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['ype of Evaluation

Weightage (in %)

uiz 1 10 % MCQs + short answers

Quiz 2 10 % MCQs + short answers

Viidterm 25 % MCQs + short answers

n-class random quizzes 25 % 5 surprise class quizzes over the semester
-nd-term - Oral presentation 30 % Viva/Oral — 15 minutes (student groups)
-xperiment Participation 5% extra Participate in experiments that are

conducted in the Cognitive Science Lab

%

Vv
1
(00}
(0¢}

81-87.5
74-80.5
66 -73.5
C 59-65.5
C- 52-58.5
40 -51.5
Below 40
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https://www.jstor.org/stable/full/10.1086/682587 Kier Watson blog

Increase in Brain Size

A) Pravious hypotheses

*  Improved dietary quality

« Cooking

*  Access to key brain nutrients

<— ~§
Chimate Fluctuation
(radic sad by copge resssormenn)

'W.“:: 1500 cc
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https://blogs.ntu.edu.sg/hg3040-2014-3/biological-evolution/increase-in-brain-size/


https://rosemarycottageclinic.co.uk/blog/2015/09/26/did-cooked-tubers-drive-human-evolution/

Mass Resting energy expenditure

(% of total) (% of total )
L L) Kidney (8%)
(32.9%) (21%) Heart (8.9%)

Kidney (0.4%)

Skeletal
Muscle
(21.2%)

Heart (0.4%)

Liver
~ Skeletal Muscle

0,
Adiopose (17:6%)
tissue (36%) Adiopose tissue
(26.5%) Other tissue (5.4%)

(17.9%)

Currevit Opinion in Neurobiclogy

https://www.sciencedirect.com/science/article/pii/S0959438822001623

The brain accounts for about 20% of the body’s energy consumption,
despite only representing ~2% of its weight.

That’s around 0.3 kilowatt hours (kWh) per day for an average adult,
more than 100 times what the typical smartphone requires daily

How much energy do we expend thinking and using our b@£ﬁ7ﬁ



https://www.sciencedirect.com/science/article/pii/S0959438822001623
https://theconversation.com/how-much-energy-do-we-expend-thinking-and-using-our-brain-197990#:~:text=Tracing%20oxygen%20consumption%2C%20the%20brain,the%20typical%20smartphone%20requires%20daily.
https://theconversation.com/how-much-energy-do-we-expend-thinking-and-using-our-brain-197990#:~:text=Tracing%20oxygen%20consumption%2C%20the%20brain,the%20typical%20smartphone%20requires%20daily.

 What advantage does a larger brain, more neurons, offer?
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Evolution of human species

Large brains provide more memory capacity and the
abilities to recognize patterns of events in the past and to
plan for the future. Because an upright posture limits the
size of a woman'’s birth canal and therefore the size of the
head that can pass through it, much of the brain’s growth
must take place after birth, which means children require
an extended period of parental care.

Our brains are 3 times larger than those of chimpanzees

The grid lines indicate pattern of growth,
showing much less change in the human skull
from birth to adulthood
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Copyright © 2008 Pearson Allyn & Bacon Inc
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Synaptic pruning & synaptogenosis
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* How does our brain accommodate high density of neurons in a
limited space (skull)?

e ~86 billion neurons/interneurons
* ~86 billion non-neuron supporting cells (glial cells)
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NMouse brain Human brain

our brains contain many more neurons per gram

An increase in the number of convolutions—folds on
the cerebral surface —has greatly increased the surface
area of the cerebral cortex, the outermost layer of cerebral
tissue
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Specles with more complex behaviors have brains with more neurons , .
that are available for behavior, learmning, remembering, reasoning, and Brain neurons [b'”'D HSJ
making plans. Primate brains—especially large ones—contain many

more Neurons per gram than rodent brains and many more neurons in

the corex. Source: Herculano-Houzet, 5., Maring, L. Brain Behav Bvol 199851
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Sources: Suzana Herculano-Houzel Maring, L. Brain Behaw Eval 199%51;230-2348

ha

Mumber of cerebral cortex neurons (billions)
o

Humans have o : . : : :
Brain size = intelligence (non-linear relationship)

* Larger surface area (especially cortical surface area)
Humans -2 larger cerebral cortex (neocortex)

* Higher neuronal densit
.g . : y . Elephants = larger cerebellum (trunk- sensory powerhouse)
* Higher ration of brain size to body size 12/476



Planes of section

Coronal/frontal plane
; Sagittal

Coronal section

plane

Sagittal section

Dorsal . .
) Rostral Horizontal section
\

*}‘

Ventral
Copyright @ 2008 Pearson Allyn & Bacon Inc.
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Neuraxis: An imaginary line drawn through
the center of the length of the central
nervous system, from the bottom of the
spinal cord to the front of the forebrain

Dorsal: Towards the back

Ventral: Towards the belly

Ipsilateral: Located on the same side of
the body.

Contralateral: Located on opposite
side of the body.
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Orientation of CNS
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Reference points on the outer surface

Central sulcus

Precentral sulcus Postcentral sulcus

Intraparietal
sulcus

Inter-
hemispheric
fissure

17/476



Cerebral
I—:aniapharatl

Frontal lobe

Central sulcus

Panetal lobe

Ocopital lcbe

B
Frontal lobe Parietal lobe

Occipital lobe

Temporal lobe

Cerebellum
Brainstem
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Major Divisions of the Brain

__Parietal < _

| /  lobe N
=N T .:‘_'_.J j _
e O = Midbrain
o :x Occipital
Temporal, . lote
IubE i _ﬁ_-" - o

Hindbrain

\ ui

Forebrain — outer structures (frontal, temporal, parietal, occipital) — latest to evolve
Hindbrain — structures at the back (brain stem, cerebellum)

Midbrain — structures in the middle of the brain- cannot be seen for the outside — ancient in timescale
(preserved across species)
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FIGURE 4 | Pratrontad cortex in prmetes. Pictures of represemative primsats groups and the rat show s spproximats location of the latersl Prsfronta Cortax [FFC)
Srain plotures ane approxmately af scale and are fom the Comparatve Mammalan Bmin Colecton (hitpc//neurosdencaltrarny.org) from the from the Uneversity of
Wizconsin and Michigan State Comparative Mammeallan Brain Collections, 82 wel 85 from 1hoss al the National Mussum of Haath and Medicins funded by the
Nasiona' Sciencs Foundston, 85 wel 65 by e Nationd Instituees of Haalih

Evolution of the prefrontal cortex

Australopithecus robustus Homo erectus Homo neanderthalensis Homo sapiens sapiens
shattarstoch. com + 1475150004

https://www.frontiersin.org/iournaIs/ceII-and-developmentaI-biologv/articIes/10.3389/fceII.2021.591£0&/1/}‘gl|
https://thebrain.mcgill.ca/flash/a/a 05/a 05 cr/a 05 cr her/a 05 cr her.html



https://www.frontiersin.org/journals/cell-and-developmental-biology/articles/10.3389/fcell.2021.591017/full
https://thebrain.mcgill.ca/flash/a/a_05/a_05_cr/a_05_cr_her/a_05_cr_her.html

Parietal lobe
(language
and touch)

Frontal lobe
(thinking, memory,
behaviour and

movement)
Tempf)ral lobe . Occipital
(hearing, learning lobe (sight)

and feelings)

Temporal,

Cerebellum

—_~Cerebelum —~
D= : (balance and
. Brain = Brain st.em coordination)
stern (breathing,
) heart rate and
temperature)
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U b
Developme.nt of the human nervous % ﬁ ﬁ
system begins around G

the eighteenth day after conception 23 days 25 days 4 weeks
7 weeks
From conception to birth
Brain development continues after an
10 weeks 4 months

animal is born. In fact, the human brain
continues to develop for at least two
decades. Every learning experience
changes the brain.

The last region to mature in the frontal
cortex ~ 25 years

5 months & months

Legal age to drive or drink

100 billion neurons 53476



* How does your head and neck manage the weight of your brain?
e (1300-1400gms)
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Cerebro-Spinal Fluid (CSF) -

Cerebrospinal fluid

Spinal cord———

v" A human brain cannot even support its own weight (extremely difficult to handle a fresh brain)
v" An intact brain floats in CSF

v When floating, its weighs less, approx 80g!

v' CSF also reduces the shock to the CNS due to sudden head movements and jolts.

v’ Total volume of CSF in brain — 125m|

v" All of the CSF is replaced every six hours

v’ CSF is extracted to detect many infections in the brain

Cerebrospinal flund drawn
‘ from between two vertebrae
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MRI Image

Ventricle (reference points)

Corpus callosum

Hypothalamus

Dura mater

Midbrain  Pons Medulla Spinalcord Cerebellum
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Gray matter - due to the grayish color of cell
bodies (of neurons) that predominate the
region

White matter: due to the whitish opaque
color of the myelin (a protective covering on
the neurons) that predominate this region

Dorsal Cerebral coriex
White matter (gray matter)

| \ What gives the white
Fissus color in the white matter
seen in the MRI scans?

Ventral 27/476



central nervous system

peripherad nervous aystem

0 Encyciopadio Braswice, iInc.

Dendrite

Axon Terminal

Node of
Cell body Ranvier 7,
A ’
neuron Q ’,
'«

Axon Schwann cell

Myelin sheath
Nucleus

Central nervous system

Peripheral nervous
system

Glial cells (support neurons)

Astrocyte

Blood vessel

Axon

Oligodendrocyte

Microglial
cell

Schwann
cell

Myeiin
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What is the function of the myelin sheath?

horye finor = =\ (insulation)
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How does a neuron transmit a signal?

How does a heuron switch on?
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Class 2
Neuronal Function
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How does a neuron transmit a signal?

Dendrite

Axon Terminal

Node of
Cell body Ranvier : 1?

R

= AXON Schwann cell

Myelin sheath
Nucleus
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Fresynaptic neurcn
(axon terminal) \ -

Action > cleft
poiential
/ Neurotransmitter
Neurotransmitter attached to receptor

released into synapse

Neurotransmitter Enzyme that destroys
stored in vesicles neurotranamitter

Synaptic cleft

a narrow gap of about 20 nanometers

Before tranamitter reieese

FIGURE 2.14 Neurotransmitter leading to a postsynaptic potential.
The binding of neurotransmitier te the postsynaptic membrane
racaptors changes the membrane potential (V). Thasa postsynap-
tic potentials can be elther excltatory (depolarizing the membrane),
as shown here, or inhibitory (hyperpolarizing the membrane).
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Synaptic cleft/gap

Neurotransmitter
Neurotransmitter attached to receptor

released into synapse Postsynaptic

Presynaptic
axon termina

Neurotransmitter Enzyme that destroys
alored In vesicles neurotranamitter
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A neuron at rest RESTING NEURON

Osciloscope scraen
2N
/ Timo &t which
§' /4 elctode enters
Arplts I./.g.mv_«_/""“’ _ _______ |
“ - |\ } Swnnm
\\ P
anlars -
rauron Extraceliuiar
= refeence Tme_>
e - alactrode
¢
;. I
| - 3 Na /K"
[Na*] [CI] N
Nonggatecs
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Na-K pump

Extracellular space
Positive charge on
@ @ extracellular side
@ Nongated
@ K* channel Nongated
/\ , : \ Na* channel

Negative charge on
Intraceliular fluid of the membrane

1 lons in motion move down their concentration

gradients, thus Na* will tend to enter Kt Kt
Sl !

and K* will tend to exit. Na+ P

K+

Kt g+
Na*t
K+
K+

K+

2 The negative internal

charge creates pressure + Na*
for both Na* and K* to Na
enter. Na*

Na*t

Na+ potassium pump
Na® nat Nat ke

3 Sodium—potassium pumps
transport 3 Na* out for every
2 K* they transport in.
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Neuraotransmitter

St 10 bt https://uen.pressbooks.pub/anatomyphysiology2/chapter/ion-channels/

Neurotransmitter
released into synapse

ION CHANNEL

Ligand-gated Mechanically-gated
Neurotransmitter Enzyme that destroys Neuro- Receptor Pressure

alored in vesicles neurotranamitter transmitter {)‘

= ~

}

nm 'Jé
Ligand-gated channel Cytosol Closed Cytosol Closed

§
H

i Always open Voltage-gated

e

Lrmasad by e Darwekes

Qpens (closes) In responseto 8
specific extraceliular neurctransmitter
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Inside the
cell
membrane

00000000

Outside
the cell
membrane

Because of the tension
created by the resting
membrane potential, the
Na+ ions rush inside once
the Na+ channels are
opened

Depolarizace

»

1 millisecond

®

0

Voltage (mV)

35

Extracellular space

With too many + ions inside,
the K+ gates open and K+
ions are pushed out to
balance the electrostatic &
concentration gradient

<70}

Ihreshold

Action
potential

—_
=
—
-~
F
N
-~
~
=
~
~—

ozl ejoday

Failed

Initiatrons

Resting state

0

.\nmulus? :
Refructory
period

| 2 3 4 S
Time (ms)
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Inside the cell membrane

00000000

Outside the cell membrane

Depolarization

Because of the tension
created by the resting
membrane potential, the
Na+ ions rush inside once
the Na+ channels are
opened

»
»

1 millisecond

Depolarizace

G
G

Extracellular space

@olari@on

With too many + ions in,
the K+ gates open and K+
ions are pushed out to
balance the electrostatic &
concentration gradient

1 millisecond Resting membrane
> potential is restored

Na/K pump
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Na® channel K* channel

Sodium tasslum
jons enter ions leave

+40 - Na* channels — 3
become
refractory, no
more Na*
< enters cell
E ‘4 K’ continues to
® 0} leave cell,
= causes membrane
.. potential to return
8 1o resting level
<
o
;
=
& K channels close,
% Na* channels reset
Threshold of ﬂ Extra K* outside
excitation diffuses away

Voltage (mV)
o

. .
~
S W

Threshold

Dynamics of an
Action Potential (AP)

Action
potential

uog\iflp"\“hu

Failed
nitiations

-

Stimutus? :
_ Refructory
period

Resting state

0

| 2 3 4 )
Time (ms)

The whole process
takes about 2-3 msec

Before tranamitter reieese

Pragynaptic \

After transmitter release

Fxcitatory

Viyw | postsynaptic
patential
|

Transmitter
ralease

FIGURE 2.14 Neurotransmitter leading to a postsynaptic potential,
The binding of neurotransmitier to the postsynaptic membrane
racaptors changes the membrana potential (V). Thesa

tic potentials can be elther excltatory (depolarizing the Km
as shown here, or inhibitory (hyperpolarizing the membrane).



Membrane potential (mV)

n

Action potential

]
Threshold of excitation

L Hyperpolarization
| | 1 |
1 2 3
Stimulus Time (msec)

applied
Copyright © 2008 Pearson Allyn & Bacon Inc.

Threshold varies from -65mV to -55mV,
across different brain regions

Action Potential (AP) in an axon

An action potential is an all or none
phenomenon, i.e. only when depolarization
crosses the threshold, an action potential occurs.

DENDRITES

makeagifcom

41/476



Neurotransmitter
released into synapse

Presynaptic
axon termina

Axoni

Neurotransmitter
stlored In vesicles

lon channels/gates are
specific to
neurotransmitter
molecules (shape/size).
Depending on which
type of ion channels are
opened, the signal can
be excitatory or
inhibitory.

Postsynaptic
dendrite

Excitatory
neurotransmitter

!

\

Presynaptic Postsynaptic ‘\
axon terminal dendrite

Posts Past r.
Y Potential (IPSP)

dendrite

Presynaptic axon

terminal
Inhibitory

—7 JON\V
La®.
naptic ' |

threshold

Mamehraen Pote sl
Jmisiunits)
3

=

tTmtﬂ-irrmﬁ-l

B _—
.'ll"'\-r"'-ll.lll.

' Time {milissoonds|

[STMULDS

neurotransmitter An action potential occurs if the combination of gr aded potentials exceeds a WMZ6




Molecuks of nouratransmtior
attached to binding site

i . + ,-’/'/I l?’_ﬂ c'mn:ol (@3) Mer;llx.:ue "
Postsynaptic potentials SR . gt [ @ .
L\ UHHH!E" ORI | K
WA | @ atht I
Inflow of Na™ causes Qutlow of K* causes Inflow of CI° causes
a depolarizaton b hyparpolarization hyperpalarizason
(EPSP) (IP5P} (IPSP)

» Excitatory postsynaptic potential (EPSP):

* An excitatory depolarization of the postsynaptic membrane of a synapse caused by the liberation of a
neurotransmitter by the terminal button.

* Mainly due to the opening of Na* channels
* Positive ions can enter or negative ions can leave the cell to cause a depolarization (Na* enter or A leave)

* Inhibitory postsynaptic potential (IPSP):

* Aninhibitory hyperpolarization of the postsynaptic membrane of a synapse caused by the liberation of a
neurotransmitter by the terminal button

* Due to the opening of K* or Cl-channels
* Positive ions can leave or negative ions can enter the cell to cause hyperpolarization (K* leave or Cl- enter)
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* How does a neuron know when to fire?
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Inhibitory synapses

D To recording instrument —

Two simultaneous EPSPs sum to produce a greater EPSP

A Stimulated B Stimulated A + B Stimulated
—B5 =G5 —gh
= 10 L g0 ~70 /\
©
=
% Two simultaneous IPSPs sum to produce a greater IPSP
%’ C Stimulated D Stimulated C 4+ D Stimulated
e 65 —65 -85
'i S~ L -70 \ /
E ¥ —I5 —I5 —
(]
5
E A simultaneous IPSP and EPSP cancel each other out
= A Stimuiated C Stimulated A + C Stimulated
—65 —65 —B5
0L\ —70 —70
=15 —I5 =5

Graded

dendrites

Membrane potential (millivolts)

Excitatory

Potential at o=

B

Inhibitory synapse

To oscilloscope —=

Two EPSPs elicited in rapid succession sum to
produce a larger EPSP

—65

—70

LN

—B5

—70

A

A

N\

A A

Two IPSPs elicited in rapid succession sum to
produce a larger IPSP

—65

—70

—B5

R

e

—70

N\

NS

B B
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Factors that give rise to an action potential

=)

E o

s Threshold of axon of

= posisynaptic neuron

=]

E -65 Jesting potential

£ —55 %- ——————— i F S
i

E ‘ TE'I TE: TEITE'I

Time —»

Time —= Time —» Time —»

(a) No summation:
2 stimuli separated in time
cause EPSPs that do not
add together.

|:| Excitatory synapse 1 (E,)
. Excitatory synapse 2 (E,)
. Inhibitory synapse {I1]|

{b) Temporal summation:
2 excitatory stimuli close
in time cause EPSPs
that add together.

(c) Spatial summation:
2 simultaneous stimuli at
different locations cause

EPSPs that add together.

(d) Spatial summation of
EPSPs and IPSPs:
Changes in membrane potential
can cancel each other out,

However,
If EPSP > IPSP = AP is produced
If EPSP < IPSP = no AP is progced



Postsynaptic potentials (PSPs) are elicited
on the cell body and dendrites.

PSPs are conducted

Graded decrementally to the axon
potential initial segment.
v
When the summated
PSPs exceed the threshold
\ of excitation at the axon initial segment,
% an action potential (AP) is triggered.
Action
potential
The AP is conducted
nondecrementally down the
Vo Itage axon to the terminal button
gated ion (orthedromic conduction).
channels

Arrival of the AP at the
terminal button triggers
exocytosis.

Axon hillock

The conical projection that
connects the cell bedy of the
reuren with the anon of the

newrEn

{3 Biology

Action
potential
+40
S0
P
2
N Threshold _ Failed
~35 initistions .
70 —— T T e e e _Resting state

Stimulusf

Refructory
period

0 | 2 3 4 S
Time (ms)
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Axon Axon terminalé‘,(ﬁ :_

Propagation of an
action potential

Direction of travel of action potential I

a. In response to a signal, the
soma end of the axon becomes
depolarized.

b. The depolarization spreads down
the axon. Meanwhile, the first part of
the membrane repolarizes. Because
Na* channels are inactivated and
additional K™ channels have opened,
the membrane cannot depolarize again.

c. The action potential continues to
travel down the axon.

\ ol ol ol ol e ol ol e e ol ol ol e o ol e ol o o ol e ol e e o oy B

R R K KR R R R N % & _E & X & _F £ X _§ & _ X X R & 1 X 231 J}
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Function? o

NODES OF 4
RANVIER
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Action potential Saltatory
conduction

Saltatory conduction:

Conduction of action potentials by myelinated axons.
The action potential appears to jump from one node
of Ranvier to the next where it strengthens before it

propagates further.

