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Structure of the Gastrointestinal Wall
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Structure of the Gastrointestinal Wall

Convoluted surface increases 
surface area for absorption 

Gap Junctions

Secrete acid, enzymes, water, 
ions and mucus

Blood vessels, nerve fibers 
and lymphatic ducts pass 
through

Contraction of 
these muscles 
produce the forces 
for moving and 
mixing the 
gastrointestinal 
contents

Contraction leads 
to narrowing of 
lumen

Contraction leads 
to shortening of 
lumen

Structure of the Gastrointestinal Wall

nutrients

Most of fat absorbed 
in the small intestine 
enters the lacteal

Increase surface area

� 17 billion cells 
replaced each day
� Entire epithelium of 
small intestine 
replaced every 5 days
� Because of rapid cell 
turnover intestinal tract 
susceptible to damage 
by agents (radiation 
and anti-cancer) that 
inhibit cell division

� Small intestine also 
contain Peyer’s patches and 
immune cells that secrete 
inflammatory mediators (e.g. 
cytokines) which alter 
motility.

� These mediators may play 
a role in causing 
inflammation in certain 
autoimmune disorders such 
as Crohn’s disease and 
colitis.
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The four processes carried out by the GI tract:  di gestion, secretion,
absorption, and motility.

Processes of the Gastrointestinal tract

The enteric nervous system coordinates digestion, s ecretion, and motility to optimize nutrient 
absorption. Its activity is modified by information  from the CNS and from local chemical and 
mechanical sensors.

Digestive products (fatty acids, amino acids etc)

Osmolarity (i.e. salt concentration)

Distention of gastrointestinal wall

myenteric plexus

submucosal plexus

� Stimulation at one point in the 
plexus can lead to impulses that 
are conducted up and down the 
gastrointestinal tract.

� For example, stimuli in the upper 
part of the small intestine may 
affect smooth muscle and gland 
activity in the stomach and lower 
part of the intestines.

� Neurotransmitters released form 
the plexus include acetylcholine, 
noradrenalin, nitric oxide, several 
neuropeptides and ATP  

� Stimulus
� Response
� Mechanism
� Impact on other structures

Neural control of gastrointestinal processes
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Hormonal control of gastrointestinal processes

� Hormones that control gastrointestinal 
processes are secreted mainly by endocrine 
cells located throughout the epithelium of the 
stomach and small intestine. 

� Chyme in the intestine will stimulate the 
surface of the cells exposed to the lumen. 
Hormones released from the opposite side of 
the cell enter the blood stream. 

� There are many hormones that may contribute 
to the control of gastrointestinal processes we 
will only consider 4 – secretin, cholecystokinin, 
gastrin and glucose dependent insulintropic
peptide (GIP).  

� Major concepts to be considered: 
� each hormone participates in a feedback 
control system that regulates some aspect of 
the luminal environment. 
� each hormone affects more than one type of 
target cell (e.g. CCK).
� effector cells have multiple receptors so that 
the impact of a variety of hormones can inteact
to influence an effector cell (e.g. CCK and 
secretin). Consequently, small changes in 
plasma concentration of a given hormone can 
have an enormous impact on the actions of 
other hormones.  

Mouth, Pharynx and Esophagus – Salivary Secretions
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Mouth, Pharynx and Esophagus – Chewing and Cephalic Phase

Mouth, Pharynx and Esophagus – Swallowing
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Mouth, Pharynx and Esophagus – Swallowing

Mouth, Pharynx and Esophagus – Swallowing
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Mouth, Pharynx and Esophagus – Swallowing

� Tongue pushes food bolus to back of pharynx.
� Pressure receptors in the pharynx are activated
� Afferent input from receptors activate neurons in the medulla 
� Efferent input to upper airway muscles, smooth muscle in the 
esophagus and respiratory muscles leads to swallowing

Mouth, Pharynx and Esophagus – Swallowing

� Ingested material moves into pharynx and soft palate elevates
� Food is prevented from entering nasal cavity

� Respiration is inhibited
� Larynx is pulled upward and forward by muscles attached 
to the hyoid bone, stretching the opening of the esophagus.
� Glottis is closed (area around and between vocal cords)
� Epiglottis tilts backward and covers the glottis
� Food is prevented from entering trachea

� Food enters esophagus
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Neural Control of Swallowing

Nervous control of the pharyngeal stage of deglutit ion (complex reflex) - Tonsilar pillars send a tactile 
stimulus via the trigeminal and glossopharyngeal nerves to the medulla oblongata (to the reticular substance of 
the medulla and lower pons which is the deglutition center). Signals are sent back to the organs involved in 
swallowing via the 5th, 9th, 10th and 12th cranial nerves. Note that the swallowing center inhibits the medullary 
respiratory center during swallowing and you can swallow during any portion of the respiratory cycle.

