
S. S. College, Jehanabad 

Department: Zoology 

Class: M.Sc. Semester II 

Subject: Zoology 

Topic:  Histology of mammalian stomach 

Mode of teaching: Google classroom & WhatsApp 

Date & Time: 30.09.2020 & 10:30 

Teacher: Praveen Deepak 

 

 

 

 

 

 

 

 

 

 

To join Department’s group, students can use following link 

https://chat.whatsapp.com/EHuHNfQzoAzJBMFNJvsjQx  

    or scan QR Code 

     WhatsApp No.: +91 75360 68068 



 

HISTOLOGY OF MAMMALIAN STOMACH 
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The stomach is the cavity of the digestive system where food is hydrolyzed by the gastric juice. 

Food enters the stomach after being masticated and moistened by saliva in the mouth and 

remains several hours in the stomach while is moved and degraded by stomach juice containing 

hydrochloric acid, enzymes and mucus. Stomach epithelial cells release the components of the 

stomach fluid, including enzymes like pepsin for degrading proteins and lipases for hydrolyzing 

lipids which are collectively known as gastric juices. Molecules like the hormone gastrin, that 

promotes the absorption of vitamins, are also released. 

There are variations in the general characteristic and function of stomach amongst the different 

mammals. On the basis of difference in stomach mammals are categorized into two types; 

ruminant animals and nonruminant animals. Ruminant animals are those which have four-

chambered stomach with a unique microbial flora to digest tough cellulose found in the plants in 

their diets. Most vertebrates cannot make cellulose digesting enzyme cellulase, but microbes in 

their rumen produce it for them. Stomach is divided into four chambers namely, rumen, 

reticulum, omasum, and abomasum. 

− Rumen: It is the first chamber in the alimentary canal of ruminant animals. It serves as 

the primary site for microbial fermentation of ingested feed. 

− Reticulum: It is the second chamber in the alimentary canal of ruminant animals. Its main 

function is to collect smaller digesta particles and move them into omasum. 

− Omasum: It is the third compartment of the stomach in ruminants. Though its functions 

have not been well-studied, it appears to primarily aid in the absorption of water, 

magnesium, and the volatile fatty acids produced. 

− Abomasum: It is the fourth and final stomach compartment in ruminants. It secretes 

rennin – the artificial form of which is called rennet, and is used in cheese creation. It is 

called as a true stomach in ruminants. 

These stomach parts are changing in its percent part of total stomach with the advancement of 

age. In young ruminant, the largest part of the stomach is abomasum while rumen is largest in 

adult as can be seen in figure below. 

 

The rumen and the reticulum are connected and work in concert and are therefore sometimes 

called the “reticulorumen”. Ruminants chew and ingest plant matter and then swallow it. The 
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plant matter is separated into liquids and solids in the rumen, and liquids drain into the reticulum. 

Solids, which form bolus known as cud, in the rumen are then regurgitated into the mouth to be 

chewed and further broken down. Liquids pass from the reticulum into the omasum, where 

sugars, fatty acids, and other nutrients are absorbed into the blood stream. After the omasum, 

food passes into the abomasum which is much like the stomach in non-ruminant (monogastric) 

animals, and from there moves into the small intestine, where it is digested. Ruminant animals 

are chiefly herbivores that include cattle, sheep, goats, buffalo, deer, elk, giraffes, camels, etc. 

While nonruminant animals have signle chamber stomach that is known as monogastric stomach, 

and animals are known as monogastric animals. The stomach of nonruminant animals is J-shaped 

and is more flattened in the anterior-posterior axis in human. Stomach is located between the 

esophagus and the small intestine. The gastro-esophageal sphincter, found in the transitional 

zone between the esophagus and the stomach, prevents gastroesophageal reflux (food turning 

back from the stomach back to the esophagus). There are major differences in the histology of 

the digestive tube between the esophagus and the stomach. Nonruminant animals or monogastric 

animals are mostly carnivores and omnivores that include human, horse, swine, fowl, dog, cat, 

rabbit, mice, etc. 

 

The abomasum of ruminants and stomach of nonruminants are divided into four parts; cardia, 

fundus, body and pyloric antrum. The cardia is the region where the esophagus joins the 

stomach. The fundus shows a dome-like shape that rises higher than the cardia. The body is the 

largest region of the stomach. The pyloric antrum is the smallest region that forms a funnel-like 

structure that joins to the small intestine through the pylorus. In this area, the pyloric sphincter 

controls the passing of the gastric content to the duodenum, the first segment of the small 

intestine.  

The stomach is a most dilated part of the alimentary canal. The adult stomach varies from 15 to 25 

cm long, but its diameter and volume depend on how much food it contains. An empty stomach 

has a volume of about 50ml and a cross-sectional diameter only slightly larger than the large 

intestine, but when it is really distended it can hold about 1.5 liter of food. Its size is dependent 

on the degree of gastric filling, but this distension is mainly limited to the proximal stomach. 

