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EDO UNIVERSITY IYAMHO  
FACULTY OF BASIC MEDICAL SCIENCES 
DEPARTMENT OF PHYSIOLOGY  
     
 PHS 222 Gastrointestinal Physiology 
 
 
 

Instructor:    Dr. Ekhoye Ehitare, email: ekhoye.ehitare@edouniversity.edu.ng 
  Lectures: Thursday 10.00am – 13.00pm, LT6, phone: (+234) 7038648797 

Office hours: Monday - Friday, 12.00 to 13.00 PM, Office: New Jerusalem 
BMS/Engineering Building, First Floor, Room II 

 
 
General overview of lecture: The significance of the course to the student is develop 
intellectual ability in understanding the functions of gastrointestinal physiology. Knowledge 
from this course will enable the student understand the mechanism behind the normal 
physiological and pathological changes of gastrointestinal tracts. 
 
Prerequisites: Students should be familiar with the physiologic anatomy and innervations of 
the GIT. Hormones and Neurotransmitters of GIT. Deglutition and Mastication. Gastric 
Motility, Secretions of the GIT. Digestion and Absorption as function of the GIT. Splanchnic 
supply of the GIT. Vomiting.   Liver and General metabolism. Pathophysiology of the 
Gastrointestinal tract 
 
Learning outcomes: At the completion of this course, students are expected to: 

i. identify the different parts and layers of the gut and explain their functions. 
ii. know the different secretory glands and the substances secreted with their functions. 
iii. explain movement across the different parts of the gastrointestinal tracts 
iv. understand the mechanism behind digestion and the enzymes responsible for this 

process 
v. explain the different reflex mechanism in the gastrointestinal system 

 
Assignments: In this course, there will be six (6) individual assignments and three (3) group 
assignments. Among these assignments will be Term Papers that will include Presentations. 
Besides this, there will also be written continuous assessment test to be written three weeks 
to the start of University General Examination. 
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Grading: Grading will be assigned as follows: five per cent (5%) of total score to individual 
assignments; five per cent (5%) to Group Assignments; twenty per cent (20%) to Continuous 
Assessment Test; seventy per cent (70%) will be assigned to the final Examination 
 
Textbook: The recommended textbook for this class are as stated: 
 
Title: Textbook of Medical Physiology 
Authors: Guyton, A.C. and Hall, J.E. 
Publisher: Elsevier Inc. 13TH Edition 
ISBN 0-7216-0240-1 
 
Title: Human Physiology 
Authors: Stuart, I.F. 
Publisher: The McGraw-Hill Companies, Inc, 12th Edition 
ISBN 978–0–07–337811–4 
MHID 0–07–337811–9 
 
Title: Ganong’s Review of Medical Physiology 
Author: Barrett, K. E., Boitano, S., Barman, S. M. and Brooks, H. L. 
Publisher: The McGraw-Hill Companies, Inc, 23rd Edition 
ISBN: 978-0-07-160568-7 
MHID: 0-07-160568-1 
 
Title: Essentials of Medical Physiology 
Author: Sembulingam, K. and Sembulingam, P. 
Publisher: Jaypee Brothers Medical Publishers (P) Ltd 
ISBN 978-93-5025-936-8 
 
Main Lecture: Below is a description of the contents. The order as it is been arranged here 
may be changed so as to accommodate the materials needed for better understanding of the 
course.  
 

INTRODUCTION TO GASTROINTESTINAL PHYSIOLOGY 

The gastrointestinal tract is also called the alimentary canal and gut. Thus, the functions of 

digestive system include: 

i. Ingestion or consumption of food substances 

ii. Breaking them into small particles 

iii. Transport of small particles to different areas of the digestive tract 
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iv. Secretion of necessary enzymes and other substances for digestion 

v. Digestion of the food particles 

vi. Absorption of the digestive products (nutrients) 

vii. Removal of unwanted substances from the body. 

FUNCTIONAL ANATOMY OF GASTROINTESTINAL SYSTEM 

The gastrointestinal tract (GI tract) or alimentary canal with its accessory organs, helps in the 

process of digestion, secretion and absorption. It is a tubular structure extending from the 

mouth up to anus, with a length of about 30 feet (9 meters). 

GI tract is formed by two types of organs: 

i. Primary digestive organs. 

ii. Accessory digestive organs. 

Primary organs are the organs where actual gastrointestinal functions take place. Primary 

digestive organs are: mouth, pharynx, esophagus, stomach, small intestine, large intestine 

Accessory Organs are organs which help or contribute to the functions of the primary organs 

of the GI tract. The accessory organs are: Teeth, Tongue, iii. Salivary glands, Exocrine part 

of pancreas, Liver and Gallbladder. 

LAYERS OF THE GASTROINTESTINAL TRACT 

The GI tract from the esophagus to the anal canal is composed of four layers, or tunics. Each 

tunic contains a dominant tissue type that performs specific functions in the functions of the 

gastrointestinal tract. In general, the layers of GI tract from the lumen to the outer layer: 

i. Mucosa   ii      Submucosa    iii       Muscularis    iv     Serous (fibrous) layer. 

Mucosa 

The mucosa, is the innermost layer of the wall of GI tract. It comes in direct contact with the 

cavity or lumen of GI tract. Mucosa has three layer of structures, these are:  

        i. Epithelial lining    ii. Lamina propria      iii. Muscularis mucosa. 
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Epithelial Lining 

This part of the mucosa is in contact with the contents of GI tract, it is the absorptive and 

major secretory layer. For example, specialized goblet cells in the mucosa secrete mucus 

throughout most of the GI tract.. The type of cells in the epithelial lining varies depending on 

the parts of GI tract. For example, the inner surface of pharynx and esophagus have stratified 

squamous epithelial cells, however, lining the other parts such as stomach, small intestine 

and large intestine has columnar epithelial cells. 

Lamina Propria 

Lamina propria is made of connective tissues, which contain fibroblasts (healing cells), 

macrophages, lymphocytes and eosinophils. These are important in protecting against 

diseases.  

Muscularis Mucosa 

External to the lamina propria is a thin layer of smooth muscle called the muscularis mucosae 

(Muscularis interna). Muscularis mucosa layer consists of a thin layer of smooth muscle fibers. 

It is absent in mouth and pharynx. It is present from esophagus onwards. The muscle layer 

is responsible for the numerous small folds in certain portions of the GI tract. These folds 

greatly increase the absorptive surface area, for example the ‘Folds of Kerkring (Valvulae 

conniventes).  

Submucosa 

The relatively thick submucosa is a highly vascular layer of connective tissue that serves the 

mucosa. Absorbed molecules that pass through the columnar epithelial cells of the mucosa 

enter into blood and lymphatic vessels of the submucosa. Submucus layer is also present in 

all parts of GI tract, except the mouth and pharynx. In addition to blood vessels, the 

submucosa contains glands and nerve plexuses (Submucosa plexus). The submucosal 

plexus is also called Meissner’s plexus, provides a nerve supply to the muscularis mucosae 

of the small and large intestine to increase surface areas for increase in absorption. It also 

supplies the glands and globets cells to cause secretion. 

Muscularis 

The muscularis (also called the muscularis externa) is responsible for segmental contractions 

and propulsive (forward) movement through the GI tract. The muscularis has two smooth 
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muscles, these are the inner circular and an outer longitudinal layer of smooth muscle. 

Contractions of these muscles move the food through the tract and physically mix the food 

with digestive enzymes.  

Another plexus is found in the Muscularis, it is called the ‘myenteric plexus’. The myenteric 

plexus is also called the Auerbach plexus, it is located in between the inner circular and the 

outer longitudinal muscle fibers. The myenteric plexus ( Auerbach’s plexus ), provides the 

major nerve supply to the entire GI tract. It includes fibers and ganglia from both the 

sympathetic and parasympathetic divisions of the autonomic nervous system. 

Serosa 

The outermost layer of the GI wall is the serosa. It is a protective layer consisting of areolar 

connective tissue covered with a layer of simple squamous epithelium. It covers stomach, 

small intestine and large intestine. It is also called fibrosa and adventitia when it covers 

pharynx and esophagus. 

REGULATION OF GASTROINTESTINAL TRACT (NERVOUS CONTROL OF GI TRACT) 

The activities of the GI tract are regulated by two types of nerve supply. These are the Intrinsic 

and Extrinsic nerve supply. 

INTRINSIC NERVE SUPPLY (ENTERIC NERVOUS SYSTEM) 

The gastrointestinal tract has a nervous system all its own called the enteric nervous system. 

It serves as the intrinsic nerve supply of the GI tract which regulates the secretions and 

movements of GI tract. The Enteric nervous system is present within the layers of GI tract 

from esophagus to anus. The nerve fibres of the enteric nervous system are interconnected 

by two plexuses (submucosa and myenteric plexus). The myenteric plexus controls mainly 

the gastrointestinal movements, and the submucosal plexus controls mainly gastrointestinal 

secretion. 

The Myenteric Plexus 

The myenteric plexus sends signals to the inner circular and outer longitudinal muscles. The 

signals could be both excitatory and inhibitory. Excitatory signals of myenteric plexus can 

cause different effects which include (1) increased tonic contraction, or “tone,” of the gut wall; 

(2) increased intensity of the rhythmical contractions; (3) slightly increased rate of the rhythm 



6 
 

of contraction; and (4) increased velocity of conduction of excitatory waves along the 

gastrointestinal wall, causing more rapid movement of the gut peristaltic waves. 

Inhibitory signals from myenteric plexus are due to its neurons secreting inhibitory 

neurotransmitter (e.g vasoactive intestinal polypeptide (VIP and other inhibitory peptides). 

The inhibitory signals are useful for inhibiting some of the intestinal sphincter muscles (pyloric 

sphincter - which controls emptying of the stomach into the duodenum that impede 

movement of food along; the sphincter of the ileocecal valve, which controls emptying from 

the small intestine into the cecum; Sphincter of Oddi – which controls release of secretions 

from exocrine parts of Pancreas, Liver and Gall bladder). 