Neural Control of Swallowing
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Mouth, Pharynx and Esophagus – Peristalsis

Relaxation of upper esophageal sphincter

Food descends in esophagus

Upper sphincter closes and breathing resumes

Food in esophagus moves toward stomach via peristalsis

Lower esophageal sphincter remains open and relaxed 
throughout swallowing which allows food to enter stomach

Once food enters stomach the lower 
esophageal sphincter closes

� Primary Peristalsis – progressive powerful 
waves of muscle contractions that extends 
from the pharyngeal to esophageal muscles 
compressing the lumen and moving food 
toward stomach.  The origin of the neural input 
is from the swallowing center and involves the 
activation of both skeletal muscle that 
surrounds the upper ¼ of the esophagus and 
smooth muscle that surrounds the lower 
portion of the esophagus.  One peristaltic wave 
lasts approximately 9 s.

� Secondary Peristalsis – if the primary 
peristaltic wave does not successfully move 
food into the stomach, the food remaining in 
the esophagus will cause distention leading to 
activation of afferents that feedback to the 
vagal center in the medulla which 
subsequently sends afferent impulses to 
smooth muscle surrounding the esophagus 
leading to a secondary peristaltic wave. 

� Myenteric Plexus of the esophagus is 
capable of inducing peristaltic waves if the 
vagal reflex is compromised in any fashion.

Definition of Peristalsis
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Gastroesophageal reflux

� Lower portion of the esophagus lies below 
diaphragm and is subjected to the same 
abdominal pressures as the stomach

� Because both structures are exposed to the 
same pressures (induced by contraction of 
abdominal muscles in response to breathing or 
voluntary activities) a pressure gradient is not 
formed and consequently food is not forced back 
into the esophagus.

� During pregnancy fetal development often 
causes increases in abdominal pressures and 
pushes the terminal portion of the esophagus 
through the diaphragm and into the thoracic 
cavity. 

� During last half of pregnancy the increased 
abdominal pressure tends to force gastric 
contents into the esophagus.  The hydrochloric 
acid irritates the lining of the esophageal wall 
producing pain known as heartburn. 

Gastroesophageal reflux

� Some individuals have a less efficient 
sphincter leading to repeated episodes of 
reflux that could lead to ulceration, 
scarring, perforation of the lower 
esophagus

� The increased level of hydrochloric acid 
can irritate the larynx in the absence of 
other gastro esophageal symptoms which 
has lead to asthmatic symptoms in some 
individuals.

� Heartburn can also develop after a 
large meal in which the increased 
pressure in the stomach forces some of 
its contents into the esophagus

� Even when swallowing is not occurring 
the lower sphincter will relax and small 
amounts of acid will escape into the 
esophagus.  Normally, this escape will 
trigger the releases of salvia to neutralize 
the acid and a secondary peristaltic wave 
to remove the contents from the 
esophagus.  
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Specialized cells in the stomach synthesize and sec rete mucous fluid, enzyme 
precursors, hydrochloric acid, and hormones.

Stomach – Gastric Phase

Stomach – Control of Acid Secretion

Increasing protein content of a meal increases 
acid secretion for 2 reasons:

� Increased concentration of peptides due to 
ingestion of protein leads to an increase in 
acid secretion.
� Before ingestion of food acid concentration 
in the stomach is high because there is little 
buffer.  However, once protein enters the 
stomach H+ binds to the protein decreasing 
the acid concentration.  Decreasing the acid 
concentration is a trigger for the release of 
more acid.
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� Chief cells synthesize and secrete the protease 
precursor known as pepsinogen.

� Parietal cells synthesize and secrete the 
hydrochloric acid responsible for the acidic pH in 
the gastric lumen.

� In addition to the parietal and chief cells, 
enterochromaffin-like cells release histamine and 
cells that release somatostatin are also found 
throughout the tubular glands.

� Pepsinogen is released in its inactive form and 
in this form along with other proteolytic enzymes 
are referred to as zymogens.  Zymogens are 
unable to act upon the cell that produces them 
ensuring the prevention of cell damage.

� Pepsin is active only in the presence of low pH 
and is inactivated once it enters the small intestine 
because bicarbonate is secreted to neutralize the 
acid.

� Those factors responsible for stimulating and 
inhibiting acid secretion have a similar impact on 
pepsinogen secretion. 

Stomach – Secretion of Acid and Enzymes

Stomach – Control of Acid Secretion

� Histamine is important in 
stimulating acid secretion 
because it potentiates the 
response to gastrin and ACh.  
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Stomach – Secretion of Acid
The hydrogen ion concentration in parietal cell secretions 
is roughly 3 million fold higher than in blood, and chloride 
is secreted against both a concentration and electric 
gradient. The ability of the partietal cell to secrete acid is 
dependent on active transport. The key player in acid 
secretion is a H+/K+ ATPase or "proton pump" located in 
the cannalicular membrane. The current model for 
explaining acid secretion is as follows: 

� Hydrogen ions are generated within the parietal cell 
from dissociation of water. The hydroxyl ions formed in 
this process are neutralized by hydrogen ions formed from 
the dissociation of carbonic acid which ultimately leads to 
the formation of another molecule of water. 