Solid food remains in the stomach until it has been broken down into small particles (diameter of 
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~1mm) and suspended in chyme. The chyme then passes to the duodenum. The time required for 

50% of the ingested volume to leave the stomach varies, for instance:  

− 10 – 20 min for water, and  

− 1 – 4 hours for solids (carbohydrates, proteins, fats).  

When empty, the stomach collapses inward, throwing its mucosa into large, longitudinal folds 

called rugae (roo’ge). Indigestible substances (bone, fiber, foreign bodies) do not leave the 

stomach during the digestive phase. For this, special contraction waves called migrating motor 

complexes (MMC) pass through the stomach and small intestine roughly every 1.5 hours during 

the ensuing interdigestive phase, as determined by an intrinsic - biological clock that transport 

indigestible substances from the stomach and bacteria from the small intestine to the large 

intestine. 

Histology of stomach: Stomach Wall 

The stomach is a key part of the gastrointestinal (GI) tract, located between the esophagus and 

duodenum. Its functions are to mix food with stomach acid and break food down into smaller 

particles using chemical and mechanical digestion. The stomach can perform these roles due to 

the layers of the stomach wall. These are the gastric mucosa, submucosa, muscularis externa and 

serosa. All parts of the GI tract tend to follow this same pattern of tissue layer arrangement, which 

means that the stomach is essentially just a widening of the GI tube.  

Layers of the stomach wall (can be seen in figure below) 

Mucosa − Surface mucous cells: Simple columnar epithelium 

− Gastric pits: Surface mucous cells 

− Gastric glands: Parietal, chief, entero-endocrine cells 

− Lamina propria: Connective tissue 

− Muscularis mucosa: two smooth muscle layers 

Submucosa Connective tissue, submucosal (Meissner’s) plexus 

Muscularis 

externa 

Smooth muscle layers (longitudinal, circular, oblique), myenteric (Auerbach’s 

plexus) 

Serosa Connective tissue, mesoderm 

As described above, stomach wall consists of four layers of tissue i.e. serosa, muscularis externa, 

submucosa and mucosa from deep (external) to superficial (internal). The outer layer of the 

stomach wall is smooth, continuous with the parietal peritoneum. The inner wall (mucosa and 

submucosa layers) is thrown into folds known as rugae, or gastric folds, which allow the stomach 

to distend upon the entry of the food. A bolus of food enters the stomach from the esophagus. The 

various tissue layers of the stomach wall then combine their functions to digest the bolus into a 

viscous, pulpy fluid called chyme. Chyme is directed into the duodenum of the small intestine for 

further digestion and absorption. There is no any difference between the layer of fundus and body 

histologically. 

Mucosa: The innermost layer of the stomach wall is the gastric mucosa. It is formed by a layer of 

surface epithelium and an underlying lamina propria and muscularis mucosae. The surface 
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epithelium is a simple columnar epithelium. It lines the inside of the stomach as surface mucous 

cells and forms numerous tiny invaginations, or gastric pits, which appear as millions of holes all 

throughout the stomach lining. These gastric pits are important as they are connected to the various 

glands of the stomach. 

 

There are three types of glands found in the stomach; cardiac, gastric and pyloric, named after the 

region in which they are found. These glands produce the digestive enzymes and mucous 

secretions of the stomach. The gastric glands of the fundus/body have the important role of 

producing digestive gastric juice while the cardiac and pyloric glands predominantly produce 

mucous secretions which protect the stomach from the harsh effects of the digestive acid and 

prevent stomach self-digestion. 
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− Surface mucous cells: The surface mucous cells, also known as foveolar epithelium, are the 

simple columnar epithelium lining the lumen of the stomach. They secrete alkaline, highly 

viscous mucus, which closely adheres to the cellular surface. The mucus protects the 

stomach lining by minimizing the abrasion from food particles and forming a physical 

barrier from the hydrochloric acid, in which the mucous cells are constantly bathed. They 

stain fairly lightly in H&E sections due to the mucin they contain, because it doesn’t pick 

up either of the stains particularly well. 

 

− Gastric pits: The surface mucous cells, also known as foveolar epithelium, are the simple 

columnar epithelium lining the lumen of the stomach. They secrete alkaline, highly viscous 

mucus, which closely adheres to the cellular surface. The mucus protects the stomach 

lining by minimising the abrasion from food particles and forming a physical barrier from 

the hydrochloric acid, in which the mucous cells are constantly bathed. Without these 

mucous secretions the stomach acid would literally burn holes through the stomach wall! 

They stain fairly lightly in H&E sections due to the mucin they contain, because it doesn’t 

pick up either of the stains particularly well. 

