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DIGESTIVE SYSTEM / LEC 1 

General Principles of Gastrointestinal Function - Motility, Nervous 

Control, and Blood Circulation : 

The alimentary tract provides the body with a continual supply of water, 

electrolytes, and  nutrients.To achieve this requires (1) movement of  

food through the alimentary tract; (2) secretion of digestive juices and 

digestion of the food; (3) absorption of water, various electrolytes, and 

digestive products; (4) circulation of blood through the gastrointestinal 

organs to carry away the absorbed substances; and (5) control of all these 

functions by local, nervous, and hormonal systems. 

Figure 62–1 shows the entire alimentary tract. Each part is adapted to its 

specific functions: some to simple passage of food, such as the 

esophagus; others to temporary storage of food, such as the stomach; and 

others to digestion and absorption, such as the small intestine. In this 

chapter, we discuss the basic principles of function in the entire 

alimentary tract; in the following chapters, we will discuss the specific 

functions of different segments of the tract. 

  

Physiologic Anatomy of the Gastrointestinal Wall 

Figure 62–2 shows a typical cross section of the intestinal wall, including 

the following layers from outer surface inward: (1) the serosa, (2) a 

longitudinal muscle layer, (3) a circular muscle layer, (4) the submucosa, 

and (5) the mucosa. In addition, sparse bundles of smooth muscle fibers, 

the mucosal muscle, lie in thedeeper layers of the mucosa. The motor 

functions of the gut are performed by the different layers of smooth 

muscle.The general characteristics of smooth muscle.  

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

 
 

 

 

 



Functional Types of Movements in the Gastrointestinal Tract 

Two types of movements occur in the gastrointestinal tract: (1) propulsive 

movements, which cause food to move forward along the tract at an 

appropriate rate to accommodate digestion and absorption, and (2) 

mixing movements, which keep the intestinal contents thoroughly mixed 

at all times. 

  

Propulsive Movements—Peristalsis 

The basic propulsive movement of the gastrointestinal tract is peristalsis,  

A contractile ring appears around the gut and then moves forward; this is 

analogous to putting one’s fingers around a thin distended tube, then 

constricting the fingers and sliding them forward along the tube. 

Any material in front of the contractile ring is moved forward. Peristalsis 

is an inherent property of many syncytial smooth muscle tubes; 

stimulation at any point in the gut can cause a contractile ring to appear in 

the circular muscle, and this ring then spreads along the gut tube. 

(Peristalsis also occurs in the bile ducts, glandular ducts, ureters, and 

many other smooth muscle tubes of the body.) The usual stimulus for 

intestinal peristalsis is distention of the gut. That is, if a large amount of 

food collects at any point in the gut, the stretching of the gut wall 

stimulates the enteric nervous system to contract the gut wall 2 to 3 

centimeters behind this point, and a contractile ring appears that initiates 

a peristaltic movement. Other stimuli that can initiate peristalsis include 

chemical or physical irritation of the epithelial lining in the gut.Also, 

strong parasympathetic nervous signals to the gut will elicit strong 

peristalsis.  

 

Mixing Movements 

Mixing movements differ in different parts of the alimentary tract. In 

some areas, the peristaltic contractions themselves cause most of the 

mixing. This is especially true when forward progression of the intestinal 

contents is blocked by a sphincter, so that a peristaltic wave can then only 

churn the intestinal contents, rather than propelling them forward. At 

other times, local intermittent constrictive contractions occur every few 

centimeters in the gut wall. These constrictions usually last only 5 to 30 

seconds; then new constrictions occur at other points in the gut, thus 

“chopping” and “shearing” the contents first here and then there. These 

peristaltic and constrictive movements are modified in different parts of 

the gastrointestinal tract for proper propulsion and mixing . 

 

 

 

 



Nervous Control of Gastrointestinal Blood Flow 

Stimulation of the parasympathetic nerves going to the stomach and 

lower colon increases local blood flow at the same time that it increases 

glandular secretion. This increased flow probably results secondarily 

from the increased glandular activity and not as a direct effect of the 

nervous stimulation. Sympathetic stimulation, by contrast, has a direct 

effect on essentially all the gastrointestinal tract to cause intense 

vasoconstriction of the arterioles with greatly decreased blood flow. After 

a few minutes of  this vasoconstriction, the flow often returns almost to 

normal by means of a mechanism called “autoregulatory escape.” That is, 

the local metabolic vasodilator mechanisms that are elicited by ischemia 

become prepotent over the sympathetic vasoconstriction and, therefore, 

redilate the arterioles, thus causing return of  necessary nutrient blood 

flow to the gastrointestinal glands and muscle. 

 

Ingestion of Food 

The amount of food that a person ingests is determined principally by 

intrinsic desire for food called hunger.The type of food that a person 

preferentially seeks is determined by appetite. These mechanisms in 

themselves are extremely important automatic regulatory systems for 

maintaining an adequate nutritional supply for the body .    

 

Pharyngeal Stage 

As the bolus of food enters the posterior  mouth and pharynx, it 

stimulates epithelial swallowing receptor areas all around the opening of 

the pharynx, especially on the tonsillar pillars, and impulses from these 

pass to the brain stem to initiate a series of automatic pharyngeal muscle 

contractions as follows: 

1. The soft palate is pulled upward to close the posterior nares, to prevent 

reflux of food into the nasal cavities. 

2. The palatopharyngeal folds on each side of the pharynx are pulled 

medially to approximate each other.  any large object is usually impeded 

too much to pass into the upper esophagus, the entire process occurring in 

less than 2 seconds. 