7 Dendrites
: Cell body
- ‘l/ <
o, /..’

Y i,
2 R o M

/ :5‘.—1—Nuchus oD, -
r i N A ~

\y . - Signal Synapse o
' 9 S — direction [
i ~Axon hillock Ayon

X .:. ) Ao
Presynaptic cell Synaptic
Myelin sheath  terminals

2

action potential esting potential resting potential

©3001 BrockeiCals - Th 1

o -

rd I'l; ﬁ-
#g e

et

_Fésting puten%/476

resting potertial restored action potential



Stimulus -~ Size of voitage

—
.

B

In dendrites

(a) In a bare plasma membrane (without voltage-gated
channeis), as on a dendrite, voltage decays because
current leaks across the membrane.

Stimulus  — Voltage-gated
/ lon channel
v /
5 o T ¥ © 3 D i

(b) In an unmyelinated axon, voltage-gated Na* and K*
channels regenerate the action potential at each point
along the axon, so voitage does not decay. Conduction
is slow because movements of ions and of the gates
of channel proteins take time and must occur before
voltage regeneration occurs.

Stmukue Node of Ranvier
o Y o gl
| sheath p——— — ———ppe T P
£
v =TT — oo’
(c) In a myelinated axon, myelin keeps current in axons Myelin sheath

(voltage doesn’t decay much). APs are generated only

in the nodes of Ranvier and appear to jump rapidly
from node to node.

Copyrgt © 2010 Peanon Educat




Saltatory Conduction

=1

iy

Action
potentials
{active region)

Node of
Ranvier

t=2 t=3
No action
potentials
{passive current)
~Tmm .
) ! .
Myelinated : s;rc\):’:t:g
portion Direction of terminals
(internode) propagation

increases the conduction velocity of action potentials from 10 m/s in unmyelinated nerves to

150 m/s in myelinated nerves
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* How do we understand that a neuron has undergone change or
learning or had fired ?
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Hebb’s Rule

A) M_{\

Neuron's synapse is not

efficient enough to trigger
an action potential.
B)
Heavy simultaneous
activity occurs
in both neurons
C)

““““““ Neuron's synapse,
strengthened by
this simultaneous
activity, triggers
an action potential.

Donald Hebb

Neurons that fire together, wire together.

1. Cooperativiry. More than one input must be active at
the same nme.

2. Associariviry. Weak inputs are potentiated when
co-occurring with stronger inputs.

3. Specificity. Only the stimulated synapse shows
potentiation.
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Long term potentiation (LTP) — strengthening of synapses

upto 3:30min

* The postsynaptic membrane needs to stay depolarized when the next
incoming burst of neurotransmitters is released and continue to
depolarize the postsynaptic cell.

C7B12F07.eps
* The pre-synaptic and postsynaptic terminals potentiate and their Stimulate Dendriic  Synapse s
. . . . axon tha spine strengthened
synapse is strengthened, so even a weak impulse in the pre-synaptic forms synapse |/ 3 ks
membrane can now activate the post synaptic cell. b ""“"”“ i \
= X
2| %\
\__l‘
\*
Synaptic strengthening occurs when a post : ’
synaptic membrane becomes depolarized and " '
before the depolarized fades, the next burst of Pyramidal
neurotransmitter released fires another EPSPS in Okt o8l
the post synaptic membrane ce-lll
1,' /
(while the membrane of the postsynaptic cell is )/
still depolarized from a previous excitation)
Axon
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https://www.youtube.com/watch?v=4Hm08ksPtMo&ab_channel=AlilaMedicalMedia

Synaptic Plasticity

Long-term potentiation (LTP): (potentiate “strengthen”)

e EPSPs (excitatory post synaptic potential):

* High frequency stimulation increases the magnitude of post synaptic
excitatory potentials in the postsynaptic neurons. This increase is Before LTP Induction After LTP Induction
called as LTP.

Postconditioning
measurements

e LTP can be induced by stimulating axons of presynaptic neurons (burst
of approx. 100 pulses of electrical stimulation, delivered within a few
seconds)

EPSP of a neuron
N 4
-

T en & "
Baseline
measurements

e EPSPs in the postsynaptic neurons are recorded
and if the activity is greater than it was before
delivering the pulses, then LTP has occurred.

Time (minutes)

Applying strong electrical stimulation to
entorhinal cortex neuron to release more
neurotransmitter
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Can neurons predict?

‘ '_:}Q\) .

\“ /-’“ f-b s

Y

E o

— Threshold of axon of

= postsynaptic neuron

[-T]

E Resting potential

e =

_E ~70

$ TE, TE.

Time —» Time —»
{a) No summation: {b) Temporal summation:

2 stimuli separated in time 2 excitatory stimuli close
cause EPSPs that do not in time cause EPSPs
add together. that add together.

D Excitatory synapse 1 (E,)
. Excitatory synapse 2 (E,)
B inhibitory synapse (1)

Time —»=

[C} Sﬂﬂtiﬂl summation:
2 simultaneous stimuli at
different locations cause

EPSPs that add together.

Time —=

{d) Spatial summation of
EPSPs and IPSPs:

Changes in membrane potential
can cancel each other out.
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Insertion of receptors

Measuring Synaptic Plasticity

Belore LT P After LTP

* When synapses get strengthened, what changes occur that increase their strength?
e More receptors on the postsynaptic membrane

* More dendrites
Dendritic Spines Increase with Learning

rital State Repealed 1 week Laler
Stemudkadon

LTP
—

58/476



Synaptic pruning & synaptogenosis
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The unbearable slowness of being:
Why do we live at 10 bits/s?

The unbearable slowness of being: Why do we live at 10 bits/s?: Neuron

https://arxiv.org/pdf/2408.10234
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https://www.cell.com/neuron/abstract/S0896-6273(24)00808-0?_returnURL=https%3A%2F%2Flinkinghub.elsevier.com%2Fretrieve%2Fpii%2FS0896627324008080%3Fshowall%3Dtrue
https://arxiv.org/pdf/2408.10234

Neurotransmitters and Drugs
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TABLE 3A.1

SomMmeE NEUROTRANSMTTERS AND THEIR FUNCTIONS

Neurotransmitter

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Acetylcholine
(ACh)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Norepinephrine
Or Noradrenaline

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

GABA (gamma-
aminobutyric acid)

oooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo

Glutamate

Function

Enables muscle action,
learning, and memory.

Influences movement,
learning, attention, and
emotion.

Affects mood, hunger,
sleep, and arousal.

Helps control alertness
and arousal.

A major inhibitory neu-
rotransmitter.

A major excitatory neu-
rotransmitter; involved in
memory.

Examples of Malfunctions

With Alzheimer's disease, ACh-producing neu-
rons deteriorate.

Excess dopamine receptor activity is linked to
schizophrenia. Starved of dopamine, the brain
produces the tremors and decreased mobility
of Parkinson’s disease.

Undersupply linked to depression. Prozac and
some other antidepressant drugs raise sero-
tonin levels.

Undersupply linked to seizures, tremors, and
insomnia.

Oversupply can overstimulate brain, produc-
ing migraines or seizures (which is why some
people avoid MSG, monosodium glutamate,
in food). (damage to the brain in stroke )

Since glutamate and GABA are
found in very simple animals, it
is speculated that these
neurotransmitters may have
been the first to evolve

Controls muscular movements,
arousal, sleep, memory

coordinating movement, attention,
learning and memory, prediction,
reinforcement

LSD and MDMA (ecstasy) release more
serotonin or prevent reuptake of
serotonin giving hallucinogenic effects

vigilance, attentiveness, high
levels lead to euphoria

Found in Sleep meds, alcohol,
anxiety meds, sedative
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Receptor

2
@3

* Agonist:

* Adrug/chemical that facilitates that activates receptors on the postsynaptic
cell and causes depolarization

* Mimics the action is an excitatory neurotransmitter

* Antagonists:

* Adrug/chemical that blocks receptors on the postsynaptic cell and prevent
depolarization

Antagonist

* Prevents excitation of postsynaptic cell
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Agonistic Drug Effects
Drug increases the synthesis of

Antagonistic Drug Effects
Drug blocks the synthesis of

neurotransmitter molecules neurotransmitter molecules
(e.g., by increasing the amount . (e.g., by destroying
of precursor). synthesizing enzymes).

Drug increases the number of
neurotransmitter molecules by

destroying degrading enzymes.

Drug causes the neurotransmitter
molecules to leak from the
vesicles and be destroyed by
degrading enzymes.

Drug increases the release of
neurotransmitter molecules

from terminal buttons. Drug blocks the release of the

neurotransmitter molecules
from terminal buttons.
Drug binds to autoreceptors
and blocks their inhibitory effect

on neurotransmitter release. :
Drug activates autoreceptors

and inhibits neurotransmitter

Drug binds to postsynaptic release.

receptors and either activates
them or increases the effect on
them of neurotransmitter
molecules.

Drug blocks the deactivation of

neurotransmitter molecules by
blocking degradation or . .
— =ty

reuptake.

Drug is a receptor blocker;

: it binds to the postsynaptic

. receptors and blocks the effect
of the neurotransmitter.

Re-uptake of
neurotransmitters
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Neuro-peptides

* Released along with neurotransmitters

* Neuromodulators — regulate the sensitivity
of presynaptic or postsynaptic receptors to
the neurotransmitter

* E.g. endorphins (act like analgesics,
diminish the perception of pain)

e E.g. Oxytocin (childbirth, maternal bonding,
social interaction)

* Neuropeptides produce a slow but
prolonged response at the postsynaptic cell

* Neurotransmitters produce a fast but short-
term response in the post-synaptic cell

https://www.researchgate.net/publication/318305704 Diff
erence Between Neuropeptides and Neurotransmitters

Lipid-based transmission

Endocannabinoids - lipid (fat) based
neurotransmitters - are naturally occurring
substance in our body that produces a response
similar to Marijuana or cannabis

they are produced and released as needed and are
not stored in synaptic vesicles.

E.g. Anandamide - binds to endocannabinoid
receptors

* Reduces pain,
* improves mood — bliss like feeling

Paracetamol (fever drug) — produces similar effects
in body but does not cross the blood-brain-barrier
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https://www.researchgate.net/publication/318305704_Difference_Between_Neuropeptides_and_Neurotransmitters
https://www.researchgate.net/publication/318305704_Difference_Between_Neuropeptides_and_Neurotransmitters

Routes Of drug adm|n|strat|on Intravenous injection (1V)

* |njection into vein
* Enters bloodstream within few seconds
 Skill required to administer right dosage

Subcutaneous injection (SC) r

* Injected into the space 5
beneath the skin.

e Useful for small amounts of
drugs only (large amounts
are painful).

* e.g. COVID vaccine

Intramuscular injection (IM) (most older vaccinations)
Injected into large muscles (of upper arm, thigh or buttocks)

7

A subcutaneous injection into the Absorbed very slowly via capillary action into the bloodstream
fatty layer of tissue under the skin.

Topical administration
Absorbed directly through skin
E.g. ointments, creams or patches
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Routes of drug administration intranasal administration

* Inhaled by nasal cavity

e Shortest route to reach the brain
* Bypasses Blood-brain-barrier

* E.g. cocaine, anti-allergy

Inhalation

* Absorbed through lungs

* E.g. nicotine and marijuana smoking

* Very rapid entry into the brain since
lungs to brain — mixes with blood

* E.g. tobacco, marijuana

Sublingual administration

* Drugs placed beneath the tongue

* Absorbed by capillaries that supply the
mucous membrane in the mouth

* E.g. marijuana

Oral administration

* Not all drugs can be injected or
inhaled. A few of them are
consumed orally. The effect is
slightly slower.

* E.g. medical drugs, alcohol

67/476



S

Intravenous (0.6 mg/kg)

N
S

Smoked (100 mg base)

:

Oral (2 mg/kg)

3

Intranasal (2 mg/kg)

8

Plasma cocaine concentration (ng/ml)

o
I

! | | | | 1 | | |

0 60 120 180 240 300 360 420 480

Time (min)
Copyright © 2008 Pearson Alyn & Bacon Inc

Cocaine absorption in the blood via different routes of administration
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Big

Effects of repeated drug administration e |
effect 2
lesponse to\
* Dependance — a regular usage of the drug is required to function normally first exposure

* Tolerance — over repeated use, larger amounts of the drug are required for it to

be effective "~ After repeated

* |tis body’s mechanism to compensate for the effects of the drug in order to Efﬁé’ssé'fée'giﬁeto
maintain body homeostasis produce same effect

* Reduced no. of receptors Little

* Receptors become less sensitive to the drug molecules eﬁeCtSmall » Large

o o Drug dose
» Decrease receptor binding efficiency

Figure 13.2
Myers/DeWall. Psychology in Evervday Life, 4e.

ey . . 52017 Worth Publishers

* Sensitization — exact opposite of tolerance: same doses of drug produce larger € 2017 Worth Publishers
and larger effects. g

* Reduced reuptake of the neurotransmitter by the pre-synaptic cell — the neurotransmitter is
available for a longer time — increase in post-synaptic stimulation

* Withdrawal symptoms — a person who has developed tolerance for a drug will
experience opposite effects of the drug if intake is suddenly stopped.

* |If drugs were creating an excitatory effect , withdrawal leads to less excitation — depressive like
symptomes, fatigue, irritability, etc. E.g. dopamine withdrawal

* If drugs were creating an inhibitory effect (GABAergic), withdrawal leads to more excitation — anxiety
or restlessness. E.g. alcohol withdrawal

Relative effect

Dose



ﬂf Your rcommate began the
semester drinking one cup
of coffes in the morning.
Mow vou see that your
roommate needs thres
cups to achisve the same
level of alertness. Which
effect of repaated
administration has
occurred?

Tolerance Withdrawal Sensitization
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Opiates

Opium (dried sap) = morphine = heroin (higher ability to cross the blood brain barrier > more addictive)

Poppy seeds (khas khas) contain negligible opium (consuming too many poppy seeds makes you drowsy)

* Heroin is snorted or taken intravenously, morphine - intravenous

Opium — typically smoked
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Colombia
B wm - -——
T — - ———
L e T = e R r

Opium has been
consumed for
thousands of years

In India legal cultivation is permitted to farmers only in

Madhya Pradesh, Rajasthan and Uttar Pradesh.
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Dorsal Striatum

Dopaminergic Projections
Dopaminergic regions

Opilates il

{l:i’ S 4 Dopaminoceptive regions
e O -~ \
'\, _’4;_{’- : ; ~— GABAergic Projections
Ventral Striatum/ (Y ‘ ) \\/ L
Nucleus Accumbens -/ / T Substantfa Nigra
/ - | /
f . J- .o-—’/ ~
/ \ / Vantral Tegmental Area

Amyédaia \

Hippocampus

“heroin rush” is a wave intense pleasure that evolves into a state of serene, drowsy euphoria.
* Morphine/heroin —increased dopamine release
* At higher doses — serotonin is released (Wei et al., 2018)
 Temporary decrease in norepinephrine levels

Positives —

 pain killer/analgesic — blocks endorphin/opioid receptors that carry pain signals from the PNS to the brain.

Negative — high risk of addiction (tolerance = higher doses)

* reinforce reward circuitry (any behaviour that causes pleasure is reinforced and repeated for more pleasure — drug seeking behaviour)

* The addiction occurs due to activation of receptors in the NA and VTA

Other effects — hypothermia, sedation
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Opiates — withdrawal
symptoms

Opiate Withdrawal Timeline

/£
Start 72 Hours \\ 1 Week 2 Week 1 Month
Take your Physical Physical Psychological Cravings and
last dose symptoms at and emotional depression
peak symptoms
chills, fever, body aches, depression, onxiety, symptoms can lingéer for
diagrrhea, insomnia, irnitability, restlessness, weeks or months

muscle pain, nousea, rrouble sleeping

dilated pupils

Restlessness, wateri
(similar to a period o

* For gradual withdrawal — drugs that bind to same receptors as opium — produce less pleasure — dose is

gradually lowered

* Withdrawal is not as severe or difficult as alcohol (opium dependence can be over come gradually)
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Cocaine is prepared from the leaves of the coca shrub
Grows primarily in western South America

In olden times, coca paste was made directly from the leaves and
eaten.

Current form —highly processed - white powder — cocaine
hydrochloride

Impure residue after processing — Crack — cheap but potent
Cocaine is typically snorted, smoked or taken intravenously

First coca-cola recipe had cocaine in small amounts
Now it has caffeine

Cocaine




Dopamine
binding to
receptors and
uptake pumps
in the nucleus
accumbens: the
action of
cocaine

y , > ’
cocaine “

P
)\

ui'\‘

e gt %
7 L RERRAN A

Cocaine binds to the uptake pumps and prevents them from
transporting dopamine back into the neuron terminal. So more
dopamine builds up in the synaptic space and causes a net increase
in dopamine neurotransmission. This is the same general outcome
as morphine, but morphine increased dopamine release from the
terminal to produce more dopamine in the synaptic space.

Cocaine results in as much as a 10-fold increase in dopamine.

Cocaine blocks dopamine reuptake
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Cocaine

* Cocaine blocks the reuptake of dopamine after it is released by the terminal buttons.

» Effects of cocaine —

euphoric, active and alert, talkative, friendly, feeling self-confident and powerful
have less than their usual desire for food and sleep

+ Addictive — behaviour resulting in pleasure in reinforced (drug seeking)

cocaine sprees - binges in which extremely high levels of intake are maintained for periods of a day or two.
binging makes users increasingly tolerant to cocaine
psychotic behavior: hallucinations, delusions of persecution, mood disturbances, and repetitive behaviors.

These symptoms so closely resemble positive symptoms of schizophrenia that even a trained mental health
professional cannot distinguish them unless he or she knows about the person’s history of substance abuse.

This confirms that excessive dopaminergic activity causes these symptoms in schizophrenia as well

* Cocaine causes long-lasting suppression of both dopamine and serotonin neurons (Wei et al 2018)

Transgenerational epigenetic effects of cocaine consumption.

* increased propensity for cocaine self-administration, the offspring of male rats given cocaine are more likely to

display increases in anxiety- and depression-like behaviors
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Cocaine withdrawal

* The withdrawal effects triggered by abrupt termination of a cocaine spree are relatively mild.

e Common cocaine withdrawal symptoms include a negative mood swing and insomnia.

O DYS 10 DYS 3 WKS 10 WKS 1 1WKS 6 MOS

| § 8 | STAGE1 | | STAGE2 | | STAGE3 |
“Crash” “Withdrawal” “Extinction”

S (agitation, (lethargy, anxiety, (The patient
drowsiness, recurrent cravings, remains highly
intense cocaine high vulnerability vulnerable to
cravings) to relapse) cravings and

relapse triggersj8/476



Cannabis/Marijuana <

-

* Dried flower buds of cannabis = marijuana (ganja)

* a sticky resin covering the leaves and flowers of the >
plant = extracted and dried = a dark corklike —
material “hashish’ (charas) B ooy sutatio
. B svrcle
Weed, grass, pot —
* Bhang- wet grinding of the leaves of the plant — this form :’:"“"’““'
. . susted
has been consumed in India for more than 2000 years
* Mostly smoked
Written records of cannabis use go back 6,000 _
years in China, where its stems were used to 1 | ¢ OB s
make rope, its seeds were used as a grain, and its : i : 3.~ | 00 I of Connaldy
leaves and flowers were used for their - : R W
psychoactive and medicinal effects foud 12 4 | %, :
: — (L A o\ e
A ‘_\ . [ ‘\"vt
. . - S 0N =000\ &
Cannabis Sativa NS ookl S
S \
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THC's chemical structure is similar to
the brain chemical anandamide.
Similarity in structure allows drugs

Marijuana effects e o i romtagon:

Brain's Chemical

Anandamide

THC (delta-9-tetrahydrocannabinol) is the main ingredient

THC binds to the same receptors as anandaminde (endocannabinoid — naturally produce)
Stimulates neurons in the reward system - high levels of dopamine released — addictive - down-regulation of cannabinoid receptors
transgenerational epigenetic effects - increased vulnerability to stress-induced anxiety.

small doses of marijuana produce subtle effects -

* pleasant euphoria

* sense of relaxation.

* Other effects, which may vary dramatically among different people
* include heightened sensory perception (e.g., brighter colours),
* laughter
e altered perception of time
* increased appetite.
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At high doses of marijuana

Learning and memory is impaired (hippocampus - Chronic THC exposure may
permanently damage hippocampal neurons.

impaired thinking - reduced ability to perform complicated tasks (orbitofrontal cortex)

Speech becomes slurred
Meaningful conversation becomes difficult.

