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Lecture 6 : Synapse & Neurotransmitters-1



CONCEPTS COVERED

> Resting membrane potential & Action potential
> Types of synapses

> Structure of synhapse

> Events at presynaptic terminal

> Neurotransmitters

> Events at Post synaptic terminal



BASIC CONCEPTS OF PHYSICS OF —ssmv
MEMBRANEPOTENTIAL

* An electrical potential difference exists across the
membrane of all living cells. N

K* =

* At resting state of the cell, the membrane potential is
called resting membrane potential (RMP)

« Membrane potential is mainly due to selective permeability
of the cell membrane to various ions at rest & Equilibrium
potential.



* Two types of physicochemical disturbances are produced: T  Graded Potential - Reenforcement
Synaptic, Generator, Graded or Electrotonic Potentials Em Fhreshold

* Local, Non-propagated Potentials.
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Synapse

Synaptic delay-nil (electrical)

Eg. Inferior olivary nucleus,

» Charles Sherrington coined the term. olfactory bulb, thalamus,
hypothalamus

(A) ELECTRICAL SYNAPSE (B) CHEMICAL SYNAPSE
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St ructure Of Sy N ap se Synaptic specificity- neurexin & neuroligin
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L
Events at presynaptic terminal

1. Vesicle stay & refilling- Kiss & stay
2. Vesicle detached & refilling- Kiss & run

Endosome

Endocytosis = Clathrin

Reaching of
vesicles close
to the active
zone




(1) Vesicle docks

(3) Entering Ca”* binds to synaptotagmin

Syntaxin SNAP-25

(2) SNARE complexes form to pull ATP/Munc13-1/18
membranes together

5 @ 0T oV

(4) Ca**-bound synaptotagmin catalyzes
membrane fusion

* More interaction- coiling

NT Release

* Inhibitory domain, folds back on itself
syntaxin doesn’t fold properl



e Tetanus toxin- synaptobrevin

* Botulinum toxin —SNARE proteins

Events at Post synaptic terminal

/ Excitatory — Glutamate (75%)
Neurotransmitters

.

Inhibitory- GABA, Glycine

Other Neurotransmitters

Dopamine (Substantia nigra)

Serotonin (Raphe nucleus)

Norepinephrine (Locus ceruleus)

Acetylcholine (Pyramidal cells, Basal forebrain)
Histamine (Hypothalamus)
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Glutamate
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Reuptake of glutamate by astrocytes is necessary
To prevent glutamate induced neurotoxicity in brain



lonotropic

Neurotransmitter
binds directly to

the channel protein.

Channel
opens
immediately.

Glutamate receptors
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In this case, G protein subunit
moves to adjacent ion channel,

Channel opens;
ions flow across

activated.

causing a brief delay. The membrane for
activated subunit may also a longer period
trigger second-messenger of time.

systems (not depicted here).

lons flow across
membrane for a
brief time.




lonotropic Receptors

AMPA Kainate NMDA

Magnesium block at rest

Glycine binding site

More cations — depolarization-
more sodium ions will enter



At Post-synaptic membrane- EPSP will be generated.

Presynaptic
neuron

After reaching threshold, the potential will be transmitted
As action potential across the neuron.

Functions of glutamate receptors-synaptic plasticity

Post synaptic
neuron




In this schematic model, when an excitatory POSt-SynaptiC pOtenti als
presynaptic neuron (red) fires, it shows a normal Al

action potential and causes depolarization Pres Gic |

(EPSP) in the postsynaptic neuron (yellow). -l_-_‘_-_‘_-_'_'_'_'_{—'—-— -~ ML;E::‘EF *
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When an inhibitory presynaptic newron (blue) ,-—-'// Postsynaptic neuron
fires, it also shows a normal action potential, but L L LS

it causes hyperpolarization (IPSP) in the post- o 1 _ 3 3 4 5
synaptic neuron (yellow), lime (ms)




> Electrical synapse is fast while chemical synapse has a synaptic delay.

> SNARE proteins and Calcium play an important role in vesicle fusion at the presynaptic membrane.
> The postsynaptic events depends in neurotransmitter and receptors.

> Glutamate receptors are of two types-ionotropic and metabotropic, play an imortant role in

synaptic plasticity.
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Lecture 7: Synapse & Neurotransmitters-2



CONCEPTS COVERED

> Resting membrane potential & Action potential
> Types of synapses

> Structure of synhapse

> Events at presynaptic terminal

> Neurotransmitters

> Events at Post synaptic terminal



Sequence Of Events At Neuromuscular
Junction

Ach- Otto Leowi

Presynaptic
terminal

Synaptic cleft



 Receptor: Nicotinic Ach receptors Blocked by curare
Ligand gated ion channels

« Ach binds to Ach receptor & causes conformational change.