Submucosa (Meissner’s) Plexus 

The submucosal plexus, on the other hand is mainly concerned with controlling the secretory 

cells of epithelium, secretory glands in the submucosa and muscularis mucosa of the mucosa 

layer. Many sensory signals originating from the gastrointestinal epithelium and are sent to 

the submucosal plexus to control local intestinal secretion, absorption and contraction of the 

submucosal muscle that causes various degrees of infolding of the gastrointestinal mucosa. 

.N/B: The enteric nervous system can function independently of these extrinsic nerves, 

stimulation by the parasympathetic and sympathetic systems can greatly enhance or inhibit 

gastrointestinal functions 

EXTRINSIC NERVE SUPPLY (AUTONOMIC CONTROL) 

Extrinsic nerves that control the enteric nervous system are from autonomic nervous system. 

Both sympathetic and parasympathetic divisions of autonomic nervous system innervate the 

GI tract. Sensory nerve endings from receptors (stretch receptors and chemoreceptors) found 

in the epithelium of the mucosa layer sends afferent fibers to both plexuses of the enteric 

system, as well as (1) to the prevertebral ganglia of the sympathetic nervous system, (2) to 

the spinal cord, and (3) in the vagus nerves all the way to the brain stem. 

Parasympathetic Nervous System 

Stimulation of the parasympathetic nerve supply to the GIT increases the activities (motility 

and secretion) of the enteric nervous system. The parasympathetic supply to the GIT is 

divided into two divisions, the cranial and sacral divisions. 
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Cranial Divisions: Parasympathetic fibers to the mouth, salivary glands and pharyngeal 

regions of the alimentary tract, pass through facial and glossopharyngeal nerves. The cranial 

parasympathetic nerve fibers from the esophagus, stomach, pancreas, small intestine and 

upper or proximal two-third of the Large are entirely in the vagus nerves.  

Sacral Divisions: The parasympathetic nerve supply of the sacral division originate in the 

second, third, and fourth sacral segments of the spinal cord and they pass through the pelvic 

nerves to the distal half of the large intestine and all the way to the anus.  

N/B: The postganglionic neurons of the gastrointestinal parasympathetic system are located 

mainly in the myenteric and submucosal plexuses. The stimulating neurotransmitter of the 

parasympathetic nervous system is acetylcholine  

Sympathetic Nervous System 

The main function of the sympathetic nerve fibers is to inhibit the GI motility, constriction of 

intestinal sphincters and decrease the secretory activities of GI secretory cells and glands. 

Stimulation of the sympathetic nerve supply to the gastrointestinal tract causes many effects 

that are opposite to those of the parasympathetic system. 

The preganglionic fibers that innervates the gastrointestinal tract, it leaves the spinal cord 

from lateral horns of spinal cord between fifth thoracic and second lumbar segments (T5 to 

L2). The nerve fibres enters the sympathetic prevertebral chains lying lateral to the spinal 

column, some of these fibres then pass through the prevertebral chains to either of different 

ganglia (celiac, superior and inferior mesenteric ganglion) Most of the neuron bodies of the 

postganglionic sympathetic in these ganglia, and postganglionic fibers then spread through 

postganglionic sympathetic nerves to all parts of the gut. It does not have portions or divisions 

like the parasympathetic supply. The neurotransmitter secreted mainly from the sympathetic 

nerve endings (postsganglionic neurons) secretes mainly norepinephrine. 
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MOVEMENT AS A FUNCTION OF GASTROINTESTINAL TRACT 

There are two types of movements (motility) in the gastrointestinal tract: These are  

i.   Propulsive Movement            ii.        Mixing Movements 

Propulsive movements: It is responsible for the forward movement of food (orad to anal 
direction) along the GI tract in rate appropriate for proper digestion and absorption of water 
and nutrients  

Mixing Movements: This type of movement keeps the intestinal contents thoroughly mixed at 
all times. 

PROPULSIVE MOVEMENTS 

The basic propulsive movement of the gastrointestinal tract is peristalsis. Peristalsis is a 
reflex response that is initiated when the gut wall is stretched by the contents in the lumen, 
and it occurs in all parts of the gastrointestinal tract from the esophagus to the rectum of Large 
Intestine. The stretch induces a circular contraction behind the stimulus (Food) and an area 
of relaxation (receptive relaxation) in front of it. 

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. The contractile ring that appears around the gut and then moves 
forward; this mechanism 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 forwardPeristalsis also occurs in the bile ducts, glandular ducts, 
ureters, and many other smooth muscle tubes of the body. 

N/B: The usual stimulus for peristalsis is distention (i.e. collection of large amount of food at 
a point in the lumen of the gut) of the G.I. tract. The stretching or distention 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 (hormones and neurotransmitters) or physical 
irritation of the epithelial lining in the gut. 

MIXING MOVEMENTS 

Mixing movements differ in different parts of the alimentary tract. It can occur in two different 
ways.   

A. In some parts of the GI tract (e.g.  stomach and intestine), the peristaltic contractions 
cause most of the mixing. The mechanism of this mixing movement is due to forward 
progression (propulsion) of the gastric or intestinal contents which is blocked by a 
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sphincter so that a peristaltic wave can then only churn the gastric or intestinal 
contents, instead of propelling the food forward.  

B. At other times, local intermittent constrictive contractions (segmentations) occur every 
few centimeters in the gut wall. A segment of bowel contracts at both ends, and then 
a second contraction occurs in the center of the segment to force the chyme both 
backward and forward (“chopping” and “shearing”). This mixing pattern persists for as 
long as nutrients remain in the lumen to be absorbed. 
 

G.I. MOTILITY IN THE MOUTH 

In the mouth, food is mixed with saliva and propelled into the esophagus. Peristaltic waves in 
the esophagus move the food into the stomach. Movement in the mouth involves chewing 
and swallowing 

Chewing (Mastication) 

Chewing also known as mastication enables the mechanical breakdown of large food 
particles and mixes the food with the secretions of the salivary glands (saliva). This aids 
swallowing and subsequent digestion.  

Most of the muscles of chewing are innervated by the motor branch of the fifth cranial nerve 
(trigeminal nerve), and the chewing process is controlled by nuclei in the brain stem. 
Stimulation of specific reticular areas in the brain stem taste centers will cause rhythmical 
chewing movements. In addition, stimulation of areas in the hypothalamus, amygdala, and 
even the cerebral cortex near the sensory areas for taste and smell can cause chewing. 

The action of mastication is caused by a chewing reflex. The chewing reflex includes:  the 
presence of a bolus of food in the mouth which induces pressure in the mouth. This initiates 
reflex inhibition of mastication muscles, thus allowing the dropping of lower jaw. This drop 
of lower jaw in turn initiates a stretch reflex of the jaw muscles that leads to rebound 
contraction. This action automatically raises the jaw to cause closure of the teeth, but it also 
compresses the bolus again against the linings of the mouth, which inhibits the jaw muscles 
once again, allowing the jaw to drop and rebound another time; this process is repeated again 
and again until the pressure caused by bolus of food in the mouth is removed. 

Swallowing 

Swallowing is also known as deglutition. It is the process by which food moves from mouth 
into stomach. 
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Stages of Deglutition 

Deglutition occurs in three stages: 

i. Oral stage, when food moves from mouth to pharynx 
ii. Pharyngeal stage, when food moves from pharynx to esophagus 
iii. Esophageal stage, when food moves from esophagus to stomach. 

Also, swallowing can be divided into a voluntary and involuntary phases.  The oral stage is 
under the voluntary control while the pharyngeal and esophageal stages are involuntary 
phases of deglutition. 

Oral Stage  

In this stage, when the food is ready for swallowing, the bolus from mouth is passed 
posteriorly (backward) into pharynx. . From here on, swallowing becomes almost entirely 
involuntary. 

Pharyngeal Stage 

Pharyngeal stage is an involuntary stage. In this stage, the bolus is pushed from pharynx into 
the esophagus. The Pharynx act as a common passage for breathed air and masticated food 
It divides into larynx and esophagus. Larynx lies anteriorly and continues as respiratory 
passage. Esophagus lies behind the larynx and continues as GI tract. Since pharynx 
communicates with mouth, nose, larynx and esophagus, during this stage of deglutition, bolus 
from the pharynx can enter into four paths: 

i. Back into mouth 
ii. Upward into nasopharynx 
iii. Forward into larynx 
iv. Downward into esophagus. 

For swallowing to occur, various coordinated movements must enable bolus to enter only the 
esophagus. Hence entrance of bolus through other paths is prevented as follows: 

As the bolus of food enters the posterior mouth and pharynx (oropharynx), it stimulates 
epithelial swallowing receptor areas found all around the opening of the pharynx. 
Deglutition reflex is initiated by triggering afferent impulses in the trigeminal, 
glossopharyngeal, and vagus nerves to the swallowing centers (nucleus of the tractus 
solitarius and the nucleus ambiguous) in brain stem (medulla and pons) and a response of 
efferent impulses passes through the trigeminal, facial, and hypoglossal nerves to the 
pharyngeal musculature and the tongue, thus initiating a series of automatic pharyngeal 
muscle contractions as follows: 
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The soft palate lifts to close off the nasopharynx from the oropharynx (so food does not go 
out the nose); the vocal cords close off the opening to the larynx, and the epiglottis covers 
the vocal cords; the larynx is moved away from the pathway of the bolus toward the 
esophagus (these activities help prevent choking); and the upper esophageal sphincter 
relaxes. These complex activities of the pharyngeal phase take less than 1 second. 

Esophageal Stage 

As explained in the G.I Motility of Esophagus  

G.I MOTILITY OF ESOPHAGUS 

Like pharyngeal stage, esophageal stage is also an involuntary stage. In this stage, food from 
esophagus enters the stomach. Esophagus acts a conduit for the passage of food (bolus) 
from the pharynx to the stomach. Motility of bolus in the esophagus is principally through 
peristaltic waves (a wave of contraction, followed by the wave of relaxation of muscle fibers 
of GI tract). When bolus reaches the esophagus, the peristaltic waves are initiated. Usually, 
two types of peristaltic contractions are produced in esophagus. The esophagus normally 
exhibits two types of peristaltic movements: primary peristalsis and secondary peristalsis.  

