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Introduction of sleeping for long hours (adult-more than 9 hrs and children-
more than 11 hrs) then they may face sleep disorder. Synaptic
connection between neurons helps to release neurotransmit-
ters and regulate the action potential with the help of different
ion channels, which helps us to boost our potential of memoriz-
ing the incidents. This is more active during sleep that is in REM
stage.

A good sleep is an important aspect to maintain circadian
rhythm of our body. A person should undergo both REM and
NON REM sleep which will take about 7-9 hrs in adult and in
infant it takes about 10-11 hrs. Hypothalamus (part of brain)
controls the cycle. Endocrine gland is also equally responsible
to regulate circadian rhythm. Memory has a strong connection
to sleep cycle. If the person is sleep deprived then it is very rare Brain and memory

that he/ she can recollect the things from near past. As a result . . . . .
Brain assembles the information so that it has meaning for
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us, and can store the information in form of memory. It controls
functioning of organs, movement of organs, thoughts, memory
and speech. The nerve cells, non-neuronal cells (which help to
maintain neurons and brain health), and small blood arteries are
all found in the grey matter and white matter of the brain [1].
The brain has a number of specialised sections that collaborate.
A person’s thoughts and voluntary movements are controlled by
the cortex (the outermost layer), The brain stem (the part of the
brain that connects the spinal cord to the rest of the brain) is in-
volved in gas exchange and sleep. The basal ganglia (brain’s core)
coordinate information between different parts of the brain. The
cerebellum (the base and back of the brain) helps to balance and
coordinate communications as shown in Figure 1.

In the brain, there are several lobes. The frontal lobes are re-
sponsible for problem solving as well as motor neuron function.
Sensory nerves, handwriting, and body posture are all managed by
the parietal lobes. Memorize and stimulatory actions are two func-
tions of the temporal lobes. Visualization is aided by the occipital
lobes as shown in Figure 1.

@2003 WebMD, LLC.

Figure 1: Brain (human anatomy): parts and their function. Re-
produced from https://www.webmd.com/brain/picture-of-the-
brain#1, under creative common attribution license.
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Coronal section of brain

As can be seen in figure 2, the hypothalamus is in charge of
sleep regulation. Melaton in is produced by the pituitary gland
that aids sleep at night. The hippocampus is in charge of mem-
ory formation. Throughout one's life, the cells of a particular
region divide. Dentate gyrus is a unique neuron that is present.
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Figure 2: Human brain and nervous system’s coronal structure

m. Reproduced from The Nemours foundation/kids health 2021,

https://kidshealth.org/en/kids/brain.html, under creative com-
\\mon attribution license. j

Synapse

Neurons are the cells of the nervous system. They are di-
vided into three sections as shown in Figure 3. The nucleus is
found in the cell body (soma). The portion of a nerve cell (neu-
ron) that carries nerve impulses away from the cell body is
known as an axon.

Axons are the extensions of a neuron that connect it to other
neurons, muscle cells, and gland cell. Dendrites are the projec-
tions of a neuron (nerve cell) that receive and transmit signals
(information) from other neurons. A synapse is a small gap at
a neuron’s end that allows a signal to pass from one neuron to
next.
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Figure 3: The axon is a neuron’s cable that transmits information.
Reproduced form the Queens land brain institute: university of
Queens land, https://qgbi.ug.edu.au/brain/brain-anatomy/axons-
cable-transmission-neurons, under creative common attribution

\\Iicense. j

These can be found where nerve cells meet and connect
with other nerve cells. These act as keys to brain’s function es-
pecially when it comes to memory. Synapses are classified as
presynaptic, postsynaptic, axodendritic, axosommatic, axoax-
onal synapse, excitatory synapse, inhibitory synapse. The syn-
apse is involved in memory formation. Synaptic cleft is linked to
a neurotransmitter that strengthens the connection between
two neurons. Due to a signalling process, the neurons are ac-
tive at the same time. Neuronal strengthening is responsible
for information storage in the form of memory. Synaptopathy
is a disorder of the spinal cord, peripheral nervous system, and
brain caused by synapse malfunction.

Synaptic transmission mechanism

Synaptic transmission is the exchange of information across
a synaptic junction, which can be accomplished through elec-
trical, chemical, or both processes. The arrival of a nerve ac-
tion potential at the axonal terminal starts a chain of events.
Transmission of excitatory or inhibitory chemicals across the
neuroeffector junction causes this. Synaptic vesicles are where
neurotransmitter chemicals are synthesised and stored. There
is synchronised release of transmitter molecules, ATP, second
messenger when the nerve action potential reaches the axon
terminal [6].