� The dissociation of carbonic acid also leads to the 
formation of bicarbonate ions. The bicarbonate that is 
formed is transported out of the basolateral membrane in 
exchange for chloride. The outflow of bicarbonate into 
blood results in a slight elevation of blood pH known as 
the "alkaline tide". This process serves to maintain 
intracellular pH in the parietal cell. 

� Chloride and potassium ions are transported into the 
stomach lumen by conductance channels, and such is 
necessary for secretion of acid. 

� Hydrogen ion is pumped out of the cell, into the lumen, 
in exchange for potassium through the action of the proton 
pump; potassium is thus effectively recycled. 

� Accumulation of osmotically-active hydrogen ion in the 
cannaliculus generates an osmotic gradient across the 
membrane that results in outward diffusion of water - the 
resulting gastric juice is 155 mM HCl and 15 mM KCl with 
a small amount of NaCl. 

Ulcers

Normally the release of acid does not cause erosion of the 
stomach lining because:

� The surface mucosa releases alkaline mucus which 
neutralizes hydrogen ions.
� The tight junctions between the epithelial cells lining the 
stomach restrict the diffusion of hydrogen ions into the 
underlying tissue.
� Damaged epithelial cells are replaced every few days by new 
cells.

� However, in some individuals these mechanisms are 
inadequate and erosion of the gastric surface might develop.

� Damage to blood vessels underlying the ulcer may cause 
bleeding into the gastrointestinal lumen and at times the ulcer 
may penetrate the wall of the stomach leading to leakage of 
contents into the abdominal cavity.  

� Although acid leads to the development of an ulcer there are 
a variety of factors that make individuals susceptible to ulcers
including genetic, drugs, alcohol, bile salts in addition to 
successive secretion of acid. The primary factor however 
appears to be the presence of a bacterium Helicobacter pylori.

� Treatment of an ulcer is via antibiotics and also the inhibition
of acid secretion.  Two types of drugs can inhibit acid secretion
� Histamine receptor antagonists
� Na+/K+ ATPase antagonists
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Waves of smooth muscle contraction mix and propel the ingested 
contents of the gastric lumen, but only a small amount of the material 
enters the small intestine (duodenum) as a result of each wave cycle.

Stomach – Gastric Motility

Wave of contraction is 
small and does not 
cause significant 
mixing.

As wave approaches 
the larger muscle mass 
of the antrum a more 
powerful contraction is 
produced leading to 
mixing of stomach 
contents and closing of 
the pyloric sphincter 

Only a small amount 
of chyme enters the 
small intestine as a 
consequence of the 
closure of the pyloric 
sphincter

Rhythmic waves of smooth muscle contraction in 
the gut are the result of waves of action potentials 
moving along via gap junctions.

Stomach – Gastric Motility

� The peristalic waves in the stomach are 
generated by basic intrinsic electrical rhythms 
that originate from pacemaker cells in the 
longitudinal smooth muscle layer of the 
stomach.

� In the absence of neural or hormonal input 
these depolarizations are often too small to 
cause significant contractions.

� However, neural and hormonal inputs to 
the antral smooth muscle are capable of 
altering the strength of the muscle contraction.

� The initiation or inhibition of these 
contractions, which leads to alterations in 
gastric motility are controlled by those factors 
that regulate acid secretion. 
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Small Intestine – Control of gastric emptying

Delivery of acid and nutrients 
into the small  intestine initiates 
signaling that slows gastric 
motility and secretion which 
allows adequate time for 
digestion and absorption in the 
duodenum.

Pain and emotion 
can alter motility

� A patient with stomach cancer must eat a small number of meals. A large meal in the 
absence of controlled emptying from the stomach would rapidly enter the small intestine and 
produce a hypertonic solution.  This would cause water to flow into the intestine from the blood.  
This would decrease circulatory volume and lead to complications.  In addition the flow of water 
would lead to a significant increase in intestinal volume that would trigger vomiting. 

Small Intestine – Control of gastric acid secretion
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Small Intestine – Pancreas - Secretion of Enzymes

This image shows the several pathways that are involved in the pancreatic secretion of CCK. First, meal nutrients such as fatty acids, 
amino acids and peptides delivered from the duodenum stimulate the release of CCK from the CCK-containing I cell to the area 
around the basolateral surface of the I cell. The CCK released can activate vagal afferent neurons that carry the signal to the dorsal 
vagal complex where the sensory information is integrated and vagal efferents are activated. Vagal efferents synapse with neurons in 
the pancreatic ganglia. In turn, via the neurotransmitters, acetylcholine (Ach), gastrin releasing peptide (GRP; also known as 
bombesin) and vasoactive intestinal polypeptide (VIP), effector neurons in the pancreatic ganglia activate secretion by pancreatic 
parenchymal cells. In addition to activating the neural pathway, CCK released by the I cell enters the general circulation and may act 
as a hormone on the pancreatic acinar cells to cause secretion. Since CCK receptors have not been demonstrated on human acinar
cells, the importance of direct hormonal stimulation is questionable.

