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DIGESTIVE SYSTEM / LEC 2 

General Principles of Alimentary Tract Secretion  

Anatomical Types of Glands 

Several types of glands provide the different types of alimentary tract 

secretions.  

First, on the surface of the epithelium in most parts of the gastrointestinal 

tract are billions of single-cell mucous glands called simply mucous cells 

or sometimes goblet cells because they look like goblets. They function 

mainly in response to local irritation of the epithelium: they extrude 

mucus directly onto the epithelial surface to act as a lubricant that also 

protects the surfaces from excoriation and digestion. 

Second, many surface areas of the gastrointestinal tract are lined by pits 

that represent invaginations of the epithelium into the submucosa. In the 

small intestine, these pits, called crypts of Lieberkühn, are deep and 

contain specialized secretory cells.  

Third, in the stomach and upper duodenum are large numbers of deep 

tubular glands. A typical tubular gland which shows an acid- and 

pepsinogen-secreting gland of the stomach (oxyntic gland). 

Fourth, also associated with the alimentary tract are several complex 

glands—the salivary glands, pancreas, and liver—that provide secretions 

for digestion or emulsification of food.  

  

Secretion of Organic Substances 

Although all the basic mechanisms by which glandular cells function 

are not known, experimental evidence points to the following principles 

of secretion. 

1. The nutrient material needed for formation of the secretion must first 

diffuse or be actively transported by the blood in the capillaries into the 

base of the glandular cell. 

2. Many mitochondria located inside the glandular cell near its base use 

oxidative energy to form adenosine triphosphate (ATP). 

3. Energy from the ATP, along with appropriate substrates provided by 

the nutrients, is then used to synthesize the organic secretory substances; 

this synthesis occurs almost entirely in the endoplasmic reticulum and 

Golgi complex of the glandular cell.  

4. The secretory materials are transported through the tubules of the 

endoplasmic reticulum, passing in about 20 minutes all the way to the 

vesicles of the Golgi complex. 



5. In the Golgi complex, the materials are modified, added to, 

concentrated, and discharged into the cytoplasm in the form of secretory 

vesicles. 

6. These vesicles remain stored until nervous or hormonal control signals 

cause the cells to extrude the vesicular contents through the cells’ 

surface.  

 

Secretion of Saliva  

The principal glands of salivation are the parotid, submandibular, and 

sublingual glands; in addition, there are many very small buccal glands. 

Daily secretion of saliva normally ranges between 800 and 1500 

milliliters. Saliva contains two major types of protein secretion: (1) a 

serous secretion that contains ptyalin (an a-amylase), which is an enzyme 

for digesting starches, and (2) mucus secretion that contains mucin for 

lubricating and for surface protective purposes. The parotid glands secrete 

almost entirely the serous type of secretion, while the submandibular and 

sublingual glands secrete both serous secretion and mucus. The buccal 

glands secrete only mucus. Saliva has a pH between 6.0 and 7.0, a 

favorable range for the digestive action of ptyalin. 

 

Esophageal Secretion 

The esophageal secretions are entirely mucous in character and 

principally provide lubrication for swallowing. The main body of the 

esophagus is lined with many simple mucous glands. At the gastric end 

and to a lesser extent in the initial portion of the esophagus, there are also 

many compound mucous glands. The mucus secreted by the compound 

glands in the upper esophagus prevents mucosal excoriation by newly 

entering food, whereas the compound glands located near the 

esophagogastric junction protect the esophageal wall from digestion by 

acidic gastric juices that often reflux from the stomach back into the 

lower esophagus. Despite this protection, a peptic ulcer at times can still 

occur at the gastric end of the esophagus. 

  

Gastric Secretion 

In addition to mucus-secreting cells that line the entire surface of the 

stomach, the stomach mucosa has two important types of tubular glands: 

oxyntic glands (also called gastric glands) and pyloric glands. The 

oxyntic (acid-forming) glands secrete hydrochloric acid, pepsinogen, 

intrinsic factor, and mucus. The pyloric glands secrete mainly mucus for 

protection of the pyloric mucosa from the stomach acid. They also secrete 

the hormone gastrin.  The oxyntic glands are located on the inside 

surfaces of the body and fundus of the stomach, constituting theproximal 



80 per cent of the stomach. The pyloric glands are located in the antral 

portion of the stomach, the distal 20 per cent of the stomach.  

 

 

Phases of Gastric Secretion 

Gastric secretion is said to occur in three ―phases‖: a cephalic phase, a 

gastric phase, and an intestinal phase. 

Cephalic Phase. The cephalic phase of gastric secretion occurs even 

before food enters the stomach, especially while it is being eaten. It 

results from the sight, smell, thought, or taste of food, and the greater the 

appetite, the more intense is the stimulation. Neurogenic signals that 

cause the cephalic phase of gastric secretion originate in the cerebral 

cortex and in the appetite centers of the amygdala and hypothalamus. 

They are transmitted through the dorsal motor nuclei of the vagi and 

thence through the vagus nerves to the stomach. This phase of secretion 

normally accounts for about 20 percent of the gastric secretion associated 

with eating a meal. 

