Neurotransmitter :types
&life cycle

Do b



Neurons

,} Dendrites

Nucleus

Cells in the brain
o that carry
messages through
signals to other
parts of the brain.

Axon

!
Synapse\x_g‘
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1. Label the parts of the neuron.

Dendrite | [AXON
terminal | ,/‘ A

Cell body =

Nucleus ?

Axon

Myelin Sheath
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How does the brain work?
Synapses!

7Dendrites

Nucleus

Axon

Signal travels along

axon to synaptic Myelin sheath protects
axon and facilitates
conduction of electrical
signal

carries Nerve cell sends
Receptor cells electrical electrical signal
are activated signal along axon

Connections between neurons

Dendrites = Take in information
Axon = Send out information




Let’s go deeper...

What’s happening at a synapse?

* Chemical release from one
neuron to another

* Packages of chemicals

A (vesicles of

B ccounine neurotransmitters) are
/receptor

e g — released from one neuron

* Another neuron receives the
chemicals (receptors)

Neurotransmission




Neurotransmission

Neuron 1 Neuron 2
NEUROTRANSMITTERS RECEPTORS
« Chemicals in vesicles that * Receivers for specific
get released chemicals
* Examples: dopamine, * Examples: dopamine
serotonin receptor, serotonin receptor
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INTRODUCTION
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» NeurotranSmitters are chemical messengers that

transmit signalsjrom a neuron to a target cell across

@synapsé r4pid / yNThe_ 59%/4-1' < vegide in Pre

» Target cell may be a neuron or some other kind of cell like
a muscle or gland cell.

» Necessary for rapid communication in synapse.

» Neurotransmitters are packaged into synaptic vesicles -
presynaptic side of a synapse.
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““What is a neurotransmitter? ,
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e A khemical substance #hat:

* Is synthesized and stored in a presynaptic neuron (the

enzymes needed for its synthesis must be present in the

neuron), Syoups 19225 Qae 7 Y pat , cit

» Is released at a synapse following depolarization |of the
nerve terminal (usually dependent on influx of calcium

ions), ”Na ions to the neurons “entry of positive charge of ions
* binds to receptors on the postsynaptic cell and/or

1 1 % h (g la{'IZAjbn — ~W d‘""" e aF \\qeftr\'\ln
presynaptic terminal, Acmmw)‘ﬂ: o g v v, - ? .
» elicits rapid-onset and rapidly reversible responses in clefh.
the target cell,

» [s removed or inactivated from the synaptic cleft.



= (+ gt
2L als = %SP”’“CL ‘\'°<'1"(j<é

They are/chemicals\that communicate information
throughout our brain and body.

The brain uses neurotransmitters to tell your heart to

beat, your lungs to breathe, and your stomach to
digest.

They can also affe, concentration,

weight, and can cause adverse symptoms when they
are out of balance. /S#&53, Y e -t
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we should change our life style...
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Neurotransmitter levels can be depletedmany ways.

NYBISH
Stress, poor diet, neurotoxins, genetic predisposition,

dl/ug (prescuptlon and recreational), alcohol and
" caffeine usage can cause these levels to be out of

s
optimal range. Ak Choclate Il &
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The neurotransmitters are stored in|tiny sad-like
structures called vesicles at the end of axons. When an
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the vesicles release a neurotransmitter into the small
space between the adjoining cells (synaEtic g 3\
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Transmitter

/ ~ Signaling
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and. m2y leaed to adverlse reucdion.

Enzymes concerned with the synthesis of
neurotransmitters are present both in the cell body

and in the nerve ending.

_————

A portion of neurotransmitter is produced in the cell
body and transported to the nerve ending.
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* Junction between two presynaptic and
postsynaptic neurons

- There are two types of Synapse:
Menc i no vesclu

= 1. Electrical Synapses : Two neurons connected by
gap junctions [ﬁ'f NeeWs J\ Qadm Guoalsl v
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, 4= 2. Chemical Synapses : Chemical messenger is
-~ V ag, - s ¥ .
N\ /-;@c\\ "ﬁ’nsmltted across the junction separating the
i o=

“ﬁ" O Neuronsvyesice. ) >80~ &N ) (WUt . (j_‘;.:\ X
2L wWeF . :

S

s

| " OYLLJ)'C‘Q —Pa‘bm Pm mf)ﬁg ~\_Q N SJ M]OA)'IQ )
vg.

% s itivedo 4 0}7 ,



| 1
[ 4
/ =
e 2
( -A
. N
e
- N o % ——4
o A : Receptor/ - -*/
. . ~— Synapse
%‘ \‘\
gl e

Illustration of the major elements in chemical synaptic transmission.




PROPERTIES OF i
NEUROTRANSMITTERS <%

e

Synthesized in the presynaptic neuron

Localized to vesicles in the presynaptic neuron

Released from the presynaptic neuron under
physiological condition

Rapidly removed from the synaptic cleft by uptake
or degradation

Presence of receptor on the post-synaptic neuron.