During the pharyngeal stage of swallowing, peristaltic waves are generated In the pharynx, 
which is then transmitted to the esophagus. Primary peristalsis is simply continuation of the 
peristaltic wave in the pharynx which spreads into the esophagus down to the stomach. Food 
swallowed by a person who is in the standing or sitting position is usually transmitted to the 
lower end of the esophagus even more rapidly than the peristaltic wave itself because of the 
additional effect of gravity pulling the food downward. 

If the primary peristaltic wave are unable to propel the bolus into the stomach move all the 
food that has entered the esophagus into the stomach, secondary peristaltic waves result 
from distention of the esophagus itself by the retained food; these waves continue until all the 
food has emptied into the stomach.  

Role of Lower Esophageal Sphincter - LES (Gastroesophageal Sphincter) in G.I. 
Motility 

At the lower end of the esophagus just about 3 centimeters above the juncture between 
esophagus and stomach, there is a sphincter called lower esophageal sphincter (also called 
the gastroesophageal sphincter). This sphincter usually tonically constricted. When a 
peristaltic wave is transmitted down the esophagus, “receptive relaxation” preceding the 
peristaltic waves causes the relaxation of the lower esophageal, LES which allows easy 
propulsion of bolus into the stomach.  
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N/B: One very important function of the LES which is constantly tonically contracted is to 
prevent upward movement (reflux) of stomach (gastric) secretions which are highly acidic. 
The esophageal mucosa, except in the lower one eighth of the esophagus, is not capable of 
resisting the digestive action of gastric secretions for long. Fortunately, the tonic constriction 
of the LES helps prevent significant reflux of stomach contents into the esophagus except 
under abnormal conditions. It is worthy of note that closure of valve-like projections in the 
distal end of LES also prevents the gastroesophageal reflux. 

G.I. MOTILITY OF STOMACH  

G.I. Motility of stomach is best described with three (3) functions, these are 

i.        Storage         ii.      Mixing and Propulsion    iii.        Gastric Emptying 

Physiologically, it is more appropriately divided into (1) the “orad” portion, comprising about 
the first two thirds of the body, and (2) the “caudad” portion, comprising the remainder of the 
body plus the antrum. The orad portion consist of the cardia, Fundus and Corpus (body) while 
the Caudad portion consist of the Antrum and Pylorus. 

Storage Function of the Stomach 

When food enters the stomach it does so in concentric circles with the newest foods close to 
the Cardia, while the oldest food lying nearest the mucosa of the stomach. Under normal 
circumstances, the stomach is tonically contracted, but when food enters, it stretches the the 
smooth muscles of the stomach which then automatically relaxes to accommodate or allow 
the storage of more food pending gastric emptying. 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. 

Mixing and Propulsion  

Upon entry digestive juices in the stomach mix with the food. Digestive juices (hormones, 
enzymes and acids) of the stomach are secreted by gastric glands and secretory cells, 
present in Body to the Pylorus stomach. The presence of food in the stomach causes the 
development of weak peristaltic constrictor waves, called mixing waves. These mixing waves 
begin from the mid to upper portions of the stomach wall and move toward the antrum about 
once every 15 to 20 seconds. These waves are initiated by the gut wall slow waves and spike 
potential as previously discussed 
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As the constrictor mixing waves progress from the body of the stomach into the antrum, they 
become more intense, and in the antrum they become extremely  powerful constrictor ring 
that forces the antral contents toward the pylorus. 

These constrictor rings along with the sphincter in the pylorus (Pyloric Sphincter) play an 
important role in mixing the stomach contents. Each time a peristaltic wave passes down the 
antral wall toward the pylorus, it digs deeply into the food contents in the antrum. Yet, the 
opening of the pylorus is still small enough that only a few milliliters or less of antral contents 
are expelled into the duodenum with each peristaltic wave. That is as each peristaltic wave 
approaches the pylorus, the muscle of the Pyloric sphincter contracts often contracts, which 
further impedes emptying through the pylorus.  

N/B: Due to the contraction (or closure) of Pyloric sphincter, the antral contents are squeezed 
or bounced upwards towards the body of the stomach and not through the pylorus. This action 
is known as “retropulsion,”  Note the difference in gastroesophageal sphincter – LES and 
Pyloric sphincter in response to incoming peristaltic waves. 

Hunger Contractions 

Apart from peristaltic contractions in the stomach (mixing waves), another form of contraction 
in the stomach is Hunger Contraction. While mixing waves takes place during the presence 
of food or decrease in pressure in the stomach, hunger contractions results from absence of 
food and increase pressure in the stomach. 

Hunger contractions are related to the sensations of hunger and are peristaltic waves. Unlike 
mixing waves that occur in the body to the pylorus of the stomach, this type of peristaltic 
waves (hunger contractions) involve the entire stomach. Hunger contractions are of three 
types: 

Type I Hunger Contractions 

Type I hunger contractions are the first contractions to appear in the empty stomach, when 
the tone of the gastric muscles is low. Each contraction lasts for about 20 seconds. The 
interval between contractions is about 3 to 4 seconds. Tone of the muscles does not increase 
between contractions. Pressure produced by these contractions is about 5 cm of H2O. 

Type II Hunger Contractions 

Type II hunger contractions appear when the tone of stomach is stronger. Tone of the 
stomach smooth muscle and the pressure produced by these contractions increases if food 
intake is postponed, even after the appearance of the type I contractions. Each of the type II 
contractions lasts for 20 seconds like type I contractions. But the pause between the 
contractions is decreased.  
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Type III Hunger Contractions 

These contractions appear when the hunger becomes severe and the tone and pressure 
increases to a great extent. Type III hunger contractions are rare in man as the food is taken 
usually before the appearance of these contractions. These contractions last for 1 to 5 
minutes.  

When the stomach is empty, the type I contractions occur first, followed by type II contractions. 
If food intake is still postponed, then type III contractions appear and as soon as food is 
consumed, hunger contractions disappear. 

Gastric Emptying 

Gastric emptying is the process by which gastric contents are emptied into the duodenum. 
This is promoted by intense peristaltic contractions (mixing waves) in the stomach antrum, 
while at  the same time, it is opposed by varying degrees of resistance to passage of food at 
the pylorus. Gastric emptying is regulated by different factors (factors that either promote of 
inhibits). These factors are i.        gastric factors (that promotes)        ii.            duodenal factors 
(that inhibits). 

Gastric Factors  

These are factors within the stomach, known to influence the rate of gastric emptying. These 
factors are known to increase the rate of gastric emptying. 

Food Volume: Gastric emptying is directly proportional to the volume. If the content of 
stomach is more, a large amount is emptied into the intestine rapidly. This is because 
stretching of the stomach wall does elicit local myenteric reflexes in the wall that greatly 
accelerate gastric emptying. 

Gastrin  secretion. Gastrin is a hormone secreted from the G-cells in the anthral region of 
the stomach. Secretion of the hormone is caused by stretching of gastric wall and presence 
of protein. The gastrin secreted is known to stimulate production of gastric acid and moderate 
certain motor functions of the stomach. Increase in gastrin concentration is known to cause 
increase in gastric emptying 

Duodenal Factors  

These include are factors in the duodenum capable of influencing (inhibiting) the rate of 
gastric emptying 

Enterogastric Nervous Reflexes. Three different reflexes (enterogastric reflexes) are known 
to inhibit gastric emptying. These reflexes include  
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(1) Nerve connections from the duodenum to the stomach through the enteric nervous 
system in the gut wall,  

(2) Afferent extrinsic nerves from the duodenum to the prevertebral sympathetic ganglia 
and then back through efferent inhibitory sympathetic nerve fibers to the stomach, and  

(3) Afferent nerves in the duodenum sending inhibitory signals through the vagus nerves 
all the way to the brain stem, to prevent excitatory signals transmitted to the stomach 
through the vagi. 

When food enters the duodenum, signals are transmitted through any of the three reflexes to 
inhibit gastric motility and gastric emptying by inhibiting the contraction of pyloric sphincter. 

The following factors are known to causes inhibition of gastric emptying through enterogastric 
reflexes. These include: 

1. Distention of the duodenum 
2. The presence of any irritation of the duodenal mucosa 
3. Acidity of the duodenal chyme 
4. Osmolality of the chime 
5. The presence of certain breakdown products in the chyme, especially breakdown 

products of proteins and, perhaps to a lesser extent, of fats 

When enough food has been emptied from the stomach, the duodenal wall is stretched 
(distended), this distention stimulates any of the enterogastric reflexes to prevent further 
stretching of the duodenal wall. The enterogastric inhibitory reflexes are especially sensitive 
to the presence of irritants and decrease in pH (since food from stomach are usually acidic) 
in the duodenal chyme, and they often become strongly activated. This effect blocks further 
gastric emptying in an effort to reduce the presence of more irritants or increase in duodenal 
acidity. Breakdown products of protein digestion also elicit inhibitory enterogastric reflexes; 
by slowing the rate of stomach emptying, sufficient time is ensured for adequate protein 
digestion in the duodenum and small intestine. 

Hormonal Feedback. Several hormones released from the upper intestine are also known 
to inhibit stomach emptying. The main stimulus for this hormonal secretions is fat. The 
presence of fat in duodenal contents is known to secrete hormones, Cholecystokinin in 
particular. Cholecystokinin (CCK)is secreted from I-cells in the jejunum of small intestine into 
the blood stream where they are transported to the stomach to inhibit gastric emptying. 

Other hormones that are possible inhibitors of stomach emptying are secretin and glucose-
ependent insulinotropic peptide, also called gastric inhibitory peptide (GIP). Secretin is 
released mainly from the S-cells of duodenal mucosa in response to gastric acid passed from 
the stomach through the pylorus to the duodenum. GIP decreases gastrointestinal motility 
and gastric emptying, and its secretion is stimulated by the presence of fats and glucose in 
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duodenal contents. Another known function of GIP is to stimulate the release of insulin from 
pancreas. 

G.I MOTILITY OF SMALL INTESTINE 

Motility in the small intestine is very important because of the need for proper mixing of food 
with digestive juices and absorption. Mixing (segmentation) and Propulsion (Peristalsis) are 
the two (2) types of S.I. motility. 

Peristalsis is much weaker in the small intestine than in the esophagus and stomach. 
Intestinal motility is relatively slow and is due primarily to the greater pressure at the pyloric 
end of the small intestine than at the distal end. 