Disruption of balance, posture, coordination, and reaction time, motor impairment

(basal ganglia & cerebellum)

A sense of unreality, emotional intensification, sensory distortion, feelings of paranoia,
Acute psychosis, which includes hallucinations, delusions, and a loss of the sense of
personal identity.

Higher risk for multiple sclerosis (loss of myelin sheath)

Prefrontal

A Cortex
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Cannabis Withdrawal

Course of Cannabis Withdrawal

* insomnia

o thokiness  * irritability

» decreased  * restlessness
appetite * anxiety

* anger
* oggression

Severity of signs and symploms
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Cannabis in India
STATE-WISE PREVALENCE OF
CURRENT USE OF CHARAS/GANJA

NEARLY 1.3 CRORE PEOPLE USE
GANJA OR CHARAS, WIDELY
AVAILABLE ILLICIT CANNABIS
DRUGS IN INDIA

» Narcotic Drugs and Psychotropic Substances Act (1985) recognizes
cannabis as a source of biomass, fiber, and high-value oil — can be

cultivated for industrial use
e GOl allows cultivation of cannabis with low THC content.
« Bhang is not illegal - wet grinding of the leaves of the plant

« Bhang is banned in states of Maharashtra, Karnataka, Assam

PREVALENCE RATE (%)
07 73

Dats Not Available

.’, ’ ’ - ' l !

-y P l,',\u'-)fll‘fl"l,j'l\" 10-75 VRS
Source: Nabana! Dvug Deperxfence

Treatment Centre, AIIMS, New Dethl

Man: D Ra
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 All drugs discussed so far are illegal for

consumption in India
* Opium
* Cocaine —doesn’t grow in India
* Cannabis

STATE-WISE PREVALENCE OF
CURRENT USE OF OPIOIDS

ABOUT 2.1% OF THE COUNTRY'S
POPULATION (2.26 CR PEOPLE)
USE OPI0IDS WHICH INCLUDES
OPIUM & ITS VARIANTS-POPPY

HUSK, HEROIN ALONG WITH
PHARMACEUTICAL OPIOIDS

h;_ -

PREVALENCE RATE (%)
07 73

- T
Data Not Avallable

Population aged 10-75 years
W Socvce; Nabional Urag Dependence
\\" Trentment Centre, ADMS, New Delhi, as
of 2019, Mapx Dipu Rai
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Why are SSRIs legal and MDMA/ecstasy illegal ?

SEROTONIN is a chemical in the brain which affects a number of
things, including mood. People suffering from clinical depression
have lower than average levels of serotonin in their brains. Prozac
gradually restores serotonin to its proper level, then maintains that
level. It has no effect on mood in people who are not suffering from
depression. Ecstasy, in contrast, releases a sudden excess or rush of
serotonin which produces an elevated mood for several hours
afterwards. In fact, the massive release of serotonin may leave nerve
cells depleted and cause irreversible brain damage. Mood can be
thought of as a light bulb and serotonin as the voltage which keeps it
glowing. Too little voltage and it goes dim (depression). Prozac
restores the voltage and brightness to normal. Ecstasy produces a
blinding flash as the bulb burns out. Finally, prozac is a strictly
controlled medicine, whereas the manufacture and sale of Ecstasy is
unregulated and dangerous.

Dr A Simpson (Medical Director, Eli Lilly), Basingstoke, Hants

(Part of the group that manufactures Prozac)

https://www.theguardian.com/notesandqueries/query/0,,-2140,00.html

3,4-Methylenedioxymethamphetamine (MDMA)

SSRIs prevent "used" serotonin from being reabsorbed,
allowing it to hang around the synapse longer than normal
with the goal of correcting a chemical imbalance.

MDMA, on the other hand, actually causes your brain to

pump out "extra" serotonin, producing the lovely feelings
of "ecstasy" MDMA is known for.
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Amphetamine/methamphetamine (meth) — synthetic drug

inhibits the reuptake of dopamine and also stimulates the
release of dopamine from terminal buttons.

Meth can also damage terminals of serotonergic axons and
trigger death of neurons in the cerebral cortex, striatum,
and hippocampus

Increased risk of Parkinson’s disease

Control

Methamphetamine

Parkinson’s

disease
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Legal stimulants

* Alcohol
* Tobacco (nicotine)
 Caffeine
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Alcohol

* At low doses = mild euphoria, reduces anxiety

* At moderate doses = cognitive, perceptual, verbal, and motor impairment, loss of cognitive control, socially
unacceptable behaviour

* At higher doses = stupor, unconsciousness, and if blood levels reach 0.5%, there is a risk of death

~ Predictable Effects
02% to .04% Lightheaded — - Relaxation, sensation of warmth, "high,”

 Alcohol produces dependence and tolerance miner impairment of judgment
05% to .07% Buzzed- Relexation, euphoria, lower inhibitions, minor
* Addiction - to alleviate body pain and mental stress s o e OSSN TS, R i

8% to . 10% Legally Impaired — Euphonia, fatigue, impairment in
balance, speech, vision, reaction time and hearing,
judgment and self-control are impaired

: : - : 1% to . 15% Drunk - "High” reduced and depressive effects {anxiety,
« Withdrawal symptoms can be seen even after single bout of drinking el 5k e st gt ke
. 1+ imipairment, judgment and perception severely impalred
Nausea, headache, vomiting, tremors = hangover N— mmm i s L
dirzy, Increasad motor impalrmeant,

el Dt eedisia il
« Withdrawal symptoms of moderate to heavy drinkers are severe



Effects of Alcohol addiction

GABAA receptor — agonist — anxiolytic, sedative effect

NMDA receptor (glutamate) - antagonist — disrupts learning and memory
* Long term suppression of NMDA receptors makes them more sensitive to glutamate
e Sudden withdrawal leads to spike in NMDA activity which can cause seizures
* Drug controlled withdrawal — controlled dosage

Fetal Alcohol Syndrome (FAS)—> Prenatal alcohol exposure (alcohol consumption by mother or father)

* brain damage, intellectual disability, poor coordination, poor muscle tone, low birth weight, delayed growth,
and/or physical deformity, birth defect

alcohol consumption can produce transgenerational epigenetic effects

Korsakoff’s syndrome (a neuropsychological disorder)
* by memory loss, sensory and motor dysfunction, and in advanced stages - severe dementia

* thiamine (vit B1) deficiency (inflammation of the gut lining due to excessive alcohol consumption, which reduces
the body's ability to absorb vitamins and nutrients from the gut)

 general loss of cortical white and gray matter
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Alcohol Withdrawal Timeline

F

2: High blood pressure, increased body temp

Last Drink 3: Hallucinations, fever, seizures, & agitation

Stage Starts: Stage 1 Stage 2 Stage 3 If not treated

bizar
hype

1: Anxiety, insomnia, nausea, & abdominal pain and tachycardia (rapid heartbeat)

-+ hy

/peractivity, insomnia, and hallucinations

re delusions, disorientation, agitation, confusion,
rthermia, and tachycardia.
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Nicotine

» Tobacco = major psychoactive ingredient - nicotine
* Nicotine = in lower quantities in tomato, potato, eggplant (brinjal), and green pepper, dark chocolate, tea

* two common methods of nicotine inhalation:
* (1) smoking—inhaling the smoke from the burning of tobacco (e.g., cigarettes, cigars)
* (2) vaping—inhaling a vapor that contains nicotine (e.g., e-cigarettes).
* (3) chewing — especially in India

* Nicotinic receptors are also found in the brain ( but fewer than those found at the neuromuscular junction)

* Nicotine binds to nicotinic Ach receptors located on dopaminergic neurons in the VTA — increased release of dopamine in the Nucleus
Accumbens = increased activity in prefrontal cortex, amygdala, hippocampus

* In the body, nicotine triggers the adrenal gland to release epinephrine - stimulant

+ Short term effects of nicotine - Alertness, improved concentration, better memory, increased heart rate, loss of appetite

» Long term effects of nicotine — high blood pressure, hardening of arteries, respiratory disorders (smoking) 92/476



Nicotine Addiction Linked to Higher Rates of Alcohol
Mild drug = Does not produce a high, euphoria or any impairment like other

NiCOtine - the gateway Su bStance and Other Drug Use Disorders
drugs

Y ? ‘ ]‘
rvses s
Because of the heightened alertness and concentration, performance improves

- more frequent use

Acohol Use Disorder Other Drug Use Disorder

Nicotine primes the brain towards addiction of other drugs including alcohol
- makes it easier for other drugs of abuse to alter brain activity

Develops tolerance and addiction
Chronic tobacco use — respiratory infections, heart disease, risk of stroke, cancer of lungs, mouth, throat, or esophagus
Individuals who live or work with smokers are also likely to develop heart disease and cancer

Smoking during pregnancy increases the likelihood of miscarriage, stillbirth, early death of the child, psychiatric disorders during
adolescence

Higher cause of death than alcohol and other drugs
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Nicotine Withdrawal

+ Typical withdrawal effects, such as depression, anxiety, restlessness,
irritability, constipation, and ditficulties in sleeping and concentrating.

» Weight gain (increases appetite)

Last
cigarette

-

Sense of panicand

thoughtsof a
lifetime without
clgaretias

4

Craving starts
to creepin

THE STAGES OF QUITTING:

20 NINS:
Heart ete and bood
pressure drop back o

Boral levels,

12 HOURS
Level of Carbon
Maonoxide in the blood
rops Sack o noeaul.

weeks  woeks

10. 2

Restlessmess Headaches Average of 3 cue induced Withdrawal related anger,
Anxiety Withdrawal symptams craving episodes per day anxiaty, difficulty in
Trouble slesping Easily frustrated and irritsble [epivodes unlikely to last cancontrating, insamnis,

Irritable
Anxiety
Heightzned stress
Wanting to &nake

Cravings and physical
witheravmls will sulsside
Cues and triggers have peaked

langer than several minutes)

impatience, restlssenass,
and depression ends

Recovary prograssed to
point whene addiction
iz no longer the koss of you

withdrawal symptoms after you quit smoking

2 WEEKS:
Circulation s huing
function improve,

| -

6 MEEKS.

Your encegy lewels are
threughs the mol

If you are still experiencing
sYmpioms, it's imporvant
Lo visit your healthcere previder

6 MONTHS

Smoder's cough mad
shortness of becath are

Sappeing and yous

g copaciey s groathy
mprovod,

—

i YEAR
Risk of heart digoase 3
Ealf as high s &
sookers!
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Insula’s role in addiction

Insula is larger in smokers — plays a role in addiction

Damage or stroke in the insula can suddenly halt addiction (without relapse or
craving

Patient N story (pg 622-623) helped to understand the role of insula in addiction

Role for the insula =2

* conscious drug urges

* translating bodily signals (perception of sensations inside the body) into conscious feelings,
* behavioral biases during decision making that involves uncertain risk and reward.

In rat experiments — inhibitory drugs injected in insula help in nicotine deaddiction




HOW LONG DRUGS STAY IN YOUR BLOOD

wso [ After a single use of the drug/alcohol

Morphine
Heroin 12

Amphetamines

12

Alcohol

Methamphatamines

I, -

MDMA

HOW LONG DRUGS STAY IN YOUR URINE

LED 3
Cannabis

Amphetamines 3

(=]

10 20 30 40 50
Moues MOMA

soonce cousse s oo Heroin

Cacalne

F il £ k-

Barhituratos
Alcohol 5

Merphine &

Mezhamphetamines &

Cannabes an

Diarys



COCAINE IN THE HUMAN BODY

LT

Cocaine remains i1

—_ - 0One's system anywhere

from 3.3—-5.5 hours

EVIDENCE OF COCAINE
Blocd Test: Saliva Test; Unne Teet Hair Follicle
up to 24-48 up 10 12-48 upl1o2-4 Test:
howrs hours days up 10 90 days

Thas if 0 Qarerd Ol Faohond I Pty of 55¢ O st tie AT OF Lt T a4 et W pun Spsies

How Long Doss Heroin Stay in the

o Urnine
e Saliva:
« Blood -

* Hair:

Alcohol Detection Times

I.'.lI 1 IFANE ool
iy to 2 ke 10 ta 13 b up ta 13 e

Tee 5 days up e 90 days

Nicotine
HAIR SALIVA URINE

80 DAYS 4DAYS 4 DAYS

2-3 DAYS

HOW LONG DOES MARIJUANA
STAY IN YOUR SYSTEM

THC Wil teat positivs o 2 salea test mlivn one

Saliva tests Pt of wne bt et postive about 12 bagr

e st uss/

== 1 hour —12 hours

. THC wil test poattiee o 3 sakea fest mthn 2-5
Unlle tests bonire of use The length of tiee it rescie

fepends on vour ke of 158
2-5 hrs —1-6 days

mederate user
BT 2-5 hrs — 113 days

freguent eser
2-5 s — 15 days PLUS

ose lime wse

Reavy wser

2-5 hrs — 30 days PLUS
Soms heavy amokers reparted begin d
positive 45-9@ days after quitteg’

Facters that influesce how bang THC stays in your dedy:
1) WEIGHT 2)B0Y AT 3) AMDUNT USED 4)FREQUENCY OF USE

i THE shaws uo et T days atter w52 v 2 Salr drag
Halr tBSts best Neet hear drag tests show 2 90 day drag hstary.

Vdays — 90 days )
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Scale of substance abuse in India

Alcohol is the most commonly used legal psychoactive
substance, with about about 14.6% of population using it

Alcohol M S
D S 56

CANNABIS
.
Bhaang s 21

; 13.3
Ganja/charas ==
R s
OPIOID -
. [ 2.
Heroine - 63
W Estimated
Pharmaceuticals [ 10.5 relvalqnce
W25 gn millions)
Opi 57 Estimated numbers
e 111 - of tiiarmful ul;e an&
dependence
G ame (in millions)
i
Amphetamine- | 1.9
type stimulants J0.7
Cocaine A
10.32

{Source: Magnitude of Substance Abuse in India Report, 2019)

Drug addiction or abuse related suicides in some Indian states

7 PTG !".:':!'l'.-.-.r||-"|'|

Kerala
Maharashira
Tamil Nadu
Tripura
Mizoram
Madhya Pradesh
India

Delhi

Andhra Pradesh
Punjab

Jammu & Kashmir

|42

2014
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Caffei ne IMMEDIATE LONG TERM

For small doses of caffeine (for Regular, heavy use of caffeine (more
example, 100-200 mg: approximately than 600 mg per day: approximately
¢ Stimulant — Makes you alert and active one to two cups of coffee) four cups of coffee/strong tea per day)
e (Caffeine can cross the blood brain barrier wresingmors lert S B
P (insomnia)
* Mild use is helpful but chronic intake is harmful - | SRRy
» Higher body temperature 3 * Depression

H * Child d |
» Effect persists for 4-6hrs e e e

who consume energy drinks

containing caffeine may also

b CaffE| ne bl ndS to suffer from sleep problems,

bed-wetting and anxiety

* Increases dopamine and norepinephrine - addictive

“ ', * Cardiovascular

« Adenosine receptors antagonist — prevents sleepiness " Faster breaching and - mm——" problems
eart rate
. * Increased production
Caffeine Levels by Hour of stomach acid T
3 x 80z cups of coffee is roughly 465mg of caffeine, This exceeds the FDA'S 400mg/day :(':i"sloss
healthy limit. Given vour coffee intake, you might expect restful sleep around 3am. : (osteoporosis) in
* Needing to urinate post-menopausal

a00mg more often

agomg Can cause dehydration
Siiimg

1oomg

bmg

Bam Ham Alam 12 Zpm dpaw Bpm Epm 1fipm i5am 2am dam fam

https://www.brown.edu/campus-life/health/services/promotion/cont@eAyidat-
are-effects-caffeine


https://www.brown.edu/campus-life/health/services/promotion/content/what-are-effects-caffeine

Treatment for substance abuse

Behavioral therapies help patients:

*modify their attitudes and behaviors related to drug use
persist with other forms of treatment, such as medication
*be productive in the family, at work, and in society

sincrease healthy life skills

Psychotherapy

(1-0n-1) Support Groups

Meetings with

Addictions Counselor Holistic Therapy

Relapse Prevention

Family Counseling Education and Treatment

https://www.drugabuse.gov/

Gateway Foundation

HERE'S HOW TO STAY ON TOP OF YOUR RECCVERY JC

Exercise to
Relieve Stress

wWUrs modarata
<150 minutes

XBICISE D8I Neak

Use Your
Support System

reasons o stay drug-fres

Eliminate Triggers

Avoid Stress

€6 Show stress |15 a large
actar for adaoicton and

End Toxic
Relationships

Hamove -‘Ir‘,' Ql“'d al ')QTJ'-]L\"-"
influsnces =0 you can sumround
oursef with positivity

Practice Positive
Self-Talk

Invest in Others

Agopt a pet
volunteer for your community.
Help athers with addiction




* Any particular pattern of that you observed for legal vs illegal drugs
(esp. related to neurotransmitters)?
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Vision
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The Electromagnetic Spectrum

Our Visual ,

-‘1 i __ft — _!.'.’".“._ A.fi.:ﬁ.‘;;_ __.1_'1_

stimulus A A~

Wavelength in nanometers

400 500 600 700 ? S /==,
Canmary Ulraiclet  Vibie [/ Badhe
Xay e
B Rm— T The visible spectrum
Gamma beesviolet InfrarsAakes Television and radio .
X
rays e rays rays o broadcast bands Mgicune

Copyright © 2008 Pearson Allyn & Bacen Inc.

The ability to see ultraviolet (UV) helps guide bees
to the pollen containing parts of flowers

—
L,
2 =
~
J“w»
Human View Bee View
Human View Dog View
(Mo UV Sensitivity) (UV Sensitivity)
(No UV Seasitivity) (Some UV Sensktivity) Humans Vision| Snake Vision | Bees Ilslon




ﬁgure 6.4 The human eye, a product of approximately 600 milkon years of evolution.

Anatomy of the eye

The iris gives the eye

its characteristic

color—blue, brown, or
s other.

Pupil

Sclera

(lines eyelids
and surface of eye)

(the white of the eye)

Based on Lamb, 7. D., Colin, . P, & Pugly, E N. (2007). Evclutice of The vertebesrs &ya. Opeins, pholorecepiors. reaing and eve cup. Nulure Reviews
Nowoscanon, 8 960-975.

* Light enters the eye through the pupil, whose size is regulated by the iris.

* Light travels into the lens all the way to the retina

* Fovea — central region of the retina which contain only cones and mediates the most acute vision
104/476



Look at the dot inside the star for 60 secs
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look at the dot inside the white box
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Look at the flag for 60 secs and then look at the white/blank area
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Outer segment Outer segment * Retina has two types of photoreceptors

contains contains

rhodopsin photopigments * Rods (12 million) — sensitive to light intensity (active in low light)
* Cones (6 million) — sensitive to color/wavelength (active in normal daylight)

* Light passes through the transparent layers to the retina to stimulate the
photoreceptors — rods/cones

Oil droplet

Rod outer

segment Re £

* Photoreceptors transduce light energy into electrical impulses (by release of different
neurotransmitters)

Nucleus

* Rods work in dim light conditions
* Cones function under good light intensity (daylight).

Rod Cone

(B)

J
]
3
)
.
:
g
J
]
1

'
Photoreceptor cells in the retina of the eye. hich e 109/476



Photoreceptor

| Light

Bipolar cell Ganglion cell

To brain

¥

e\t

Stln’ﬁ.llll..l S

Hyperpolarizing
membrane

potential

Depolarizing

Recording
memtn{ane of action
potential potentials
CONUNCEIva (me ;rJ S S—— - Layses of retina
wih Inskio af Pt ’
ayelds) , N Viroous humoe

‘s IIJP[N halr
Conca )/ " has baen
\- X removed)

g

y Opiic novo

\
/ Blood vessels

Pupa
{opaning
In Iris) -~ Ee ~ Sciam

Neural circuitry in the retina

Rods have rhodopsin that are turned off (hyperpolarized) when
light falls on them. (detect light with closed eyelids)

Cones have photopigments that are bleached (pigments change
their color) when light falls on them. The bleaching causes
hyperpolarization which changes the rate of glutamate
neurotransmitter released.

Hyperpolarization of the photoreceptor (PRs) results in reduced
release of neurotransmitter (PRs are always ON and light falling on
them reduces their activity or turns them OFF).