− Gastric glands: Gastric glands open into the base of gastric pits. They are found throughout 

the entire inner surface of the stomach and are divided into three types depending on the 

region in which they are found. Gastric glands proper (principal glands) are found in the 

fundus/body of the stomach. The cells of these glands produce around two litres of gastric 

juice a day. The mucus secreting pyloric glands are only associated with the pyloric antrum 

and cardiac glands is located only within the cardia of the stomach. Gastric pits and gastric 

glands are made up of the same five cell types, such as mucous neck cells, stem cells, 

parietal (oxyntic) cells, chief (zymogenic) cells and enteroendocrine cells. All three types 

of gastric glands are long, branched, tubular structures, extending through the whole 

thickness of the lamina propria. However, their cellular composition differs based on their 

location and associated function. Gastric glands proper that includes parietal and chief 

cells, are very rich in digestive enzyme, as the majority of digestion takes place in the body 

and fundus of the stomach. Pyloric and cardiac glands largely lack parietal and chief cells, 

but have abundant mucous neck cells. Enteroendocrine cells are scattered throughout all 
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types of gastric glands. All these gastric glands and substances they secrete are summarized 

in the table below. 

Gastric gland cells 

Mucous neck cells − Mucous secretion (less alkaline than that of the surface epithelial 

mucous cells) 

− Round nuclei and apical secretary granules 

− Shorter than surface mucous cells 

Stem cells − Replace damaged cells 

Parietal cells or Oxyntic cells − Intrinsic factor production 

− Hydrochloric acid (HCl) secretion 

− Large round or pyramidal cells 

− Highly acidophilic (stain pink) 

− Central rounded nuclei 

Chief cells or Zymogenic cells − Pepsinogen and gastric lipase secretion 

− Found in lower regions of gastric glands 

− Basophilic (stain blue) 

Enteroendocrine cells − Gastrin (released into blood) 

− Single cells (don’t form clusters) 

− Stem cells: Stem cells are concentrated in the region of the gland known as the isthmus or 

neck. It is a transitional area between the gastric glands and the gastric pits. That allows 

stem cells to migrate both up the gastric pit and down to the gastric glands to replace 

damaged cells. The surface and gastric pit cells are constantly surrounded by a very harsh 

environment and so have a high cell turnover of only 4 to 7 days, while the turnover of the 

cells in the gastric glands is slower. The isthmus also contains mucous neck cells and some 

surface mucous cells.  
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Lamina propria: The lamina propria is the layer of connective tissue located just deep to the 

surface epithelium. It contains blood and lymphatic vessels, lymphoid tissue and it surrounds the 

gastric glands. 

Muscularia mucosae: The muscularis mucosae layer consists of two thin layers of smooth 

muscle. It separates the lamina propria from the underlying submucosa. The inner layer of 

muscularis mucosae consists of circular fibres while the outer layer fibres are arranged 

longitudinally. Its function is to help expel the secretions of the gastric glands into the stomach 

lumen. 

 

Submucosa: It is found deep to the mucosa. It is a thick layer of connective tissue. Its arrangement 

means that it is durable, yet flexible and mobile. Aside from rich vasculature and lymphatics, this 

layer also holds the submucosal (Meissner’s) plexus. The nerve fibres of this plexus carry 

parasympathetic innervation to the blood vessels and smooth muscle of the stomach wall. 

Parasympathetic stimulation is associated with ‘rest and digest’ functions and therefore, stimulates 

digestion. 

Muscularis externa: The gastric muscularis externa, also known as tunica muscularis, is the 

smooth muscle located deep to the submucosa. It is made up of three layers i.e. inner oblique, 

middle circular and outer longitudinal. The muscularis externa layer produces churning movements 

required for mechanical digestion. Contraction of these layers results the mucosa and submucosa 

into rugae. 

Auerbach’s plexus or myenteric plexus, which carries both sympathetic and parasympathetic fibres 

to the smooth muscle layers, is housed within this layer. The neurons of this plexus are linked to 

smooth muscle cells through interstitial cells of Cajal (ICCs). As well as mediating neural signals, 

these cells act as intrinsic pacemakers of the gut controlling the slow contractions of the stomach 

wall required for churning of the food. The activity of ICCs is controlled by the autonomic nervous 

system. In addition to the Auerbach’s plexus, Meissner’s plexus or submucosal plexus is also 

found in this region.  
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Serosa: Gastric serosa is the outermost layer of the stomach wall. It consists of a layer of simple 

squamous epithelium, known as mesothelium, and a thin layer of underlying connective tissue. The 

mesothelium produces serous fluid, which lubricates the outer wall of the stomach and ensures its 

smooth movement in the abdominal cavity. The serosa is continuous with the parietal peritoneum. 

It is absent at the attachment sites of the greater and lesser omenta to the stomach, as well as over a 

small superoposterior area near the cardiac orifice where the stomach is attached to the 

diaphragm via gastrophrenic and gastropancreatic folds.  
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