The major contractile activity of the small intestine is segmentation. This term refers to 
muscular constrictions of the lumen, which occur simultaneously at different intestinal 
segments. This action serves to mix the food more thoroughly. Segmentation contractions 
occur more frequently in the proximal than in the distal end of the intestine.. 

Mixing Contractions (Segmentation Contractions) 

When a portion of the small intestine becomes distended due to the presence of food (chyme), 
stretching of the intestinal wall elicits localized concentric contractions at different locations 
along the intestine and the contractions lasting as a fraction of a minute. The contractions 
cause “segmentation” of the small intestine, dividing the small intestine into spaced segments 
that appear as a chain of sausage. 

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. 

Propulsive Movements 

Two typed of propulsive movements occur in the Small Intestine. These are 

i.   Peristalsis       ii.         Peristaltic Rush 
 

Small Intestine Peristalsis. Peristalsis can occur at any point in the Small Intestine, and it 
helps to move the chyme along the Small Intestine. The peristaltic waves that propels this 
chyme moves at a speed of 0.5 – 2.0cm/sec, but this waves dies out for only few centimeters 
not reaching. Despite the speed of the peristaltic waves, the chyme moves at a very slow rate 
(from pylorus to iliocecal valve could take up to 5 hours). 
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Nervous and Hormonal Control of Peristaltic Waves 

Nervous Control: Following gastric emptying, the duodenal wall is distended by the 
chyme which leads to peristalsis. This peristalsis is caused by enterogastric reflex 
which involves transmission of impulses from distended stomach to the Small Intestine 
through the myenteric plexus (this means that when the stomach is stretched by food, 
peristaltic waves develop because signals are transferred from stomach to small 
intestine). Hence peristaltic activity of the small intestine is greatly increased after a 
meal.  

Hormonal Control. Hormones such as gastrin, CCK, insulin, motilin, and serotonin 
enhance intestinal motility and are secreted during various phases of food while other 
hormones like  secretin and glucagon inhibit the small intestinal motility.  

Peristaltic Rush. Due to the presence of certain irritants (infectious diarrhea) in the Small 
Intestine, intense irritation makes the normally weak peristaltic waves to become powerful 
and rapid peristaltic waves (contraction begins in duodenum and passes through entire length 
of small intestine and reaches the ileocecal valve within few minutes) capable of sweeping 
the intestinal contents into the Large Instestine, so as to relieve the Small Intestine of the 
irritants. This forceful and powerful peristaltic waves is called Peristaltic Rush. Unlike the slow 
intestinal peristaltic waves that is controlled by hormones and myenteric plexus, the peristaltic 
rush is initiated by myenteric plexus, autonomic nervous system and signals from brain stem  

Iliocecal Valve  

The ileum of the small intestine is linked to the colon by a structure known as the ileocecal 
valve, which restricts reflux of colonic contents, and particularly the large numbers of 
commensal bacteria, into the relatively sterile ileum. The portion of the ileum containing the 
ileocecal valve projects slightly into the cecum, so that increases in colonic pressure squeeze 
it shut, whereas increases in ileal pressure open it. It is normally closed. Each time a peristaltic 
wave reaches it, it opens briefly, permitting some of the ileal chyme to squirt into the cecum. 
When food leaves the stomach, the cecum relaxes and the passage of chyme through the 
ileocecal valve increases (gastroileal reflex). 

G.I MOTILITY OF LARGE INTESTINE 

The large intestine is also known as the colon. It extends from the ileocecal valve to the anus, 
framing the small intestine on three sides. Chyme from the ileum passes into the cecum, 
which is a blind pouch (open only at one end) at the beginning of the large intestine. Waste 
material then passes in sequence through the ascending colon, transverse colon, 
descending colon, sigmoid colon, rectum, and anal canal. Waste material (feces) is 
excreted through the anus, the external opening of the anal canal. 
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The functions of the colon are (1) absorption of water and electrolytes from the chyme (not 
nutrients) to form solid feces and (2) storage of fecal matter until it can be expelled. The 
proximal half of the colon (cecum, ascending and transverse colon), is concerned principally 
with absorption, and the distal half (descending colon) with storage. Motility in the colon is 
normally sluggish, and despite this the mixing movement and propulsive movements here is 
like that of small intestine. 

Types of Movements of Large Intestine 

Movements of large intestine are of two types: 

1. Mixing movements: Segmentation contractions       2.        Propulsive movements: Mass 
peristalsis. 

Mixing Movements (Segmentation Contractions)  

Large circular constrictions, which appear in the colon, are called mixing segmentation 
contractions. These contractions occur at regular distance in colon. Length of the portion of 
colon involved in each contraction is nearly about 2.5 cm. The longitudinal muscle of the 
colon, in form of three longitudinal strips called the teniae coli, contracts. These combined 
contractions of the circular and longitudinal strips of muscle cause the unstimulated portion 
of the large intestine to bulge outward into baglike sacs called haustrations 

Propulsive Movements  – Mass Peristalsis 

The peristaltic wave (movement) of the Large Intestine (colon) is known as mass peristalsis 
or mass movement. It propels the feces in the colon towards anus. Usually, this movement 
occurs only a few (one to three times each day, in many people especially for about 15 
minutes during the first hour after eating breakfast) times every day. This mass movement is 
because of reflexes result from distention of the stomach (gastrocolic reflex) and duodenum 
(duodenocolic reflex)that involve the parasympathetic stimulation.  

N/B: Unlike the peristaltic waves of the small intestine that are regulated by myenteric plexus, 
the motility of colon is regulated by reflexes controlled by parasympathetic stimulation. Motility 
of colon occur either not at all or hardly at all when the extrinsic autonomic nerves to the colon 
have been removed; therefore, the reflexes almost certainly are transmitted by way of the 
autonomic nervous system. 

DEFECATION 

The process of passing out feces is known as defecation. Feces is formed in the large 
intestine and stored in sigmoid colon. The rectum under normal circumstances is empty but 
When a mass movement forces feces into the rectum, the desire for defecation occurs 
immediately, including reflex contraction of the rectum and relaxation of the anal sphincters. 
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With adequate influence of an appropriate stimulus (cerebral stimuli), it is expelled out through 
the anus. This is prevented by tonic constriction of anal sphincters, in the absence of the 
stimulus. 

When a mass movement forces feces into the rectum, the desire for defecation occurs 
immediately, including reflex contraction of the rectum and relaxation of the anal sphincters. 
There are two sphincters guarding the opening of the anus (anal sphincters). These are the 
internal and external anal sphincters. These sphincters prevent continuous movement of 
feces through the anus from the Large Intestine. Internal anal sphincter lies immediately 
inside (proximal) to the anus, and it is made of smooth muscles controlled by pelvic nervic of 
sacral portion of parasympathetic nervous system 

The external anal sphincter is composed of striated voluntary muscle (skeletal muscle) that 
both surrounds the internal sphincter and extends distal to it (closer to the anal opening). The 
external sphincter is controlled by nerve fibers in the pudendal nerve, which is part of the 
somatic nervous system and therefore is under voluntary, conscious or at least subconscious 
control; subconsciously, the external sphincter is usually kept continuously constricted unless 
conscious signals inhibit the constriction. 

Defecation Reflexes. Defecation reflex is carried out by series of reflexes. One of these 
reflexes is an intrinsic reflex mediated by the local enteric nervous system in the rectal wall. 
When feces enter the rectum, distention of the rectal wall initiates afferent signals that spread 
through the myenteric plexus to cause peristaltic waves in the descending colon, sigmoid, 
and rectum, forcing feces toward the anus. As the peristaltic wave approaches the anus, the 
internal anal sphincter is relaxed by inhibitory signals from the myenteric plexus; if the external 
anal sphincter is also consciously, voluntarily relaxed at the same time, defecation occurs. 

Ordinarily, the intrinsic reflex mediated by the myenteric plexus is weak for proper defecation 
or mass movement, but its defecation function is complimented by another defecation reflex 
(parasympathetic defecation reflex) which involves the sacral segments of the spinal cord. In 
this case, the nerve endings in the rectum are stimulated, afferent signals are then transmitted 
first into the defecation center in the spinal cord and then an efferent signal back to the 
descending colon, sigmoid, rectum, and anus by way of parasympathetic nerve fibers in the 
pelvic nerves.  

These parasympathetic signals greatly intensify the peristaltic waves and relax the internal 
anal sphincter, thus converting the intrinsic myenteric defecation reflex from a weak effort into 
a powerful process of defecation that is sometimes effective in emptying the large  

When it becomes convenient for the person to defecate, the defecation reflexes can purposely 
be activated by taking a deep breath to move the diaphragm downward and then contracting 
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the abdominal muscles to increase the pressure in the abdomen, thus forcing fecal contents 
into the rectum to cause new reflexes.  

In newborn babies and in some people with transected spinal cords, the defecation reflexes 
cause automatic emptying of the lower bowel at inconvenient times during the day because 
of lack of conscious control exercised through voluntary contraction or relaxation of the 
external anal sphincter. 

SECRETORY FUNCTION OF THE GASTROINTESTINAL TRACT 

The aim of secretion of the gastrointestinal tract is to  

1) secrete digestive enzymes that chemically digests nutrients in food and  

2) secrete mucous for lubrication and protection. Secretions are released from secretory 

cells along the gastrointestinal lining from esophagus to the Large Intestine, and from 

glands in some accessory glands.  

The cells and glands responsible for gastrointestinal secretions include 

i. Single-cell mucous glands also called goblet cells. Found along the linings of the GI 

tract 

ii. Enterocytes in the epitelium of the Small Intestine Mucosa 

iii. Pits (invaginations of the epithelium into the sub mucosa). The pits in the small 

intestine, are called crypts of Lieberkühn 

iv. Deep tubular glands, mostly found in the Stomach  

v. Complex glands—the salivary glands, pancreas and liver he  

Most digestive secretions are formed only in response to the presence of food in the 

alimentary tract, and the quantity secreted in each segment of the tract is almost exactly the 

amount needed for proper digestion, plus the type of digestive enzyme composition depends 

on the type of food (if carbohydrate, protein or lipid) present.  