Binding to the receptor elicits a biological response




TYPES OF NEUROTRANSMITTERS

andder cont) SIS oS

Z’ C @61)61}'7@’) i
EXCITATORY | INHIBITORY BOTH

) /,,qy)— CIMMS

 Clatamare Glycine +  Acetylcholine
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1 GABA ' Nor epinephrine
Aspartate —
Serotonin

i Nitric oxide
Dopamine




Types of Neurotransmitters

* There are two kinds of neurotransmitters —
INHIBITORY and EXCITATORY.

* Excitatory neurotransmitters are not necessarily
exciting — they are what stimulate the brain.

* Those that calm the brain and help create balance are
called inhibitory. Inhibitory neurotransmitters
balance mood and are easily depleted when the
excltatory neurotransmitters are overactive.



» Classes of Neurotransmitters

p—
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Glutamate
: . Aspartate
Amino acids Glycine
GABA

—— Catecholamines —— Epinephrine L
3 Norepinephrin Pect.

Dopamine adkeral ﬁ
e@

Monoamines —

L ,
—— Indolamines —— Serotonin
Nitric oxide
wes Carbon monoxide
Acetyicholine Acetyicholine

u/-\_/—~




ACETYLCHOLINE (ACh)
cl’lb]}nafgf C
» Acetylcholine was the first neurotransmitter to be discovered.
[solated in 1921 by a German biologist named Otto Loewi.

i
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» Uses(choline 3s a precursor chollnerglc eurotransmitter.

4:"‘5 g vc\nr\-}e\g M
» Used by the Autonomic Nervous System, such as smooth muscles
of the heart as an inhibitory neurotransmitter.

Responsible for stimulation of muscles, including the muscles of

e gastro-intestinal system.

« Used everywhere in the brain.
» Related to Alzheimer's Disease.




» Biosynthesis of Acetylcholine

Acetyl coenzyme A Coenzyme A
(acetyl-CoA) (CoA)
WiJer Acetylcholine (ACh)
N \
_ .
e b/ ChAT transfers
&5’(40 ~ ‘i, / acetate ion from
hAT\ /= Choline / acetyl-CoA to
enyﬂt— "‘Choﬁne choline
acetyltransferase
— (ChAT)
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s [Acetylcholines transmitted within cholinergic %%
pathways that are concentrated mainly in specific
regions of the brainstem and are thought to be
involved in cognitive functions, especially memory.
Severe damage to these pathways is the probable cause
of Alzheimer’s disease.

» It is also found in sensory neurons and in the
® autonomic nervous system, and has a part in
e Y DY O el
scﬁedulmg REM (dre}n) sleep. Rapid E'xe\move/ment
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Outside the braingacetylcholink is the ]@in

== g
neurotransmitter in the Earasymgathetlc nervous
system - the system that controls functions such as
heart rate, digestion, secretion of saliva and bladder

. e -
function. =
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The plant poisons curare cause paralysis by blocking
the acetylcholine receptor sites of muscle cells.
The well-know q orks by preventing
the vesicles in the axon ending from releasing

acetylcholine, causing paralysis.




DOPAMINE 00)’&(.4/14 v

» Is synthesized in three steps from the amino acid tyrosin

T S /SyuTeedion) (/3
» Associated with reward mechanisms in brain.

» Generally involved in regulatory motor activity, i
motivation and attention.

s@zo@s have too much dopamine.
e E——
» Patients with .Disease have too little

dopamine.
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Dopamine




Schizophrenia:These simply mean experiences that someone

with schizophrenia has, such as hallucinations, unusual physical
P e —

movements, and illogical thoughts.
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Parﬁnson's disease: Is a brain disorder that causes
uncontrollable movements, such as shaking, stiffness,

and giﬁiculty with balance and coordination. Symptoms

usually begin gradually and worsen over time.




NOREPINEPHRINE (nor adrenaline)

gpuauﬂéj

» Synthesized directly from dopamine,
Direct precursor to epinepherine.

[t is synthesized in four steps from tyrosine.
e ———————

» Synthesized within vesicles.

» Norepinephrine is strongly associated with bringing our
nervous systems into."high alert." s¥res>

0 , A0
» It increases our heart rate and our blood pressure.
[t is also important for forming memories.
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Norepinephrine




GLUTAMATE
L CXC‘\H@%

o [tis an‘ amino acid

» It the most commonly found
excitatory neurotransmitter in the brain.

» Itisinvolved in most aspects of normal brain
function including cognition, memory and learning.
Activen —> P blem 9 Mtewnn e

» Glutamate is formed from o - ketoglutarate, an
intermediate of Kreb’s cycle.




y-AMINO BUTYRIC ACIDAGABA

» Synthesized directly frorb glutamate. inhb ’%%'
over excivekely D\ 6o b\ e by Bq\q%mé The over
“,'\ .o
» GABA is the most important inhibitory neurotrg?{smitter

» Presentin high concentrations in th@reventing the

brain from becoming overexcited.

