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Revision: if the time between two stimuli is longer than the duration of the simple muscle 
twitch then we will have two separate twitches and by 
increasing the frequency of the stimuli then we start to 
have wave summation of the twitches in the relaxation 
period till we start to have tetanization which is 
contraction without any relaxation (for a sustained period),  
if we continue stimulating the muscle with high frequency 
stimulus then we have what is called a fatigue which is 
getting no response or contraction in the muscle due to 
depletion in the Ach neurotransmitters, but stimulating the 
muscle directly with a stimulator (electric shocker) will result in contraction. 

 
Note: Concentration of calcium in sarcoplasm is 10^-7 and upon stimulation it will be 2*10^-
4 which is a 2000 folds increase but in the last lecture he said that it was 10^-7 and will be 
10^-3 which is 10000 folds increase which is wrong AND I mentioned this in the last sheet 
AND numbers are not for memorization. 
 
Now let's continue talking about motor unit summation , you know that we have a lot of 
motor units in each muscle which is innervated by different neurons and as you increase the 
number of stimulated neurons you will increase the contracted motor units in the muscle 
also the amplitude of contraction will increase. 
 
ARE ALL MUSCLES HAVING THE SAME NUMBER OF MUSCLE 
FIBERS FORMING ONE MOTOR UNIT? 
 No , we have difference according to the function of the 
muscle. 
Muscles needed for fine functions such as the eye muscles 
have less muscle fibers per motor unit (eg: 5 -10) on the 
other hand muscles needed for hard actions such as the 
muscles of the back have much more muscle fibers per 
motor unit can reach 300 muscle fiber per motor unit. 
 
 
How can the action potential generated on the motor neuron can cause the muscle to 
contract ? 
We know that we have many motor neurons having many terminals and each terminal ends 
in a muscle fiber to form the neuromuscular junctions  
So the neuromuscular junction is a nerve terminal having many vesicles containing 
neurotransmitters and when action potential arrive at the terminal it will release these 
neurotransmitters which is Ach.   
  



 

 

This important figure shows the 
transmission of action potential at the 
level of neuromuscular junction. 
 Note the Ach is released from the 
terminal to the cleft between the 
terminal and the muscular end plate 
which is a highly specialized area. 
 
Note that nicotinic receptors at the 
motor endplate are similar to the 
nicotinic receptors we studied in the 
ANS but not the same. 
 
Those receptors are linked to Na+ 

chemical gated channels which cause 
small depolarizations called motor endplate 
potentials  that haven't reached the 
threshold. 
On the periphery we have other Na+ channels 
which are voltage gated where the endplate 
potentials are summing to reach the 
threshold, if it reached the threshold then it 
will generate action potential at the 
sarcolemma which will spread over the 
sarcolemma. 
Note that we have Ach esterase enzyme in the synaptic cleft to destroy Ach and that will 
result in generating much less action potentials. 
 
ARE WE HAVING ZERO CONCENTRATION OF Ach in the cleft between two 
stimuli because of  Ach esterase ? the answer is NO, we still have some Ach 
molecules generating small depolarizations (endplate potentials) which are 
negligible and insufficient to sum and generate action potential. 
 
We have some pathologic conditions regarding the transmission process 
such as myasthenia gravis which is an autoimmune disease caused by autoantibodies 
destroying the receptors of Ach resulting in less action potentials generated at the 
sarcolemma this can be treated by AchE inhibitors such as pyridostigmine OR by giving the 
patient some substances that can bind to the remaining receptors. 
 
There are Other pathological problems involve the Na chemical gated channels.   



 

 

Now we will talk about an important structure within the muscle fiber that is important in 
the spreading of the action potential which is the T tubules SO what are these structures? 
and what is their function ? 
  
As you see in the picture the (T) tubule are like an 
invaginations of the sarcolemma deeply inside the muscle 
forming tubular structures called transverse (T) tubules 
which are located between the (A) band and the (I) band. 
 
In cardiac muscles there are some difference in the T 
tubules that they are located almost near the Z discs  
 
The fluid in the T tubules is extracellular fluid so the action 
potential is transmitted inside them The question is how the calcium is released from the 
sarcoplasmic reticulum?  
    
Beside the T tubules there are  2 sacs of the sarcoplasmic reticulum that extends to the 
calcium storage sacs within the sarcoplasmic reticulum These structures form a triad ( 2 sacs 
(terminal cisternae) of sarcoplasmic reticulum and one T tubule), in the heart we have a 
diad not a triad which is composed of one T tubule and one sac of the sarcoplasmic 
reticulum. 
 
there is a space between the membrane of the T tubule and the membrane of the 
sarcoplasmic reticulum portion, and between the two membranes we have a protein 
structure passing the two membranes and joining them together called foot protein. 
The protein portion that is embedded in the T tubules is 
called dihydropyridine receptor it is called a receptor 
because we have a molecule called dihydropyridine that 
can bind to this structure and activate it. 
The part which is embedded in the sarcoplasmic 
reticulum is called ryanodine receptor also called a 
receptor because we have a molecule that is called ryanodine ( plant product) that can bind 
to this receptor and activate it. And these ryanodine receptors work as calcium channels. 
 