Small Intestine – Pancreas – CCK - Secretion of Enzyme s
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Small Intestine – Pancreas - Secretion of Enzymes

The exocrine cells in the pancreas play a central role in the production of digestive enzymes

Secretion of bicarbonate is analogous to secretion of HCl
except direction of ion movements are reversed

Proteolytic zymogen

Non-Proteolytic enzymes

Non-Proteolytic enzymes

Small Intestine – Pancreas - Secretion of Enzymes

Were digestive enzymes synthesized in their active form, they would digest the very cells that make 
them. Hence, inactive precursors (e.g., trypsinogen) become activated (trypsin).
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This image demonstrates that enterokinase at the duodenal 
brush border activates trypsin. Trypsin, in turn, activates the other 
proenzymes (also called zymogens) secreted by the pancreas.

Small Intestine – Pancreas - Secretion of Enzymes

This image shows the stimulants for release of CCK from I cells and secretin release from S cells. 
Of note, the I cells and S cells “taste” the specific stimulants in the lumen of the gut to activate 
release of the hormones. The released CCK can mediate pancreatic secretion by either activating 
vagal sensory afferents that results in stimulation of pancreatic acinar cell secretion though a 
vago-vagal reflex involving the CNS or through the circulation (i.e. hormonal action). Secretin also 
acts through neural (not shown) and hormonal pathways on the pancreas stimulating secretion 
from both ductal cells and acinar cells.

Small Intestine – Pancreas – Secretion of Enzymes
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Small Intestine – Pancreas Secretion

Secretin’s receptors are found in the pancreas, 
which responds with additional bicarbonate 
delivery: gastric motility and secretion are 
inhibited.

Cholecystokinin’s receptors are located:
• in the pancreas, which responds with additional enzyme delivery
• in the gallbladder, which contracts to deliver more bile
• in the sphincter of Oddi, which relaxes to facilitate delivery of the 
enzymes and bile salts 

Small Intestine – Pancreas Secretion
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Small Intestine – Bicarbonate Secretion – Liver Funct ion

Small Intestine – Bicarbonate Secretion – Liver Funct ion
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Small Intestine – Bicarbonate Secretion – Liver Funct ion

Small Intestine – Liver Function - Anatomy
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Small Intestine – Liver Function

� Enterohepatic circulation of bile 
salts.  Bile salts are secreted into 
bile (green) and enter the 
duodenum through the common 
bile duct.  Bile salts are 
reabsorbed from the intestinal 
lumen into hepatic portal blood. 
The liver reclaims bile salts from 
hepatic portal blood. 

Sodium coupled transporter

Bile contains six major ingredients:

� Bile salts 
� (synthesized in liver)
� help solubilize fat in small intestine 
� secreted by hepatocytes
� controlled by concentration of bile salts in the blood; the greater the plasma 
concentration of bile salts, the greater their secretion into the bile canaliculi.
� Absorption of bile salts from the intestine during the digestion of a meal leads to their 
increased plasma concentration and thus to an increased rate of bile salt secretion by 
the liver.

� Lecithin 
� (a phospholipid synthesized in liver)
� help solubilize fat in small intestine
� secreted by hepatocytes

� Bicarbonate ions
� neutralize acid in the duodenum
� secreted by epithelial cells lining bile duct
� secretion stimulated by secretin in response to presence of acid in duodenum (see 
pancreas)

� Trace metals

Small Intestine – Liver Function
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Small Intestine – Liver Function

� Cholesterol:

� Secreted by hepatocytes.
� In addition to synthesizing bile salts from cholesterol, the liver secretes cholesterol 
extracted from the blood into the bile.
� Bile secretion, followed by excretion of cholesterol in the feces, is one of the mechanisms 
for maintaining cholesterol homeostasis in the blood and is also the process by which some 
cholesterol lowering medications work.
� Dietary fiber also sequesters bile and thereby lowers plasma cholesterol.  Cholesterol is 
insoluble in water, and its solubility in bile is achieved by its incorporation into micelles.

� Bile Pigments:

� secreted by hepatocytes
� extracted from the blood and excreted via the bile
� Formed from the heme portion of hemoglobin when old or damaged erythrocytes are 
digested in the spleen and the liver.
� Predominant bile pigment is bilirubin, which is extracted from the blood by liver cells and 
actively secreted into the bile.
� Bilirubin is yellow and contributes to the color of bile.  During the passage through the 
intestine some bile pigment is absorbed into the blood and eventually excreted in the urine 
giving urine its yellow color.