Basic Mechanisms of Stimulation of the Alimentary Tract Glands 

The secretory cells and glands outlined above are stimulated through different mechanisms 

1. Direct Contact of Food with the Epithelium—. The mechanical or physical presence 

of food in a particular segment of the gastrointestinal tract usually causes the glands 

of that region and often of adjacent regions to secrete gastrointestinal secretions. The 

direct contact of food with the epithelium of mucosa activates receptors in the 
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epithelium through touch (tactile), chemical (based on presence of nutrients) and 

distension of gut. This activation of receptors sends sensory signals to the submucosal 

plexus which causes the contraction of muscularis mucosa. The resulting nervous 

reflexes stimulate both the mucous cells on the gut epithelial surface and the deep 

glands in the gut wall to increase their secretion. 

2. Autonomic Stimulation of Secretion – Secretions are also initiated through 

parasympathetic and sympathetic stimulation. Stimulation of the parasympathetic 

nerves to the alimentary tract increases the rates of secretion. This is evident as 

stimulation of facial and glossopharyngeal nerves of the cranial portion of 

parasympathetic increases secretion of the salivary glands, while vagus nerve 

increases secretions in the esophagus, gastric region, small intestine, pancreas and 

upper portions of the Large Intestine. Stimulation of the Pelvic nerve of sacral portion 

of parasympathetic also increases secretion of the distal portion of Large Intestine. 

Stimulation of the sympathetic nerves to the gastrointestinal tract has dual function 

in that it moderately increases secretions in the absence of parasympathetic 

stimulation and decreases secretions in the absence of sympathetic stimulations. For 

example if saliva secretion from the salivary gland is increased due to parasympathetic 

stimulation, stimulation of sympathetic nerves will decrease saliva secretion but if the 

parasympathetic nerve is not stimulated, sympathetic stimulation will moderately 

increase saliva secretion. 

3. Hormonal Stimulation. In the stomach and intestine, particularly the small intestine, 

there are several hormone secreting cells such as the G-cells, I-cells and S-cells that 

secrete Gastrin, Cholecystokinin and Secretin respectively. Hormones from these cells 

are release (due to the presence of food in the lumen of the gut) and absorbed into 

the blood where they are transported to act on secretory cells and glands. This type 

of secretory stimulation do not occur in the mouth and esophagus, rather it increases 

secretions in the stomach, small intestine, pancreas, gall bladder and small intestine 

 

GASTROINTESTINAL SECRETIONS 

Gastrointestinal secretions vary in composition and quantity depending on the type of nutrient 

and amount of food present in the lumen of the gastrointestinal wall. The total volume of GIT 

secretions is about 6-8 Litre per day. Examples of major gastrointestinal secretions include 

 

i. Water, which makes up more than 90 per cent of the total GI secretions, it aids 

digestion and movement of food 
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ii. Mucus, is found all through the lining of the gastrointestinal tract (from esophagus to 

Large intestine) and in saliva in the mouth. Its role is to protect against gastric acid and 

help in lubrication to prevent excoriation due to movement of food 

iii. Hydrochloric acid, is mainly secreted in the antral and pyloric region of the stomach, it 

helps to protect (a form of innate immunity) and dissolve food from solid to chyme 

(semi-liquid food). 

iv. Bicarbonate ion is secreted in the from the small intestine, pancreas and large 

intestine. Its major function is to neutralize the acidic contents of Stomach moving into 

the small intestine during gastric emptying 

v. Digestive enzymes such as amylase, pepsinogen, trypsinogen, lipase etc. these digest 

different nutrients such as carbohydrate, protein and lipids to their absorbable form 

SALIVARY SECRETIONS 

Several glands are known to secrete saliva in the mouth. These glands of salivation are the 

parotid, submandibular, and sublingual glands; and in addition, there are many very minor 

glands that include buccal glands, serous lingual gland and mucous lingual glands etc. These 

glands secrete a total of 800 to 1500 milliliters of saliva daily.  

Types of Saliva 

There are two types of Saliva, these are Serous and Mucous Saliva. Serous saliva contains 

a protein (digestive enzyme) called ptyalin (salivary alpha amylase) which helps to digest 

starch (polysaccharide) while the Mucous saliva contains another protein, mucin that helps in 

lubrication and protection.  

Salivary Glands 

Types of Salivary Glands 

Parotid Glands. They are the largest of all salivary glands and make up twenty five per cent 

(25%) of total salivary secretions, are situated at the side of the face just below and in front 

of the ear. Parotid glands are known to secrete Serous saliva. 

Submandibular Glands. It is also known as Submaxillary glands, located in submaxillary 

triangle, medial to mandible. The glands secrete seventy per cent (70%) of total salivary 

secretions, secreting both serous and mucous saliva. 
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Sublingual Glands. Sublingual glands are situated in the mucosa at the floor of the mouth. 

They secrete four per cent (4%) of saliva, and like submandibular gland, they secrete both 

serous and mucous saliva. 

Minor Salivary Glands. Buccal gland and Mucous lingual gland secrete mucous saliva while 

Serous lingual gland secrete serous saliva. 

Structure and Ductal System of Salivary Glands  

Salivary gland is an exocrine gland, and like all exocrine gland, it constitutes acini cells and 

ducts (smaller ducts are called ductules). Each acinus (singular of acini) is formed by a small 

group of cells which surround a central globular cavity. Central cavity of each acinus is 

continuous with the lumen of the duct. The fine duct draining each acinus is called intercalated 

duct. Many intercalated ducts join together to form intralobular duct. Few intralobular 

ducts join to form interlobular ducts, which unite to form the main duct of the gland.  

Composition of Saliva 

Water is a major constituents of saliva as it contributes up to 98% of saliva composition. The 

other 2% of saliva include: alpha amylase, lingual lipase, maltase, kallikrein, lactoferrin, 

lysozymes, Mucin, antibodies (IgA), Bicarbonate ion, Sodium ion, Potassium ion etc. 

Secretion of Ions in Saliva. Saliva contains especially large quantities of potassium and 

bicarbonate ions which is in contrast to the low concentration (several times less) in ECF 

(Plasma).  The saliva electrolyte or ion concentration in the acini cell is similar to the 

electrolyte concentration in the plasma.  Hence the ion concentration of saliva in the acini is 

similar to plasma but different from saliva in the mouth.  

Salivary secretion is a two-stage operation: the first stage involves the acini, and the second, 

the salivary ducts. The acini secrete a primary secretion that contains ptyalin and/or mucin in 

a solution of ions in concentrations not greatly different from those of typical extracellular fluid. 

As the primary secretion flows through the ducts, two major active transport processes take 

place that markedly modify the ionic composition of the fluid in the saliva.  

First, sodium ions are actively reabsorbed from all the salivary ducts and potassium ions are 

actively secreted in exchange for the sodium. Therefore, the sodium ion concentration of the 

saliva becomes greatly reduced, whereas the potassium ion concentration becomes 

increased. However, there is excess sodium reabsorption over potassium secretion creating 
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electrical negativity of about -70 millivolts in the salivary ducts; this in turn causes chloride 

ions (a negatively charged ion) to be reabsorbed passively into blood. Therefore, the chloride 

ion concentration in the salivary fluid falls to a very low level, matching the ductal decrease in 

sodium ion concentration. 

Second, bicarbonate ions are secreted by the ductal epithelium into the lumen of the duct. 

This is mainly caused by passive exchange of bicarbonate for chloride ions. All these 

mechanism apply during resting state (absence of strong salivary stimulation).  

During maximal salivation, the salivary ionic concentrations change considerably because the 

rate of formation of primary secretion by the acini can increase as much as 20-fold. This acinar 

secretion then flows through the ducts so rapidly that the ductal absorption and reabsorption 

of ions in secretion as explain earlier is considerably reduced.  

Functions of Saliva  

The following are the functions of Saliva 

i. Lubrication: The presence of Mucin in saliva prevents excoriation during swallowing, 

allowing easy passage of food during swallowing from mouth to pharynx and then to 

oesophagus. 

ii. Improves Taste. Saliva dissolves the solid food substances, so that the dissolved 

substances can stimulate the taste buds. The stimulated taste buds recognize the 

taste 

iii. Defence or Protection: Saliva contains antibody (IgA) that helps to fight against 

pathogens, lysozymes and thiocyanate ion present in saliva has antibacterial activities. 

iv. Digestion: Salivary alpha amylase, lingual lipase and maltase helps in digesting 

starch, lipids and maltose respectively. 

Nervous Regulation of Salivary Secretion 

Primary organs of gastrointestinal sends sensory signals and receives motor signals via 

intrinsic nerve supply (submucosal plexus) and autonomic nerve supply unlike the accessory 

organs that are solely regulated by autonomic nerves.  

Salivary glands are stimulated mainly by parasympathetic nervous signals (via facial, 

trigeminal and glossopharyngeal) all the way from the superior and inferior salivatory nuclei 

in the brain stem. The salivatory nuclei are located approximately at the juncture of the 



25 
 

medulla and pons and are excited by both taste and tactile stimuli from the tongue and other 

areas of the mouth and pharynx. The facial and trigeminal nerve supply the submandibular 

and sublingual salivary gland, and they arise from the superior salivary nuclei in the pons of 

brainstem. The glossopharyngeal nerve supply the parotid gland arises from the inferior 

salivary nuclei in the medulla. 

Another salivary stimulating factor aside the parasympathetic supply is Bradykinin present in 

blood. Bradykinin stimulatory effect was first initiated by Kallikrein present in the saliva. Tactile 

and Taste stimuli causes the absorption of Kallikrein into the blood which in turn acts as an 

enzyme to split one of the blood proteins, an alpha2-globulin, to form bradykinin, a strong 

vasodilator. 

Sympathetic stimulation can also increase salivation a slight amount, much less so than does 

parasympathetic stimulation. The sympathetic nerves originate from the superior cervical 

ganglia and travel along the surfaces of the blood vessel walls to the salivary glands. 

