secrete mucus into the lumen to lubricate the intestinal wall and protect it from friction and acidic chyme. 

Surrounding the mucosa layer is the submucosa , a layer of connective tissue that supports the other tissue layers. Many blood vessels and nerves pass through the submucosa, while protein fibers give strength and elasticity to the duodenum. 

Surrounding the submucosa is the muscularis layer that contains the smooth muscle tissue of the duodenum. Contractions of the muscularis mix chyme and propel it through the duodenum toward the rest of the small intestine. 

Lastly, the serosa is the outermost layer of the duodenum that acts as the outer skin of the intestine. Serous membrane made of simple squamous epithelium provides a smooth, slick surface to prevent friction between the duodenum and the surrounding organs. The serosa also secretes serous fluid to further reduce friction and keep the duodenum’s surface moist.

Functions of the duodenum

Chyme Processing
The duodenum is crucial to small intestine function in the digestive system as a whole, because it is where chyme –the mix of mostly digested food and stomach acid – is processed.

Nutrient Absorption
However, the duodenum does more than just process chyme for the rest of the digestive tract. As it sends processed chyme to the jejunum, the duodenum absorbs some nutrients: the most important of these are iron – but the organ also takes in vitamins A and B1, calcium, fatty and amino acids, among other nutrients.

Segments of the duodenum

The duodenum can be divided into four segments: the superior duodenum (duodenal bulb), descending duodenum, horizontal duodenum and ascending duodenum.

Jejunum

The jejunum is the middle segment of the small intestine found between the duodenum and the ileum. Most of the nutrients present in food are absorbed by the jejunum before being passed on to the ileum for further absorption. The jejunum is a continuation of the small intestine following the duodenum. It begins at the duodenojejunal flexure, where the small intestine turns sharply toward the anterior direction.

Layers of the Jejunum

The jejunum is made up of four disgusting tissue layers.

The innermost layer, the mucosa, surrounds the hollow lumen and provides contact between the jejunum and chyme. It is made of folds of epithelial tissue specialized for absorption of nutrients. Many goblet cells in the mucosa produce mucus to protect the intestinal walls and to lubricate chyme passing through the jejunum.

Deep to the mucosa is the submucosa layer that supports the other tissue layers. Many blood vessels and nerves pass through the submucosa to provide oxygen, nutrients, and nerve signals to tissues of the jejunum.

The muscularis is the next layer of the jejunum that surrounds the submucosa and contains smooth muscle tissue. Contractions of the smooth muscle in the muscularis allow food to be mixed and propelled through the jejunum. 

Finally, the serosa forms the outermost layer of the jejunum and functions as the skin of the intestine. Serosa is made of simple squamous epithelial tissue and secretes a thin slippery liquid known as serous fluid. Serous fluid lubricates the exterior of the jejunum and protects it from friction between organs of the abdominal cavity.

Functions of the jejunum

The entire structure of the jejunum is optimized for the absorption of nutrients from chyme. By the time chyme has passed through the jejunum and enters the ileum, around 90% of all available nutrients have been absorbed into the body.

Segment

The jejunum has an antiperistaltic segment.

Ileum

The ileum is the last part of the three part tube that makes up the small intestine. It is where the remaining nutrients are absorbed before moving into the large intestine.. It follows the jejunum and ends at the ileocecal junction, where the terminal ileum communicates with the cecum of the large intestine through the ileocecal valve.

Layers of the ileum

A mucous membrane , itself formed by three different layers:

A single layer of tall cells that line the lumen of the organ. The epithelium that forms the innermost part of the mucosa has five distinct types of cells that serve different purposes, these are: enterocytes with microvilli, which digest and absorb nutrients; goblet cells , which secrete mucin , a substance that lubricates the wall of the organ; Paneth cells , most common in the terminal part of the ileum, are only found at the bottom of the intestinal glands and release antimicrobial substances such as alpha defensins and lysozyme ;microfold cells , which take up and transport antigens from the lumen to lymphatic cells of the lamina propria; and enteroendocrine cells , which secrete hormones. An underlying lamina propria composed of loose connective tissue and containing germinal centers and large aggregates of lymphoid tissue called Peyer's patches, which are a distinctive feature of the ileum. A thin layer of smooth muscle called muscularis mucosae .

A submucosa formed by dense irregular connective tissue that carries the larger blood vessels and a nervous component called submucosal plexus , which is part of the enteric nervous system.

An external muscular layer formed by two layers of smooth muscle arranged in circular bundles in the inner layer and in longitudinal bundles in the outer layer. Between the two layers is the myenteric plexus , formed by nervous tissue and also a part of the enteric nervous system .

A serosa composed of mesothelium , a single layer of flat cells with varying quantities of underlying connective and adipose tissue . This layer represents the visceral peritoneum and is continuous with the mesentery .