Small Intestine – Liver Function – Sphincter of Oddi
� Surrounding the common bile duct at the 
point where it enters the duodenum is a ring of 
smooth muscle known as the sphincter of 
Oddi.

� When the sphincter is closed, the dilute bile 
secreted by the liver is shunted into the 
gallbladder where the organic components of 
bile become concentrated as NaCl and water 
are absorbed into the blood.

� Shortly after a fatty meal, the sphincter of 
Oddi relaxes and the gallbladder contracts, 
discharging concentrated bile into the 
duodenum.

� The signal for these actions is the intestinal 
hormone chole (bile) cysto (bladder) – kinin (to 
move)
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Small Intestine – Secretions
� 1500 ml of fluid secreted by wall of 
small intestine from the blood into the 
lumen.

� In part water movement into the 
lumen occurs when chyme enters the 
small intestine from the stomach and is 
hypertonic because of a high 
concentration of solutes 

� Intestinal epithelium at base of the villi
secretes a number of mineral ions 
including sodium, chloride, bicarbonate 
and potassium into the lumen and water 
follows via osmosis.

� These secretions along with mucus 
lubricate the intestinal epithelium and 
help protect the cells from damage due 
to digestive enzymes.

� Chloride is the primary ion 
determining the magnitude of fluid 
secretion.

The epithelial cells contain a ion channel known as 
- cyclic AMP-dependent chloride channel known 
also as the cystic fibrosis transmembrane
conductance regulator or CFTR. Mutations in the 
gene for this ion channel result in the disease cystic 
fibrosis. This channel is responsible for secretion of 
water by the following steps:

� Chloride ions enter the epithelial cell by 
cotransport with sodium and potassium; sodium is 
pumped back out via sodium pumps, and 
potassium is exported via a number of channels. 

� Activation of adenylyl cyclase by a number of so-
called secretagogues leads to generation of cyclic 
AMP. 

� Elevated intracellular concentrations of cAMP in 
epithelial cells activate the CFTR, resulting in 
secretion of chloride ions into the lumen. 

� Accumulation of negatively-charged chloride 
anions in the crypt creates an electric potential that 
attracts sodium, pulling it into the lumen, apparently 
across tight junctions - the net result is secretion of 
NaCl. 

Small Intestine – Secretions
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� Secretion of NaCl into the crypt creates an 
osmotic gradient across the tight junction 
and water is drawn into the lumen.

� Abnormal activation of the cAMP-
dependent chloride channel (CFTR) in crypt 
cells has resulted in the deaths of millions 
upon millions of people. 

� Several types of bacteria produce toxins 
that strongly, often permanently, activate the 
adenylate cyclase in crypt enterocytes. 

� This leads to elevated levels of cAMP, 
causing the chloride channels to essentially 
become stuck in the "open" position". 

� The result is massive secretion of water 
that is manifest as severe diarrhea. 

� Cholera toxin, produced by cholera 
bacteria, is the best known example of this 
phenomenon, but several other bacteria 
produce toxins that act similarly. 

Small Intestine – Secretions

Small Intestine – Absorption

� Virtually all nutrients from the diet are 
absorbed into blood across the mucosa of 
the small intestine. In addition, the intestine 
absorbs water and electrolytes, thus playing 
a critical role in maintenance of body water 
and acid-base balance. 

� It's probably fair to say that the single most 
important process that takes place in the 
small gut to make such absorption possible 
is establishment of an electrochemical 
gradient of sodium across the epithelial cell 
boundary of the lumen.

� To remain viable, all cells are required to 
maintain a low intracellular concentration of 
sodium. In polarized epithelial cells like 
enterocytes, low intracellular sodium is 
maintained by a large number of Na+/K+

ATPases - so-called sodium pumps -
embedded in the basolateral membrane. 
These pumps export 3 sodium ions from the 
cell in exchange for 2 potassium ions, thus 
establishing a gradient of both charge and 
sodium concentration across the basolateral
membrane.
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� In rats, as a model of all mammals, there are about 
150,000 sodium pumps per small intestinal enterocyte
which collectively allow each cell to transport about 4.5 
billion sodium ions out of each cell per minute. Pretty 
impressive! 

� This flow and accumulation of sodium is ultimately 
responsible for absorption of water, amino acids and 
carbohydrates. 

� Aside from the electrochemical gradient of sodium 
just discussed, several other concepts are required to 
understand absorption in the small intestine. Also, 
dietary sources of protein, carbohydrate and fat must 
all undergo the final stages of chemical digestion just 
prior to absorption of, for example, amino acids, 
glucose and fatty acids. 

� At this point, its easiest to talk separately about 
absorption of each of the major food groups, 
recognizing that all of these processes take place 
simultaneously. 

� Water and electrolytes 
� Carbohydrates, after digestion to monosaccharides
� Proteins, after digestion to small peptides and amino 
acids 
� Neutral fat, after digestion to monoglyceride and free 
fatty acids 

Small Intestine – Absorption

Digestion and Absorption - Carbohydrates

� Average intake of carbohydrate is 250 to 
300 g/day which is approximately half the 
daily intake of calories.