Glutamate normally hyperpolarizes (inhibits) the bipolar cell.
When light falls on the photoreceptors, the reduction of glutamate
release results in depolarization (de-inhibits) of the bipolar cells.
This depolarization causes the bipolar cells to excite the
subsequent cells (ganglion cells) — increasing its firing rate

The ganglion cell axons form the optic nerve
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I T 1 e -"‘-\ - T \ \.J
photoreceptors than in the periphery and hence provide R ""“-? PessiE) tf ? —:1

Receptive field in conter .

. . . . of retina {fovea) ,
General versus peripheral acuity: ganglion cells in the _ —
fovea receive input from a smaller number of " — . . 4 ()
more visual acuity

Photoreceptors Bipotar
cells
C,
\ ‘
? m It ll l»"{\‘,::T—‘- "._‘ - N 3
f/ 6 e, Ganglion
TR T (9)= <y cells
e //- _\.'1~___ - -~
T N iy e ¢
\- ,./ \(‘\ |
ST 2835 ) A N J'
< y "9\ . y VOVRE(/.,'—
L - P
gl 5= S ﬁ @ -
—’ ~ - d
\ f\—"' > T \{)
O ST — {4 03;«,.,/—@ : !

Ré'coutive field n

Receptive field of a neuron is that part i gy o il

of the visual field that the neuron “sees”

If a neuron receives info. from PRs located in the fovea, its receptive field will be the fixation point — the point
where the eye is looking.

Fovea has equal no. of ganglion cells and cones, so the 1:1 ratio gives high acuity at the fixation point.

The ratio decreases for the peripheral areas where the visual preciseness is less, i.e. more no. of PRs spread
over a larger area are required to code information from the periphery. 111/476



Afterimage

Negative afterimages - occur when the rods and cones, which are part of the
retina, are overstimulated and become desensitized. This desensitization is
strongest for cells viewing the brightest part of the image, but is weakest for
those viewing the darkest. When you look away, the least depleted cells
react strongest, and vice versa, and you see an image with colors that are the
reverse of how the image originally appeared.

A positive afterimage ?
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Blind Spot

P

Optic disk

(Blind spot)

Selern
Anterior

chamber
(horoid

Fovea
rentralls

Central

Irls

Zomules

Central ()I“ i('
retinal vein nerve

hody Retina

Fovea

Copyright © 2008 Pearson Allyn & Bacon Inc.

Blind spot - small area of the
retina where no receptors (no
rods or cones) are present. This
is where the optic nerve exits
the eye carrying visual
information to other brain areas.
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Check It Out
Your Blind Spot and Completion

First, prove io yourself that you do have areas of blindness that correspond to your retinal blind spots. Close your left eye and
stare directly at the A below, trying as hard as you can to not shift your gaze. While keeping the gaze of your right eye fixed on
the A, hold the text at different distances from you until the black dot to the right of the A becomes focused on your blind spot

and disappears at about 13 centimeters (5 inches).

® ©
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* If the blindsplot on the retina has no photoreceptors why don’t we
see a black/blind/empty spot when we see the world?
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It each eye has a blind spot, why is there not a black hole in your perception of the world when you look at it with one eye? You will
discover the answer by focusing on B with your right eye while holding the text at the same distance as before. Suddenly, the broken
line to the right of B will become whole. Now focus on C at the same distance with your right eye. What do you see?

e I
©
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Temporal

hemiretina
Information from retina via optic nerve - optic chiasm =2
LGN —> primary visual cortex hemiretinas ///#—— Optic nerve
Temporal
' ' - ireti Optic chi
 Allinformation from the lateral (outer) side heaseling e pHE SRS
of a retina enters the ipsilateral optic tract , /)
Optic tract \
{ Vo

e All information from the nasal (inner) side .
of the retina crosses over at the chiasm ‘“” Lateral [
geniculate

and enters the contralateral optic tract. nuclei

thalamus

Visual fields and Primary
. Primary visual cortex
visual pathway 1171476



Temporal

hemiretina
Optic nerve
Temporal ] _
hemiretina Optic chiasm

Optic tract

Lateral
geniculate
nuclei

Primary visual cortex 118/476



A Normal adult

Evelid -
Q) @ sutured \\xﬁ\\ @
Clmcd(

Expenment _ Experiment
Period of Birth performed Birth performed
deprivation L J - i
:x?:omh\\) 0  Nodeprivatton 38 0425 38

Contrulateral  Ipsilateral Contralateral l[hnlalcr.ol

Equak » <€ Equak
20
k-
?
2z
E = 10
3%
2%
v
s
Ocular
dominance : s N 3 45 6 7NR
oy
growp Eyelidea,
< @ @ opened @ @

Ligh presemed
10 Open eyes

B Monocular deprivation in kitten

Visual experience drives the wiring in the visual cortex

C Monocular depeivation in adult

Eyelid :
sutured Q’ @
closed S

Experinvent
performed

0 12 35

Comtrulateral  Ipsilateral

Lq U JJ

20

10

5 6 7 NR

Eyefidaa,
opened ‘ ‘

https://www.informit.com/articles/article.aspx?p=1431818

Temporal
hemiretina

Optic nerve

Temporal

hemiretina Optic chiasm

Lateral
geniculate
nuclei

Primary visual cortex
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* How do we perceive depth?
* What allows us to perceive depth?
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Depth perception

Veronica Lara/Shutterstock

Binocular cues help us to perceive depth.

Check It Out
The Position of Eyes

Here you see three animals whose eyes
are on the front of their heads (a human, an
owl, and a lion) and three whose eyes are
on the sides of their heads (an antelope, a
canary, and a squirrel). Why do a few verte-
brate species have their eyes side-by-side
on the front of the head while most species
have one eye on each side?

In general, predators tend to have
the front-facing eyes because this ena-
bles them to accurately perceive how far
away prey animals are; prey animals tend
to have side-facing eyes because this gives
them a larger field of vision and the ability
to see predators approaching from most
directions.

Top row from left: Guiziou Franck/Hemis/Alamy Stock Photo; Matthew Cuda/Alamy Stock Photo;
C.K. Lorenz/Science Source

Bottom row from left: Naomi Engela Le Roux/123RF; Vasiliy Vishnevskiy/123RF; Colin Varndell/
Nature Picture Library
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Binocular Disparity or Rivalry
(Depth perception)

3D vision

The brain uses binocular disparity
to extract depth information from
the two-dimensional retinal images

Both of your eyes perceive the
same object at slightly different
locations or at slightly different
angles, but your brain can merge
the two images into one 3-D
image (stereoscopic vision)

(a) rabbit

Binocular Disparity

object 1 object |

o

blind zone

right
monocular
field

(b) monkey
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Figure ground
perception
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Coding light and dark

Retinal ganglion cells (circular receptive fields)

ON Cell OFF Cell
ON area OFF area
OFF area ON area
Action
potentials
Surround Light nghl

B W@WWMIH-H% . i
el

field
1.0 (s)

- (Q)

2. Spot of light in

05 10 (s)
TIME =

(a) (b)
Copyright @ 2008 Pearson Allyn & Bacon Inc.

Linear receptive field model
Photoreceptors

iaoguaaagoonnn
N NV VANV

=099

Tt

Ganglion cell O

|
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On center cell

Light on
center
only

Ganglion cell fires rapidly

Off center cell

O

Ganglion cell does not fire

Light on
surround
only

Cell does not fire

@

Cell fires rapidly

no light
on center
or surround

2

Cell does not fire

Cell does not fire

light on
center and
surround

Weak response (low
frequency firing)

e

Weak response (low
frequency firing)
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Retinal ganglion cells respond to edges

Input image “‘Neural image”
(cornea) (retinal ganglion cells)
- ! B fizs Il

Edge detection

Center-surround receptive fields: emphasize edges.

http://www.cns.nyu.edu/~david/courses/perception/lecturenotes/ganglion/ganglion.html 127/476



Hermann Grid [llusion 1s Due to Lateral Inhibition?

We see phantom dark spots at the intersections to the side of
the focus of vision because .....

There 1s
more
lateral
inhibition
at the
intersection
than in the
middle of a
white bar.

P

¢h 333, Nivamoto, Spr 13

More tnhibition from
¥
surrounding cells

=:.=©.

Less inhibition from
surrounding cells

>

!

Receptive
fields are
smaller in the
fovea (center
of vision)
than away
from the
fovea.

Larteral Inhibition & Edge Detectors

18

T :
i ‘Hx ..'"'f | b
------ v T s R e
L\ [ O ] o] on T
“‘“-u._.-"/{ T"x g i _."___JJI
T \[ !
larger response stmaller response
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Variants on the Koffka ring.
(@) Thering appears amost uniform.

(b) When split, the two half-rings appear distinctly different.
(c) When shifted, the two half-rings appear quite different.
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So why is B perceived as
lighter?
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Simultaneous contrast

/\ Center-on, surround-inhibit

u . o
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Regular vision

-
-

w‘
0&.. o - LY viw, nn

i‘.:.l.aa& L -‘,Oa&& )

NORMAL VISION DEUTERANOMALY

%“Q a .’

;’?ﬁli 3 ;)

PROTANOPIA

?aaam u

TRITANOPIA &)

vede

Deuteranopia Protenopia Tritanopia Monochromacy
O o & DO
“Blue" 419 496 531559 nm
1.0F cone
Q
Q
=
Ll
Kw]
—
o
L]
L
o
o 05F
=
E =
D
(2

Red and green :
400 450 500 550 600
wavelengths overlap so
their color blindness Wavelength (nm)
Copyright © 2008 Pearson Allyn & Bacon Inc.

effects can be similar 134/476



Color Coding

Retinal ganglion cells:
Opponent process coding

Relative absorbance

yellow

496 511/1 559 nm

“Green”

0.5

|

medium

400 450 500 550 600

Wavelength (nm)
Copyright © 2008 Pearson Allyn & Bacon Inc.

O-@®

Blue on, Red on,
yellow off green off

Capynight © 2006 Pearscn Allyn & Bacon Inc

Yellow on,
blue off

Green on,
red off
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Let's do some color perceptio_n exam_ple§ using the graph:

A 700 nm lightis
shining (gray bar)

The Blue Cone
doesn't see it

The Green Cone
doesn't see it

The Red Cone has
a small signal

Wavelength of light | What the Blue Cone | What the Green What the Red Cone | What color the brain
" Only the Red Cone
1 ’ ] detected anything, 50
. : it must be
" - .- . - - : - - e - a R e d

A

Blue and Red Caones
detectad z little, and
Green detected a
e medium amount, 50
o ) e the color must be
Alightof 510 nm  Blue Cone detects Green Cone has Red cone has a
(gray bar) some signal medium signal tiny signal G ree n
It's a lot of Red Cone,

a medium amount of
Green Cone, and no
Blue Cone, so it must
be

Wermimgt
A 600 nm light The Blue Cone  The Green Cone has The Red Cone
{gray bar) can't see it a medium signal has a big signal O ra n ge
| - It's o lot of Green
l /\I I ﬂ\ i | ,., Cone, a little bit Blue,
| .- l - and a medium
— ey e —ali — e — e — amount of Red, so it
- - Wemincd bt b must be

A 550 nm light Blue Cone detects Green Cone detects  Red Cone detects [0+
{gray bar) a small signal a large signal a medium signal

Yellowish green
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R241, G161, B71 R128,G194,B173 R120, G208, B163

R255,G134,B92

R255, GO, BO R128,G128,B128
|

R140, GO, BO R70,G128,B128

R128, G255, B255

Original image Additive color change
with cyan 50% (honlinear model)
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Warm Cool
llumination illumination

= %
3

White&gold

matarial

-

\

Blue&black
material

Current Biology
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FFFiiiiiiiiiiiiiiiiiig FLTLLLELLARVRANGY
Color constancy AN
7 HH- TH
7 e 3
| . & e
£73 A S
r .
g d
/h\ -
Dorsal S V2 -
(parietal) 3
pathway *
LGN pive < red <
@ 2= SIS
A -

Ventral
(temporal)
pathway

The relative constant appearance of the colors of
objects viewed under varying lighting conditions

* Area V4 - perception of color and color constancy.

* Lesion in V4 area = Achromatopsia i.e. vision without color 139/476
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Intensity of light reflected
from objects (lamberts)

/\ Dazzling light; bright sun on snow

. Outdoors in full sunlight

- Outdoors under a tree on a sunny day

Comfortable indoor illumination;
night sports events

T

Threshold for percep
bright moonlight

TRz 0 Cone vision

Threshold when dark-adapted

@ 1998 Sinauer Associates, Inc.
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Class 5
Vision
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Orientation and movement

(Area V1)

\\\ ; / /\\\x -

_—

(A) Experimental setup
Light bar
stimulus
projected
on screen

¥ Recording from
visual cortex

Ventral
(temporal)
pathway

Stimulus

©

~

NNSEEEG

Dorsal
(parietal)
pathway

Stimulus
orientation presented
=

i
(i

1 2

Time (s)

3

(C)

Spike rate

Hubel and Wiesel, 1959

=EEANNE

Stimulus orientation

https://www.informit.com/articles/article.aspx?p=1431818
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Simple cell

TTITITHITE

* Simple cell: sensitive to particular

orientation of light

Complex cell: sensitive to orientation and
motion of light in a particular direction,
esp. perpendicular to the orientation

(movement detectors)

Hypercomplex cell: sensitive to
orientation and end of line

Complex cell

%4

¢
&
7

Stienthn

oe off

Praterred orlentation and direction

P
/
L4

SRR

Preferred orientation and nonpreferred direction

/

U0 (O 1 10 0

For nonpreferred orientations, direction

does not make a difference

Stimutus

Aesponse 144/476



Center-surround receptive fields
of 3 LGN cells

Receptive fields

LGN cells ? /

Simple cell @

(a)
Receptive fields
Simple ¢

ells

A + + + |
' + T 4+ T+ T4
I — — — 2
ot + + + [
L e B
I — — — —
Dt + + :
| - - I

_____________________

Receptive field of a complex cell
(b)
https://www.mdpi.com/2076-3425/12/1£f'/54477(?



Cortical Columns
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Spatla| frequency l l I l I lIIIIII Object is too close to eyes Object is far from eyes
[ Sine wave grating Square wave grating
T Bt AVAVARRRTTVVY

pathway
\ .» -one degree |\ ++-One degree

// \;\\» / (a) (b)
Retina Ventral //‘/ . V2 FiAve 50 Spetel Poguency i o meysine o 19 number of oypion SiAieg 3¢ fie ane
(temporal) e cepree ) One oy ee per degaews (D1 Tig Opcies pov degroe
\ / \__—pathway
Spatial frequency processing occurs in V1 Note: physical distance in visual

(primary visual cortex) physics is measured in units of
visual angle. Cycles per degree of

visual angle constitute spatial
frequency

Objects in visual space Lareer
arg Smaller
& visual visual
angle: angle:
® less more
~ distinct _distinct
- edges G edges
Figure 10. Two point sources and their point spraad funchion al the back of the oye 147/476
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| l Object in visual space

(a)

()

i / \‘\ LSF in retinal space
G gl W e o (with blur)

B W | Visual perception

(c)

SN LSF in retinal space
L s (withmore blur)
Visual perception

Figure 16. Line spread function {(LSF) of two lines with varying amounts
of blur. With increasing blur, the discrimination of the two lines is lost.

Emmetropic
eye

Myopic
eye

Hyperopic
eye

Accommodated
hyperopic eye

Figure 17. Point spread function at the back of the eye with different refractive errors.

https://webvision.med.utah.edu/book/part-viii-psychophysics-of-vision/visual-acuity/ 148/476



https://webvision.med.utah.edu/book/part-viii-psychophysics-of-vision/visual-acuity/

Dorsal
(parietal)
pathway

Visual pathway

Postarion

Prestriate )
cortex  Or Extrastriate cortex
or Visual Association cortex

Ventral
(temporal)
pathway

visual
(stnars)
cortex

Inferolempaoral
oot

- location
color \ movement
texture spatial
pictorial detail T transformations
shape spatial relations
size

Ventral or "what” stream 149/476



Dorsal ‘x\ V2
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athwa MT
p Y ~_

Ventral
(temporal)
~ pathway

Primary Visual
(Striate) Cortex

Dorsal Stream

medial superior

middle temporal (MT) temporal (MST)

V2 MT MST
(thick stripes) - Speed - Expansions
- Speed - Direction - Contractions
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- Spatial frequency - Temporal frequency - Translations
- Temporal frequency - Local/Global motion - Spirals
- Optic Flow
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- Speed
- Direction
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- Color
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- Optic flow
- Self motion
- Multi-modal
integration

v

»  Extrastriate cortex
(Second level of visual processing)

V2 V4 TEO/PIT
(thin stripes, - Angles - Simple shapes
interstripes) — - Curvature —_—
-Edges - Perceived color
-Illusory edges - Kinetic contours
- Border ownership - Motion
- Color

Ventral Stream

(Inferior temporal Cortex)

—s
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- Complex shapes/
body parts
- Object recognition
- Object invariance
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Visual Processing does not happen in isolation

We still need
neuroscientific data
to confirm this

theory Classic View

Objects
AN,

Complex features
1\ )

Simple features
/1\
Retina

T =

https://www.intechopen.com/chapters/86375

Thousand Brains Theory

I —DDRIDC
I e I
T ‘_
O =, =

Objects

Objects

Objects
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https://www.intechopen.com/chapters/86375

How do we resolve this conflict and see a stable perception?

How do we perceive 2D as 3D in our brain?

152/476
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Dorsal 2
(parietal) g N\ V2

Perception of Form (L g

* Agnosia - “failure to know” () rete T~ vemedt - v2
» Visual agnosia (damage to the ventral stream)
e Visual Agnosia video
* Prosopagnosia (damage to fusiform area (FFA))
* Prosopagnosia video
\ , '(""") T’L Visual agnosia or prosopagnosia ?
» e = 5

Fusiorm face area S | MINS
{not visible; on ventral < 2
surface of temporal lobe)
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https://www.youtube.com/watch?v=ze8VVtBgK7A&ab_channel=michelpixel
https://www.youtube.com/watch?v=vwCrxomPbtY&ab_channel=Coolpsychologist

Visual Agnosia

%eriftlal) \L
pathway MT\
LGN \
vy — —" patient S. B., a 30-year-old man whose ventral stream was
/ damaged extensively bilaterally by an infection when he was 3
Retina | Ventral V2 years old. As a result, he was unable to recognize objects, faces,
' gg{:‘ioify“” textures, or colors. However, he could perceive movement and

could even catch a ball that was thrown to him. Furthermore,
he could recognize other people’s arm and hand movements
that mimed common activities such as cutting something
with a knife or brushing one’s teeth, and he could recognize
people he knew by their gait.

155/476



Blindsight

Perception without awareness

veeaBut I'm

blind, I can'see
any stripes

Blindsight video

Um... thea I

auess horizontal
red Stripes

WA U YON C0. UK

P Dorsal B V2
P (parietal) 2
Damage to? y = A

/
/' n\ o~ -
(\ '\\ Retina | Ventral V2
[ /\ (temporal)
\\ // \___~ pathway

The Case of D.B., the Man
Confused by His Own Blindsight

D.B. had no awareness of “seeing” in his blind left field. Despite
this apparent left-field blindness, he could accurately reach for
visual stimuli in his left field and could accurately differentiate
between a horizontal or diagonal line in his left field if forced to
“guess.” When he was questioned about his vision in his left
field, his most usual response was that he saw nothing. When
he was shown a video of his accurate left-field performance
through his good, right field, he was astonished and insisted he
was just guessing. 156/476


https://www.youtube.com/watch?v=R4SYxTecL8E&ab_channel=Coolpsychologist

Perception of Movement

* Area V5 (Medial temporal (MT)) — responds to movement
* Damage to V5 - Akinetopsia — inability to perceive movement

* Form from motion: ability to perceive 3D forms

* people with visual agnosia for objects can recognize actions (motion
recognition) performed by those objects but cannot recognize the objects
Patient L. M. had an almost total loss of movement
perception. She was unable to cross a street without
traffic lights because she could not judge the speed at
which cars were moving. Although she could perceive
movements, she found moving objects very unpleasant

:)orsatl : V2 to look at. For example, while talking with another
r - -
thway T MT person, she avoided looking at the person’s mouth
b 5 .; because she found its movements very disturbing.
Lfi\N \ When the investigators asked her to try to detect
V movements of a visual target in the laboratory, she said,
1
/V4 “First the target is completely at rest. Then it suddenly
’ jumps upwards and downwards” (Zihl et al., 1991,
Retina Ventral _~ V2
. tariporsD p. 22-44). She was able to see that the target was
pathway constantly changing its position, but she was unaware
157/476

of any sensation of movement.



