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Introduction  

-The GI system is the largest system in our body and is 

composed of many organs, starting from oral cavity ending with 

anus. 

We have 4 main physiological functions in GI tract: 

 

1- Motility: movement of food along the system. 

2- Secretion: we have a lot of secretory glands, also enzymes 
are secreted. 

3- Digestion: we will understand later the details of 

digestion of protein, carbohydrate and lipids. 

4- Absorption: we have specialized cells absorbing what we 
have digested. 

In addition to all these main processes, we will see how food 

will be processed after digestion and for what we need this 

food for (e.g. energy). 

So we will have 1 lecture (at the end of this system) with 

regard to the energetics, also we will have 1 lab to understand 

what we mean by metabolic rate and basal metabolic rate. 

We’ll start with the functional structures that are needed to perform 
these functions; smooth muscle cells, secretory cells and interstitial cells 
of cajal.  
 
The GI tract as a whole is a tube-like structure with three main layers: 

1- Mucosa : the innermost part of tube  
2- Submucosa: in between mucosa and 

muscular layer 
3- Muscular layer: the outer part and it's 

divided into 2 layers. 
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The system is well-controlled by: 

 Neural control: by enteric nervous system and 

autonomic nervous system.   

 Hormonal control: there are a lot of endocrine cells that 

release hormones along the tract. 

The blood flow to the GI tract as a functional structure that is 

needed for secretion and absorption is regulated by neural 

and hormonal control as well.  

At the level of the submucosa, it is highly vascularized with 

blood vessels. Also, in the small intestine at the level of mucosa 

there are villi which have a high number of capillaries for 

absorption. 

Note) vasodilationincreased blood flow to organ. 

So, let's start with smooth muscle as a functional structure, it is 

occupied and controlled. The outer most muscular layer is 

divided into 2 layers: 

1- Longitudinal layer: the outer most part, the smooth 

muscle fibers are orientated along the tube axis. Any 

activity in it will result in changing in the length of tube. 

2- Circular layer: beneath the longitudinal layer, the 

smooth muscle fibers are running at the circumference 

of the tube. Any activity in it will result in changing in the 

diameter of tube. 

Both together will cause the movement of the organ, and so 

facilitate food motility.  

Between the mucosa and submucosa, there is a very thin layer 

of smooth muscle cells which is called muscularis mucosa, that 

isn’t flat but folded. It isn’t static, so it presses over glands 

located in mucosa and submucosa helping in secretion of its 
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content (it also has minor role in movements). 

 

Smooth muscle cells characteristics and contraction in the 

GIT: 

Electrical activity:  

As you remember, smooth muscle cells have thin filaments, 

thick filaments and dense bodies that are all involved in cell 

contraction. 

As we know, Calcium ions (Ca++) are needed in contraction 

process. Ca++ can be obtained from either extracellular or 

intracellular stores. The entry of Ca from the interstitial fluid 

toward inside is under the electrical control.    

The resting membrane potential of the smooth muscle cells 

isn’t constant forming what is called "slow waves". (it isn’t the 

action potential). At the tip of these waves, you will have 

action potentials only when the potential is above the 

threshold (spike potentials). Once spike potentials are 

generated, the muscle will contract, and once they get over, 

the muscle relaxes. Check the figure: below
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 ((slow waves = not true action potential + don’t cause 

contraction // spike potential = action potential + cause 

contraction))  

If you view any segment along the GIT, it displays this motor 

activity all the time, which is contraction-relaxation-

contraction…etc, and that’s called "rhythmic or phasic 

contraction", it is regulated by electrical control. 

+the rhythmic contractions follow the rhythm of slow waves. 

The phasic contraction is under the electrical control (is due to 

changes in membrane potential). This is established by having 

high concentration of Ca++ channels along the sarcolemma, 

when they openentry of Ca, the membrane potential shoots 

up and this is the spike (so minimal Na effect). Entry of Ca also 

initiates the contractile process. After a while, Ca pumps pump 

Ca outsidemembrane potential returns to resting + initiation 

of relaxation. 

 Gap junctions: the presence of these junctions in smooth 

muscle cells provides communication, when one cell has 

an action potential, it will spread to the cells next to it 

i.e. they will contract and relax together as one group. 

Each group of smooth muscle cells connected together is 

called functional syncytium. The functional syncytium 

generates slow waves together, action potentials 

together, contract together and relax together. 

 

But even if there are no spike potentials, we won’t have zero 

level of motor activity in the GIT. We will have a certain level of 

contractions, which represents the baseline and is called "tonic 

contraction" (we have a specific tone which results in certain 

degree of tension. This tension is increased or decreased (due 

to inc/dec contractions which are the phasic contractions). 
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Note) in anatomy, we know that the length of the small 

intestine is 6 meters, but in physiology, we say it is only about 

3 meters. The reason is that in vivo, we have a certain level of 

contractile activity leading to shortening of the muscles (tonic 

contraction, which constitutes the baseline-so even without 

food, the basal tension along the gut makes its length 3 m). 