« Lead to ion channels opening & permeability of motor end plate to Na* & K* increases.




Acetylcholine Receptor

Location: Near the mouths of the subneural clefts

Composed of five subunit proteins:

Two alpha proteins
One each of beta, delta, and gamma proteins.

Two Ach molecules attach to the two alpha subunit proteins.

Dense bar

Calcium
channels

Basal lamina
and

acetylcholinesterase

Acetylcholine
receptors




Acetylcholine Receptor

--—__:",.;'--'d"-"""I e .

Ach

When nerve impulse reaches the ending, it lead to fusion and
release of about 60 Ach vesicle .

This result in generation of EPP.

EPP is not an action potential but a local, non-propagated
Potentials.

:-'..:'-—_"-""'__F'-'-:=I —_— f




Destruction of the Released Acetylcholine

Mode of destruction of Ach:
« Mostly by enzyme Acetylcholinesterase
« Small amount diffuses out of the synaptic space.

« About 50% of choline is returned to the presynaptic terminal to be reused for Ach synthesis.

« Prevents repetitive muscle excitation.




Myasthenia Gravis

e An Auto immune disease.

Cause:
« Due to antibodies against nicotinic acetylcholine receptors of NMJ.

Symptom:
« Extreme muscular weakness with repeated and sustained activity
« Weakness improves after a period of rest



Lambert-Eaton Syndrome

e An auto immune disorder.

Cause:
« Due to antibodies against Ca?* channels in the nerve end.

Symptom:

« Muscle weakness.
« Proximal muscles are primarily affected.
« Symptom improves with activity.




Cholinergic pathways in brain

Fornix (to hippocampal formation)

 Important clusters of cholinergic cells are found in the
basal forebrain, including the medial septal nucleus,
the nucleus of the diagonal band, and the nucleus
basalis.

« These cholinergic cells project to the hippocampus
and amygdala, as well as throughout the cerebral
cortex.
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DO p am I n e Iy insula (bocated
Lateral 1o Basal _Ir
. D1, D2, D3, D4, and D5, panglia) ._
in the order of their

discovery

* Mesostriatal pathway-
dopaminergic axons
arising from the midbrain
and innervating the basal
ganglia, including those
from the substantia nigra
to the striatum.

* Mesolimbocortical
pathway- axons arising
in the midbrain and
innervating the limbic
system and cortex.

Hippocampus

Moesostriatal pathway: Mosolimbocortical pathway:
substantia nigra o ventral tegmental arca (VTA)
shriatum (caudate b nuchous accumbens, cortex
and putiamen) (including the insula),

and hippocampus




Noradrenergic pathways in the brain

Alpha 1,2
Beta 1,2
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Serotonergic pathways in the brain

Mesencephalic serctonergic

« Serotonin has been implicated in the cells project to thalamus

control of sleep states, mood, sexual i { ' hy pothalamus, basal
behavior, anxiety. - 4;' J\ o Banglia, and cortex
« Several families of drugs that are F 1 P

used as antidepressants share an

action on serotonin: they act to

increase its synaptic availability.
e 5-HT receptors.

Hippocampus i I_
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The GABA-A complex is made up of

GABA Extrucellulor space [::’] o th five_protein subunits surround a

Cl-ion channel at the core
Picrotoxin O{j‘] A RA

sl silie

Mlesusrostoerosd

sl e

Benzodiazepine
B

Major inhibitory NT

Robert & Frankel discovered
Synthesized from L-glutamic a.
Catabolized by GABA-transaminase 1.*
3 receptors-A,B,C )
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B receptor- more efflux of k+,

GPCR, eg, purkinje cells l.

Alcohol role

Introcedlular spoace



3 PATHWAYS-

e Cortico-limbic Pyramidal cells inhibit
o Striatum
o cerebellum

Role-
1.Antideoressants
2.Antianxiety
3.Promote sleep
4.anticonvulsants

striatiurm

cerabral
thalamus i T

subthalmic
nucleus

globus pallidus

substantia nigra

cerebellum



 The most studied endocannabinoid is anandamide (from the Sanskrit ananda, “bliss”) which has diverse functional
effects, including alterations of memory formation, appetite stimulation, reduced sensitivity to pain, and protection from

excitotoxic brain damage

» Local anesthetic A drug, such as procaine or lidocaine, that blocks sodium channels to stop neural transmission

in pain fibers.




