Why Do We Sleep?
Why Do We Dream?

I. All humans must sleep and probably dream

A.  Example of a dream

B. Animals sleep and some may even dream

C. The structure of sleep

II. Theories of why we sleep

A. We sleep to clear out the chemical trash

B. We sleep to clear out the sensory trash

C. Theory of Professors Giulio Tononi and Chiara Cirelli

D. Stress and sleep 

III. What happens to the brain while we sleep?

A. Some areas decrease in activity

B. Some areas increase in activity

C. The causes of dreams

IV. Questions

A. What is the meaning of the content of dreams?

B. Why are there individual differences?

C. Is there a relationship between how much the frontal cortex turns off and how vivid dreams are?

D. Is there an inverse relationship between how active the frontal cortex is during the day, and how much it goes offline during REM sleep? 

Why Do We Sleep?

Why Do We Dream?


We sleep for about a third of our lives, babies for up to 20 hours a day, adolescents up to 12, even adults 7 to 8 hrs.  We are finding out more and more about the structure of sleep.  The most puzzling aspect of sleep is dreaming.  Why does the brain generate images and action while we sleep, even when most of the brain’s activity decreases? 

You’re at a party and everyone seems to be having a good time except you, because they’re all talking in a foreign language.  The person who is conversing with you is stepping on your foot.  Perturbed, you turn away and look across the room.


Standing there in a long black frock coat is your long-dead grandfather.  You are happy to see him and go to talk with him.  Suddenly, the room has changed to a large ballroom and the men are all in black frock coats and the ladies in ball gowns.  You have on your pajamas.

You go across the ballroom and reach your grandfather, but he has changed to Abraham Lincoln.  You shake his hand and he’s glad to see you.  You tell him that you have a very important word that you have to whisper in his ear.  He leans down and you whisper that important word – phlegm.  


Suddenly you and Abe shoot into the sky and you are flying over the city.  You are filled with happiness that you can see everything.  Abe has disappeared.  Then you feel that you have to urinate.  The urge becomes so great that you wake up.


In order to get a sense of why we have dreams we have to begin with sleep.  All animals that we know sleep.  It’s an ancient evolutionary biologic mechanism.  Carnivores sleep more than prey species, because the prey have to keep a watchful eye out for the lions, who can sleep for 20 hours after a full meal.  Fish can sleep with half a brain, as do dolphins that have to breathe while in water.  Even migrating birds can sleep while flying.  Worms and even fruit flies sleep.  It was found that preventing fruit flies from sleeping puts them in a stuporous, prolonged sleep.  

A person can go about 30 days without eating, about 2 weeks without water, but only 4 or 5 days without sleep.  


Do animals dream? How many of you have seen your dog whine and moan and move his legs while sleeping?  Of course we can’t ask him if he’s dreaming.


So what is the structure of sleep?  The brain doesn’t just turn off and then come back on eight hours later.  EEG’s can measure the electrical activity of the brain.  The activity goes from normal rapid but low amplitude waves during wakefulness to a slower pattern with higher and lower peaks and troughs.  Then in approximately 90 minute intervals the sleeper alternates between this pattern and one in which the waves become rapid and shallower again.  At this time it’s noted that the person’s eyes are going back and forth under their eyelids as if watching a movie.  This REM sleep alternates approximately every 90 minutes with the non- REM or slow-wave sleep.  It’s also noted the slow-wave or nonREM waves decrease in size later in the night.  We’ll discuss why this may be later.

So what’s happening during sleep, something that the body or brain must have to survive.  The brain uses almost 20% of the body’s total energy, but this doesn’t markedly decrease during sleep.  So what is the brain doing?  It must be important because the incapacitated animal is powerless to its enemies.

One theory is that the brain has to clean out the chemical trash.


A recent study by Dr. Maiken Nedergaard of the University of Rochester showed that the brain has its own waste disposal system, called the glymphatic system , which is highly active during sleep.  The researchers found that the brain cells actually reduce in size. Allowing the toxic waste products to be flushed out more easily by the glymphatic system.  The efficient and timely removal of accumulated toxic proteins such as amyloid-beta is necessary to prevent Alzheimer’s and other neurodegenerative diseases. 


Because the pumping action of the cerebro-spinal fluid and the glymphatics demand a lot of energy, the researchers speculate that the brain must turn off some activity in order to do its cleaning.  When you have a party you either have to entertain the guests or clean the house. They suggested that the reason that the brain cells “shrink” by 60% during sleep is to create more space for this flushing out.

Other theories as to why sleep is necessary is to clean out the sensory trash, that is all the sensory imput the brain has gathered during the day that it must decide what is important to store, and what must be deleted.

Drs. Giulio Tononi and Chiara Cirelli at the University of Wisconsin –Madison have come up with a theory as to why the neurons in the sleeping brain are almost as active as in the waking state.  Why would the conscious mind disconnect from the external world while the brain keeps ticking along?  They surmised that conscious experience of the brain has to be interrupted in order to integrate new memories without becoming oversaturated or obliterating older memories.  Their hypothesis is that in order for the brain to return to its baseline, there has to be a  weakening of some lines between neurons during sleep.  

At least two-thirds of the brain’s energy goes to supporting synaptic activity.  They propose that the brain can’t continue to strengthen and maintain revved-up synapses day and night through a whole lifetime.  They proposed that the brain restores its circuitry to a baseline to preserve synaptic homeostasis.  Sleep restores the brain to a state where it can learn and adapt while awake.  It is the price we pay for the brain’s plasticity – its ability to modify its wiring in response to experience.