In the post synaptic membrane, there are two types of per-
meability alterations. The excitatory post synaptic potential
causes a localised depolarization of the membrane by increas-
ing the permeability of all ions mainly allows Na*. Inhibitory
post synaptic potential causes membrane hyperpolarization by
increasing membrane permeability to only smaller ions such as
k* and chloride ions. Movement of ion channels is shown in Fig-
ure 4 [7,8].
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Figure 4: Action potential. Left plate shows the flow chart of syn-
aptic transmission mechanism. Reproduced form http://howmed.
net/physiology/action-potential/, under creative common attribu-

tion license.
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Acetylcholine is a transmitter that is released at post-auto-
nomic nerve endings in order to improve synaptic connections.
Glycine, GABA (glutamine aminobutyric acid), histamine, do-
pamine, epinephrine, norepinephrine, and serotonin are some
of the neurotransmitters involved in various physiological pro-
cesses.

Memory

Memory is of two kinds. Namely long term and short term
memory.

Long term memory

Long-term memory (LTM) is the stage of memory where
informative knowledge is held indefinitely. It is also known as
Atknison-Shiffrin memory model. Examples of long term mem-
ory— recollection of a crucial day within the distant past (early
birthday, graduation, wedding, etc), and work skills you learned
in your first job out of faculty. There is synaptic interaction of
presynaptic and post synaptic neuron in LTP (long term poten-
tiation). It induces by Calcium influx shown in Figure-5 and in-
crease in glutamate sensitivity.
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Figure 5: Pavlov’s dog model, synaptic long-term potentiation was
observed, Reproduced from journal of applied physics 116 2014,
https://aip.scitation.org/doi/10.1063/1.4902515, under creative

\\common attribution license. /
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Short term memory

Short-term memory has been referred to as "the brain's
Post-it note" because it works as a form of "scratch-pad" for
temporary recollection of knowledge that is being processed
at any one time. Memory is processed at prefrontal cortex as
shown in Figure 6. Short-term memory Example- things like re-
membering where you parked your car this morning, what you
had for lunch yesterday, and information from a book you just
finished a few days ago. This can include anything from 18- 30
seconds to a few days' worth of activities [2].
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Figure 6: Short-term memory is controlled by the frontal lobe/
prefrontal cortex. Reproduced from Amy Richelt Sept.27, 2016,
https://theconversation.com/were-capable-of-infinite-memory-
but-where-in-the-brain-is-it-stored-and-what-parts-help-retrieve-
\\it-63386, under creative common attribution license. /

Hippocampus

The temporal lobe, which is the primary portion of the lim-
bic system, has a forebrain structure. Dentate gyrus, CA (cor-
nusammonis) field CA1, CA2, CA3 Subiculum are all parts of the
hippocampus. Memory, emotion, navigation, depression, and
sleep are all controlled by the hippocampus, a part of the brain.
Amygdala, basal ganglia, thalamus, and hypothalamus are all
connected to it shown in Figure 7.
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Figure 7: Limbic system. The human brain in cross section. Basal
ganglia, pituitary, amygdala, hippocampus, and thalamus are all
parts of the mammillary body. Reproduced form illustration Credit:
Designua / Shutterstock,https://www.shutterstock.com/image-il-
lustration/limbic-system-cross-section-human-brain-1359936698,
\\under creative common attribution license. /

Hippocampus is a key region in the medial temporal lobe. It
helps in processing the information. Through the hippocampus
the short-term memory to be encoded into a long-term memo-
ry. The LTM does not remain stored in the hippocampus indefi-
nitely. These long-term memories are crucial, and storing them
in only one part of the brain is dangerous — injury to there to
area would result in the loss of all of our memories. Retrograde
amnesia is the loss of memories caused by damage to neurons
in the hippocampus.
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Figure 8: Schematic representation of memory processing from
\\STP—LTP. Y,

(a) A synapse is a connection between a pre-neuron and a
post-neuron. Incoming nerve impulses from the pre-neuron
cause an influx of ionic elements such as Ca* which causes
neurotransmitters to be discharged at the synaptic connection.
Short-term synaptic plasticity (STP) is the result of this, whereas
numerous action potentials result in long-term potentiation
(LTP). (b) Such STP and LTP mechanisms are frequently linked to
the psychological model of human memory, which states that
memory transitions from a short-term memory (STM) to a long-
term memory (LTM) dependent on the frequency of rehearsal
of the input stimulus.