You can perceive objects but cannot act on them or interact with them

Hemispatial neglect

P.S. was presented simultaneously with two line drawings
of a house, in one of which the left side was on fire. She
judged that the drawings were identical; yet when asked
to select which house she would prefer to live in, she
reliably chose the house that was not burning.

i u‘ kv :
One sided world

(A) Normal (B) Right hemisphere (C) Left hemisphere (D) Bilateral lesion
lesion lesion

Model

i

healthy

Figure 19.7 Hemispheric Asymmetry in Attention, Demonstrated through Attentional Rays

1
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&
A

£
k;

/"

W

atient’s
copy

—T

nagloot

—F=
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The most prominent deficit in patients with spatial neglect is a bias of their active behaviour, i. e. a deviation of exploratory
movements towards the right. When searching for targets, copying, or reading, the patients direct their eye and hand
movements towards the ipsilesional side, leading to neglect of the contralesional side. The present study investigated
whether spatial neglect is predominantly linked with such active behaviour or if it is obvious also without any explicit
requirements, namely in the patients' spontaneous eye and head position. To address this issue we investigated the patients'
spontaneous resting position while "doing nothing", i. e. just sitting and waiting for an experiment to start. Using magnetic
search coil technique, we recorded spontaneous eye—in—head and head—on—trunk orientation in that waiting period in 24
patients with and without spatial neglect. In contrast to controls, neglect patients showed a marked deviation of spontaneous
eye and head orientation of about 30° (= gaze position) towards the right. The findings strengthen the view that one
component of the behaviour in neglect patients is due to a very elementary disturbance of spatial information processing.
The deviation of eye and head may be understood as a pathological adjustment of the subject's normal resting position to a
more rightward position. While the position in healthy subjects is in line with trunk orientation, this "default position" is

. .. . . . 159/476
shifted to a new origin in patients with spatial neglect.



Optical effect of
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e How does attention interact with vision?

161/476



Change blindness
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Change blindness
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Inattention Blindness

This is an example of what is called “inattention
blindness” or “change blindness.” The idea is that people
often miss large changes in their visual field.

Visit the ‘DIY’ link on S:El to test your change blindness

Change blindness is a surprising perceptual phenomenon that occurs
when a change in a visual stimulus is introduced and the observer
does not notice it. For example, observers often fail to notice major

differences introduced into an image while it flickers off and on again.
People's poor ability to detect changes has been argued to reflect

fundamental limitations of human attention.

Source: Paviov.tech S:El @ScienceEvidencelntelligence 164/476




Inattention Blindness

A narrowed scope

Where drivers not using a Where drivers using a
hands-free cell phone looked. hands-free cell phone looked.

Source: Transport Canada

nakurg our world safer 165/476



Does perception need awareness?

* In healthy normal brain

166/476



What would happen if someone becomes blind?

Dorsal
stream
“where”

Brimarny visual cortex

VIPFC

Posterior

Anterior :
stream
fxﬁ:rtﬂ Ventral «“where”
Superior : ‘stl;‘ear:x
temporal Inferior 'what
cortex temporal
cortex

Enhanced responsiveness to auditory
stimuli in blind people (auditory stimuli
may engage the visual association areas in
blind individuals)
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Audition
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0

Physical Physical Perceptual

Dimension Stimulus Dimension

Armpitaicle r\/\/\_f\./'\-r Loudness — Decibels (dB)
High Low
Lenw High

Comiplexity ,\MW Timbire
Pura Rich
H ditory field

Infrasounds m Ultrasounds
20 20 000 40 000 160 000

elephant, mole

Frequency (Hz)

B Irreversible damage

I Danger; harmful sounds

Harmfulness threshold

B No nsk

130

Noise intensity in dB

140 ' Plane take off

120
110

100

Pneumatic drill

90
] |
70
60
50
40

30

' Playground

Nommal voice

20 Whisper

10

Y { Hearing threshold

Humans are sensitive to vibrations
between 20 and 20,000 times per second.
Most sensitive to 3000 Hz
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Anatomy of the ear

Outer Ear Middle Ear Inner Ear

malleus

incus

malleus
‘lneus

Rarefed (negative
_. endolymph pressure)
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Sound transmitted from air is converted in to a

forceful push by the ossicles to vibrate the fluid - { 4
in the cochlea. R . R ) g ‘

] I

_—— - —

Kinetic energy (air)=> mechanical vibrations = liquid vibrations = electrical signals b -f\@ N 9 RO ‘
. g " ‘,";’

Bapes vibeanes aQainst l
mombrane batind own
s windom

* |n the absence of vibrations the cochlea is curled and no vibrations [ ' ow
are transmitted in this position

Basiar mambrana

* When the fluid vibrates, the pressure changes in the fluid produce

vibrations in the basilar membrane Matous

~ Cochinn wncunied 10
ahow bagler mambirane

* High-frequency sounds cause the base of the membrane - the end
nearest the oval window—to bend. Sound waveo

* Low frequency sounds flex the tip of the basilar membrane.

) Earcrum Round A partodar region of tha Das dar
Unrolling of cochlea Basilar Wi fkow membrane Bexes back 'a-o forth
e pors e 0 soued of § paricular
membrana requancy

Copynight © 2008 Pearson Allyn & Bacon Inc.

Cochlear
biase

Basilar’
membrane

“Unrollad” 171 /476
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* The basilar membrane has hair cells which act as receptors

cochlea”_’_’___’,/”
' ! ' ~' scals Ny ) )

Ry, Vestibul T * Sound waves cause the basilar membrane to move relative to the
22 tectorial membrane (TM), which bends the cilia (eyelashes) of the
hair cells.

When the cilia bend towards the tallest one, the ion channels open,
much like a trap door. This mechanism transduces mechanical
energy into electrical impulses.

The hair cells synapse on the auditory nerve that carries the signal to
the brain

Lagar ameurs of
B ] T s
kon chorme

basilar membrane

Cpar prrnbabify « i persne Cpes probaill iy = 30 perrom Dpan probabiing = 1040 prce

Forca Fafsa

hair cell

f

" i

Liow ram RAGOLED T30 H|g1 j=11=]

Action Porerwials i Cochiear Merva Axc) 172/476




* Where should the sound signals go from the ear (auditory nerve)?

173/476



Auditory pathway

Lateral
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/

4

/ [=- X
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= o -*V‘ ‘|'l
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» Auditory nerve = cochlear nucleus (medulla) = superior olivary nucleus (medulla) 2>

inferior colliculus (midbrain) 2 MGN (thalamus) = primary auditory cortex (temporal lobe)

/ Vantral
/ cochlear
nuciaus
> 4 D 5
LY ”
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- nerve
Medulla Saer e® Supenor /
olivary 4
complex

Copyright £ 2008 Pearson Allyn & Bacon Inc,

pathways of the auditory system
are inherently complex, and they
have many more synapses than
the other senses

* The primary auditory cortex receives input from both ears and processes the quality of sound

More contralateral fibers than ipsilateral nerves

https://hearinghealthmatters.org/pathways/2017/contralateral-ear-effect-tests-central-

auditory-function-introduction/
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https://hearinghealthmatters.org/pathways/2017/contralateral-ear-effect-tests-central-auditory-function-introduction/
https://hearinghealthmatters.org/pathways/2017/contralateral-ear-effect-tests-central-auditory-function-introduction/
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Perception of loudness

VAW, e

Maore
_ S i . ir::gl?ses.
Excitation area but not
for the incident Nerve impulses of —w| | 1 | | doubled.
frequency. “action potentials”  Maximum firing rate
W, G
WL
~ signals
High Low Eain

Freguencies Freguencies

Louder sounds produce more intense vibrations of the eardrum
and ossicles, which produce a more intense shearing force on
the cilia of the auditory hair cells. As a result, these cells
release more neurotransmitter, producing a higher rate of firing
by the cochlear nerve axons

faaciansnm
Soft sound has small amplitude
Louder sound has large amplitude

Al
Lo o e B s

IK\K"\F\
}/”\/’ S o N

Soft Seund

hhhhhh

Lowud Sound

Loudness in not linear, it is
logarithmic (twice the
amplitude does not mean
twice as loud)
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Rudimentary Sound perception in the Midbrain

.::’Q,)—' Qﬁ [T“ -ZRJ . . . - N
Y T '“-:i._ s Tonotopic Mapping in the Cat Inferior Colliculus
K\‘ o > A ) / -
_‘_«-*} |:;.' l\;& : —%
"‘.':J "J 4
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' Interior colliculus
Midbrain

(C) 2kHz (D) 21 kHz

Y

[ /]
<111 = Lataral
=4 | lemniscus
'8 Tiapezoid

Copyright © 2008 Pearson Allyn & Bacon Inc,

PSYCHOLOGY 7e, Figure 9.8

© 2013 Snaser Annctales, Ire.
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Frequency mapping

|
" Stapes on
%3 / oval window
. \:‘ S Cechleabase 1600Hz 800Hz 400 Hz 200 Hz 100Hz S50H: 25Hz
.-‘ 4 Lo / Basiiar S SN et LN il et )
i .- / s \ . p Z
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- 1)
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* Secondary
auditory Corrasponds o
conax vasa of cochlan

Corresponds to
apax of cochlea

auditory
cortax

The frequency map (tonotopic representation) of
the basilar membrane is preserved through
processing in the subcortical structures and
mapped in the primary auditory cortex.

Different frequencies are processed in their
corresponding area of the auditory cortex

Frequency coding by place on the cochlea

100 Mz
(0.1 kMz)

10,000 Hz
(10 kH2)

Courtesy Janss Haospeh



Perception of Pitch

* What happens when you combine frequencies?
* Which frequency do you really hear?

The case of the missing fundamental

179/476


https://www.youtube.com/watch?v=AZ8qZCGg4Bk&ab_channel=TheRoyalInstitution
https://www.youtube.com/watch?v=AZ8qZCGg4Bk&ab_channel=TheRoyalInstitution

Perception of timbre

When the basilar membrane is stimulated by complex
sounds, different portions of the membrane respond to
each of the overtones. This response produces a unique
anatomically coded pattern of activity in the cochlear
nerve, which is subsequently identified by circuits in the
auditory association cortex

Special characteristics of neurons
in the auditory pathway afford the
processing of timbre.

Displacement

Basal Distance along cochlea Apical

e.g. hollow or solid door
e.g. different voices of friends
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Music
perception

Basal ganglia

Primary
auditory
cortex
the inferior frontal cortex ;
. Inferior frontal
appears to be involved cortex
in recognition of harmony /
Augary. Cerebellum
association
cortex
Left
the left auditory cortex appearsto auditory
be involved in perception of cortex
rhythmic patterns that are
superimposed on the rhythmic beat

a melody is recognized by
the relative intervals
between its notes, not by
their absolute value.

the cerebellum

and basal ganglia are
involved in timing of
musical rhythms, as
they are in the timing
of movements.

Heritability of musical abilities is high

right auditory cortex
appears to be involved
in perception of the

underlying beat in music
181/476



Auditory processing disorder (APD)

Someone says, "Please raise your hand," and you
hear something like "Please haze your plan.”

APD is a rare hearing problem that affects school-aged children.

Auditory process matures fully by 13 years
The child may grow out of the disorder once they reach that age. .,

: ) : ) e
Listening skills usually develop as the auditory system matures. s
It usually takes around 12-15 years of age to have complete auditory processing maturity.

* Cause - genetic, brain trauma during childbirth, infection of the ear.
* Currently, APD is recognized as a “specific learning disability”
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auditory
comprehensior

Auditory Pathways Planning

speech
output
(A) Primary (B)
somatic sensory
cortex
Lateral Primary
sulcus auditory
cortex
Anterior
| auditory-motor integration | auditory-conceptual mapping
f ww;\k;m verbal repetition auditory comprehension
cortex {{,2.',"“"23” LiNernicke: s ares) sound localization l analysis of complex sounds
are

Angular Gyrus
Supramarginal Gyrus
Broca's Area

Wernicke's Area
Primary Auditory Cortex

183/476



Wernicke’s area

Asymmetries of the Auditory
System

* In normally hearingindividuals, anatomical and functional
observations from the cochlea up to the cortex are in favor of a right
ear advantage (REA), a feature hypothetically linked to the fact that in
almost all right handed and most left handed people, speech is
processed predominantly in the left cerebral hemisphere.

* Both afferent and efferent auditory pathways show asymmetrical

features which suggests that competing signals from both ears are \ |
processed with a REA which enables the left hemisphere to process k “
speech appropriately in difficult listening situations. \ . /

) o ) ) . ) ) | When conflicting information goes to both ears, that to the

* Stimuli with complex speech-like acoustic properties, including rapid | right ear reaches Wernicke's area first. Subject repeats only

spectrotemporal changes, vield greater activation in auditory cortex
over the left hemisphere, regardless of whether right ear, left ear, or
binaural stimulation is used.

the right ear information.

* The left hemisphere is specialized from birth for processing specific
properties of speech and children exhibit the right ear advantage as
early as the first year of life.

Right Ear Advantage

https://hearingreview.com/inside-hearing/research/remarkable-history-right-ear-advantage
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https://hearingreview.com/inside-hearing/research/remarkable-history-right-ear-advantage

Overlap of auditory and visual dorsal pathways

the visual and auditory
“where” streams overlap in the parietal
lobe.

We can use the convergence of sight and
sound to recognize which of several objects
in the environment is making a noise.

Dorsal
stream
“where”

we can learn the association between the
sight of an object and the sounds it makes
'Primany visual cortex — learning and memory

Enhanced responsiveness to auditory
e stimuli in blind pe.ople (audl’For.y stimuli |
stream may engage the visual association areas in

Ventral »
stream V1ere blind individuals)

Anterior
stream
“what”

Superior : k
temporal Inferior ‘what
cortex
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e Can you detect additional information from sounds?
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Auditory fear processing

Lateral

/ fssure
\ Auditory

H ) & 4
L J_‘N\ cartex
( Medial geniculate
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Midbrain

Dorzal cochlasr
nuclaus
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- cochlear
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Copyright © 2008 Pearson Allyn & Bacon Inc,

Thalamus = amygdala

Fobibe Lentiform
Cerebral nucleus
cortex Caudate
nucleus
Putamen
Thalamus
Amygdala
Globus
pallidus
Mammillary Hippocampus
body
Pons o
Cerebellum
Medulla Spinal cord

_—
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Types of Deafness

trouble identifying sounds = damage to? - auditory ‘what’ pathway

difficulty localizing sounds = damage to ? - auditory ‘where’ pathway

Aging related deafness > damage to?-> basilar membrane neurons (esp high freq - “s,” “f” and “t” sounds)

Noise (loud) induced hearing loss=> damage to the tympanic membrane or hair cells or base of basilar membrane that

receives most signals first
Complete deafness = damage to ? - bilateral ‘primary’ auditory cortex

Congenital deafness = damage to ? - cochlea = cochlear implants

FIGURE 5.46 Cochiear implant.

Sound Is pickad up by a small microphone (1) located behind the ear and convarted into an electrl-
cal signal. An oxtomal processar (2} convarts the signals info complex digital roprasontations of the
scund. which travel by wire (3) to an external transmitter (4), which transmits tham as radio waves to
the Internal processor (5), Hero they am reconvertad 1o elactncal signas that travel by wire (6) to the
cochbea, where 22 electrodes are placed. The electrodes stimulate the audtory nerve (ﬂ)Sé/ 476




 What do these
circular/angular
canals do?

COCHLEA
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Semicircular Semicircular

canals Vestibular sacs canals
(utricle and saccule)

Vestibular System

Function - balance, maintenance of the head in an
upright position, and adjustment of eye movement
to compensate for head movements.

Semi-circular canals
* Angular acceleration = electrical signals
+ changes in the rotation of the head

* Arranged in a 3D manner Filedwith
endolymph -

Section of
ampulla

Vestibular Sacs
 force of gravity > electrical
* inform the brain about the head’s
orientation

ampullary nervd90/4 '



Working of semicircular canals

» Rotation of the head = fluid flows in the opposite direction

No turning Start of turn
—> triggering receptor potentials in the hair cells No sensation. Sensation of turning as moving
fluid deflects hairs.

» Stimulation of the semi-circular canals can produce dizziness
and rhythmic involuntary eye movements (nystagmus)

. . . ‘r~,‘,’,,‘,L._. it rate furn mmst
* Angular acceleration > electrical signals opped

No sensation after fluid acceler- Sensalion of turning in opposite
ates to same speed as tube wall. direction as moving fluid deflecls

Rotation% hairs in opposite direction.

Rotation /_\
P - - 45 T
B
Beginning of rotation; Rotation maintained; Rotation stops; 191/476
- CN VIII endolymph stays behind endolymph catches up endolymph keeps going



ntolithic

stereocilia

hair cells

upright section
of the
utricular macula

displaced section
of the
utricular macula

hiead upright head bent forward

121397 Encyclopasdia Britannica, Inc.

Normal

Head filted back

Working of vestibular sacs

The weight of the crystals causes the gelatinous
mass to shift in position as the orientation of the
head changes. This movement produces a

shearing force on the cilia of the receptive hair
cells

Low frequency stimulation of the vestibular sacs
can produce nausea
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Vestibular Pathway:

* To prevent our vision from blurring while walking or running, the brain
stem nuclei hold the head upright and control eye movements to
compensate for sudden head movements

* Activity of vestibular pathway projections to the lower brain stem
(medulla) can produce nausea and vomiting that may accompany
motion sickness

Functions of the vestibular system
e Balance
* Maintenance of head in an upright position

* Adjustment of eye movement to compensate for head movement

left

veshbular nuc.

Connection of vestibular nuclei to eye movements




Olfaction
Gustation
Somatosenses

194/476



The pH Scale _—

Water BakingSoda  Solution Bleach

oot | Taokes | soa
:?

I Acidic Neutral Alkaline |

Stomach Acid Vmegar

Drain Cleaner
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* Why do we have taste?
 Function?
e Covid effects?

* Why does food taste bland when you are sick?

196/476



Bitter

Gustation
Sour Sour
* Substance molecules act like chemicals that activate the taste
receptors (chemoreceptors) Saltywsmty
. ThlereBszre 5 quahUes; of tastej. S ool & “"”k
. Bitterness (alkaline, caffeine, polyphenols) -t
2. Sourness (Acidic) /. /S
3. Sweetness b, |
4. Saltiness :
5. Umami: (Japanese word) means good taste refers to the taste of B
monosodium glutamate (MSG), a substance that is found naturally and Bitter —
often used as flavor enhancer in Asian cuisine —_
. Umami receptors detect the presence of glutamate, an amino acid found in I:gsi‘:n- Papillae
proteins Salt
| Sweet ‘f{_‘_;% : 1.1
* Sweet and salty tastes (amino acids) are preferred over sour (acidic) '_
and bitter (alkaline) tastes
* Foods that rot due to bacteria are acidic and therefore, taste sour Umami
* Alkaloids produced by plants to prevent them from being eaten by animals taste Fat???

bitter
197/476



Anatomy of taste buds:

The tongue is covered with
bumps called papillae.

* Papillae on the surface of the tongue contain taste buds

* Taste buds contain groups of 20-50 receptor cells arranged like

segments of an orange Each papilla contains

multiple taste buds,

AN

» Taste receptor cells are have a life span of only 10 days (renewed Taste buds are filled with T g ST
gustatory cells - the cells that L
regU|a rly) do the tasting. The tip of each

gustatory cell protrudes through a
pore on the surface of the tongue,

Nerves carry signals
from the gustatory
cells to the brain.

-—F— 5 -4__——._.“~—.