-
» If GABA is lacking in certain parts of the braiff, epilepsy
results. \\_4,)
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* Gamma amino butyriacid (GABA) is the major
inhibitory neurotrapémitter that is often referred to as
“nature’s -like substance”. When GABA is out
of range (high or low excretion values), it is likely that
an excitatory neurotransmitter is firing too often in the
brain. GABA will be sent out to attempt to balance

LA L

this stimulating overggring. )
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* People with too little (g';AB?‘; tend to suffer from anxiety
disorders, and drugs like Valium work by enhancing
the effects of GABA. Lots of other drugs influence
GABA receptors, including alcohol and

es. If GABA is lacking in certain parts of the
rain, epilepsy results.
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°ved frﬁ glucose, which is transaminated
in the Kreb’s cycle to gtia\iine and then converted to

GABA by the enzyme, glutamic acid dccarbo&%

* Glucose mmmmP Glutamine Emmm) GABA.
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SEROTON | N L d& e over CXC-\W\WEsAm&J

EROTO is an inhibitory neurotransmitter -
_ ) ﬁ—- 2 3
whchi means that it does not stimulate the brain.

Adequate amounts of serotonin are necessary for a

stable mood and to )Falance any excessive excitgl;o@

(stimulating) neurotransmitter firing in the brain.

If you use stimulant medications or caffeine in your

daily regimen - it can cause a depletion of serotonin




Low serotonin levels leads to an increased aEEetite for

carbohydrates (starchy foods) and trouble sleeping,

which are also associated with de d/Rlessmn and other
emotional disorders. It has also been tied to
4,1) ’migraines, irritable bowel syndrome, and

ﬁblomyalgla
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[.ow serotonin levels are also associated with decreased
N e e
immune system function.
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In addition to mood control, serotonin has been linked

with a wide variety of functions, including the
regulation of sleep, pain perception, body
temperature, blood pressure and hormonal activity

2l oA sertfonin R

’SuS A’




Within the brain, serotonin is localized mainly in
nerve pathways emerging from the raphe nuclei, a
group of nuclei at the centre of the reticular formation
in the Midbrain, pons and medulla.

These serotonergic pathways spread extensively
throughout the brainstem , the cerebral cortex and
the spinal cord .
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l’ of serotonin is found in the intestinal

e —
mucosa.
———

» Although the CNS contains less than 2% of the total
serotonin in the body, serotonin plays a very important
role in a range of brain functions. It is synthesized
from the amino acid tryptophan.
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Steps In neurotransmitter processing are:

Synthesis: Neurotransmitters are synthesized by the
enzymatic transformation of precursors.

Storage: They are packaged inside synaptic vesicles.

Release: They are released from presynaptic terminal by
exocytosis when calcium enters axon terminal
during an action potential

Diffuse across the synaptic cleft to the
postsynaptic membrane.

Binding: They bind to receptor proteins.

Inactivation: The neurotransmitter is degraded either by
being broken down enzymatically, or reused by
active reuptake.




ALCOHOL & NEUROTRANSMITTERS

which is an inhibitory neurotransmitter.
Enhancing an inhibitor make things sluggish.
The neuron activity is diminished- sedative effects of alcohol.

* Alcohol inhibi ﬂm eceptor function.
‘- p

W) emo
" This causes discoordination, slurred speech, staggering,

memory disruption, and bJackout.
{ san=

» Alcohol raises" levels.

opam
This leads to excitement, pleasure and later addiction. 1\




| NICOTINE &
NEUROTRANSMITTERS

 Nicotine imitates the action of ACh &
binds to ACh receptor.
—

» Like acetylcholine, nicotine leads to a burst of
receptor activity.

* Nicotine activates cholinergic neurons in many

different regions throughout your brain
simultaneously.

» This(stimulation leads'$o:
Increased release of glutamate.

> Stimulation of cholinergic neurons promotes the

release of dopamine. The production of dopamine
causes feelings of reward and pleasure.
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. DISEASES ASSOCIATED WITH
NEUROTRANSMITTERS

NEUROTRANSMITTER  DISEASE

o Acetylcholine » Alzheimer’s

 Dopamine » Parkinson’s disease
» Schizophrenia

» GABA » Epilepsy

» Serotonin MigraiRes

tension defe
— ~—————

ADD disorder
e Depression
fofiom
» Glutamate » Migraine
» stroke
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RECENT DEVELOPMENTS

» A team of scientists from University of Barcelona in
2011, has discovered that D-aspartic acid (D-Asp) is
a novel neurotransmitter that could potentially be
used in the fight against neurological diseases such
as Parkinson's and schizophrenia.

» According to a new study led by researchers at the
Ohio State University Comprehensive Cancer
Centerin 2011, doses of a neurotransmitter
dopamine might offer a way to boost the
effectiveness of anticancer drugs and radiation
therapy.




CONCLUSION

» The ability of nervous system to orchestrate complex
behaviors, learn and remember depends on
communication between vast no: of neurons.

» Mediated by neurotransmitters.

» They play an important role in control and
coordination of body:.

» Ma urological diseases and mental disorders are

due to improper functioning O@urotransmitteﬁ.
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