The substance exists in presynaptic axon terminals.

The presynaptic cell contains appropriate enzymes for synthesizing the substance.

The substance is released in significant quantities when action potentials reach the
terminals.

Specific receptors that recognize the released substance exist on the postsynaptic
membrane.

Experimental application of the substance produces changes in postsynaptic cells.

Blocking release of the substance prevents presynaptic activity from affecting the

postsynaptic cell.
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Lecture 8 : Limbic System



CONCEPTS COVERED

» Components of Limbic System
> Neural circuits

> Functions

> Applied aspects



Limbic System components

 Paul Broca coined the term
* Ancient functions

HOME Cingulate gyrus

/I;nrtin-n Anterior
nuclei of Perigs
angli thalamus &
Hypo- nlf
| thalamu
Hippo-
amp
Amygdala Uncus
Farahlppm:ampal
gyTus




Farahippocampal  Hippocanpass

Limbic Cortex e

Lo | CEE

Emtorhimal

» Cingulate gyrus & Para hippocampal gyrus
» Other cortices giving inputs to Entorhinal

cortex



Hippocampal formation

Note the “C” shape, along with the major output paths for the
hippocampus: the fornix.

Dentate Gyrus, Hippocampus,
Subicular complex

Fornix and
mammillary body

Amygdala

Hippocampal formation



Fimbna

Alveus Choroid

Temporal hom plexts

\){

Choroidal
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\

\ Subicul
\
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Para\k{ippocampal
UHyTus
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fissure

Collateral -
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_7
SEPTAL < - MAM BODY

NUCLEI TREEN -

Efferent
loop

Perforant pathway

_ DENTATE GYRUS
Mossy fibres

Hippocampus-dentate circuit



Amygdala

* Located in the medial temporal lobe, anterior to hippocampal formation.

* Group of nuclei

» Largest- Basolateral connected to cortical regions > relay information to thalamus
* Centromedial nucleus- hypothalamus

Septal area

Gray matter, connected to hippocampus, amygdala , hypothalamus.

Hypothalamus




Papez’ Circuit:
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Prefrontal and temporal association cortices

cognition

Amygdala -

Medial dorsal
thalamus

Hypothalamus
and septal area

Brainstem
and spinal cord

Amygdala, Hypothalamus & Cortex circuit



Association cortices Cingulate cortex

_ Hippocampal formation and anterior thalamus provide a

L~

mechanism for the integration of information between the

cerebral cortex and the hypothalamus.

Entorhinal
cortex

Hippocampal
formation

Anterior

Hypothalamus thalamus

and septal area

Brainstem -



Hippocampal formation
and amygdala Association cortices

o

Ventral striatum Ventral pallidum  Medial dorsal thalamus

Interaction between the limbic system and certain components
of the basal ganglia



Functions

» Olfaction Entorhinal cortex

axons it
e L

Amygdala
» Eating

» Sleep & dreams

Limbic system ties emotions and memory during REM sleep- content of dreams.
Sleep promoting and wake promoting area-hypothalamus.

» Autonomic & endocrine responses to emotions

CRH release from Paraventricular nuclei of hypothalamus.



» Sexual Behaviour
MnPO and Medial Amygdala

» Addiction & motivation

Reward circuitry underlying addictive behaviour includes amygdala & Nucleus accumbens.

» Memory

» Social cognition

Cingulate gyrus & amygdala



Kluver- Bucy Syndrome

» b/l destruction of amygdaloid body & medial temporal lobe.
» Visual aghosia

» Hyperorality

» Hypersexuality

» Placidity

» Hypermetamorphosis

» Changes in dietary habits



» PD MacLean called the limbic system as “the visceral brain” for its close association with
hypothalamus and visceral autonomic functions.