* If you burn your tongue you cannot taste food for a few days but you recover your
tasting ability after a few days

O .
‘i-_,—-4~_.—111—‘»:+—%$—_“~7he tip of each gustatory cell is
T ] _EJ | covered with an assortment of
C_':,_‘_’j"_;—;;t'—_-:“_,/ bitter taste receptors, which
¢ 4 3wt % | |candetecta wide variety of

R TR et P -_*_—,;i" compounds, Stimulation of any
e irtmtom iz of these receptors sends a signal

' | to the brain: bitter!
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Vestibular
cortex

Somatosensory

Gustatory

Gustatory Pathway

Auditory cortex

Ipsilateral

Different regions in the gustatory cortex code different
tastes

Gustatory information also reaches the amygdala and
hypothalamus which may play a role in reinforcing a tastes
and feelings of pleasure after eating preferred food

The gustatory cortex also receives thermal, visceral, and
nociceptive (painful) stimuli which plays a role in
determining the palatability of food

P Cortex (taste) Gustatory cortex

Ventral posteromedial Primary gustatory cortex
nucleus of thalamus \

FE NS
il

Lateral / Y

hypothalamus Amygdala
Chorda tympam
{branch of Vilth

nerve)
‘l

Nucieue ofthe ___——

solitary tract —
= lem nerve
v
Caudal
medulls ’\‘— Xth narve

Copyright © 2008 Pearson Allyn & Bacon Inc.
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* What is purpose of smell?
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Limbic system of the brain

Olfactory bula
N

Olfaction

Nasal cavity

Aromatic substances  /

Another chemical sense that helps identify food and avoid spoiled/rotten food

Olfactory

Taste is not a highly discriminating sense, and there is functional overlap neurons

between taste receptor cells. In contrast, odor is highly discriminating.
Helps other species to track prey

In humans, smells can evoke memories

201/476



Frontal lobe
of cerebrum

Olfactory tract
Olfactory bulb

Cribrifarm plate
of ethmeid bone

Olfactory

Clfactory bulb
neuran

Olfactory bulb

Cribriform plate

Olfactory (1) nerve
Connective tissue

Olfactory
epithelium

Superior

Citactory gland
(produces mucus)

Basal cell

Olfactory receptor

(a) Sagittal view Supporting cell

Mucus — : E Chfactory hair
" e————— Odorant molecule

e

ib) Enlarged view of olfactory receptors
& Jehn Wilay & Sons, Inc,
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Anatomy of Olfactory System

* We have 6 million olfactory receptor cells on the mucous membrane (olfactory
epithelium) inside our nose

» detect painful odorants such as ammonia

S b"'L\

Axons of mitral cells

Olfactory
receptor

Cribriform
plate

Olfactory epithelium

Copyright © 2008 Pearson Allyn & Bacon Inc,

Olfactory receptor cells =2 glomerulus = mitral cells > amygdala (emotional valence) +

hypothalamus (reception or rejection of food) + hippocampus (memories)
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Encoding Odor
Olfactory bulb k

Axons of mitral cells

* Each glomerulus receives axons from specific type receptor cells that

encode a specific odor. Mitral cell

[ ——

. . . . lomerulus
* each glomerulus receives information from approximately 2,000

olfactory receptor cells detecting the same odor.

Olfactory Cribriform

* Glomeruli can also inhibit activity in other glomeruli (more active facapsy

inhibit less active glomeruli)
* which is why we can mask odors (air fresheners, reuse old food with spices) X 't :

O AN A% AN i e
CRELD: AN AR A Rk

* Humans can recognize up to 10,000 different odors but with only Cilia

339 different olfactory receptors. How? Ao 5 2008 P s AR & Baceiiine
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A hypothetical explanation of coding of olfactory information

Discriminating odor

Identification of an odorant is a "lock and key” (different shapes and sizes of
molecules) relationship between the odorant and the membrane receptor.

Odorants bind to more than one receptor — high, moderate or weak binding

Molecules of an odorant bind with olfactory receptors and open sodium
channels and produce depolarizing receptor potentials

Every odor creates a specific pattern of activation in different glomeruli

Every pattern represents an odor which is identified by the olfactory cortex

Lo Nesidi
L rﬁ_l >— V‘-"_l L : o
A | Ll ‘ \/ *] [ \-—/_:rj 1 -

[ l_JI ‘ wl . 4 ] Iﬁr),

. o i e B

=

Bl B °RE G

Copyright © 2008 Paarson Allyn & Bacon Inc.

e.g mint flowery sweet spice
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Combinatorial coding: broadly tuned receplons Specific receploes for ecologically relevant adorants

; W A
' = X8 @

hebabaneancha

Odorant
receptors 12 3 4 5 6 7 8 9 10 1112 13 14
Odorants Description

s
A ""‘J‘ou O rancid, sour, goat-like
B ~~ron 0 ° sweet, herbal, woody
C V“”"’E‘DH 0 ° O ° rancid, sour, sweaty
D ~~~ron 0 O o violet, sweet, woody
E M"’?“OH o o O o o O randid, sour, repulsive

Sweet, orange, rose

O o waxy, cheese, nut-like

O fresh, rose, oily floral

IOCIFIED AFTER LMD BUCK AND COLLEAGUES IN CELL WOL %5, MARCH 5, 1993

F ~~rron Q0 @
i@ | OO0 ©0
H~non @0 ©

Flavour = olfaction + gustation.
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e What is somatosense?

* Function?
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>omatosenses

Cutaneous Senses  Provide information from the surface of the body.

Proprioception Provide information about location of body in space.

Kinesthesia Provide information about movement of body though
space.

Organic Senses Provide information from in and around intemal organs.

* Cutaneous (skin) senses respond to a range of stimuli (Tactile):
* Pressure, Temperature, Vibration, Pain

* Kinesthetic & Proprioception senses Haptic Sensation
* Muscle, skin, and joint movement (Active touch)

* Organic senses

Tactile Sensation Kinesthetic Sensation
e Stomach ache, muscle cramps (Passive touch) (or Proprioceptive
« Drinking hot/cold liquid down your throat » Mechanoreceptors (pressure, Sensation)
vibration, texture) » Kinesthetic receptors (body
» Thermoreceptors (temperature) position and movement)
~ Nociceptors (pain)
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Skin Receptors

Hairless skin (glabrous skin) is found on our fingertips, palms
and bottom of toes and feet

It has a complex mixture of receptors to explore the external

environment with our palms and fingers — touching or holding objects

* Glabrous skin receptors

Free nerve endings — painful stimuli and temperature changes

Ruffini corpuscles — respond to pressure on skin

Pacinian - respond to rapid vibrations

Meissner’s corpuscles — respond to low freq vibration and taps on the skin
Merkel endings — respond to touch and light pressures

* Hairy skin receptors

Free nerve endings — at the base of hair shafts that detect movement of hair
Ruffini corpuscles — respond to pressure on skin
Pacinian - respond to rapid vibrations

IHeatl

Dead cells
Epidermis

Dermis <

Light
‘touch

Pain |

Nerve Connective
tissue

Cold

e

Hair
movement

Strong
pressure
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Properties of Skin Receptors Related to Touch
(A)

o
‘ ||$-|TP

JséaJs'Js i

=
Receptors  Pacinian corpuscle  Meissner’s corpuscle Merkel’s discs Ruffini’s ending &
(vibration) (touch) (touch) (stretch)

Receptive
fields A Steady presswe
seien | I
potertiots |
Large, vague Small, sharp Small, sharp Large, vague J L
borders borders borders borders —
Response B 110 Hz vieation
properties: _/_L ﬂ /_1 _/‘j Action
Stimulus potertiots
SImIE AANANNNY
Response —Ht——1t HH : —HHHH—
Fast-adapting Fast-adapting Slow-adapting Slow-adapting

BIOLOGICAL PSYCHOLOGY 7e, Figure 8.13
© 2013 Sinauer Associates, Inc. 210/476



Homunculus — “little human”

Occipital lobes

Fﬁmaigs
somatdsensory
Central sulcus COHOK

Primary molor

corfex Cantral sulcus

211/476

Frontal lobes



Primary
somatosensory
cortex

Primary
motor
cortex

Right

Central
sulcus

.”/

IRV Peenon b ee e ws |

Lateral
fissure =

Primary auditory T —
corlex : " Left Hemisphere

Copyright © 2008 Pearson Allyn & Bacon Inc,
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Primary molor codgic (M1) 'Samalnsensory aneas 3a 2

Perception of touch f

* Mechanoreceptors respond to mechanical stimulation | Ay Thalamis

* Dendrites of mechanoreceptors are stimulated by pressure and
vibration on skin (mechanical energy = electrical energy)

Spinccarebelium
jule VIS, Vill etc

* tactile sensation is localized- receptors are very specific to regions
on the skin surface

* fingertips for precise movements like playing the violin need very

Spinal cord

accurate tactile and proprioceptive feedback Vibration stmuks _
Group |a afecent fiber
« corresponding contralateral hemispheres in such people allocate ‘ LLLEL la afferent acthity
more cortex to accomplish such fine tasks P > AL b8 S ncsian
i( g ‘-, A4 4 “ la afferent actaty
a=== ——

o Muscle stredching

) 213/476



Tactile Agnosia ‘53_—__{5 % ~ @)
(a) Drawings of wrenches felt but not seen by M. T. Although the
patient did not recognize the objects as wrenches, he was able to M @——’ﬁ
draw them accurately. (b) Drawings of objects felt but not seen by B
E. C. The patient could neither recognize the objects by touch nor
draw them accurately. —, (>

Tactile Agnosia (Astercognosis)
» Imability to identify object ¢
by touch (in the absence : y
of visual input), Caselle 1ape Staple Plug
remover adaptor

(b)

» Patient can name object
by sight, draw object if
asked te, and will reach for
object if instructed to do

somatomotor r.qrtex somatosensory cortex

frontal lobe

. parietal lobe
so. / v
"-‘Q- -\ ; occipital lobe
| -
v R
.

Tactile Agnosia — deficit in tactile perception

. . \ . | m
Damage to the somatosensory association cortex temporal lobe™ ity

medulla oblongata
spinalcor 214/476



Number of Skin Temperature Receptors

Perception of Temperature

Head 21%

A Arms 13% Hands: 5%

Hypothalmus oD%
Upper Legs: 15%

~

Two types of thermal receptors — warmth and coolness receptors Pituitary gland

. L Legs 8%
Humans can detect a wide range of temperatures o

* 8°C(noxious cold) to 52° C (noxious heat)

o] s 18 15

Anterior hypothalamus = maintaining body temperature Percert Total Receptors

20 28

Warm receptors

i
Kl

Cold receptors

i

Our brain adjusts the core body temperature based
predominantly upon feedback it receives from the temperature
receptors in the torso and head

Some chemicals can also produce the sensation of warmth or
coolness — e.g. mint- coolness, capsaicin - heat

Accomplished by free nerve endings




Temperature Touch
Heat pain Proprioception
Core body temperature Mechanical pain
Inflammatory pain Urination
Neuropathic pain Respiration

Blood pressure
Skeletal remodeling

Visceral pain
Protective reflexes

Nobel prize in Physiology/Medicine 2021 —

PIEZ01
PIEZ02

0 R L AL R WIS,

Closed

Mechanical force

The discovery of the receptor TRPV1 paved the way to the unravelling of
additional receptors, which together code for temperature sensation,

nobelprize.org
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Perception of Pain

e 3 types of pain receptors , ,
1. Pain due to intense pressure — striking, excessive il RN : K.
stretching or pinching of skin = high threshold ol

2. Pain due to extremes of heat to acids and capsaicin »
(chili peppers) causing inflammation G

3. Pain due to internal injuries or disorders — migraine, |
damage to muscles, cancer, etc. \, s 0

Medula &
) \’

 Accomplished by free nerve endings

Meaduin \
{ N Mo

) _'lt = ‘-' - v
’ 2171476



Effects of pain Brain Reglons Involved

. Sensory component Pathway from spinal cord to thalamus
y p e S O p a | n to primary/secondary somatosensory
coriex
Immediate emotional Insular cortex, ACC, primary somato-
consequences sensory cortex
.. Long-term emotional Prefrontal cortex
* Painisa Complex phenomenon COnsequences

* Has 3 different perceptual and behavioral effects

1. Sensory component
. pure sensation of intensity of painful stimulus

. Spinal nerves = thalamus = primary somatosensory cortex = secondary akarice cinbass coriat
somatosensory cortex

2. Immediate emotional reaction
. unpleasantness following the sensation
. Spinal nerves = Thalamus = anterior cingulate cortex and insular cortex

3. Longterm emotional implications of chronic pain
. Well being and comfort
. Spinal nerves = Thalamus = frontal cortex

GAtachmnial, arigm e,
pralmonial
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l Muscle

Pain :
tension

Chronic
Pain

Reduced Reduced

movement CYOIe circulation

\ Muscle

inflammation

What is Chronic Pain?

Nerve Pain (neuropathic pain,
sciatica, diabetic neuropathy,

etc.) //

Muscle Pain (hips, legs, neck,

shoulders, feet, etc.)

Mechanical/Compressive
Pain (spinal cord

compression, spinal disc
degeneration, tumors, etc.)

Inflammatory Pain (arthritis,
infection, tissue injury, etc.) \

N
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Somatosensory pathways

* Sensory information crosses the spinal cord at various levels to reach the

contralateral hemisphere

Spinothalamic
Pain/temperature
Vital

Dorsal column
Proprioception/vibration
Gnostic

Spinal cord injuries??

Primary somatosensory
corex

\
‘-

"\,

'-.I Ventral posterior
nudiewus of thatamus

Midbrain
Medial _—
lamniscus
\ A / Nuclel of the
e — dorsal columns
F N = o
/_/ Y
- /
- rd
7
\ | / Medulla
/
¢ Dorsal columns
'// {pracise touch,
— 7 kingsthesia)
Spnothalamic 7 ¥y
fract {pain,
temo»'atulc-
= t\_/
N
\ \
\ —
-— X
J /\
\ " 4 \.
"”'«-J 4 3
= Daorsal root
Spinal Cord ganghion

Copyright © 2008 Pearson Allyn & Bac055\67476



Simple withdrawal reflex

A

Cross section
of spinal cord

This Internauron excites
. mator nguron, causing
/-’ muscular cortraction

This muscle causes

i - Ty withdrawal from
= N source of pain Dendritas of
e SBNnsory nauron
_ Motor cetect painiul
~~ auron / stimukis

The terminal boutons of the sensory neuron release a neurotransmitter that excites the interneuron,
causing it to send messages down its axon. The terminal boutons of the interneuron release a
neurotransmitter that excites the motor neuron. The axon of the motor neuron travels to join the
muscle. When the motor neuron releases neurotransmitter, the muscle cells contract, causing the hand

to move away from the hot object.

All synapses have excitatory effects

Congenital Insensitivity to Pain
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Preventing withdrawal reflex

This interneuron exciles
_ molor neuron, causing

Neuron 2
in brain T——__ 22
Brain ——__ . = =
Axon of neuron » Motor Axan from
inbrain ———— neuron-"“-—- i —— NEuron

== K in brain
Spinal cord —_ *

\.

Cross secnon
of spinal cord

This interneuron inhibits ‘
motor neuron, preventing |
muscular contraction

Copyright © 2008 Pearson Allyn & Bacon Inc.

" muscular contraction

This muscle causes
. withdrawal from

/ source of pain

Axon of sensory
nauron (pain)

The pain from the hot casserole increases the activity of excitatory synapses in the withdrawal reflex, which
tends to cause the hand to pull away from the casserole. However, this excitation is counteracted by
inhibition, supplied by the brain. The brain contains neural circuits that recognize what a disaster it would be
if you dropped the casserole on the floor. These neural circuits send information to the spinal cord that
prevents the withdrawal reflex from making you drop the casserole. The brain basically excites an inhibitory
interneuron which decreases the activity of the motor neuron that was going to withdraw the muscle, i.e.
blocks the withdrawal reflex. This is an example of two competing tendencies
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Split brain

Splitbrain patients have undergone surgery to cut

the corpus callosum, the main bundle of neuronal
fibres connecting the two sides of the brain.

I:l O . Misual

fields

Input from
the left field
of view is
processed
by the right Corpus
hemisphere callosum
and vice
Versa.
Left ~ Right
hemisphere \ U,' hemisphere

A word is flashed briefly to the
right field of view, and the patient
iz asked what he saw.

Because the left hemisphere is dominant
for verbal processing, the patient's
answer matches the word.

L T—

Tactile and visual information reaches the
contralateral hemispheres through nerves that cross

over below the corpus collosum.

However, visual information in the right hemisphere
travels to the language center in the left hemisphere

via the corpus collosum

Suprachisematie
nucleus
0
chinam

P \
- Hypathalamus',

The callesum tssae sen ln o hoalthy bralm (Leight whits in lop Image)
fetracts aftar o cotpes Callosatonny, Kndag just B vantel de (Dlack).

Spinothalamic Dorsal column
Pain/temperature Proprioception/vibration
Vital Gnostic
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6 Olfactory pathways from
the nose project through
the olfactory bulb to the

olfactory cortex.

to cortical centers.

Equilibrium pathways
project to the cerebellum.

é Most sensory pathways
project to the thalamus.
The thalamus modifies
and relays information

Motor areas: Sensory areas and related
Primary motor cortex association areas:
Motor association area Primary somatosensory conex

Frontal eye field Sensory association area

Wernicke’s area

Prefrontal cortex:

Sroca’s Aree General interpretation area

Primary visual cortex
Visual association area
Primary auditory cortex

Primary somatic
~<__ sensory cortex

Auditory association area
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THE SENSES INTEGRATION OF THEIR INPUTS END PRODUCTS

speech 3
-AUditOfy (hearing) ——————— T GRS TR RS R W NN W —— —— T W W W —— —
language
Vestibular (gravity — A._ ________ \4 S S C— 1 _______
and movement) eye movements ability to concentrate
posture s ability to organize
balance / PEREEpS
> ——— self-esteem
muscle tone coordination of two
sides of the body self-control
gravitational cyc-hand
_ , security motor planning coordination > self<confidence
Proprioceptive
(muscles and joints) e e - —} e e e e e Ml ) Yo Ko gy B o academic learning ability
activity level visual perception '
’ capacity for abstract
alienlion-span purposeful thought and reasoning
\ . activity
- side of the body anc
Tactile (touch) . __ . %.ca-t_mi ______________ T - the brain
mother-infant bond
} tactile comfort y,
NERIAT (RINR o it i e s s e P ' s s e s i ]

https://www.griffinot.com/sensorv-integration-sensory-pr%%?fg



https://www.griffinot.com/sensory-integration-sensory-processing/

| have Sensory Processin3
Disorder

P overly sensitive K
to loud sounds.

| hate haw'ng_ oy
hair brushed,

washed or cut.

p
g
. -
) .

| have trouble 2 =

Focusing/ : D
concentrbting.' 7 BN | hate bein3
(N 4 = &, tickled or
=2 cuddled

| have poae fine /
motor skils, such a8

Mndwriﬁng. and
cuttins
| have mr 9’055 wator J | 10em 1o bo unawedr of
skills such a3 runnin narmal touch dad pain. |
ar tiding d bike. | chew an  ofton Foel others too soft
everything, or 00 haed.

| am d picky eater;
| resist new Foods
and textures

\,
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Treatment based on subtype of the Commonly observed in Autism
Sensory Processing Disorder Spectrum Disorder (ADD, ADHD,

/ \ Asperger's syndrome) and other

> developmental disabilities
Sensory ensory Sensory Based

Modulation Discrimination Motor Disorder
Anr tery: Dd che sy rar, cap, o7 preck?

/ l \ Tt b s eem ] mrer e nickel in / \
1y [ kT

Sensory Sen.sory Sﬁﬂsofy In'hllll.t:;';lll-:;lrnllu by flial baiks DYSPTOXCO PQSfurol
Over Under Craver Paigr ecop e Flow B el | DiSOrd.erS . . . .
Responsivity  Responsivity fideeti st thisi Rorwearl o0 s 11, 1411 slow and * no internal motivation to move (e.g., run, jump, skip, hop)
idgeting, s treakthe glasst ; « difficulty using both sides of the body simultaneously (e.g
Hypersensitive H nsitive i i Vst s Which wey dm | tussngt uncoordinated . . s el
dislike for textures (fabrics ta‘:zr::sss e ;ngfévs:]::'ldng movements or catching a bal rotating trunic to cross the midiine of body
. ! ’ it needed to ride a bike or hit a baseball
foods, grooming products), sluggishness,  loud, disturbing poor handwriting, : : . ) , .
discomfort towards normal I g ’ o dropping objects, * challenges with following a moving object with eyes, noticing
sounds, lights, temperature slowreaction  noises stumbling, what happens around him using peripheral vision)
move’ments’ smells tastes’, * inefficient vestibular (awareness of where he is in space)
! ’ * Inefficient proprioception (awareness of position of muscles and
MIND @ HEL? joints)

Sensation/Touch . N
8 Dyspraxia is the inability or
can become wnp . difficulty with three aspects
Under-stimulated of completing a motor action:

painful
Over Sensitiveness Under Sensitiveness 1) ideation,
o4 Sensory Avoiding o2 Sensory Seeking 2) sequencing, and/or

3) motor execution

Thinks agpared are %00
—( acraichy or ity ( Unabie to s st )—
Spn cortnuously
wrhour feeing
<Oon'l pick up oo soow! t\l‘%
< Seek visual ﬂNulm)—

( v prellom s wim

Have behywor probiems 5
: - ) — https://www.autism.org/sensorv—ir?thA%Z@

MINDJOURNAL



https://www.autism.org/sensory-integration/

https://www.ucsf.edu/news/2014/07/116196/kids-autism-sensory-processing-disorders-show-

brain-wiring-differences

Mapping Sensory Processing
Disorders in the Brain

Children with sensory processing disoroers have decreased struc-
tural brain connectivity in specific sensory regions different than
those in autism. Here's g closer look at the areas affected.