� Diet consists primarily of poly and 
disaccharides only a small amount of 
monosaccharides are found in the diet.

� Cellulose and other complex 
polysaccharides found in vegetable matter 
(i.e. fiber) cannot be broken down by 
enzymes in the small intestine and pass on 
to the large intestine, where they are partially 
metabolized by bacteria.   

� Most ingested carbohydrates are digested 
and absorbed within the first 20 percent of 
the small intestine.

milk sugar table sugar
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Digestion and Absorption - Proteins

� Normal daily requirement of protein to supply essential amino acids or the nitrogen contained 
in amino acids that are converted to urea is 40 to 50 g of protein. 
� A large amount of protein is secreted in the gastrointestinal tract in the form of enzymes or 
mucus or enters via the disintegration of epithelial cells. 
� Regardless of source most of the protein in the lumen is broken down into amino acids and 
absorbed primarily in the upper portion of the small intestines.

Active 
transport

Facilitated 
transport

Digestion and Absorption - Fats

� Average daily in take of fat is 70 to 100 g 
which is approximately one third of the 
caloric intake

� Fats digested in food are insoluble in 
water.  However pancreatic lipases which are 
the enzymes primarily responsible for 
breaking down fat are soluble in water, thus 
they can only breakdown fat at the surface of 
the lipid droplet.

� If most of the ingested fat remained in large 
lipid droplets the rate of digestion would be 
extremely slow.

� However the rate of digestion is increased 
because the large lipid droplets are divided 
into much smaller droplets (i.e. process of 
emulsification) which are about 1 mm in 
diameter and increase accessibility to lipase 
action.

� Emulsification requires:
� Mechanical disruption of large fat droplets 
into smaller fat droplets (peristalsis and 
segmentation).
� An emulsifying agent which prevents the 
smaller droplets from reaggregating (bile 
salts and phospholipids secreted in the bile).
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Digestion and Absorption - Fats

� Phospholipids consist of two nonpolar fatty acid 
chains attached to glycerol and a charged phosphate 
group located on the glycerol’s third carbon.

� Bile salts are similarly designed.

� The non-polar surface of the bile salts and 
phospholipids interact with the non-polar sides of the 
fat droplet leaving the polar sides exposed to the 
water surface where they repel other droplets and 
prevent reaggregation.

� Coating on the lipid droplets impairs accessibility of 
the water soluble lipase to attack the fat droplet.

� To resolve this problem the pancreas secretes an 
enzyme colipase which lodges onto the lipid droplet 
and binds the lipase enzyme.

Digestion and Absorption - Fats

� Although emulsification speeds up digestion it would still be slow 
if it were not for a second action of bile salts which is the formation 
of micelles.

� Micelles increase absorption because a small amount of fatty 
acids and monoglycerides are soluble and are free to diffuse 
across the lipid portion of the plasma membrane of the epithelial 
cells.

� Micelles are in equilibrium with the small concentration of fat 
digested products thatare soluble. Thus, when some these 
products enter the cell the micelle will breakdown to release lipids 
that will be free to diffuse into the cell. 

� Note that once the fatty acids and monoglycerides enter the cell 
they are reformed into triglycerides in the smooth endoplasmic 
reticulum.  This resynthesis ensures that a concentration gradient 
for monoglycerides and smooth muscle exist between the outside 
and inside of the cell. 

� Small fat droplets (i.e. chylomicrons) that are transported by 
vesicles and released on the other side of the epithelial cells enter 
lacteals (i.e. lymphatic capillaries) because they cannot enter the 
blood capillaries because of a basement membrane that provides 
a barrier to diffusion.  The lacteals do not have this basement 
membrane but rather large splits between cells that allow the 
microns to pass.

� The lymph eventually empties into systemic veins via the 
thoracic duct.
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Digestion and Absorption - Vitamins

� Fat soluble vitamins – A,D, E and K follow the pathway for 
fat absorption.

� Thus, any interference with the secretion of bile or action of 
bile salts in the intestine decreases the absorption of the fat 
soluble vitamins (i.e. malabsorption).

� Malabsorption can lead to deficiency of fat-soluble vitamins.  
Nontropical sprue which is characterized by a loss of 
intestinal surface area due to sensitivity to gluten (i.e. wheat
protein) can lead to vitamin D malabsorption which leads to a 
decrease in calcium absorption in the intestinal tract.

� For the most part water soluble vitamins are absorbed by 
diffusion or mediated transport.  The exception to this rule is 
vitamin B12.

� Vitamin B12 is required for erthyrocyte formation and 
deficiencies will result in pernicious anemia. This form occurs 
when the stomach has been removed (to treat ulcers or 
cancer) or the parietal cells do not secrete intrinsic factor 
(autoimmune destruction of cells). Additionally, removal of the 
ileum may also lead to this form of anemia since B12 is 
absorbed at this level. 