ESOPHAGEAL SECRETION 

The secretion of esophagus is mainly mucus secreted from mucous glands. Mucus secreted 

has a primary role of providing lubrication for easy swallowing or peristaltic movement along 

the esophagus and protection against gastric acid. The esophagus consist of simple and 

compound mucous gland. The compound mucous gland is found in the upper and lower 

region of the esophagus and they release a more copious mucous secretions compared to 

the simple mucous glands which are located in the mid-section of the esophageal tube. The 

mucous secretions from compound mucous glands provide lubrication against excoriation 

during swallowing at the upper esophagus while also neutralizing gastric acid spilling from 

the stomach into the lower esophagus. 

GASTRIC SECRETIONS 

The entire surface of the stomach is lined by mucus secreting cells called Surface Mucus 

Cells. Apart from this there are several pits in the gastric mucosa that form tubular glands of 

the stomach.  

Gastric glands contain several types of cells that secrete different products: 

1. mucous neck cells, which secrete mucus (these supplement the surface mucous 

cells). 
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2. parietal (oxyntic) cells, which secrete hydrochloric acid (HCl); intrinsic factor 

3. chief (or zymogenic or peptic) cells, which secrete pepsinogen, an inactive form of 

the protein-digesting enzyme pepsin; 

4. enterochromaffin-like (ECL) cells, found in the stomach and intestine, which secrete 

histamine and 

5. G cells, which secrete the hormone gastrin into the blood; and 

6. D cells, which secrete the hormone somatostatin  

There are two types of tubular glands, these are oxyntic glands and pyloric glands. The 

oxyntic glands are located on the inside surfaces of the body (corpus) and fundus of the 

stomach, constituting the proximal 80 per cent of the stomach. The pyloric glands are located 

in the antral and pyloric portion of the stomach, the distal 20 per cent of the stomach. 

Secretions from the Oxyntic and Pyloric Glands 

A typical stomach oxyntic gland is composed of four types of cells: (1) mucous neck cells, (2) 

peptic (or chief) cells, (3) parietal (or oxyntic) cells and (4) ECL cells. The pyloric gland is 

composed of three types of cells: (1) mucous neck cells, (2) G-cells and (3) D-Cells 

Gastric Juice Secretions  

Secretion of Hydrochloric Acid 

Hydrochloric (HCl) acid secretion takes place in the canaliculi of parietal cells in oxyntic 

glands. The pH of this acid is about 0.8, demonstrating its extreme acidity. The formation of 

the HCl acid starts in the cytoplasm of the parietal cell where Carbon dioxide (CO2) combines 

with Water (H2O) to form Carbonic Acid (H2CO3). CO2 is derived from metabolic activities in 

the parietal cells and those absorbed from blood. The H2CO3 dissociates into hydrogen ion 

(H+) and bicarbonate ion (HCO3-) 

The hydrogen ion is actively pumped into the canaliculus of parietal cell. Simultaneously, the 

chloride ion is exchanged from blood for bicarbonate ion in the basolateral membrane of the 

parietal cells and then pumped into canaliculus actively. Now, the hydrogen ion combines 

with chloride ion to form hydrochloric acid.  

Regulation of HCl Secretion 

The secretion of HCl by the parietal cells is stimulated by a variety of factors, including  
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i. Gastrin        ii           histamine and             iii.           acetylcholine from vagus nerve 

Gastrin, secreted by the G cells, is absorbed into general circulation to the parietal cells, 

where it stimulates acid secretion. Gastrin also stimulates the ECL cells to secrete histamine, 

and histamine then acts as a paracrine (neighbouring) regulator to stimulate HCl secretion by 

the parietal cells. Parasympathetic neurons of the vagus nerve stimulate both parietal and 

ECL cells, although stimulation of ECL cells is believed to be the most important effect. This 

is particularly true at night during sleep, when the secretion of histamine from ECL cells is 

most responsible for stimulating gastric HCl secretion.  

Secretion of Pepsinogen 

Pepsinogen is synthesized from amino acids in the rough endoplasmic reticulum in chief cells. 

When pepsinogen is first secreted, it has no digestive abilities, however, as soon as it comes 

in contact with hydrochloric acid in the lumen of oxyntic gland, it is activated to form active 

pepsin. Pepsin functions as an active proteolytic enzyme in a highly acid medium (optimum 

pH 1.8 to 3.5), but above a pH of about 5 it has almost no proteolytic activity and becomes 

completely inactivated in a short time. 

Regulation of Pepsinogen Secretion 

Pepsinogen is regulated by two factors, (1) acetylcholine secretion from parasympathetic 

vagus nerve (2) gastric acid secretion 

The gastric acid role in regulation of pepsinogen secretion is not direct, this is because HCl 

acid initiates the enteric nervous reflex (submucosal plexus) which further contributes to the 

acetycholine action from vagus nerve.  

Phases of Gastric Secretion 

Gastric secretion is occurs in three “phases”: a cephalic phase, a gastric phase, and an 

intestinal phase. 

Cephalic Phase. The cephalic phase (as the name suggests, secretion caused by signals 

sent to the brain) of gastric secretion occurs before food enters the stomach. Gastric secretion 

in this phase results from the sight, smell, thought, or taste of food. Following sensory signals 

from sight, smell, though and taste to the cerebral cortex neurogenic signals are transmitted 

through the vagus nerves to the stomach. This phase of secretion normally accounts for about 

20 per cent of the gastric secretion 
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Gastric Phase. As previously explained, acetylcholine from vagus nerve, signals from 

submucosal plexus (local enteric reflexes) and gastrin, all cause regulate or increase gastric 

secretions, and constitutes gastric phase of gastric secretion. The gastric phase of secretion 

accounts for about 70 per cent of the total gastric secretion 

Intestinal Phase. The presence of food in the duodenum and jejunum of the small intestine, 

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. 

PANCREATIC SECRETIONS 

Pancreatic juice is secreted most abundantly in response to the presence of chyme in the 

duodenum of the small intestine, and the composition of the pancreatic juice is largely 

dependent on the type of nutrient in the chyme. For example chyme rich in carbohydrates will 

cause the pancreas to secrete large amount of digestive enzyme for carbohydrate. If there 

are large amount of gastric acid accompanying the chyme from the stomach will cause the 

pancreas to secrete large amount of water and bicarbonate ion. 

Pancreas has dual secretory function as it is an endocrine and exocrine organ. Endocrine 

function is concerned with the production of hormones (to be discussed in endocrinology 

class). The exocrine function is concerned with the secretion of digestive juice called 

pancreatic juice. 

Pancreas as an Exocrine Organ 

Exocrine part of pancreas resembles salivary gland in structure. It is made up of acini cells. 

Each acinus has a single layer of acinar cells with a lumen in the center which continues into 

ducts and ductules which arises from acini cells. Acinar cells secrete digestive enzymes while 

the ducts secrete water and bicarbonate ions. Like in the salivary glands, the ducts 

(intercalated) from acini cells unite to form intralobular duct. All the intralobular ducts unite to 

form the main duct of pancreas called pancreatic duct (Wirsung duct). The pancreatic ducts 

joins with the common bile duct from Liver and Gall Bladder to form a duct called Papilla of 

Vater (Ampulla of Vater) which opens into the duodenum, surrounded by the sphincter of 

Oddi. In some persons, an accessory duct called duct of Santorini exists. It also opens into 

duodenum, proximal to the opening of Papilla of Vater. 
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Pancreatic Juice 

The pancreatic juice like other GI secretions consists mainly of water (95% to 98%), ions and 

digestive enzymes. The ions of the pancreatic juice are similar to the plasma except for 

bicarbonate ion and chloride ion concentrations. 

Secretion of Bicarbonate Ions 

The digestive enzymes of the pancreatic juice are secreted entirely by the acini of the 

pancreatic glands, the other two important components of pancreatic juice, bicarbonate ions 

and water, are secreted mainly by the epithelial cells of the ductules and ducts that lead from 

the acini. When the pancreas is stimulated to secrete copious quantities of pancreatic juice, 

the bicarbonate ion concentration can rise to as high as five times the value in the plasma. 

Bicarbonate ion increases the alkalinity of the pancreatic juice; hence high bicarbonate ion 

concentration in the pancreatic juice serves to neutralize the hydrochloric acid emptied into 

the duodenum from the stomach. 

Pancreatic Digestive Enzymes 

Pancreatic juice contains numerous digestive enzymes for digesting all of the three major 

types of food: carbohydrates, proteins and fats. The pancreatic digestive enzyme for 

carbohydrates is pancreatic amylase, which hydrolyzes starches, glycogen, and most other 

carbohydrates (except cellulose) to form mostly disaccharides. For digestion of protein, 

digestive enzymes such as trypsin, chymotrypsin, and carboxypolypeptidase are present in 

the pancreatic juice. 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 small amounts of individual amino acids, thus completing digestion of some proteins all 

the way to the amino acid state. 

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. 

N/B: The pancreatic digestive enzymes for proteins are produced in inactive forms e.g. 

trypsinogen, chymotrypsinogen, and procarboxypolypeptidase. They become activated only 

after they are secreted into the intestinal tract. Trypsinogen is first activated into Trypsin by 
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an enzyme called enterokinase, which is secreted by the intestinal mucosa when chyme 

comes in contact with the mucosa. The newly activated Trypsin in turn activates others 

trypsinogen, it activates chymotrypsinogen and procarboxypeptidase to become 

chymotrypsin and carboxypolypeptidase respectively. 

Activation of these pancreatic digestive enzymes for protein must to carried out in the intestine 

rather to the pancreas, otherwise activation in the pancreas will lead to damage to pancreas 

such as pancreatitis as seen in chronic alcoholics. To prevent activation of Trypsin in the 

pancreas, the acini cells of the pancreas secretes a “Trypsin Inhibitor”. This substance 

prevents activation of trypsin both inside the secretory cells and in the acini and ducts of the 

pancreas. And, because it is trypsin that activates the other pancreatic proteolytic enzymes, 

trypsin inhibitor prevents activation of the others as well. 

Regulation of Pancreatic Secretion 

Pancreatic secretions are stimulated by two factors: Neurogenic and Hormonal factors. 

Neurogenic factors. Acetylcholine released from the parasympathetic vagus nerve endings 

and from other cholinergic nerves in the enteric nervous system acts on the acini and ductal 

cells, increases secretion of pancreatic juice.  