Functions of the Ileum

The main function of the ileum is to absorb vitamin B 12 , bile salts , and whatever products of digestion were not absorbed by the jejunum. The wall itself is made up of folds, each of which has many tiny finger-like projections known as villi on its surface. In turn, the epithelial cells that line these villi possess even larger numbers of microvilli . Therefore, the ileum has an extremely large surface area both for the adsorption (attachment) of enzyme molecules and for the absorption of products of digestion.

Microanatomy of the Large intestine

In humans, the large intestine begins in the right iliac region of the pelvis , just at or below the waist , where it is joined to the end of the small intestine at the cecum, via the ileocecal valve . It then continues as the colon ascending the abdomen , across the width of the abdominal cavity as the transverse colon , and then descending to the rectum and its endpoint at the anal canal . Overall, in humans, the large intestine is about 1.5 metres (5 ft) long, which is about one-fifth of the whole length of the gastrointestinal tract. The large intestine is divided into three regions: the colon, the cecum and the rectum.

Colon

The colon forms part of the large intestine and extends between the caecum and the rectum. It is about 1.5 meters in length and consists of four parts:

ascending

transverse

descending

sigmoid colon

You can recognize it easily through several distinct morphological features like semilunar folds and pouches called haustra. In addition, taeniae coli are specific to the colon together with appendices epiploicae. Histologically, the mucosa is lined by simple columnar epithelium and contains crypts of Lieberkuhn and numerous goblet cells.

Layers of the Colon

The colon has the typical histological structure as the digestive tube: mucosa, submucosa, muscularis and serosa/adventitia. The mucosa is lined by simple columnar epithelium (lamina epithelialis) with long microvilli. It is covered by a layer of mucus which aids the transport of the feces. The mucosa does not contain villi but many crypts of Lieberkuhn in which numerous goblet cells and enteroendocrine cells are found.The connective tissue layer (lamina propriae mucosae) is filled with macrophages, plasma cells and other immune cells. The submucosa comprises blood vessels, lymph nodes and particularly fat tissue. The inner circular musculature of the muscularis is strongly pronounced whereas the outer longitudinal musculature is practically only found in the taeniae.

Functions of the Colon

The main task of the colon is the temporary storage and transport of the feces. Thereby it daily absorbs about 1 liter of water which leads to a thickening of the stool. 

Furthermore it absorbs sodium, potassium and chloride but can also secrete potassium into the lumen itself. 

They fulfill essential functions such as decomposing indigestible food ingredients (e.g. cellulose), producing vitamin K, promoting the intestinal peristalsis and supporting the immune system.

Cecum

The cecum is a short, pouch-like region of the large intestine between the ascending colon and vermiform appendix. It is located in the lower right quadrant of the abdominal cavity inferior and lateral to the ileum.

Layers of the Colon

The cecum consists of four distinct tissue layers that work together to achieve the organ’s function. The innermost layer, the mucosa, is made of smooth mucous membrane with many goblet cells. Goblet cells secrete mucus to lubricate and protect the surface of the cecum. Absorption of nutrients is performed by the epithelial cells forming the surface of the mucous membrane.

Surrounding the mucosa is the submucosa layer that contains the blood vessels and nerves that

support the surrounding tissues.

The next layer, the muscularis, contains bands of smooth muscle tissue arranged in longitudinal and transverse bands to contract the walls of the cecum. Contraction of the muscularis results in the mixing of chyme with bacteria and the propulsion of chyme into the ascending colon.

The outermost layer of the cecum is the serosa, a layer of simple squamous epithelial tissues. The serosa produces a slick serous fluid that lubricates the exterior of the cecum and protects it from friction with the surrounding tissues of the abdomen.

Functions of the Cecum

The cecum plays an important role in the digestive system by assisting in the formation of feces. Partially digested food, known as chyme, passes through the small intestine where it is digested and most of its nutrients are absorbed.

Rectum

The rectum is a hollow muscular tube about 8 inches (20 cm) in length and 2.5 inches in diameter at its widest point. It extends from the inferior end of the sigmoid colon along the anterior surface of the sacrum and coccyx in the posterior of the pelvic cavity. At its inferior end, the rectum tapers slightly before ending at the anus.

Layers of the rectum

The mucosa forms the innermost layer of the rectum that is in contact with fecal matter. The mucosa is made of epithelial tissue that secretes mucus from specialized cells known as goblet cells. Mucus helps to protect the walls of the rectum and lubricate the feces as they pass through the rectum.

Deep to the mucosa is the submucosa layer that supports the other layers of the rectum. Many blood vessels and nerves pass through the submucosa to provide nutrients, oxygen, and nerve signals to the mucosa and muscle tissue.

Next is the muscularis layer, which contains layers of visceral (smooth) muscle. Contractions of the muscularis allow the rectum to expel feces during defecation.

Finally, the serosa forms the outermost layer of the rectum and protects it from external damage. The serosa is made of a thin layer of simple squamous epithelium that secretes serous fluid to lubricate the exterior of the rectum and prevent damage caused by friction between the moving organs of the pelvic cavity.

Functions of the rectum

It stores fecal matter produced in the colon until the body is ready to eliminate the waste through the process of defecation.