� Injected B12 rather than oral ingestion is the best treatment 
for this condition.

Digestion and Absorption – Water and Minerals

� Water is the most abundant substance in chyme. Approximately 8000 ml is 
ingested each day with about 80 % absorbed in the small intestine.

� Epithelial membranes of small intestine are very permeable to water and net 
diffusion occurs whenever there is active absorption of solutes.

� Sodium ions account for most of the actively transported minerals because it is 
the most abundant solute in chyme.  Sodium absorption is primarily an active 
process via the Na+/K+ pump.

� Chloride and bicarbonate ions are absorbed along with sodium ions and form 
another large fraction of absorbed solute.

� Other minerals are present in smaller concentrations such as potassium, 
magnesium, calcium.

� Other trace elements such as iron, zinc and iodide are absorbed.
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Digestion and Absorption – Iron

� Iron absorption depends on the body’s iron content.

� When body stores of iron are ample it leads to an increase 
in ferritin synthesis, increased binding of iron in the intestinal 
epithelium and a reduction in the amount of iron released into 
the blood.

� When the level of iron is reduced it leads to a reduction in 
the amount of bound iron/ferritin and an increase in the 
amount of iron released into the blood.

� Iron typically will accumulate in tissue.  If a large ingestion 
of iron occurs it could lead to toxic effects such as skin 
pigmentation, diabetes, liver and heart failure. 

� This condition is known as hemochromatosis.

� Some individuals have a genetic defect which leads to 
hemochromatosis even when iron ingestion is normal.  
Frequent blood withdrawal keeps the condition under control 
because iron contained in red blood cells are removed.

� Absorption of iron is typical of other trace elements 
because cellular storage protein and plasma carrier proteins 
are involved and the control of absorption rather than urinary 
excretion is the primary mechanism for control of the body’s 
content of iron.

Small Intestine – Motility

� In contrast to peristaltic waves that sweep 
over the stomach, the most common 
motion in the small intestine during 
digestion of a meal is a stationary 
contraction and relaxation of intestinal 
segments with little apparent net movement 
toward large intestines. 

� Each contacting segment is only a few 
centimeters long and only lasts a few 
seconds.

� The chyme in the lumen of the 
contracting segment is forced both up and 
down the intestine. This rhythmical 
contraction and relaxation is known as 
segmentation.

� Segmentation produced continuous 
division and subdivision of intestinal 
contents, thoroughly mixing the chyme in 
the lumen and bringing it into contact with 
the intestinal wall. 
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Small Intestine – Motility

� Pacemaker cells located in the circular 
muscle layer of the small intestine initiate 
segmentation.

� In contrast to the pacemaker cells in the 
stomach the pacemaker cells rhythm 
varies along the length of the intestine. 
� Duodenum – 12 contractions/min
� Ileum – 9 contractions/min  

� Because of the variability in rhythm there 
is a slow migration of intestinal contents 
toward the large intestine because more 
chyme is forced downward then forward. 

� Intensity of the segmentation can be 
altered by hormones, enteric nervous 
system and autonomic nervous system 
(parasympathetic vs. sympathetic).

� Thus, cephalic state stimuli and 
emotional stimuli might impact on 
segmentation.

Small Intestine – Motility

� After most of the meal is absorbed segmentation ceases and is replaced by migrating 
myoelectric complex (MMC), a form of peristalsis.

� MMC begins in the lower stomach and spreads about 2 feet along the small intestine.

� The next MMC starts further down the small intestine.  Ultimately it takes approximately 2 
hours for this activity to reach the large intestine.

� The MMC moves any undigested material remaining in the small intestine into the large 
intestine and also prevents bacteria from remaining in the small intestine to grow and 
multiple.

� MMC ceases and is replaced by segmentation when a meal arrives in the stomach.

� MMC is initiated by a rise in the intestinal hormone motilin which is released by both the 
enteric and autonomic nervous system.  

� Contractile activity in the small intestines can be altered by reflexes initiated at different 
points along the gastrointestinal tract.  
� segmentation intensity in the ileum increases during the period of gastric emptying 
(gastroileal reflex).
� Large distention of the intestine, injury to the intestinal wall and various bacterial 
infections lead to complete cessation of motility (intestino-intestinal reflex)
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Large Intestine 

� Has a greater diameter than the small 
intestine, epithelial surface is smaller, length is 
half as long, its surface is not convoluted and 
its mucosa lacks villi.

� Chyme enters the large intestine through the 
ileocecal sphincter.  The sphincter is normally 
closed, but after a meal when the gastroileal
reflex increases ileal contractions, the 
sphincter relaxes allowing chyme to enter the 
large intestine. In contrast, distention of the 
large intestine cause the sphincter to close 
preventing chyme from moving back into the 
ileum.  