Hormonal factors. Hormones secreted from the Small Intestine are first absorbed in blood 

and then transported to the pancreas. Cholecystokinin, (CCK) which is secreted by the I-

cells in duodenal and upper jejunal mucosa when food (containing fats and proteins) enters 

the small intestine acts on the acini cells of the pancreas to cause secretion of digestive 

enzymes. Secretin, which is also secreted by the duodenal and jejunal mucosa when highly 

acid along with chyme enters the small intestine acts on the cells of the pancreatic ducts to 

cause production and secretion of water and bicarbonate ion to neutralize the acid from 

chyme.  

Phases of Pancreatic Secretion 

Like Gastric secretion, pancreatic secretion occurs in three phases: the cephalic phase, the 

gastric phase, and the intestinal phase.  

Cephalic Phase. Similar to the cephalic phase activities in the stomach, smell, taste, sight 

and thought induces pancreatic secretion. This causes moderate amounts of enzymes to be 
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secreted into the pancreatic acini, accounting for about 20 per cent of the total secretion of 

pancreatic enzymes.  

Gastric Phases. In this phase, following swallowing and presence of food in the stomach, 

continuous secretion of pancreatic digestive enzymes due to nervous stimulation occurs 

accounting for another 5 to 10 per cent of pancreatic enzymes secreted. 

Intestinal Phase. After chyme leaves the stomach and enters the small intestine, pancreatic 

secretion becomes copious, mainly in response to the hormone secretin. 

BILIARY SECRETIONS 

The liver has several functions which include:  

1. synthesis of plasma proteins (albumin, globulin and fibrinogen), enzymes and clotting 

factors  

2. metabolic function in the terms of release of carbohydrates, proteins and fats, e.g. 

gluconeogenesis, glycogenolysis etc 

3. Storage of glycogen, iron, vitamins and protein  

4. Inactivation of Hormones 

5. Site of red blood cell production during fetal life  

6. Detoxification and Protection (Immunity – Kupffer cells) 

7. Bile secretion 

Bile is secreted in the liver and stored in the gall bladder. About 0.6 to 1 Litre of Bile is secreted 

into the small intestine. Bile has two important functions:  

1. these are emulsification of fats for proper digestion by pancreatic and intestinal 

digestive enzymes 

2. excretion of waste products from blood (e.g. bilirubin) 

Hepatic Secretion of Bile 

Bile is produced from hepatocytes (the main liver cells) and secreted into the canuliculi (space 

between the hepatocytes and ducts). The bile secretions are emptied into different smaller 

bile ducts and then progressively into larger bile ducts before leading to the hepatic ducts. 

Bile in hepatic ducts are either stored in the Gall Bladder or transported to another duct the 

common bile duct which meets with the pancreatic duct to form Papilla of Vater. Bile are 

usually stored in Gall Bladder in the absence of meal or fat in duodenum, but during meal or 
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presence of fat in duodenum prompts stored bile to be released from the Gall Bladder into 

the common bile duct through the cystic duct.  

 

Composition of Bile 

Like other gastrointestinal secretions, the biliary secretions is made up of 95% water and 5% 

solids. This solids include bile salts, bilirubin, fatty acids, lecithin, cholesterol etc (organic), 

sodium, potassium, bicarbonate ion, calcium and chloride ion (inorganic)  

The composition of Bile in the liver is different from its composition in the gall bladder, hence 

in terms of composition of bile, bile is divided into liver bile and gall bladder bile. 

Liver Bile has higher quantity of water, sodium ion and chloride ion when compared to the 

bile in gall bladder. Bile is stored in the gall bladder, and a result water, sodium ion and 

chloride ion are absorbed via active transport by the epithelium of gall bladder, thereby 

increasing the concentration of bile salts, bilirubin, fatty acids, lecithin, cholesterol, potassium 

and bicarbonate ion by five times its concentration in liver bile. 

Emptying of the Gallbladder (Stimulation of Bile Secretion). 

When fats in chyme is detected in duodenum, gallbladder begins to empty its content of Bile. 

Emptying of Gall Bladder or release of bile into the duodenum occurs through rhythmical 

contractions of gall bladder wall and simultaneous relaxation of sphincter of Oddi which 

prevents the outflow of pancreatic juice and biliary secretion from the Papilla of Vater. 
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The emptying of gall bladder is regulated by two factors (Hormonal and Neural). Hormonal 

factors include stimulation from cholecystokin and Secretin while Neural factor is through the 

acetylcholine from vagus stimulation. 

By far the most potent stimulus for causing the gallbladder contractions is the hormone 

cholecystokinin. The stimulus for cholecystokinin (CCK) entry into the blood from the 

duodenal mucosa is mainly the presence of fatty foods in the duodenum. In pancreas, CCK 

causes the release of digestive enzymes but in gall bladder, it stimulates the secretion of bile.  

N/B: In the absence of fat in the Chyme, the release of CCK from I cells to cause contraction 

of gall bladder is very poor hence bile secretion becomes extremely slow. On the other hand, 

high fat or lipid in chyme stimulates massive production of CCK and hence bile secretion 

becomes rapid. 

SECRETIONS OF THE SMALL INTESTINE 

The intestinal secretions also known as the Succus Entericus, and are produced at a rate of 

about 1800 ml/day. These secretions have a slightly alkaline pH in the range of 7.5 to 8.0. 

The secretions are mainly of water, mucus, electrolytes and digestive enzymes 

The three main secretory cells of the Small Intestine are  

1.   Brunners gland                   2.         Crypts of Lieberkühn         3.     Villi 

Brunner’s Glands are compound mucous glands, densely scattered from the pylorus of 

the stomach to 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, (3) 

gastrointestinal hormones (Secretin in particular).  Brunner’s glands are inhibited by 

sympathetic stimulation. 

Crypts of Lieberkühn  unlike Brunners Glands (which found in the early part of 

duodenum), are located all over the entire surface of the small intestine as small pits called 

crypts. The Crypts of Lieberkühn are found in between the intestinal villi. The surfaces of 

both the crypts and the villi are covered by an epithelium composed of three types of cells:   

1.    goblet cells, which secrete mucus  
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2. a large number of enterocytes, which, in the crypts, secrete large quantities of water 

and electrolytes and, over the surfaces of villi, reabsorb the water and electrolytes along 

with end products of digestion (i.e. enterocytes in the crypts of lieberkuhn secrete water 

and electrolytes but enterocytes in the villi reabsorbs water, electrolytes and digested 

productes).  

3. Paneth cells, which secrete the cytokines called defensins. 

Villi are known for their absorption function, absorption of water, electrolytes and digested 

nutrients because of the enterocytes. These enterocytes are also known to secrete 

digestive enzymes that digest specific food substances while they are being absorbed 

through the epithelium. These enzymes are the following: 

i. several peptidases for splitting small peptides into amino acids,  

ii. four enzymes—sucrase, maltase, isomaltase, and lactase—for splitting disaccharides 

into monosaccharides, and  

iii. small amounts of intestinal lipase for splitting neutral fats into glycerol and fatty acids. 

Regulation of Small Intestine Secretion 

The main stimuli for S.I. secretion is by tactile or touch or irritation from the chyme present in 

the small intestine 

SECRETIONS OF THE LARGE INTESTINE 

The main secretion of the Large Intestine is mucus. The Large Intestine is lined with many 

crypts of Lieberkühn; however, unlike the small intestine, there are no villi. The epithelial cells 

contain almost no enzymes. The mucus secreted by the Large Intestine has two functions.  

i. Provide lubrication which prevents excoriation by mass movement of faecal matter.       

ii. Neutralizing the acids produced by bacterial activities in the Large Intestine 

Regulation of Large Intestine Secretion 

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 (submucosal plexus) to 

the mucous cells in the crypts of Lieberkühn. Stimulation of the pelvic nerves from the spinal 
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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.  

 

DIGESTION AND ABSORPTION 

The availability of nutrients for tissues will first require their digestion and then absorption by 

the gastrointestinal tract. The nutrients required are carbohydrates which come in form of 

Polysaccharides, Protein in form of Polypeptides, and Fats in form of Triglycerides, 

Phospholipids, Cholesterol esters. They generally cannot be absorbed in their natural forms 

through the gastrointestinal mucosa and, for this reason, they are not useful as nutrients 

without preliminary digestion.  

DIGESTION 

Polysaccharides and polypeptides are hydrolyzed into their subunits (monosaccharaides and 

amino acides), which are absorbed from G.I. mucosa into blood capillaries. Fat on the other 

hand is initially emulsified by bile salts, and then hydrolyzed into fatty acids and 

monoglycerides, and absorbed into the intestinal epithelial cells. Once inside the cells, 

triglycerides are resynthesized, combined with proteins, and secreted into the lymphatic fluid. 

Digestion of Carbohydrates 

Most carbohydrates are ingested as starch, which is a long polysaccharide chain of 

monosaccharaides. The digestion of starch begins in the mouth with the action of salivary 

amylase. This enzyme hydrolysis few molecules of starch into disaccharides because of the 

short duration of time spent by food in the mouth. The digestive action of salivary amylase 

stops after the swallowed bolus enters the stomach because this enzyme is inactivated at the 

low pH of gastric juice. The digestion of starch, therefore, occurs mainly in the duodenum as 

a result of the action of pancreatic amylase. 

The pancreatic amylase cleaves the straight chains of starch to produce the following 

disaccharides: maltose, maltriose, α-dextrin, lactose, sucrose etc. These dissacharides are 

hydrolysed to their monosaccharides by brush border enzymes located on the enterocytes 

of microvilli of the epithelial cells in the small intestine. The brush border enzymes include 

maltase, α-dextrinase, lactase, sucrose etc., they hydrolyze the disaccharides into 

monosaccharides such as glucose, fructose and galactose.  
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Table 1: Digestion of carbohydrates 

Area Juice  Enzyme  Substrate  End product 

Mouth Saliva Salivary α-
amylase 
(Ptyalin) 

Polysaccharide 
(Starch) 

Disaccharides 

Small Intestine Pancreatic 
Juice 

Pancreatic α-
amylase 

Polysaccharide 
(Starch) 

Disaccharides – 
Maltose, 
Lactose, 
Sucrase, 
Maltriose, α-
dextrin 

Succus 
Entericus 

Maltase Maltose and 
Maltriose 

Glucose and 
Glucose 

Lactase Lactose Glucose and 
Galactose 

Sucrase Sucrose Glucose and 
Fructose 

α-dextrinase α-dextrin, 
Maltriose, 
Maltose 

Glucose and 
Glucose 

Digestion of Proteins 

Protein digestion begins in the stomach as no digestive enzyme for protein is present in saliva. 