Sensory Processing Disorder only

Area Affected: ‘

Autism Spectrum Disorder only

Areas Affected:

- Inferior fronto-
occipital fasciculus
(IFOF)

- Fusiform-
amygdala

- Inferior longitu-
dinal fasiculus (ILF)
- Fusiform-
hippocampus

Autism Spectrum and Sensory Processing disorders

Areas Affected:

- Spienium of
the corpus callosum
between left and
right lateral
occipital cortices

B Posterior corona
radiata (PCR)

[ porsal visual
Stream



https://www.ucsf.edu/news/2014/07/116196/kids-autism-sensory-processing-disorders-show-brain-wiring-differences
https://www.ucsf.edu/news/2014/07/116196/kids-autism-sensory-processing-disorders-show-brain-wiring-differences

Example of activities a child can engage in to improve sensory discrimination

Children who have poor sensory discrimination need sensory-rich activities in the domain in which
they have issues.

Visual: category games (e.g., find everything in the room that’s a circle, while driving point to all
food-related signs)

Interoceptive: Talk about how your body feels at times when you are happy versus worried. Say
things such as, “I'm so happy, | can feel my heart beating fast!” or “I always feel nervous when | [fill
in the blank]. My stomach feels like it is flipping over.” That way the child will begin to understand
the body sensations related to emotional content.

Auditory: Play the same-and-different game, “I’'m going to say two words, and you tell me if they
are the same or different. Then it will be your turn to try to trick me.”

Proprioceptive: Play Simon Says or Mother May I? performing unusual, novel body movements.

Dance thera
— Py Art therapy
Repetitive movements :
Concentration/engagement
C.ostumes Hand eye coordination
Lights Sensitive touch

Treatment for sensory processing
problems is called sensory integration.
The goal of sensory integration is to
challenge a child in a fun, playful way so
they can learn to respond appropriately
and function more normally

Therapy video
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https://www.youtube.com/watch?v=YUdsgQGHSR8
https://www.thedancerefinery.com/sensory-processing-disorder-and-the-benefits-of-dance-classes
http://www.anzacata.org/resources/Files/11_ANZJAT/ANZJAT-2012/4-ANZJAT-2012-DW.pdf

e Synesthesia?
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Vestibular
cortex

Synesthesia

* Routing of senses is not typical <

How | See Numbers

0 f 3 4 9

6 7 8 9
10 83 36
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Synest

Synaesthesia
is thought to
have a genetic
component,
since it often
runs in families
and is more
common in
women

Emations - = oo
Emodion - small
[Emoction - = favor

E pivalicn - = pin
Emation - = smell
Emalisn - i peralum
[Emistion - = orach
Flavers - = cohcr
Flavers - > aoands
Fravers - » Brpambaes
Flavers - > much
Ganwl sounch - = cokoms
Cragh e s - o
aaphee - = Savor
isddics - = (il
Elmentics - = soindy

L isiven - ™ Iy
Musical noies - > colors
Muslce! nows - = Ao

hesia

Musice suncs - = coions
Codors - > polnes
Crgasm - = colors
Plasin - 1laes

Poin - = favor

Pain - gmisl|

Pain - * sound
Peranscsl Hus - = gmell
Porsonad os - = o
Paaorel e - = oolord Jimras )
Pfaen T - = Ik
Pronmmes - = lavor
Plwrtin freis - = codin
Smals - > Smvar
Errala - = Sodls
Srela - > Smpermniores
Srvala - = Bijeh
Soand - >davors
Scmartdn - = Wil

THE SYNESTHETE'S VISUAL WORLD

With synesthesia, the visual data goes
through adcitional areas of the brain that
are meant to perceve smell, touch.
sound, and other senses,

Souncs - = smedls
Eodind - » Emmpanioas
Soaind - = Iouch
Targmiaking - = Edonm
Tempamime - = favom
Tarmpamime - * aands
Time gniia - > ookom
Touch - = coicm
Touch - = emoiors
Touch - > Sawire
Taviach = = smeall
Touch - = sounde
Tauch - = Sbivsar ko
Wisign - = Amvors
Wisin - = Rifsics
Vision - > amall
Widiy i - ™ Son el
Wision - = Tom porai s
Wi - = euch

STINIULATION

When we see something
with our eyes:

» That data w sent from
the eye to the wsual
cortex.

* |t passes through arcas
of the brain that
evaluate it to perceive
shape, cokor, size, elc.

This it how extra attributes
aré added to certain things
synesthetes see

THE SCIENCE BEHIND SYNESTHESIA

SYMNAESTHESIA

vision:

vision:
codour calour
shapz shape
tewture lexiure
malicn milm
hearing: hearing:
timbre e
pitch pitch
intensity inzensity
touch: touch:
lEmperEne IEpETAlIrG
IEXDune B
pin pain
taste taste
smell smiell

The perception of our different
senses 15 created and stored n
separate areas of the brain,

At birth, neural connections
between these centers are
not as separate and many of
these pathways of
connections overlap

In normal development:

By four months, overlapping
ncural connections are pruned
out.

* The vision centel s separated
from the hearing

x Some failure in this process Is believed
to be the cause of synesthesia.

more centers, especialy those located close to each
other, such as taste and bearing.

.ﬁ- i,a In synesthesia. connections remain between two of

Neurologists and researchers have identified as many as
19 different forms of synesthesia, but many of them are
quite rare. Some of the more common types are:
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Hallucinations are a perception not based on sensory input, whereas illusions are a
misinterpretation of a correct sensory input.

Synesthesia is not an illusion — it is an added perception to a stimulus (sound + color)
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Movement and Navigation
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s L P

Supplementary Motor Cortex Primary Motor Cortex (BA 4)
{8A )

Somatosensory Cortex

(51)
Premotor Cortex

{BA &)

Central Sulcus

Anterior Cerebeallum Posterior Cerebellum
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Anatomy of Action

Primary motor corfex  Primary somatosensory cortex

Many cortical regions are involved in planning, control, and execution of movement. In addition, two major
subcortical structures of the motor system are the cerebellum and the basal ganglia.
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A |

Visual information
required to locate target.

Sensory cortex receives
the message that the
cup has been grasped.

Frontal-lobe motor areas

the movement.

plan the reach and command

Basal ganglia judge
grasp forces, and
cerebellum corrects

Spinal cord carries
information to hand.

Motor neurons carry
message to muscles of the
hand and forearm.

movement errors.

Spinal cord carries
sensory information
to brain.

Eensory receptors on the fingers send

Figure 9.1 The Motor System

message to sensory cortex saying that
—Ithe cup has been grasped.

Kolb/Whishaw: Fundamentals of Human Neuropsychology

Copyright ® 2015 by Worth Publishers

(B)

Motor cortex
{commands)

I %

Basal ' Cerebellum
ganglia {accuracy)
{force} _— -

V

' Brainstem
and

. spinal cord

 {movements) |

V V

Motor neurons

Biological Algorithm

2371476



Primary Somatosensory Cortex — receives sensory input
Frontal cortex — plans and decides action
Premotor and Supplemental motor cortex — planning of movement '{ /

Primary motor cortex — execution of motor movement !

Basal Ganglia — co-ordinates initiation/inhibition of movement

Cerebellum — corrects errors in movement based on visual/sensory feedback
(coordination of ongoing movement)

Thalamus — rel ay ce nter Premotor cortex organizes Motor cortex produces
MOVement sequences. specific movements,

Posterior cortex
provides sensory
Infermation to the
frontal cortex

Pustzu::A Pretrontal - | Premetur L | Bolorcomex
SE107y Coelex Oor1es ol Dt T e P,
gends geals pians | SEUEMES, :

Fyore B2 19NN 0N Segared

SiniiAMadeas e Siaadnmandsbe o8 A oo s ke s s dadie on o

Primary somatosensory cortex
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Damage to different parts of the motor circuit
Buccofacial apraxia -Unable to

carry out facial and lip
movements such as whistling,
winking, coughing etc

Types of apraxia

® |deomotor- inability to carry out a motor
command, limb or buccofacial

® |deational- inability to create a plan for or an
idea of a specific movement

= Constructional- inability to draw or construct

simple configurations \

= Speech- impaired ability to speak

Postcentral suicus

* Gait- impaired coordination of leg movements s PP Dorsal premotor and s
1/. ——I , ('/\\_, cortax Superior
L-_:i“‘l G )’\—:-; e . panatal

Tactile Apraxia - deficit in tactile information for action
absence of movements, objects can be misidentified, hand movement
to pick up object or imitate hand movements is impaired ¥

)\ ;//’0'

Optic Apraxia -

Ventral premotor
cortax
Inferior tamporal Primary
. . . lobe \Asual
Comparing different types of apraxia o
FIGURE 8.10 Proposed dorso-dorsal and ventro-dorsal

https://passtheot.com/apraxia-comparison/ Paconts wht losons it the dorsocorsalshcar RD B0l

while those with lesions to the ventro-dorsal stream have apraxia.



https://passtheot.com/apraxia-comparison/

The Case of G.O., the Man with
Too Little Feedback

An infection had selectively destroyed the somatosensory
nerves of G.0.s arms. He had great difficulty performing intri-
cate responses such as doing up his buttons or picking up
coins, even under visual guidance. Other difficulties resulted
from his inability to adjust his motor output in light of unantici-
pated external disturbances; for example, he could not keep
from gpilling a cup of coffee if somebody brushed against him.
However, G.O.'s greatest problem was his inability to maintain
a constant level of muscle contraction.

The result of his infection was that even simple tasks
requiring a constant motor output to the hand required continual

vieual monitoring. For example, when carrying a suitcase, he
had to watch it to reassure himself that he had not dropped it.
However, even visual feedback was of little use to him in tasks
requiring a constant force, tasks such as grasping a pen while
writing or holding a cup. In these cases, he had no indication of
the pressure that he was exerting on the object; all he saw was
the pen or cup slipping from his grasp.

Sensory Feedback

Contralateral neglect

posterior parietal cortex damage,

Disturbed ability to respond to stimuli on the opposite side of
(contralateral) the brain lesion

No problems in simple sensory or motor activity

The Case of Mrs. S., the Woman
Who Turned in Circles

After her stroke, Mrs. 5. could not respond to things on her
left—including objects and parts of her own body. For example,
she often put makeup on the right side of her face but ignored
the left.

Mrs. S.'s left-side contralateral neglect created many
problems for her, but a particularly bothersome one was that
she had difficulty getting enough to eat. When a plate of food
was put directly in front of her, she could see only the food on
the right half of the plate, and she ate only that half, even if she
was very hungry. However, Mrs. 5. developed an effective way
of getting more food. If she was still hungry after completing a
meal, she tumed her wheelchair to the right in a full circle until

the remaining half of her meal appeared once more directly
in front of her. Then, she ate that remaining food, or more
precisely, she ate the right half of it. If she was still hungry after
that, she turned once again in a circle to the right until the
remaining quarter of her meal appeared, and she ate half of
that...and so on.
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Which brain regions have taken over?

seconds > minutes > hours
Goal Movement
E.g. cycling, writing, driving, typing, etc. |
1 2/\?
O O O




Motor cortex

Parts of Basal ganglia

FUNCTIONAL DIVISIONS

Lenticular
Nucleus

1. Striatum
a. caudate nucleus
b. putamen
2. Pallidum
a. Globus Pallidus Interna (Gpi)
b. Globus Pallidus Externa (Gpe)
3. Thalamus
4. Subthalamic Nucleus
5. Substantia Nigra

£
%l
A
Y e
] "
A e x %

i
A
D
o
A5
I

Lenticular Nucleus

Putamen (lateral)
Globus Pallidus (medal)
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Direct pathway of the basal ganglia ndirect pathveay of tha basal ganglia

The direct pathway facilitates
movement by decreasing the
inhibition of basal ganglia
‘outputs’ to the thalamus, while
the indirect pathway suppresses
movements by increasing the
inhibitory pathway.

* Inthe ‘indirect pathway’, the thalamus receives increased
inhibition which reduces activity of pre-motor cortex. Activation
of the indirect pathway suppresses voluntary movements.

In the ‘direct pathway’ striatal neurons disinhibit the
thalamic neurons responsible for excitation of the pre-motor
cortex. As such, activation of the direct pathway facilitates
voluntary movements.

Dopamine stimulates excitatory receptors (D1 receptors) in
the direct pathway (dopamine has an excitatory role)

* Dopamine stimulates inhibitory receptors (D2 receptors) in the
indirect pathway (dopamine has an inhibitory role)

Given that the direct and indirect pathways excite and attenuate movement, respectively, the net effect of dopamine is a facilitation of motor output

https://www.kenhub.com/en/library/a natomv/direct—and—indirect—pathwavs—of—the—bz%%lg’ég'r?gﬁa



https://www.kenhub.com/en/library/anatomy/direct-and-indirect-pathways-of-the-basal-ganglia

Parkinson’s Disease

Direct pathway of the basal ganglia




Cause:

Frontal
cortex

Parkinson’s Disease

Genetic mutation (rare)— abnormal functioning of dopaminergic neurons
95% cases of Parkinson’s do no have a genetic cause
Degeneration of dopamine secreting neurons in basal ganglia (substantia nigra)

Toxins — affect cell functioning, metabolism

Head trauma

Advancing age

unrecognized infectious disorders

Chronic stress (exact role is yet to be determined)

striatum  (Caudate, putamen, globus pallidus)

Substantia X
/ nigra

o \U/ Nigrostriatal pathway

Nucleus
accumbens J

VTAa

Hippocampus

ttps://www.youtube.com/watch?v=IHDFQfmkKlg&ab channel=ButlerHQqspj

Symptoms:

Muscular rigidity
Slowness of movement
Resting tremor
Postural instability
Slowness of thought

L5


https://www.youtube.com/watch?v=IHDFQfmkKlg&ab_channel=ButlerHospital

~ '\ stabilizing Technology

Multiple Attachments

Parkinson’s Spoon Video

Fork, soup spoon, keyholder,

and more are coming soon.

Cutting-edge electronics will
work to actively detect and
stabilize your tremor,



https://www.liftware.com/steady/
https://www.liftware.com/steady/

Normal
Balanced activity of direct and indirect pathways

Glutamatergic input
from cortex

Direct pathway
(enables movement)
Indirect pathway .
{inhibits movement) Dopaminergic input
from SNc
Parkinson's disease
Direct pathway inhibited and indirect pathway activated,
both leading to reduced movement
Glutamatergic input
from cortex
Direct pathway 4.--~"" | 0
Activity reduced,
because of loss of
D1 stimulation %
Movement inhibited
Indirect pathway S -
Bl Dopaminergic i
Activity increased,
because of release of from SNc
D2 inhibition
Movement inhibited

FIGURE 14-7. Effect of Parkinson's disease on dopaminergic pathways that regulate movement. Two principal pathways in the basal ganglia requlate
movement: the direct pathway, which enables movement, and the indiract pathway, which inhibits movement. Dopamine stimulates the direct pathway and
inhibits the indirect pathway, yielding a net bias that allows purposeful movement. Excitatory pathways are shown in blue, and inhibitory pathways are shown
in black The direct pathway signals from putamen to GPi to thalamus to cortex, while the indirect pathway signals from putamen to GPe to STN te GPito
thalamus to cortex. GPi, internal segment of the globus pallidus; GPe, external segmentof the globus pallidus; SN¢, substantia nigra pars compacta; SNr, sub-
stantia nigra pars reticulata; STN, subthalamic nucleus. Inset: Both direct and indirect pathway neurons in the putamen receive inputs from the nigrostriatal
dopaminergic system [dotted blue arrowd and from cortical glutamatergic systems (solid blue arrowd, process these inputs in the context of local cholinergic
influences {ACh), and transmit a GABAerqic output {nor shown). Degeneration of dopaminergic neurons in the substantia nigra results in understimulation
of the direct (movement-enabling) pathway and underinhibition of the indirect {movement-inhibrting} pathway. The net result 1s 3 paucity of movement.
Dotted gray arrow indicates decressed activity caused by understimulation, and thick &lack arrow indicates increased activity caused by underinhibition.

In the absence of dopamine, as seen in
Parkinson’s disease, there is an opposite
net effect — suppression of motor output
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 What could be treatment for Parkinson’s Disease?
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Parkinson’s Treatment (Reducing symptoms)

* Dopamine enhancing drugs (L-DOPA)
* Dopamine reuptake inhibitors
* Deep brain stimulation (via stereotaxic surgery)

* Inhibition of Globus Pallidus which sends inhibitory |
inputs to motor cortex via thalamus
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What is Tourette syndrome?

Tourette syndrome is a neurclogical condition that
causas invaluntary motor and vocal tics.

Motor tics Vocal tics
Eye blinking or darting Sniffing
Shoulges shrugging Throat clearing
Head jerking Grunting
Mose twitching Barking
”‘-“;“ "”I:“ET'"‘-‘”“ Calling out e Exact cause is unknown
WAV Ra 1i d .
Faololgrdaing e « Neurodevelopmental (pregnancy, inhe
» Stress/anxiety can increase the tics
Childeeria Makional

Excess of dopamine released in the caudate-putamen
(basal ganglia) — that inhibits motor movements
(motor movements not executed smoothly).

Lot The Hichki Net B¢ A B To
A Sucvasalul Caroar!
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Auvtistic
Spectrum
Disorder

TICS AND
TOURETTE'S
SYNDROME

T comorbidity

Integration
DisorV |

Auvditory {
Processing

| have Tourette's

Five percent of children will start

Boys makes tics three or four times
more often than girls.

Tics are not 'bad habits' that can be
stopped willingly.

Tics are not caused by anxiety, stress,
mental conflicts, or wrong family
behaviour.

Asking a child or a teenager to stop
making tics is like asking an adult
suffering from allergic rhinitis to stop
sneezing.

making tics at some point in their lives.

syndrome, _

which means that...

Publisher of Therapy Resources

What | want you to do is to

stop scolding me. | dont do it on
purpose.

cease telling me that | have to stop
these tics. You just make me more
anxious.

ignore my tics and look deep into my
soul

free me of any feeling of shame
explain me what is wrong with me
teach me relaxation techniques

251/476
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How do we integrate our sensory world
around us?

* Do neurons know what is happening outside the brain?

e Can vision, audition, and other sensory inputs make sense of the
world?
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Mirror Neurons

Our capacity to predict and imitate behaviour (understand actions of others)

Allows us to mirror actions (learn by imitating others)

Predict intention of a particular action

Help us to empathize and understand others’ emotions
Important for social behaviour and interaction

[A) Monkey a1 tes!

A mMvroe neuron & in A resting stale

% sty
S. S\t\':-\ .,E‘/
""‘f;vx&r*g S

(No slecincal signals)

Neurons in the premotor cortex

(B) Grasping execmion

A mEnos neuron fras

(C) Chsernvanon of Grasping movemants

A miror neuron les

w ot
o= ,
. Y
A _—
,"!'3;': '!A' =\

Cleaning up  253/476


https://www.youtube.com/watch?v=Tq1-ZxV9Dc4&ab_channel=PsychAlive

Perceived
motor events

Levels of recognition

of motor events

HUMAN

MONKEY

Motor act Motor act
Neonatal imitation/mimicry, Neonatal imitation/mimicry,
social learning social learning
Action Action

Predictive coding of other’s goals,
social interaction

Predictive coding of other’s goals,
social interaction

Single movements

Automatic imitation and
leaming by imitation

Sillables

Counter-singing,
song learning by imitation

https://europepmc.org/articIe/PMC/31134?&4/476



https://europepmc.org/article/PMC/3113469

The Mirror Neuron System

Higher-order
visual
representation

| understand that you want
to take a sip of coffee

for |
iy B

P e
NS

posterior

N
2
_
S
[ —— : ‘

AR Visual input 10 mirros
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Mirror box

Phantom Limb

A phantom limb is the sensation that an amputated or missing limb is still
attached to the body and is moving appropriately with other body parts

Most individuals with amputated limbs experience painful sensations from the
nerve endings at the amputated site/ stump in an uncomfortable or unnatural
position - pain, pressure, warmth, cold, wetness, itching, sweatiness, and
prickliness

Half cut afferent connections form neuromas — act as free nerve endings
* Cut off afferent nerves carrying the sensation from the limb

Conflict between visual feedback and proprioceptive feedback
* Mirror box therapy

Treatments
 Artificial visual feedback (Ramchandran’s mirror box)
* Massage
* Acupuncture

Rubber hand illusion
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https://www.youtube.com/watch?v=lYQLFl-hgts

How do we move in space?