Gastric Phase. Once food enters the stomach, it excites (1) long 

vagovagal reflexes from the stomach to the brain and back to the 

stomach, (2) local enteric reflexes, and (3) the gastrin mechanism, all of 

which in turn cause secretion of gastric juice during several hours while 

food remains in the stomach. The gastric phase of secretion accounts for 

about 70 per cent of the total gastric secretion associated with eating a 

meal and therefore accounts for most of the total daily gastric secretion of 

about 1500 milliliters. 

Intestinal Phase. The presence of food in the upper portion of the small 

intestine, particularly in the duodenum, will continue to cause stomach 

secretion of small amounts of gastric juice, probably partly because 

of small amounts of gastrin released by the duodenal mucosa. 

 

Secretions of the Small Intestine 

An extensive array of compound mucous glands, called Brunner’s glands, 

is located in the wall of the first few centimeters of the duodenum, mainly 

between the pylorus of the stomach and the papilla of Vater where 

pancreatic secretion and bile empty into the duodenum. These glands 

secrete large amounts of alkaline mucus in response to (1) tactile or 

irritating stimuli on the duodenal mucosa; (2) vagal stimulation, which 

causes increased Brunner’s glands secretion concurrently with increase in 

stomach secretion; and (3) gastrointestinal hormones, especially secretin. 

The function of the mucus secreted by Brunner’s glands is to protect the 

duodenal wall from digestion by the highly acid gastric juice emptying 

from the stomach. In addition, the mucus contains a large excess of 

bicarbonate ions, which add to the bicarbonate ions from pancreatic 



secretion and liver bile in neutralizing the hydrochloric acid entering the 

duodenum from the stomach. Brunner’s glands are inhibited by 

sympathetic stimulation; therefore, such stimulation in very excitable 

persons is likely to leave the duodenal bulb unprotected and is perhaps 

one of the factors that cause this area of the gastrointestinal tract to be the 

site of peptic ulcers in about 50 per cent of ulcer patients. 

 

Secretions of the Large Intestine  

The mucosa of the large intestine, like that of the small intestine, has 

many crypts of Lieberkühn; however, unlike the small intestine, there 

are no villi. The epithelial cells contain almost no enzymes. Instead, they 

consist mainly of mucous cells that secrete only mucus. The great 

preponderance of secretion in the large intestine is mucus. This mucus 

contains moderate amounts of bicarbonate ions secreted by a few non–

mucus-secreting epithelial cells.The rate of secretion of mucus is 

regulated principally by direct, tactile stimulation of the epithelial cells 

lining the large intestine and by local nervous reflexes to the mucous cells 

in the crypts of Lieberkühn. Stimulation of the pelvic nerves from the 

spinal cord, which carry parasympathetic innervation to the distal one 

half to two thirds of the large intestine, also can cause marked increase in 

mucus secretion. This occurs along with increase in peristaltic motility of 

the colon, During extreme parasympathetic stimulation, often caused by 

emotional disturbances, so much mucus can occasionally be secreted into 

the large intestine that the person has a bowel movement of ropy mucus 

as often as every 30 minutes; this mucus often contains little or no fecal 

material. Mucus in the large intestine protects the intestinal wall against 

excoriation, but in addition, it provides an adherent medium for holding 

fecal matter together. Furthermore, it protects the intestinal wall from the 

great amount of bacterial activity that takes place inside the feces, and, 

finally, the mucus plus the alkalinity of the secretion (pH of 8.0 caused by 

large amounts of sodium bicarbonate) provides a barrier to keep acids 

formed in the feces from attacking the intestinal wall. 

 

Pancreatic Secretion 
The pancreas, which lies parallel to and beneath the stomach is a large 

compound gland with most of its internal structure similar to that of the 

salivary glands.The pancreatic digestive enzymes are secreted by 

pancreatic acini, and large volumes of sodium bicarbonate solution are 

secreted by the small ductules and larger ducts leading from the acini.The 

combined product of enzymes and sodium bicarbonate then flows 

through a long pancreatic duct that normally joins the hepatic duct 

immediately before it empties into the duodenum through the papilla of 

Vater, surrounded by the sphincter of Oddi. Pancreatic juice is secreted 



most abundantly in response to the presence of chyme in the upper 

portions of the small intestine, and the characteristics of the pancreatic 

juice are determined to some extent by the types of food in the chyme. 

(The pancreas also secretes insulin, but this is not secreted by the same 

pancreatic tissue that secretes intestinal pancreatic juice. Instead, insulin 

is secreted directly into the blood—not into the intestine—by the islets of 

Langerhans that occur in islet patches throughout the pancreas). 