To improve memory the sleeping brain must distinguish irrelevant and important “noise” from significant information.  Dreams may be a part of this trying out new memories for storage.  While the brain tries out these imaginary scenarios it weakens other synapses.  While doing this the brain has to be disconnected from other sensory input.  In other words we better be asleep to create an ideal environment for integrating and consolidating memories.

Their research showed that the number of spines or neurons increases in flies and mice during a day of stimulation and decreases after sleep.  This and other results led them to the conclusion that activity during sleep weakens some synaptic connections.  They called this down selection, since it ensures the survival of the “fittest” synapses because they were either activated strongly and consistently during waking, or because they were better integrated with previous memories.  Down selection erases insignificant events, while preserving important ones.


If you think about it.  It’s not important that you remember what you had for breakfast a week ago, or what color the car in front of you at the light was.  It is important that you remember what you learned for your job or a project.


So sleep aids the acquisition of new memories.  Many studies have shown that a person can learn new material much better after a good night’s sleep then after having been awake all day. Students take notes.

Sleep is especially important in childhood and adolescence when there is concentrated learning and growth of new neurons, then remodeling and decrease of neurons later.  In youth synapses are formed, strengthened, and pruned at an explosive rate, never approached in adulthood.

Their experiments also led to a concept of what they call local sleep.  Because of plasticity of the brain, a part that is more stimulated during wakefulness would need more sleep, a sleep need, which shows up in the non-REM waves.  They found that prolonged or intense stimulation of certain brain circuits produces a sleep need and can make local groups of neurons “fall asleep”.  This they called local sleep and showed that in sleep-deprived humans this can happen after intense learning.  Small chunks of the brain may take quick naps.  So we can wonder how many errors in judgment, silly mistakes, or irritable moods are the results of local sleep in the brains of exhausted people, who believe they are fully awake and in complete control.

Stress has adverse effects on sleep.  Stress makes it more difficult to fall asleep.  In addition, lack of sleep is stressful.  Thus there is a vicious cycle in which stress impairs sleep, which causes more stress.  Stress also decreases the amount of glycogen, which is a storage for energy, in the brain. Glycogen is built up during sleep.  So stress not only makes it harder to fall asleep, but once you are asleep, it reduces the quality, efficiency and restorative energy of sleep.

Also, fragmented sleep, especially sleep fragmented at unpredictable times, wrecks havoc on the ability of the brain to restore energy during slow-wave or non-REM sleep.


So what actually happens in the brain while we sleep?  We can use sophisticated brain imaging such a PET scans and MRI’s to show which areas are active or inactive while awake and asleep.

Overall, there is a decrease in activity in most brain regions during slow-wave or non-REM sleep.


The reticular activating system, which receives input from many sensory areas and is involved in alertness and arousal, is decreased drastically in activity.  This makes sense.  The motor areas of the brain that give commands to muscles became very quiescent.


The primary sensory areas are inactive.  We are no longer using our eyes, ear, taste, etc. to receive sensory input during sleep, so these are offline.


Some of the parts of the brain that are involved in memory formation are very quiet.  We saw how memory is affected in the study by Dr’sTononi and Cirelli.  Of course, the area for new memory formation is weakened that’s why we don’t usually remember dreams.  
During REM sleep the activity of the pre-fontal cortex decreases dramatically.  This is the part of the brain that is most human.  That is, it regulates our social behavior.  It tells us what not to do, puts restraint on behavior through postponement of gratification, and is involved with long-term planning, self-discipline, and judgment.
After about 90 minutes of non-REM sleep, a person hits his/her REM sleep and some regions of the brain become active, some even more active than when awake.

The first parts to become active are involved in autonomic function.  Your heart rate and breathing increase for example.

Another region that becomes activated – perhaps even more than when awake – is the limbic system.  This is related to basic emotions such as fear, fright, anger, etc.

A region that becomes more active is the hippocampus which deals in memory formation and retrieval.  This correlates well with the studies we have already discussed.  It also explains the ability of dreams to dredge up old memories and to review information or memories made during the day.
Another area that becomes highly active during REM sleep is the associative sensory cortex.  This is the area that correlates and integrates sensory stimuli.  For example the associative visual cortex is very active, while the primary visual cortex is silent – no vision because you are asleep.  But in dreaming your brain is generating all kinds of visual imagery from the associative cortex.

So what is happening?  During waking the frontal cortex is reigning in the limbic system.  During dreams, the frontal cortex metabolic rate decreases drastically, and the limbic system goes wild.  Rational regulation of your emotional brain goes offline.  We have wild escapades, violence, fighting, running.  My wife says that I run in my sleep.  I also get into fights and one time I actually hit her.  That woke her and me up.

So dreams are dreamlike because the prefrontal cortex is offline during REM sleep, allowing the limbic system to run wild.  We are trying to understand why this happens during REM sleep.
What about the content of dreams?  Some may be a recapitulation of the day’s events and can even give solutions or insight into problems that have vexed us.  Some people even wake up and write down a creative thought or answer to a problem.  Sometimes they are disguised messages and insights.  There is a whole science or pseudo-science of interpreting dreams.

Why do some people dream more than others, or have more vivid dreams, or remember them more?  What is the significance of different dream content?
Why does the prefrontal cortex turn off and the limbic system run wild?

Is there a relationship of how active the frontal cortex is during the day and how much it turns off and how vivid dreams are?

These and other questions wait . . . .  you guessed it . . . . more researcj.