Dihydropyridine receptors are voltage sensors, The change in voltage of T-tubules will 
induce conformational changes in the whole foot protein, which results in activation of 
ryanodine receptors and rapid release of Ca++ from the sarcoplasmic reticulum into the 
sarcoplasm, which binds to troponin C and causes muscle to contract.   
 
Ca++ concentration in sarcoplasmic reticulum = 10^-3molar, in the sarcoplasm during rest 
= 10^-7 molar so we will have high diffusion of ca++ towards the sarcoplasm. 
 



 

 

Note : we don’t have depolarization at the membrane of the sarcoplasmic reticulum we 
only have depolarization at the membrane of the T tubules.  
THE SOURCE OF Ca++ IN THE SKELETAL MUSCLES IS ONLY FROM THE SARCOPLASMIC RETICULUM 

 

At the membrane of sarcoplasmic reticulum, there are also highly active Ca++ pumps. 

These pumps concentrate Ca++ inside the sarcoplasmic reticulum by 10.000 folds "don't 

mix it with the increase in the sarcoplasm calcium concentration that is 2000 folds 

increase" (Ca++ concentration in sarcoplasmic reticulum = 10^-3molar, in the sarcoplasm 

during rest = 10^-7 molar, and during excitation of muscle = 2*10^-4molar). The rapid 

uptake of Ca++ by these active pumps results in muscle relaxation. 

 

The question is : does the muscle contraction affected by hypocalcemia in body fluids? 

Yes and that’s the primary cause of tetany ( spasms) , note that the calcium inside the 

muscle is not affected because it is not taken from outside ( the source of ca++ is from 

the sarcoplasmic reticulum)  

 

So what's the cause of these spasms ? 

The problem actually is from the CNS motor neurons, In our body we have much more 

inhibitory terminals (synapses) than the excitatory ones ( both needs calcium to generate 

action potentials) so having less calcium will cause less inhibition than excitation ( more 

excitation) causing tetany. 

 

Also low levels of Mg++ can cause such problems as it has an important role in the CNS 

   

Now we will talk about smooth muscles to figure out some differences between them 

and the skeletal muscles. 

 

Why we call them smooth muscle cells ?  

They have contractile proteins ( actin and myosin) as in the skeletal muscles but they are 

arranged in a different way and there is no striation so they are called smooth muscles . 

 

Also there are some differences in the structure and the 

mechanism of contraction. 

There are structures called dense bodies that mimic the Z lines 

in the skeletal muscles holding the thin filaments  

 

These actin filaments radiate between dense bodies. In the 

midway between dense bodies. 



 

 

few myosin filaments are found where they overlap with actin filaments.  

The mechanism of contraction in smooth muscle cells also involves actin myosin 

interaction  and shortening ( the distance between two dense bodies is lowered ) but 

with different mechanism than that found in skeletal muscle. When smooth muscle is 

stimulated, it takes longer time than striated muscle to induce contraction (long latent 

period). 

 

Another difference is that we have no neuromuscular junction between terminals and 

smooth muscle cells , so the terminals release their neurotransmitters in the extracellular 

space and it will bind to receptors dispersed on the surface of the cell , but there is no 

specialized part like the motor endplate in the skeletal muscles. 

 

 We have many types of these receptors not only excitatory receptors we also have 

inhibitory receptors that can cause relaxation so we don’t fully contract or relax the 

muscle cells depending on the concentration of the neurotransmitters that cause 

contraction or relaxation. 

 

We have two ways to stimulate smooth muscles in both ways we need calcium, so how 

to get calcium in smooth muscle cells ? 

1- By activation GCPR  PLCIP3 RELEASE 

OF CA++ from intracellular 

stores.(chemically) 

  

2- Also smooth muscle cells have voltage 

gated ca++ channels at the sarcolemma 

that causes entry of calcium(electrically)  

 
In the skeletal muscles we have combination of 

both " the chemical control results in the  

electrical activity. 

 

The release of Ca++ into the cytosol induces activation of a protein known as calmodulin 

by forming calmodulin-Ca++ complex (4 Ca++ bind to one calmodulin) it mimic the 

troponin c in skeletal muscles . The activated calmodulin-Ca++ complex will induce 

activation of an enzyme called myosin light chain  kinase. This enzyme will 

phosphorylate regulatory chain on myosin head. The phosphorylated myosin can interact 

with actin to induce contraction. 

 



 

 

once the heads are dephosphorylated you will 

get less interaction ( relaxation)  by increasing 

the activity of phosphatase and decreasing the 

activity of myosin light chain kinase . 

 

any neurotransmitter increase kinase activity 

cause contraction and vice versa. 

any neurotransmitter increase activity of 

phosphatase increase relaxation and vice 

versa. 

 

Other transduction mechanisms cause increase 

in cAMP which has an inhibitory effect over 

the myosin kinase (relaxation) . 
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