
Take Home Lessons from Today  10-1-24 
 

1. A number of myths have arisen concerning brain structure and the uniqueness of the 
human brain.  Let’s bust those. 

a. Despite a constantly used number of 100 billion neurons in a human brain, the 
actual number is 86 billion neurons.  A human brain has about the same number 
of accessory (non-neural) glial cells to hold everything together.  That is 
proporGonately fewer glial cells than other animals.   

b. There is no factual basis in the asser4on that we only use 10% of our brains.   
c. When scaled against other primates, neither our total brain size or cerebral 

cortex is significantly larger than expected for a primate of our size (160 lbs, 5 
feet 7 inches tall).  Our cerebellum is slightly bigger than expected (motor 
func4on). Note, according to this, a gorilla just has a surprisingly large body by 
comparison to all other primates.  

 
2. Whales and elephants have larger brains with more neurons than humans. 

 
3. The basic unit of the brain is a neuron, which func4ons to receive signals then send 

signals to other neurons if appropriate input signals were received. 
 

4. Each neuron is connected to perhaps a thousand other neurons through synapses. 
“Since neurons interact combinatorially through the synapses they establish with one 
another, and further so as they interact in networks, the increase in cogniGve abiliGes 
afforded by increasing the number of neurons in the brain can be expected to increase 
exponenGally with absolute number of neurons, and might even be subject to a 
thresholding effect once cri4cal points of informa4on processing are reached.” 

 
5. The key to brain ac4vity is the system of neuron networks that operate to provide 

higher-order func4on.  The networks are based on which neurons are connected to 
each other.  In simulaGons, these types of networks behave very differently, and with 
much more coordinated complexity, than any individual neuron in the network. 
 

6. The C. elegans worm has 302 neurons and for 20 years we have known exactly how 
each neuron is connected to all of the other cells of the worm including the other 
neurons.  There are clearly networks that have specific funcGon (sensory signal in, 
processing, signal for an appropriate acGon out to the muscles).  Nevertheless, we do not 
yet know the specifics of how this brain works to keep the worm alive.   
 

7. Considering humans have 86 billion neurons, we will not know exactly how our brain 
works for the foreseeable future.  However, it is reassuring that we are 284 million 
Gmes more complicated than a worm. 

 



Neuron Review: 

 
 

1. The basic processing unit of the brain is a neuron cell.   
 

2. When a neuron receives an appropriate number of signals through its dendrites, it fires an ac:on 
poten:al down its axon and releases neurotransmi=ers that ac:vate the dendrites of the neurons it 
is connected to and the signal moves through the brain.  When a neuron receives a signal, some 
sodium pores open and some sodium diffuses in.  If this happens enough and from the right dendrites, 
it triggers a full opening of all local pores, even more sodium rushes in, eventually triggering the 
potassium pores to open so potassium rushes out.  These ac=ons balance the sodium and potassium 
“chemical springs”, then the special molecular pump kicks in and restores the res=ng state along this 
part of the membrane.  This whole process is called an “ac=on poten=al”. 
 

3. The signal is propagated in one direc=on down the axon as the process in 2. is repeated un=l the 
effector arms are reached. 
 

4. When an ac=on poten=al travels down an axon to the end of the effector arms of a neuron in the 
presynap=c neuron, this causes calcium channels to open and allow Ca2+ ions to rush in.  The calcium 
ions trigger vesicles (“sacks”) filled with neurotransmiJers to release the neurotransmiJers into the 
synap=c cleK.  The neurotransmiJer is received by specific receptors on the postsynap=c membrane, 
causing them to open sodium channels.  If enough neurotransmiJer is received, the ac=on poten=al is 
transferred to the postsynap=c neuron and it fires off an ac=on poten=al that proceeds down the axon 
and might ac=vate other neurons that are aJached by chemical synapses. 
 

5. A neuronal signal enters the brain, generally from the senses, is processed in the appropriate area 
then aAer it is interpreted, a signal is forwarded to different areas that generate an appropriate 
response or ac:on.  The various connec=ons between neurons facilitate appropriate responses 
through direct axonal connec=ons.  These connec=ons are created during brain development in the 
first years of life.  Connec:ons that are used survive, neuronal connec:ons that are not used during 
development are “pruned”.  Early experiences leave permanent pathways and connec=ons in the 
brain. 
 

6. Rewarded behaviors are reinforced through release of neurotransmi=ers such as dopamine, 
serotonin and oxytocin from specific areas of the limbic system.  The neurotransmiJers spread 
through other appropriate areas of the brain, thereby modifying how those neurons respond to inputs 
in their dendrites and how they fire.  This is the mechanism though which behavior, mood and feelings 
are controlled based on experience.   



 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WHALE TIMEOUT 
 
 
  



 
 

 
 
TIME IN  Back to humans 



 

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 



 
 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
  



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

WORM TIMEOUT 
 
  



C. elegans is a worm with 302 neurons and we know how all of them are connected. 
 

    Sydney Brenner  
 

            
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
TIME IN  Back to humans 



 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 