» Limbic system is primarily involved in

« Motivation

Addiction

Emotions of Fear, Anxiety, Rage, and Aggression

Sexual Activity
Autonomic Responses




R

Review of Medical Physiology, William F Ganong, 23e
Kaplan & Saddock’s Comprehensive Textbook of Psychiatry, 9e
Guyton and Hall Textbook of Medical Physiology, John E. Hall, 13e

Behavioural Neuroscience, Breedlove, 6e.
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Lecture 9: Physiology of emotions



CONCEPTS COVERED

> Components of Emotion
> Basic emotions
> Theories of emotions

> Biological basis of emotion



Components of Emotion

L 3
e
\ 4

Physical
changes

e Derived from latin ‘emovere’

» Both mental & Physical components




Basic emotions

i Lo

Happiness
Alertiwess Regard

I
" Annoyance Apprehension '

Boredom Distraction
Pensiveness




(Ek man , S fl n d I n g S) Angoer Sadness Happiness Fear

YVVVVYVYY

Y

A\

IHsgust Surprisse Comtermp

ﬁa,\/

Complex emotions- anger +
disgust=contempt

Sadness + surprise =
disappointment

Happiness
Sadness
Fear
Anger
Surprise
Disgust




Happiness (pleasure, delight)\ In children being played with parents, singing

In adults-laughter

Fear- produced by loud noise, hurtful stimuli, being left alone
Response to fear- withdrawal/escape

Anger- due to physical threats, unfavourable comparison, punishments
Response to anger — screaming, kicking, hitting (children); scolding, quarrelling (adult)

Sadness/grief — related to anger, due to deprivation, punishment

Response - crying

Jealousy- anger
resentment



Theories of emotion

Cannon-Bard James Lange Schachter-Singer Opponent process

Cannon- Bard theory- Emotional exp ANS

Brain

Eg. Influence of cerebral cortex in controlling emotion
Response unrelated to provocation, short lived



1 James-Lange theory

(autonomic reaction triggers fecling)

Specific pattern
of aubonomic
arousal (heart

Particular emotion
experienced
(fear)

James and Lange argued that C . Perception/
the bodily response evokes the i E:;:;,l; . interpretation
emotional experience, (danger)
2 Cannon-Bard theory
(simultaneous feeling and autonomic reaction)

Cannon and Bard insisted that Perception/
the: brain must interpret the Stimulus L
situation to decide which (Bang!) ';"—"F“"‘E“““
emaotion is appropriate, (danger)

races, ofc,)

General autonomic
arousal (heart races, elc.)

Particular emotion
experienced {fear)

Bodily response
and emotional
experience an
simultaneous,

Ty




James Lange theory

emotional event response in ANS CNS detects — produce an emotional exp

Eg, Positive emotions accompanied with increased blood flow to limbs & constriction of pupil

Contradictions-
» spinal cord lesions-experience feeling of quite intense emotions
> Inj epinephrine-arousal, but no emotional experience




Schachter & Singers theory

- 2 factor theory
Perception of an environmental situation

Generalized state of bodily arousal which is perceived

Interpretation of the reasons for the generalized arousal state

Felt emotion depends upon the reasons given for the arousal state

Autonomic arousal is noticed by the person- come up with an explanation for the
arousal -emotion



Some participants were injected with

epinephrine but not warned of its effects.

(A)

Ll
Ldl

1

el

Some
participants
are exposed
to a happy
confederate
while filling

ot the form.

These participants were more
likely to report feeling elated.

Y/

These participants were more likely to i
report feeling angry and frustrated.

Other participants
are exposed to an

angry confederate
while filling

oul the form.




(B} Schachter’s cognitive attribution model
Stimulus Ceneral autonomic arousal

Autonomic responses

Stimulus Perception / L contribute to the

(Bang!) interpretation [ | intensity of emotional
o experence.

v/

;I Context Particular emotion experienced

{danger) (Fear)

/ Feedback

Ermotion experienced will affect future interpretations
of stimuli and continuing autonomic arousal.




Biological basis of emotion

» Rt cerebral hemisphere- emotional functions
» Lt cerebral hemisphere- positive affect
» Rt cerebral hemisphere-negative affect

Emotional processing

T SR AN

Prefrontal cortex Cingulate gyrus /cortex Hippocampus Amygdala




Effects of emotions on different systems

ANS-
Stress SNS >adrenaline

l

Palms sweating, increased HR, increased conductance,
Focussed attention

Immunological disturbance
Depression decreased lymphocyte production

Endocrine system
HPA activity

elevated in stress, increased in depression, increased cortisol in depression




EXAMPLES OF RECIPROCAL RHELATIONS OF THE
MERVOUS, ENDOCRIME, AND IMMUNE SYSTEMS

Miyroid hormaones are
necessary for development
of the nervous system

Morad renergic
innervation affects
antibody production. |

[mmime sy stem

products called

cytokines affect
[ Brain activity,

Perception of
threat {lear)

leswcds bov wesbemims
of cortisol from
aclrenal corbex,

Release of cortisol inhibits
UITHITNLTIG PESpMSes.

