
Chapter Two: A Little High School Biology Refresher 

 

Enter the Mitochondria 

 

 For background, you need to think way back to your high school biology class and the 

anatomy of a cell. To the mitochondria. The little “powerhouse of the cell.” That little organelle 

within the cell that helps to generate energy for a cell. And the “energy currency” for every cell is 

adenosine triphosphate, or ATP. There are some billion or so reactions that occur in our body 

EVERY SECOND, and each one of these requires a molecule of ATP to get the job done. Some 

tissues, like fat, use very little energy. Others, like the heart, our muscles and our brain, use much 

more. At rest, the nervous system, which includes our brain, is the greatest utilizer of ATP in the 

body. Once we start moving, the muscles take over and have the greatest need. 

 

 Imagine that. As you sit here reading this, your brain is requiring mass amounts of energy 

just to process the information. So what does this mean? It means that each cell of the nervous 

system requires thousands of mitochondria just to generate the energy needed for a brain cell just 

to perform its basic functions. And each of these mitochondria are little factories churning out 

ATP for the brain cell to use at an enormous rate. Evidence has been present for several decades 

that the protection and nutritional support of the mitochondria needs to be an integral part of 

avoiding, reducing the severity of and reducing the long-term ramifications of migraines and 

seizures. 

 

Keeping the Balance 

 

 

 So, we’ve decided that neurons require massive amounts of energy in the form of ATP 

that are generated in the mitochondria. When that process is disturbed, it will begin to fire when 



it is not supposed to. Too much information begins to be passed from one cell to the other. Again 

and again and again and again. And again. Too much activity in the brain. Uncontrolled, wild 

messages passing from cell to cell, continually expanding and catching more and more brain 

cells in the net of too much activity. A seizure. A migraine. 

 

 It would seem that the onset of increased activity, like a seizure and migraine, are actually 

from TOO MUCH energy, right? Especially a grand mal seizure, with the uncontrolled 

contractions of the muscles. Or a migraine with high levels of pain. We’ll soon find out that the 

exact opposite is true. 

The Peaceful Neuron 

 

 To understand this idea better, we need to know some more about how neurons work. A 

very important aspect of all of our cells is the cell membrane. The cell membrane keeps stuff in 

that is supposed to stay in and keeps the stuff out that is supposed to stay out. The key players in 

the neurons are sodium (Na+) and potassium (K+). Levels of sodium outside a nerve cell are 

about 9 times higher than the levels inside the cell. With potassium, levels inside the cell are 

about 20 times higher than outside. So, more sodium outside of the cell, more potassium inside 

the cell. 

 This essentially creates an electrical charge (for the technical geeks, this is –70 mV) 

called the resting membrane potential. In a quiet, resting neuron, hovering at this resting 

membrane potential, there is a natural tendency for the sodium to leak in and potassium to leak 

out. Luckily, there are pumps in the cell membrane that continually maintain this resting 

membrane potential. These are cleverly called the sodium / potassium pumps (Na+ - K+ pumps). 

Compare it to a dam that holds back water but has some leaks in it. Water will always try to leak 

back to the low side of the dam. The installation of a pump on the low side will ensure that the 

water that leaks out is put back on the high side of the dam. Keep in mind that these sodium 



potassium pumps require high levels of ATP to continually work to keep sodium out and 

potassium in. And this is just to keep the cell at rest! 

Firing a Neuron 

  

 So, now we have this neuron sitting peacefully, not bothering any of its neighbors. 

Granted, it is working hard at being peaceful, continually pumping sodium and potassium in and 

out. When specific circumstances are met, certain gates in the cell membrane will open, allowing 

some sodium to leak back into the cell. If enough of these sneak back into the neuron (again for 

the geeks: if enough sodium leaks in to raise the resting membrane potential to the magic number 

of 55 mV), all heck breaks loose. All the sodium gates open, allowing sodium to rush in, 

swinging the charge of the neuron into the positive range, and firing off the neuron. This firing of 

a neuron results in the release of a compound called a neurotransmitter from the tail end of the 

cell.  

Neurotransmitters and “Pop a Shot” 

 

 

 In order for the brain to function, the brain cell needs to be able to pass a message from 

one cell to another. The problem is that neurons do not directly connect to one another. Instead, 

they are separated by an opening called the synaptic cleft. In order for a message to pass from 

one neuron to another, the message must be "tossed" across this synaptic cleft. Neurotransmitters 

are the "containers" that carries messages across the cleft. There are many neurotransmitters with 

names like serotonin, GABA (gamma-aminobutyric acid), glutamate, epinephrine, 

norepinephrine, dopamine and PEA (phenylethylamine), just to name a few. I envision the entire 

process like a miniature “pop a shot” game. The ones with the small basketball that you have to 

throw through the hoop as many times as possible before the timer runs out. The basketball is the 

neurotransmitter. Every time it goes through the hoop, the “message” has made it from one 



neuron to the next. Give yourself more balls to throw and you have a better chance of getting this 

message across. This is how drugs like Prozac work—by keeping the basketball (in this case the 

neurotransmitter serotonin) in play longer by keeping it in the synaptic cleft for a longer period 

of time. It does not, however, increase the number of balls available. It just keeps them in the 

cleft longer. Natural compounds like 5-HTP (5-hydroxytrytophan) can work by giving the neuron 

more serotonin to work with, thereby increasing the number of basketballs and increasing the 

likelihood that the message will get passed on. 

 



Chapter Two Summary and Action Steps 

 

Summary: 

1) The mitochondria are a critical part of the functioning of a healthy cell. 

2) It requires a tremendous amount of energy, in the form of ATP, for a cell of the nervous 

system to function properly. 

3) The cell membrane of a brain cell is designed to keep sodium ions out of and potassium 

ions in the cell. 

4) A brain cell fires when this switches, and sodium ions flood across openings in the cell 

membrane and end up inside the cell instead of on the outside. 

5) Brain cells use compounds called neurotransmitters to pass a message from one cell to its 

neighboring cell. 

 

Action Steps: 

1) Reread this chapter to better understand the basics of how a brain cell works. 

2) Continue to reread this chapter until you can confidently request the Jeopardy category of 

“Normal Functioning of a Neuron for $500, Alex.” 

 

In the Migraines and Epilepsy book, Chapter 3 will begin the process of looking at how the 

lifestyle factors we choose to adopt influence the ability of our neurons to generate the energy 

needed to function at an optimum level. 

 