Protein, a long polypeptide chain is hydrolysed into short polypeptide chain, peptones and 

proteoses by pepsin secreted by the Chief or Peptic cells in the stomach. Most protein 

digestion occurs in the duodenum and jejunum. The pancreatic juice enzymes trypsin, 

chymotrypsin and carboxypeptidase cleave peptide bonds in the interior of the 

polypeptide. Trypsin and Chymotrypsin hydrolyzes peptones and proteoses (short 

polypeptide chains) into any of dipeptide, tripeptide and aminopeptide. Carboxypeptidase on 

the other hand is capable of splitting amino acids out of peptones and proteoses but only in 

small amount The dipeptides, tripeptides and aminopeptides are digested by dipeptidases, 

tripeptidases and aminopeptidase respectively into amino acids. Dipeptidases, tripeptidases 

and aminopeptidase are digestive enzymes for protein present in intestinal juice (Succus 

Entericus) secreted by enterocytes of brush border and microvilli 
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Table 2: Digestion of Proteins 

Area Juice  Enzyme  Substrate  End product 

Stomach Gastric Juice Pepsin Protein  Peptone and 
Proteoses 

Small Intestine Pancreatic 
Juice 

Trypsin Peptone and 
Proteoses 

Dipeptides 
Tripeptides 
Polypeptides 

Chymotrypsin 

Carboxypeptidase Peptone and 
Proteoses 
Dipeptides 
Tripeptides 
Polypeptides 

Amino acids 

Succus 
Entericus 

Dipeptidase Dipeptide Amino acids 

Tripeptidase Tripeptide Amino acids 

Aminopolypeptidase Polypeptide Amino acids 

 

Digestion of Lipids 

The salivary glands and stomach produce lipases (lingual lipase and gastric lipase 

respectively), however, very little lipid digestion occurs until the lipid globules in chyme arrive 

in the duodenum. The reason for this is that for proper digestion of lipids to occurs, it first has 

to be emulsified by bile salts. The arrival of lipids (primarily triglyceride, or fat) in the duodenum 

serves as a stimulus for the secretion of bile. In a process called emulsification, bile salt 

micelles are secreted into the duodenum and act as detergents to break up the fat droplets 

into tiny emulsification droplets of triglycerides.  

N/B: Emulsification is not chemical digestion of fats as the bonds joining glycerol and fatty 

acids are not hydrolysed by this process rather it present a greater surface area than the 

unemulsified fat droplets that originally entered the duodenum and allows the lipid molecules 

to be digested by water soluble digestive enzymes. 

Fat digestion occurs at the surface of the droplets through the enzymatic action of pancreatic 

lipase (the most important enzyme for the digestion of fats). Through hydrolysis, lipase 

removes two of the three fatty acids from each triglyceride molecule and thus liberates free 

fatty acids and monoglycerides. Other lipolytic enzymes of pancreatic juice are cholesterol 

esterase, phospholipase A2, and colipase. Phospholipase A likewise digests phospholipids 

into fatty acids and lysophospholipid, cholesterol esterase digests cholesterol esters into fatty 
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acids and cholesterol. In the intestinal juice (Succuss Entericus), intestinal lipase (or enteric 

lipase) digests triglycerides into three fatty acids and monoglycerides.  

The free fatty acids, monoglycerides, cholesterol and phospholipids derived from the digested 

lipids are more polar than the undigested lipids. They quickly enter the micelles of bile salts. 

The mixed micelles then move to the brush border of the intestinal epithelium where 

absorption occurs. 

Table 3: Digestion of Lipids 

Area Juice  Enzyme  Substrate  End product 

Mouth Saliva Lingual Lipase Triglyceride Fatty Acids and 
Monoglycerides 

Small Intestine Pancreatic 
Juice 

Pancreatic 
Lipase 

Triglyceride Fatty Acids and 
Monoglycerides 

Phospholpiase 
A2 

Phospholipid  Fatty Acids and 
Lysophospholipid 

Cholesterol 
esterase 

Cholesterol 
ester 

Fatty acid and 
Cholesterol 

colipase Facilitates 
action of 
pancreatic 
lipase 

 

Succus 
Entericus 

Enteric Lipase Triglyceride Fatty Acids and 
Monoglycerides 
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ABSORPTION 

The total quantity of fluid that must be absorbed each day by the gastrointestinal tract is equal 

to the ingested fluid (about 1.5 liters) plus that secreted in the various gastrointestinal 

secretions (about 7 liters). This comes to a total of 8 to 9 liters. All but about 1.5 liters of this 

is absorbed in the small intestine, leaving only 1.5 liters to pass through the ileocecal valve 

into the colon each day. 

The stomach is a poor absorptive area of the gastrointestinal tract because it lacks the typical 

villus type of absorptive membrane, and also because the junctions between the epithelial 

cells are tight junctions. Only a few highly lipid-soluble substances, such as alcohol and some 

drugs like aspirin, can be absorbed in small quantities.  

The mucosa of the small intestine contains numerous folds, these folds are called the Folds 

of Kerckring or Valvulae conniventes, and they increase the surface area of the absorptive 

mucosa about threefold. Also located on the epithelial surface of the small intestine all the 

way down to the ileocecal valve are millions of small villi. These villi project about 1 millimeter 

from the surface of the mucosa, on the surfaces of the valvulae conniventes. The presence 

of villi on the mucosal surface enhances the total absorptive area another 10-fold. Villi are 

lined by columnar cells, which are called enterocytes. Each enterocyte is characterized by a 

brush border, gives rise to hair-like projections called microvilli, 1 micrometer in length and 

0.1 micrometer. These microvilli increases the surface area exposed to the intestinal materials 

at least another 20-fold. The distribution of villi shows that it is very dense in the duodenum 

and jejunum but sparsely scattered in the ileum and absent in the Large Intestine.  

Within each villus, there is a central channel called lacteal, which opens into lymphatic 

vessels. It contains blood vessels that surround the central lacteal, the artery that supplies 

epithelia cells of villi and vein that drain blood containing absorbed monosaccharides and 

amino acids. 

Absorption of Carbohydrates 

Almost all absorbed carbohydrates in the food are in the form of monosaccharides, and the 

most abundant of the monosaccharides is glucose. Glucose accounts for  more than 80 per 

cent of carbohydrate monomers absorbed. The remaining 20 per cent of absorbed 

monosaccharides are composed almost entirely of galactose and fructose, the galactose 

derived from milk and the fructose from sugar cane and fruits. 
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Glucose Absorption  

Glucose is transported by a sodium co-transport (symport) mechanism i.e. absence of sodium 

transport through the intestinal membrane will lead to no absorption of glucose. Cotransporter 

(symport or Antiport) are usually a secondary active transport mechanism. In the case of 

glucose absorption, transport of Sodium through basolateral membrane into blood circulation 

via the Sodium-Potassium ion ATPase pump serves as the primary active transport. This 

primary active transport causes a decrease in the concentration of Sodium in the cytoplasm 

of the epithelia cell thereby inducing a secondary active transport whereby sodium binds to a 

cotransporter. The cotransporter transports Sodium and Glucose into the cytoplasm of the 

cell. In summary, low concentration of sodium inside the cell literally “drags” sodium to the 

interior of the cell and along with it the glucose at the same time 

Once inside the epithelial cell, glucose leaves the epithelial cells by facilitative diffusion and 

enters the interstitial fluid, from which it diffuses into nearby blood capillaries within the 

intestinal villi.  

Galactose and Fructose Absorption.  

Galactose is transported by almost exactly the same mechanism as glucose. Conversely, 

fructose transport does not occur by the sodium co-transport mechanism. Instead, fructose is 

transported by facilitated diffusion all the way through the intestinal epithelium but not coupled 

with sodium transport. Much of the fructose, on entering the cell, becomes converted to 

glucose, and finally transported in the form of glucose the rest of the way into the blood.  

Absorption of Proteins 

Proteins can be absorbed through the luminal (apical) membrane of the intestine in three 

forms, as dipeptides, tripeptides, and a few free amino acids. The mechanism of transport for 

these proteins is similar to that of glucose as discussed above. The dipeptides, tripeptides 

and amino acids bind to a co-transporter along with sodium ion, before they are transported 

into the cytoplasm of epithelia cells. Like glucose, amino acids are transported to blood 

circulation via facilitated diffusion. 

N/B: After absorption, the dipeptides and tripeptides are converted to amino acids by 

dipeptidase and tripeptidase present in the cytoplasm of the epithelia cells.  
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Absorption of Fats 

Digested products of fats such as the monoglycerides and free fatty acids are carried to the 

surfaces of the microvilli of the intestinal cell brush border by the micelles. Here, both the 

monoglycerides and fatty acids readily diffuse immediately out of the micelles and into the 

interior of the epithelial cells, which is possible because they are lipid soluble and also soluble 

in the epithelial cell membrane. This leaves the bile micelles still in the chyme, where they 

function again and again to help absorb still more monoglycerides and fatty acids. 

After entering the epithelial cell, the fatty acids and monoglycerides are taken up by the cell’s 

smooth endoplasmic reticulum; here, they are mainly used to form new triglycerides (a 

process called re-esterification). Triglycerides, phospholipids, and cholesterol are then 

combined with protein inside the epithelial cells to form small particles called chylomicrons. 

These tiny lipid and protein combinations are secreted into the central lacteals (lymphatic 

capillaries) of the intestinal villi. The chylomicrons from central lacteals flow upward through 

the thoracic lymph duct and empty into the circulating blood 

Absorption in the Large Intestine. 

Due to the scanty nature or absence of villi in the large intestine, absorption of nutrients do 

not occur here, rather water and certain electrolytes are absorbed instead. Most of the 

absorption in the large intestine occurs in the proximal one half of the colon (ascending and 

transverse colon), whereas the distal colon functions principally for the storage of feces until 

defecation occurs.  
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