Sleep and memory

e N
Duration of Sleep Stage

Stage 1 NREM

o /— 59

Stage 3and 4
NREM
25%

Figure 9: Statistical data for different stages of sleep cycle. Re-
produced from http://urga.marki.neph.norab.mecad.alia.antus.
lious.bupi.socad.wazos.tzici.iosco.viha.flui.viha.stica.aryon.hist.
salv.mohammedshrine.org/cycle-of-sleep-sleep-stages-diagram,
\\under creative common attribution license. /

Sleep is a naturally occurring mental and physical state char-
acterised by altered consciousness, blocked sensory activity,
reduced muscle activity, reduced voluntary muscular activation
during the REM stage [4], and diminished engagement with the
environment. It has a stronger reaction than a comma or a state
of awareness issue. It occurs over a period of time in which the
body alternates between two stages of sleep: REM and NON-
REM. The pie chart is shown in figure-9 indicating the duration
of our sleep in each stage of sleep cycle.

Lack of sleep can cause anxiety, memory loss, and a grumpy
mood. A person's memory and mood tend to improve when
they get enough rest. (3) The US Department of Health and Hu-
man Services set a goal to increase the percent of adults who
get adequate sleep among healthy people by 2020, with the
goal of improving the nation's health.

Insomnia affects about 62 % of adults worldwide. This occurs
as a result of losing 1 or 2 hours of sleep a night. Because of the
impact on their cognitive and motor functions, adults recognise
they have been sleep deprived for one or two days.

REM sleep
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Figure 10: Eight hour sleep cycle of a human during night time,
reproduced from https://www.mattressadvisor.com/sleep-stage/,
under creative common attribution license. /

Rapid eye movement is abbreviated as REM. Your eyes move
around fast in a variety of directions during REM sleep, but no
visual information is sent to your brain. It is characterised by
muscle relaxation, eye movement, quicker breathing, and high-
er brain activity, among other physiological changes.

It happens roughly 90 minutes after a person falls asleep
for the first time. In figure-10, the red lines indicate the time
spend during REM sleep and blue line indicates NON-REM
sleep. Atonia is a transient paralysis that affects the majority
of people,this happens during REM stage. REM sleep is critical
for brain growth, mood, memory consolidation, and dream-
ing. REM sleep behaviour problem is occasionally observed.
Unpleasant nightmares, forceful arm and leg movement, loud
noise, and so on are examples of this. This happens from time to
time. Sometimes this is referred to dream enacting behaviour.

Memory during REM sleep

Dreams can be a mechanism for the brain to consolidate
memory [4]. It is at this time that the brain may rearrange and
analyse the event, as well as connect new and old experiences.
This indicates that Body is turned off. This is something that the
brain can do on its own. This is known as the activation syn-
thesis theory. It proposes that dreams are the brain's attempt
to make sense of random signals occurring during sleep. When
people are taught a skill and then deprived of REM sleep, they
frequently remember what they were taught.

Memory consolidation during REM sleep

Pons connects with the cerebral cortex via the thalamus. It
functions as a sensory information filter and a motor control
function. The information is processed by the cerebral cortex,
which is a component of the brain that contributes to thinking,
learning, and organising [9]. These parts of the brain that are
activated during REM sleep and aid in learning and memory.
Researchers discovered that infants spend 50% of their sleep
time in the REM phase, indicating that they have a tremendous
amount of learning potential.

Brain development during REM sleep

During infancy, the central nervous system develops. This
stage assists in the development and strengthening of neuronal
connections [5].

Dream
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Figure 11: Fear conditioning, neuronal imaging, and optogenetic
manipulation were all used in the experiment. Reproduced from
https://www.the-scientist.com/news-opinion/adult-born-neu-
rons-strengthen-memories-while-mice-sleep-67610,
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A dream may occur at any stage in one's life. The dream
that we can see during REM sleep, on the other hand, is the
most common and vivid. It can be nice at times and awful at
others. If the dream is unpleasant, the person may be suffer-
ing from REM sleep disorder. A good sleep can lead to sharper
concentration, better decision making, improved memory, abil-
ity to manage stress, better immune system, improved physical
health, increased energy etc. A case study done by Rene Hen
and colleagues at Columbia University found that adult mice re-
quire the stimulation of immature brain cells not just to acquire
memories, but also to consolidate them during rapid eye move-
ment sleep (Figure 11).

Mice were kept in a discomfort zone that is in a close box.
Electrical shock is given (fear conditioning) for mice conditional
learning behaviour shown in figure 11. It was noticed that deac-
tivated neurons are silent. Mice forget all those things that they
learned before sleep. This shows weak memory. This happens
due to neuronal modulation.

Conclusion

In normal condition, REM sleep can help to restore the mem-
ory for a long time. Optogenetically manipulation indicates that
REM sleep forgets fear conditioning memories, but restores the
memories when kept undisturbed without any manipulation.
Optogenetically manipulation shows that neuronal modulation
can be use as a treatment for the Disease person to forget all
traumatized event after a REM sleep. Therefore, a good sleep is
the key behavioural adaptation to avoid many diseases associ-
ated to insomnia and associated complications.
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