� 1500 ml of chyme enters the large intestine 
from the small intestine per day. The material 
is derived primarily from secretions of the 
lower small intestine.  

� Secretions in the large intestine are few and 
consist mostly of mucus, fluid containing 
bicarbonate and potassium ions.  The primary 
function of the large intestine are to store and 
concentrate fecal material before defecation.

Large Intestine – Secretion - Absorption 

� Primary absorptive process in the large 
intestine is the active transport of sodium 
from lumen to blood with accompanying 
osmotic absorption of water. 

� If fecal material remains in the large 
intestine for long periods of time almost all 
the water is absorbed leaving behind hard 
fecal pellets.

� There is also a net movement of 
potassium from the blood into the lumen 
likely due to an active transport mechanism 
stimulated by cAMP. Severe depletion of 
total body potassium may occur if large 
volumes of fluid are excreted in the in the 
feces.

� There is also movement of bicarbonate 
into the lumen coupled with chloride 
absorption from the lumen. Lose of base 
(associated with diarrhea) will cause the 
blood to become acidic.  
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Large Intestine – Secretion - Absorption 

� Large intestine also absorbs some of the products formed by bacteria.

� Undigested polysaccharides are metabolized to short-chain fatty acids by bacteria in the large 
intestine and absorbed by passive diffusion. The bicarbonate the large intestine secretes helps 
to neutralize the increased acidity associated with the formation of the fatty acids.  

� Bacteria also produce small amounts of vitamins, especially vitamin k for absorption into the 
blood.  This source only provides a small amount of the daily requirement.  However, it may be 
significant if the daily requirement of potassium is low.

� If dependent solely on vitamins formed by bacteria individuals may become deficient  if the 
treated with antibiotics that may inhibit various forms of bacteria. 

� Bacteria also produce gas (flatus), which is a mixture of nitrogen and carbon dioxide, with 
small amounts of inflammable gases (hydrogen, methane and hydrogen sulfide).

� Bacterial fermentation of undigested polysaccharides produces these gases in the colon at a 
rate of 400 to 700 ml/day.

� Certain foods conatin carbohydrates that are not readily digested by intestinal enzymes but 
can be metabolized by bacteria in the large intestine leading to large amounts of gas.

Large Intestine – Motility and Defecation 

� Segmentation 
� Originates from circular smooth muscle with a frequency of 1 every 30 minutes. 
Because of the slow propulsion of contents they may remain for up to 24 hours.

� Mass movement 
� Occurs 3-4 times per day, generally following a meal.  
� Characterized by a rapid wave of action potentials that spread over the 
transverse colon toward the rectum.
� Usually coincides with the gastroileal reflex.
� Parasympathetic input increases segmental contractions while sympathetic input 
will decrease contractions.

� Defecation reflex
� Induced by distention of the walls of the rectum produced by the mass 
movement of fecal material into the rectum.
� The anus, which is the exit from the rectum is normally closed by the internal 
anal sphincter which is comprised of smooth muscle and the external anal 
sphincter which is comprised of skeletal muscle. 
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Mechanoreceptors

Distention of the rectum

Contraction of the rectum

Relaxation of the internal anal sphincter

Contraction of the external anal sphincter (initially)

Increased peristaltic activity in the sigmoid colon

Pressure threshold achieved

Relaxation of the external anal sphincter

Feces expelled

� Deep breath - Closed glottis
� Contraction of abdominal and thoracic muscles
� Rise in intrathoracic pressure
� Rise in blood pressure
� Followed by fall in venous return

Higher motor centers

Large Intestine – Motility and Defecation 

Constipation and Diarrhea 
� Decreased motility of the large intestine is the primary factor causing 
constipation which may be due to age, stress or damage to the enteric nervous 
system.
� Headache, loss of appetite, nausea and abdominal distention are symptoms.  
� Distention of the large intestine promotes motility.  Thus, fiber that is not digested 
by enzymes in the small intestine and pass down to the large intestine promotes 
motility. Bran, fruits and vegetables mitigate constipation. 
� Laxative are often used to promote defecation.  This can include the use of 
magnesium and salts which are poorly absorbed and lead to water retention, 
castor oil which stimulates motility and inhibits ion transport leading to water 
absorption and mineral oil which makes defecation less painful.

� Diarrhea – characterized by large, frequent watery stools.
� caused by decreased fluid absorption and/or increased fluid secretion
� increased motility associated with diarrhea caused by increased luminal fluid.
� Many bacterial, protozoan and viral diseases of the intestinal tract cause 
diarrhea
� e.g.  Cholera releases a toxin that stimulates production of cyclic AMP in the 
secretory cells of the intestinal villi.  This leads to increased opening of chloride 
channels in the luminal membrane and increased secretion of chloride ions.  
Accompanying the increased secretion is osmotic flow of water into the intestinal 
lumen.  This ultimately leads to dehydration, decreased blood volume and 
circulatory shock.