Immene syatem products
modulate endocrine
responses o in fection,



1. Components of emotions, emotions influence our behaviour.

2. Theories of emotions

3. Stress elevates levels of hormones from the adrenal cortex (cortisol) and the adrenal
medulla (epinephrine and norepinephrine), while suppressing other hormones

(testosterone).



1. Behavioural Neuroscience, Breedlove, 6e

2. Guyton and Hall Textbook of Medical Physiology, John E. Hall, 13e

3. Medical Physiology, Walter F. Boron, 3e
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Lecture 10: Reticular formation



CONCEPTS COVERED

> Location
> Reticular nuclei
> Pathways

> Functions



Nonspecific

thalamocortical projection WHERE IS RETICULAR FORMATION

Direct projection from RAS » LOCATED IN THE BRAINSTEM — TEGMENTUM
* RUNS ALONG THE LENGTH OF BRAINSTEM

Intralaminar (nonspecific)

Specific thalamic nuclei .
nuciei of thalamus

* Comprises of Medullary, Pontine & Midbrain Reticular Formation.
Y * Poly synaptic.

j « Has both ascending and descending components.

medullary
reficular

Midbrain reticutar
formation

Ascanding
sensory pathway



Reticular nuclei
Raphe nuclei, serotonin, arousal

* Median column
* Medial column ———> Magnocellular cells, control of eye movements, swallowing & brainstem reflex

* Lateral column \
Parvocellular cells, control of respiration, arterial pressure, visceral functions




W

Drorsal raphe
nucleus

Mucleus
raphe ponus

MNuclel raphe
magnus

<32

Pedunculopontine
nucleus

Nucleus
locus
ceruleus

Oral
pontine
nucleus

0O

Caudal
punur::_-
nucleus

Parvicellular
nucleus

Gigantocellular
nucleus

Ventral reticular
nucleus

Raphe nuclei

Medial (cenoral)
group of nuclei

Larveral group of nuclei




RETICULAR PATHWAYS

1. Ascending reticular activating system

2. Descending reticular activating system




Cerebral cortex
(sensorimotor)

Afferent pathways

Thalamus
Hypothalamus

Subthalamus _ Limbic system,

including
Cq rpus septal areas,
striatum amygdaloid complex,

hippocampus

D

- I -
gﬁ::;ltjil:; «——— Cerebellum

F Y
Collaterals from
cranial nerves
including
vestibular and
cochlear nerves s Direct

spinareticular
paths

Collaterals from
ascending tracls

Spinal cord I




Ascending Reticular Activatin
System

* [t projects into cerebral cortex in
two ways

Reticular Activating System (RAS)
determines the level of alertness

* 1. Through Subthalamus and
2. Through Thalamus

* Begins in lower part of brain stem,
extends upwards through the Pons,
midbrain, thalamus and finally
projects throughout the cerebral ;_

cortex. Pons ///: / ‘;\,{A"u"_-fﬁ_';-n

Exercise (+)




Efferent pathways

Cerebellum

Thalamus
~%  Hypothalamus
subthalamus

Reticular
formation

! .. Red nucleus

: " Substantia nigra
Spinal cord Tectum




Functions of ARAS

 Wakefulness
» Selective attention & inattention
* Generation of alpha waves in EEG

Reflex movements, regulation of tone, posture,
Smoothness & accuracy of voluntary movements

Functions of DRAS

e Inhibitor

. Muscle tone maintenance, autonomic functions
* Facilitatory :

Activates ARAS




Regulation of posture by RAS

CORTEX CORTEX
BASAL GANGLIA CEREBELLUM
CAUDATE NUCLEUS

+ -

PONTINE RF MEDULLARY RF

~ <

+ -
GAMMA MOTOR DISCHARGE

l

ALPHA MOTOR NEURON



Reticular formation has long ascending branches projecting to the thalamus, hypothalamus,
and cortex, and long descending branches projecting to the spinal cord.

Reticular formation gives rise to reticulospinal tracts (RSTs). RSTs are important components
of medial system pathways that are involved in regulation of posture.

Increased activity in these projecting neurons causes excitation of cortical neurons and
creates alertness and wakeful state.

Major monoaminergic and cholinergic systems of the brain are located in the reticular
activating system.

These fibers are involved in integration of various sensory and behavioral activities.




1. Guyton and Hall Textbook of Medical Physiology, John E. Hall, 13e

2. Medical Physiology, Walter F. Boron, 3e

3. Comprehensive Textbook of Medical Physiology (Volume 2)
Gopal Krushna Pal, Pravati Pal, Nivedita Nanda
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