Chemical control: 

The tonic contraction is under chemical control; that means 

there are chemical receptors on SMC (smooth muscle cell) 

which can cause either contraction (generating action 

potential) or relaxation according to the ligand that bind to the 

receptor (note: we didn’t mention anything regarding 

membrane potential changes here-which are related to 

electrical activity. So if a ligand can increase intracellular Ca 

without affecting the membrane potential (like causing Ca 

release from sarcoplasmic reticulum, then this is considered as 

chemical activities causing contraction ‘chemical control’ E.g. 

when Ach binds to its receptor, it activates phospholipase C, 

which produce IP3 that activates Ca++ releasing from ER Ca 

response (contraction).  

To summarize, we can say that: 

- Tonic contraction is under chemical control by 

transmitter, no action potential. 

- Phasic(rhythmic) contraction is under electrical control 

(slow waves and spike potentials)  

- And both controls work independently (this doesn’t 

mean there is no intertalk between them).  

Note: in the figure above, there is a tension line below slow 

waves, it is related to the tonic contraction. 
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-But, is the rhythm contraction the same along the whole GI 

tract? 

No, it is determined by the rythm of the slow waves. For 

example, the upper part of small intestine has 12 waves per 

minute, the lower part has about 8 , the stomach has about 3. 

It differs in each organ. 

Interstitial cells of cajal: 

We have another type of cells which are called interstitial cells 

of cajal (ICC). They are not neurons nor are smooth muscle 

cells and they are found between smooth muscle cells (SMC). 

They are connected with each other and with SMCs by gap 

junctions. These cells can generate an action potential in 

plateau from a resting membrane potential in a rhythmic way.  

Once you have initiated an action potential by these cells, and 

because these are connected to SMCs by gap junctions, slow 

waves will be generated in SMCs and when they reach the 

threshold they generate spike potentials which will get you 

contraction of the SMCs. These cells are considered the 

pacemaker cells of the GI tract, but they are not found in a 

specific area like in the heart, but they are dispersed through 

the GI tract. So these cells are responsible for generating slow 

waves. (remove ICC no slow waves in SMCs). 

The mechanism with which these cells generate action 
potential in a rhythmic way is unknown. It is hypothesized that 
it has something to do with changes in the metabolic activity in 
these cells. 

Secretory cells 

There are many organizations for secretory cells. We can find 
some secretory cells dispersed over the mucosa as solitary 
(single) cells. We can also find groups of cells forming glands 
within the mucosa itself which are called pits or simple glands. 
We can also find more secretory cells grouped together 
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forming glands located within in the submucosa forming 
compound (complex) glands. We can find more cells with 
other tissues forming organs located outside the GI tube and 
flowing their secretions through ducts towards the lumen of 
the GI tract. Some examples on these secretory organs are the 
pancreas, salivary glands and the liver. 

We said we have a very powerful neural control; part of this 
control is mediated by neurons. The GI has its own nervous 
system called the enteric nervous system, which is different 
from the ANS. The neurons in the GI tract have two locations: 
one is between the longitudinal and the circular layer and is 
called the myenteric plexus which starts from the esophagus 
and ends in the rectum. The second locations is the submucosa 
and is called the submucosal plexus. The number of neurons 
along the GI tract is almost equal if not more than those found 
in the spinal cord.  

The GI system can be described as having its own brain which 
controls all functions of the GI tract without the need of the 
ANS or the CNS.  

The myenteric plexus is important in controlling movement 
because it’s found between the muscular layers, while the 
submucosal plexus mainly controls secretions. But we also 
have a lot of intertalk between the two neural networks to 
harmonize the functions along the GI tract.   

Classifications of neurons 

There are excitatory neurons which can cause contractions or 
stimulation of secretory cells, and also inhibitory neurons. 

If you view the neural network structure of the myenteric 
plexus, the axons of the excitatory neurons are projecting up, 
while the axons of inhibitory neurons are projecting down. 
Anytime you have stimulated a group of neurons at a point, 
there will be contraction above the excitation point and 
relaxation below it. This is important move the contents of the 
GI tract in one direction.  

Until now, 15 types of neurotransmitters have been 
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characterized. Some neurons release Ach, others release 
substance P, VIP (vasoactive intestinal peptide) which causes 
vasodilation and increases blood flow. There is also CGRP 
(calcitonin gene related peptide) and others. 

 

 

The Autonomic nervous system 

It is involved in controlling the GI system and includes the 
sympathetic (thoracolumbar) and parasympathetic 
(craniosacral). 

The parasympathetic increases the GI activity (secretomotor) 
while the sympathetic decreases it.  

 

To summarize the control over the GI system: 

1- The enteric nervous system which includes the 
myenteric and the submucosal plexuses which control 
the secretory functions of smooth muscle cells and other 
endocrine cells as well as blood flow. 

2- The autonomic nervous system which includes the 
sympathetic and parasympathetic divisions. They can 
have  direct effects over structures as in their effect on 
blood vessels (the sympathetic neurotransmitter NE, 
directly affects blood vessels causing v.constriction) or 
indirect effects by changing the activity of the enteric 
nervous system (exciting or inhibiting it) which will then 
affect the wanted structure –wither a muscle or a gland . 

 
GOOD LUCK 