 

Pancreatic Digestive Enzymes 

Pancreatic secretion contains multiple enzymes for digesting all of the 

three major types of food: proteins, carbohydrates, and fats . The most 

important of the pancreatic enzymes for digesting proteins are trypsin, 

chymotrypsin, and carboxypolypeptidase . By far the most abundant of 

these is trypsin. Trypsin and chymotrypsin split whole and partially 

digested proteins into peptides of various sizes but do not cause release of 

individual amino acids. However, carboxypolypeptidase does split some 

peptides into individual amino acids, thus completing digestion of some 

proteins all the way to the amino acid state. The pancreatic enzyme for 

digesting carbohydrates is pancreatic amylase, which hydrolyzes starches, 

glycogen, and most other carbohydrates (except cellulose) to form mostly 

disaccharides and a few trisaccharides. The main enzymes for fat 

digestion are (1) pancreatic lipase, which is capable of hydrolyzing 

neutral fat into fatty acids and monoglycerides; (2) cholesterol esterase, 

which causes hydrolysis of cholesterol esters; and (3) phospholipase, 

which splits fatty acids from phospholipids. Trypsinogen, 

chymotrypsinogen, and  procarboxypolypeptidase  become activated only 

after they are secreted into the intestinal tract.  
 
 

Regulation of Pancreatic Secretion 

Three basic stimuli are important in causing pancreatic secretion: 

1. Acetylcholine, which is released from the parasympathetic vagus nerve 

endings and from other cholinergic nerves in the enteric nervous System . 

2. Cholecystokinin, which is secreted by the duodenal and upper jejunal 

mucosa when food enters the small intestine . 

3. Secretin, which is also secreted by the duodenal and jejunal mucosa 

when highly acid food enters the small intestine . 

 

 

 

 

 

 



 

 

Secretion of Bile by the Liver  

One of the many functions of the liver is to secrete bile, normally 

between 600 and 1000 ml/day. Bile serves two important functions: 

First, bile plays an important role in fat digestion and absorption, not 

because of any enzymes in the bile that cause fat digestion, but because 

bile acids in the bile do two things: (1) they help to emulsify the large fat 

particles of the food into many minute particles, the surface of which can 

then be attacked by lipase enzymes secreted in pancreatic juice, and (2) 

they aid in absorption of the digested fat end products through 

the intestinal mucosal membrane. 

Second, bile serves as a means for excretion of several important waste 

products from the blood. These include especially bilirubin, an end 

product of hemoglobin destruction, and excesses of cholesterol. 

 

Physiologic Anatomy of Biliary Secretion 

Bile is secreted in two stages by the liver: (1) The initial portion is 

secreted by the principal functional cells of the liver, the hepatocytes; this 

initial secretion contains large amounts of bile acids, cholesterol, and 

other organic constituents. It is secreted into minute bile canaliculi that 

originate between the hepatic cells. (2) Next, the bile flows in the 

canaliculi toward the interlobular septa, where the canaliculi empty into 

terminal bile ducts and then into progressively larger ducts, finally 

reaching the hepatic duct and common bile duct. From these the bile 

either empties directly into the duodenum or is diverted for minutes up to 

several hours through the cystic duct into the gallbladder, 

  

Function of Bile Salts in Fat Digestion and Absorption 

The liver cells synthesize about 6 grams of bile salts daily. The precursor 

of the bile salts is cholesterol, which is either present in the diet or 

synthesized in the liver cells during the course of fat metabolism. The 

cholesterol is first converted to cholic acid or chenodeoxycholic acid in 

about equal quantities. The salts of these acids, mainly sodium salts, are 

then secreted in the bile. The bile salts have two important actions in the 

intestinal tract: 

First, they have a detergent action on the fat particles in the food. This 

decreases the surface tension of the particles and allows agitation in the 

intestinal tract to break the fat globules into minute sizes. This is called 

the emulsifying or detergent function of bile salts. 

Second, and even more important than the emulsifying function, bile salts 

help in the absorption of (1) fatty acids, (2) monoglycerides, (3) 

cholesterol, and (4) other lipids from the intestinal tract. They do this by 



forming very small physical complexes with these lipids; the complexes 

are called micelles, and they are semi-soluble in the chyme because of the 

electrical charges of the bile salts.  

 

Liver Secretion of Cholesterol and Gallstone Formation 

Bile salts are formed in the hepatic cells from cholesterol in the blood 

plasma. In the process of secreting the bile salts, about 1 to 2 grams of 

cholesterol are removed from the blood plasma and secreted into the bile 

each day.When the bile becomes concentrated in the gallbladder, the bile 

salts and lecithin become concentrated along with the cholesterol, which 

keeps the cholesterol in solution. Under abnormal conditions, the 

cholesterol may precipitate in the gallbladder, resulting in the formation 

of cholesterol gallstones. The amount of cholesterol in the bile is 

determined partly by the quantity of fat that the person eats, because liver 

cells synthesize cholesterol as one of the products of fat metabolism in 

the body. For this reason, people on a high-fat diet over a period of years 

are prone to the development of gallstones. Inflammation of the 

gallbladder epithelium, often resulting from low-grade chronic infection, 

may also change the absorptive characteristics of the gallbladder mucosa, 

sometimes allowing excessive absorption of water and bile salts but 

leaving behind the cholesterol in the bladder in progressively greater 

concentrations. Then the cholesterol begins to precipitate, first forming 

many small crystals of cholesterol on the surface of the inflamed mucosa, 

but then progressing to large gallstones. 
 

 
 

 