  

Esophageal Stage  

The upper esophagus functions primarily to conduct food rapidly from 

the pharynx to the stomach, and its movements are organized specifically 

for this function. The esophagus normally exhibits two types of peristaltic 

movements: primary peristalsis and secondary peristalsis. Primary 

peristalsis is simply continuation of the peristaltic wave that begins in the 

pharynx and spreads into the esophagus during the pharyngeal stage. 



From the pharynx to the stomach in about 8 to 10 seconds. At the lower 

end of the esophagus, extending upward about 3 centimeters above its 

juncture with the stomach, the esophageal circular muscle functions as a 

broad lower esophageal sphincter, also called the gastroesophageal 

sphincter.When a peristaltic swallowing wave passes down the 

esophagus, there is “receptive relaxation” of the lower esophageal 

sphincter  ahead of the peristaltic wave, which allows easy propulsion of 

the swallowed food into the stomach.  The stomach secretions are highly 

acidic and contain many proteolytic enzymes. The esophageal mucosa, 

except in the lower one eighth of the esophagus, is not capable of 

resisting for long the digestive  action of gastric secretions. Fortunately, 

the tonic constriction of the lower esophageal sphincter helps to prevent 

significant reflux of stomach contents into the esophagus except under 

very abnormal conditions. 

  

Motor Functions of the Stomach 

The motor functions of the stomach are threefold: (1)storage of large 

quantities of food until the food can be processed in the stomach, 

duodenum, and lower  intestinal tract; (2) mixing of this food with gastric 

secretions until it forms a semifluid mixture called  chyme; and (3) slow 

emptying of the chyme from the stomach into the small intestine at a rate 

suitable for proper digestion and absorption by the small intestine. 

 

Storage Function of the Stomach 

As food enters the stomach, it forms concentric circles of the food in the 

orad portion of the stomach, the newest food lying closest to the 

esophageal opening and the oldest food lying nearest the outer wall of the 

stomach. Normally, when food stretches the stomach, a “vagovagal 

reflex” from the stomach to the brain stem and then back to the stomach 

reduces the tone in the muscular wall of the body of the stomach so that 

the wall bulges progressively outward, accommodating greater and 

greater quantities of food up to a limit in the completely relaxed stomach 

of 0.8 to 1.5 liters.The pressure in the stomach remains low until this limit 

is approached. 

 

Stomach Emptying 

Stomach emptying is promoted by intense peristaltic contractions in the 

stomach antrum. At the same time, emptying is opposed by varying 

degrees of resistance to passage of chyme at the pylorus. 

 

 

 

 



Regulation of Stomach Emptying 

The rate at which the stomach empties is regulated by signals from both 

the stomach and the duodenum. However, the duodenum provides by far 

the more potent of the signals, controlling the emptying of chyme into the 

duodenum at a rate no greater than the rate at which the chyme can be 

digested and absorbed in the small intestine. 

 

Movements of the Small Intestine 

The movements of the small intestine, like those elsewhere in the 

gastrointestinal tract, can be divided into mixing contractions and 

propulsive contractions. To a great extent, this separation is artificial 

because essentially all movements of the small intestine cause at least 

some degree of both mixing and propulsion.    

 

Movements of the Small Intestine : 

Mixing Contractions (Segmentation Contractions) 

When a portion of the small intestine becomes distended with chyme, 

stretching of the intestinal wall elicits localized concentric contractions 

spaced at intervals along the intestine and lasting a fraction of a minute. 

The contractions cause “segmentation” of the small intestine, they divide 

the intestine into spaced segments that have the appearance of a chain of 

sausages. As one set of segmentation contractions relaxes, a new set often 

begins, but the contractions this time occur mainly at new points between 

the previous contractions. Therefore, the segmentation contractions 

“chop” the chyme two to three times per minute, in this way promoting 

progressive mixing of the food with secretions of the small intestine. The 

maximum frequency of the segmentation contractions in the small 

intestine is determined by the  frequency of electrical slow waves in the 

intestinal wall The segmentation contractions become exceedingly weak 

when the excitatory activity of the enteric nervous system is blocked by 

the drug atropine.Therefore, even though it is the slow waves in the 

smooth muscle itself that cause the segmentation contractions, these 

contractions are not effective without background excitation mainly from 

the myenteric nerve plexus. 

 

 

Propulsive Movements (Peristalsis) 

Chyme is propelled through the small intestine by peristaltic waves. 

These can occur in any part of the small intestine, and they move toward 

the anus at a velocity of 0.5 to 2.0 cm/sec, faster in the proximal intestine 

and slower in the terminal intestine. They normally are very weak and 

usually die out after traveling only 3 to 5 centimeters, very rarely farther 



than 10 centimeters, so that forward movement of the chyme is very slow, 

so slow in fact that net movement along the small intestine normally 

averages only 1 cm/min. This means that 3 to 5 hours are required for 

passage of chyme from the pylorus to the ileocecal valve. The function of 

the peristaltic waves in the small intestine is not only to cause progression 

of chime toward the ileocecal valve but also to spread out the chyme 

along the intestinal mucosa. As the chime enters the intestines from the 

stomach and elicits peristalsis, this immediately spreads the chyme along 

the intestine; and this process intensifies as additional chyme enters the 

duodenum. On reaching the ileocecal valve, the chyme is sometimes 

blocked for several hours until the person eats another meal; at that time,a 

gastroileal reflex intensifies peristalsis in the ileum and forces the 

remaining chyme through the ileocecal valve into the cecum of the large 

intestine. 

 

Movements of the Colon   
The principal functions of the colon are (1) absorption of water and 

electrolytes from the chyme to form solid feces and (2) storage of fecal 

matter until it can be expelled.   

the movements of the colon are normally very sluggish. Yet in a sluggish 

manner, the movements still have characteristics similar to those of the 

small intestine and can be divided once again into mixing movements 

and propulsive movements. 

 
 