2571476



Spatial Reference Frames

Spatial reference frames

Egocentric (self-centred) coding Allocentric (world-centred) coding

Parietal cortex Hippocampus

258/476
(WHERE pathway)



Egocentric




RESEARCH ARTICLE
. . Navigation-related structural change in the hippocampi of taxi drivers
Spatla | |ea FNi ng Eleanor A. Maguire, David G. Gadian, Ingrid S. Johnsrude, Catriona D.
Good, John Ashburner, Richard S. J. Frackowiak, and Christopher D. Frith’

A PET scan study, revealed that the right hippocampus was
activated when London taxi drivers described the routes.

* Bilateral temporal lobe damage results in severe
impairment for spatial memories and navigation.

Virtual navigation also activates the hippocampus 476

13



Elements of navigation
(the map metaphor)

Head directions cells Grid cells Place cells

Ranck (1984) Moser group (2005) O’Keefe (1971)

no prize : Nobel Prize 2014
. pri Nobel Prize 2014 *061/476



Spatial navigation cell types

color-coded firing rate firing rate as a function
maps of the same of the head direction

YOU ARE nEne

AWDIL< The spatial selectivity of arena with high firing of the animal during
Qj N each cell type is shown rates in red and low exp!oration in the
@ »'-f»- — by plotting the location firing rates in blue environment.
6 p Y *‘"_;\\} of each spike (in red)
i onto the trajectory of

Q the animal (in black).
, ific Regions that surround the hippocampus

Examples of cell types with spatial tuning in the hippocampus and in Grasubiculur| MEC Il | MEC Il | MEC V-VI| Hippocampus

parahippocampal cortices. If'“r!-: el e |
+/ « || f o
Grid cells fire in multiple spatial locations that form a triangular ‘grid’ of the

environment Head direction cell

Bk HLE
Head-direction cells fire throughout the environment but only when the animal is l n —%— - e b =

facing a specific direction.

Conjunctive cal

10 My
Conjunctive cells fire in a triangular grid pattern only when the animal is facing a specific . E W MO i - o N
direction. ‘

Boaundary vacior call

Boundary/border cells fire when the animal is located at a specific distance from a wall 10 e _ . 2 .
in the environment. . ﬂ w‘é_ “ ~ +“ “ NO

Place cells generally fire in a single or few locations within the environment, Flaca call
independent of the animal’s head direction in the open field. These cells are found in MO KO MO MO .
the dentate gyrus, CA3, and CA1 of the hippocampus.

R T &l el H -1

Source + extra readlng ParaIIeI and convergent processin %62/476



https://onlinelibrary.wiley.com/doi/pdf/10.1002/wcs.1272

Hippocampus Means “Seahorse”




a Anterior
cingulate

Amygdala —.

\\

Nucleus
accumbens

Orbitofrontal
cortex

Entorhinal cortex

Deep layers .\""‘\a, SN
Superficial layers -

Posterior
cingulate

Entorhinal cortex

Nature Reviews | Neuroscience

https://www.frontiersin.org/articles/10.3389/fnsys.2013.00074/full

Neocortex
Parietal Prefrontal Temporal
A A

®
Where pathway *

N
A\
\
\

\
A

Wha‘c pathway

/
/
/!
/
L

b - -

Parahippocampal Perirhinal
ex

gyrus cort
: ) 1 ..
Spatial context ( /' objects, sensory
% /  items
\ /
\ !
\ /

Entorhinal
Cortex

Dentate
Granule Subiculum
Cells

\

hippocampus



Hippocampal Autoassociative
Network

/:i..”; o
/i::é.p..s.,
= JNRONR

AC
(commissural
pathway)

PP
(perforant path)

The Hippocampal Network: The hippocampus forms a principally uni-directional network,
with input from the Entorhinal Cortex J‘EC&M forms connections with the Dentate Gyrus
DG) and CAJ pyramidal neurons via the Perforant Path (PP - split into lateral and medial).
3 neurons also receive input from the DG via the mossy fibres (MF). They send axons
to CA1 pyramidal cells via the Schaffer Collateral Pathway (SC), as well as to CA1 cells in
the contralateral hippocampus via the Associational Commissural pathway (AC). CA1 Layer |l perforant path
neurons also receive input directly from the Perforant Path and send axons to the
Subiculum (§b). These neuron in tum send the main hippocampal output back to the EC,

forming a loop. l Layer Il perf, path l
_ Schaffer
* Sparse coding/representation DG Mossrhbers,) (> A g |eolaterals, | (B A 4
* Autoassociative !
* Information integrator (where, what, when) T Te— Hﬂel]nurrerri
coilalerals

largest and most powerful synapses in
the brain. 265/476



How do we differentiate very similar events?
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* Let’s see if you can remember them

270/476



271/476



2721476



273/476



274/476



275/476



276/476



2771476



278/476



ﬂl Tyllg|
Wi lfl”ll !l
il " g |

Tt
|

»

279/476



Old items - Target

Similar items - Lures

New items - Foils




. Dentate Gyrus (DG)
Pattern Separation

5Py, 63

External Input

50 @O\

] <>\\
o)

\\;.'/ / \ A= A
ContextA  ContextB  ContextA Context B . a \ ” A
2 4 ™ < <
Pattern Completion % . A N
. (Cornu Ammonis 3) CA3 -
o OF 0PN O O A A
L ¥
V (N =2
Incomplete input Context A

' \ \J \J

(a) Output Activity

Pattern separation ) @A

input

* Sparse coding/representation

* Autoassociative

* Information integrator (where, what, when) — by
moving around in the world (every eye saccade

6‘0

[ Pattern completion ]

.

A output

3 0 gives you a different input of the world)
£ Key:
Y ¥ D Pattern separation
§ ‘ D pattern compmm» https://www.sciencedirect.com/science/article/abs/pii/S0301008215300186?via%3Dihub
L Ainput

T https://www.sciencedirect.com/science/article/a bs/pii/SOl662236110(?ﬁ9é676



https://www.sciencedirect.com/science/article/abs/pii/S0166223611001020
https://www.sciencedirect.com/science/article/abs/pii/S0301008215300186?via%3Dihub

Pattern Complection

CA3 and CA1l

Pattern Separation

ABCD CDEF

© q

Dentate gyrus

Pattern discrimination and completion are recognized as complementary processes, requiring a fine balance between

establishing and dissociating new memories and reconstructing old ones 282/476



* How do you make sense of the world and understand how things
operate in your environment

283/476



How do you find out whether the straw is broken or intact? I N Sid e-OUt fra mewo rk

(internally organized, action based)

Hl.H.__H..},.I efference copy or

Action provides
grounding

The brain learns by making predictions using movement and sensory input Gyorgy Buzsaki
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RUCTURE vs FUNCTION

: - LI
Temporal scales

N Spatial scales

4 !

* Invasive vs non-invasive ‘

a il |
* Aimed at inferring causation: brain stimulation or other methbd&{o |

manipulate the activity of neurons (e.g. optogenetics) NN



ANATOMY (STRUCTURE)

Source: David Heeger’s lecture notes on percepticn
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T scans are invasive due
.

s,ort half-life radioactive isotopes)
d .
fMRI is non-invasive with high spatial resol

but low temporal resolution

° “o,

resolution

-

MEG/EEG are non-invasive with high temporal

* ECoG (eléctrocorticography), LFP (local field potential), and single unit recordings are invasive — requires
surgery and hence cognitive studies with these techniques are only done when surgery is required for
clinical purposes (E.g. epilepsy, Parkinson’s disease, etc)




FMRI

Functional magnetic resonance imaging

Revolution in psychology and neuroscience: >1000 papers
published per month over the past 5 years!

Source: David Heeger’s lecture notes on perceptics



FMRI

fMRI activation in visual cortex

Motion perception
activates area MT (or
V5)

Source: David Heeger’s lecture notes on percepticri



HOW DOES FMRI WORK?

e Essentially by measuring blood flow in the brain, due to the coupling between neuronal activity and
hemodynamics (dynamics of blood flow). fMRI= lood xygen evel ependent functional MRI

* Specifically:
1. Flow of oxygenated blood to where it is needed in the brain (Roy & Sherrington, 1890)

2. Blood contains iron which is magnetic. Oxygenated and deoxygenated blood have different magnetic
properties (Linus Pauling, 1930s).

3. MRI was invented in 1970s, based on the physics of magnetic resonances (1940s).

4. The MRI scanner was reprogramed to pick up differences in magnetization that take place when the
oxygenated blood is shipped to where it is needed in the brain.

Source: David Heeger’s lecture notes on perceptici



MECHANISM OF BOLD FMRI

e BOLD primarily responds to concentration of

—» — deoxygenated hemoglobin which is paramagnetic

\ and interferes with the MR signal making the local
magnetic field inhomogeneous.

* MRI = RF pulse is applied to kick nuclei to higher
magnetization levels and then removed to make
\ nuclei “relax” to their original states. The energy

emitted during this relaxation process is captured
by a coil to recreate positions of the nuclei.
« fMRI - does the above by also measuring
Time magnetic differences between oxygen-rich and
oxygen-poor blood.

[
=
f i ]
o
(]
.|
o
i

Source: Sunghyon Kyeong (Yonsei Univ)
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T4

T1-weighted T2-weighted

NR/MRI%20Basics.htm



https://case.edu/med/neurology/NR/MRI%20Basics.htm

HEMODYNAMIC RESPONSE AND THE CANONICAL
HEMODYNAMIC RESPONSE FUNCTION

* Slow!
* The change in MR signal from neuronal activity =

% hemodynamic response.
0 * HRF = hemodynamic function is a model fit to
O many empirical observations of HR or a transfer
% function linking neural activity with fMRI signal,
7] modeling
0
el |
O
A .
* Therefore, of fMRI
( ) is or MEG

( )-

Time (second)

https://andysbrainbook.readthedocs.io/en/latest/fMRI Short Course/
Statistics/03 Stats HRF Overview.html is a useful reference Source: Sunghyon Kyeong (Yonsei Univ)



https://andysbrainbook.readthedocs.io/en/latest/fMRI_Short_Course/Statistics/03_Stats_HRF_Overview.html
https://andysbrainbook.readthedocs.io/en/latest/fMRI_Short_Course/Statistics/03_Stats_HRF_Overview.html

HEMODYNAMIC RESPONSE

“Boxcar” function

/

4 L L 1= W A En W 4 . B M

Nustration of the HRF generated by a boxcar stimulus lasting for fifteen seconds. Note that the BOLD
signal begins descending back to baseline around the fifteen-second mark.

https://andysbrainbook.readthedocs.io/en/latest/fMRI Short Course/
Statistics/03 Stats HRF Overview.html is a useful reference



https://andysbrainbook.readthedocs.io/en/latest/fMRI_Short_Course/Statistics/03_Stats_HRF_Overview.html
https://andysbrainbook.readthedocs.io/en/latest/fMRI_Short_Course/Statistics/03_Stats_HRF_Overview.html

SO IFIT MEASURES BLOOD FLOW, IS IT REALLY
STRONGLY RELATED TO NEURONAL ACTIVITY?

fMRI and neural activity

e Although we know that fMRI works based on metabolic
demands of increased neuronal activity, this process is
not well understood and therefore, fMRI is only an
indirect measue of neuronal activity.

o

(=]
»
(% BOLD signal)

* Nevertheless, there have been demonstrations that they
are indeed tightly linked:

&
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0
0 10 20 30 40 50 60 70

Contrast (%)

Source: David Heeger’s lecture notes on percepticn
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2 s: High spatial resolution (a fe “fMRI can even get sub-mm resolution), non-invasive

-

e Cons: L'ow'témporal resolution (6-8 second lag from the triggering neuronal events), claustrophobia can

be an issue, noise in the scanner, movement can influence recordings, etc



PET (POSITRON EMISSION TOMOGRAPHY)

Hemodynamically based like fMRI, but can also
detect glucose intake

Invasive due to the use of radioactive tracers
(i.e., small dose of radioactive substance added
to water or sugar)

Temporal resolution is poor (several seconds)

Good spatial resolution (a few mm)

MalTlj, beamuth germanete sxide (BG0),

gadoliniurn cxoporthosilicate (G50,

Iutetum ouyorhoslicats (LS0) are used for the crystal
gamma ray

datectors Umetatde parerd e T anti-paralied 511 ke
] e photons prodiees

{  Posfron combines wiih
electon and spnshiales

T i W posihon
and reutrno emtied .

beta decay process :p — 1. + ;:3"' st



]
Magnetoencephalography
Direct external recordings of

magnetic fields created by
electrical currents in cortex

Role of MEG in neuroimaging:

= Neural correlates of
cognitive/perceptual
processes

» Localise affected regions
before surgery(?),
determine regional and

network functionality

i
\
\
B http://www.admin.ox.ac.uk/estates/capitalprojects/previouscapitalproj
' ects/megscanner/
\\
AY
\
AY
\
\

Source: Linda Shi



MEG: basis of the signal

Body surface large pyramidal neurons in
layer V of cortex, arranged in
parallel, similarly-oriented,
perpendicular to surface, fire
synchronously

E)(c‘tlnfoatlﬁerrlll:;b Intracellular
~— (impressed i
yalme ' (imp ) Dipolar current flow generates a
M

current _ _
agnetic field magnetic field.

TRY IT: ‘Right hand grip’!

(@)

Tiege & Zlobinski, 2006

10,000 to 50,000 active neurons
required for detectable signal

http://www.youtube.com/wat Ochi et al. 2011
ch?2v=CPj4jJACels

Source: Linda Shi



MEG: tangential vs. radial

current flow

Tiege and Zlobinski, 2006

Source: Linda Shi



MEG: scale of

4— Magnetic field
of the earth

Disturbances due
to traffic, electrical
apparatus, etc.

Interference from

J heartbeat!

=4 +— QRS-complex of
At magnetocardiogram

+— Magnetoreti

10-12 pontaneous brain activity
3 oked field of brain

10-13
10-14 <+ Instrumental noise

()
o
=
=
@
=
Q
=
@
=
o
©
=

10-1°
Fiﬂlll'l 1.3: comparison of fieid strengihs

magnetic field

Source: Linda Shi
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Brock & Sowman (2014)

, 5 or 6 layers with different magnetic properties to protect from
erent frequencies of magnetic interference

Source: Linda Shi
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be highly shielded, measuring really small magnetic fields generated by neuronal currents



» Electroencephalogram
(EEG) electrodes

= Scalp recording of electrical
activity of cortex =>
waveform signals

Microvolts (nV) — small!

Role of EEG in neuroimaging:
= |dentify neural correlates
= Diagnose epilepsy, sleep
disorders, anaesthesia,

coma, brain death

http://opencc.co.uk/blog/out-of-touch-manual-ke ypads-and-controllers-face-
competition-from-new-hands-free-computer-interfaces/

Source: Linda Shi



EEG: basis of the signal

PSPs can be excitatory or
inhibitory

MEG/EEG reflects the
summation of
synchronous PSPs
across a population of
cells, at a point in time.

Postsynaptic potentials (PSPs)
are monophasic — ideal for
summation

Large pyramidal
neurons in cortex layer v

are.

arranged in parallel
similarly-oriented
perpendicular to surface
receive synchronous inputs

http://www.g ensat.org/image navigator.jsp?imagelD=29099

Source: Linda Shi



EEG: basis of the signal

Dipole exists between
soma and apical
dendrites

Potential behaves as if
acurrent flow

EEG electrodes on
scalp detects net
positive or net
negative current flow
from cortical neurons in
both sulci and gyri

Source: Linda Shi

Kandel et al 1991. Principles of Neural Science



EEG: surface recordings

Malmivuo & Plonsey 1995.

Source: Linda Shi

http://www.lucid.ac.uk/news-and-events/blo gs/how-to-stu dy-lang uage-why-do-we-put-electrodes-on-peo ple-s-heads/



EEG: frequency spectrum

Beta I E- I 13-30 HZ *wmvw MWH‘“ JWW

A VWA A A

parietally
Alpha (o) 8-13 Hz

Occipitally wWW%MW WWJU‘VWN Mﬂﬂxﬂm

= N et SN

o e | AP W\/\M«/\n

sleeping adults

N\

Delta (8) 0.5-4 Hz

s, f R\ /

slee ;|r1 Adults

[,.1 MY VWW W\«M/Ww

100

Time [5]




E';‘ é1
10 mV (easily detectable) | 10 fT (magnetic shielding
required)
Measurement [ Secondary currents Primary currents
Signal purity | Distortion by skull/scalp Little effect by skull/scalp
Temporal resolution | ~1ms ~1ms
Spatial resolution | ~1cm <lcm

Experimental flexibility

Moves with subject

Subject must remain
stationary

Dipole orientation

Tangential and radial

Tangential better




~
yoral resolution (1ms or less,
1000x better than fMRI)

'.'Easy to use clinically (adults, children)

o e X .
v" Quiet! (can study auditory processing)
v' Affordable, EEG is portable

v Subjects can perform tasks sitting up

(more natural than MRI scanner)

-
fis

https:/Aww.colbertnewshub.com/20 13/04/05/april-4-201 3-dr-francis-collins/
\ \ https:l/med%al{(press.m/news/20§:5-02-t1rain—ima ing-links-language-chromosome.html

Source: Linda Shi
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103 102 107 1 10
Temporal resolution (s

x Not as good spatial localisation as fMRI, MRI, CT

x . Sensitivity depth only ~4cm (c.f. whole brain sensitivity of fMRI)
- Sensitivity loss proportional to square of distance from sensor

x 3D Source reconstruction is ill-posed? forward and inverse problems

https://ngp.usc.edu/files/2013/06/Syed__EEG_MEG.:pdf SOU rce. Llnda Shl



Forward & inverse problems

Forward modelling:

https:/Awww.youtube.com/watc
h?v=AogBO XtXkls

2>SOLUTION: Use forward models for inverse problem. Source localisation

models and algorithms; iterative source reconstruction Source: Linda Shi
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want to study whether | can p ] a participant intends to utter based on neural
activity in Broca’s region. i

- fMRI? EEG? fMRI+EEG (simultaneous)? MEG?




'1.-
\ , &l _s
- 4 -

- . ‘- -’: - . ®
' patial information when participants remember

he |ppoca'n"qus'rnv6Iv
the episodes of their lives?

« fMRI? EEG? MEG? LFP + single units? :

-
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tention to spatial anc

 Choose a féchnique based on your research g
spatial resolution of the question!)

—

o
- "‘_ -

AT . -
] ’f euroimaging technigue you choose

-

)
-

. .:n (healthy vs clinical population, temporal and
3




Search terms: Time-frequency/EEG'/M EG/LFP

MORE ON EEG

SIGNALS AND TH
USE IN'COGNIT

- R
VE

NEUROSCIENCE

LET'S TAKE A SLIGHTLY DEEPER LOOK AT EEG

Mumber of publications
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https://www.youtube.com/watch?v=Bmt89hHyxuM&ab_channel=MikeXCohen

, .~ . i é‘.
ommon signals across ¢ , :

From trial to trial, the signal on any smgle channel may look very different

* So how do we even use these signals to unders‘tand learning, memory, perception, etc??

-

—



SINUSOIDAL WAVES, FREQUENCY, WAVELENGTH

 What is the frequency of the
blue wave?

e Green?

* Units?

* How do you measure
wavelength?

* Which wave has the higher
amplitude?

2/6/2025
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-~ how much does one wave "I%\”g L

or "lead" another wave? R
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2/6/2025 37

{



»

FREQUENCY EXERCISE WITH
- SOUND |

2/6/2025




transform

v“
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! . . .0
lomain to frequency domair

‘
= -

2/6/2025 39


https://virtualpiano.net/

WHAT DO | DO IF I'M NOT A TRAINED MUSICIAN?

* Signal processing, use a computer! & D ABCDEFGABCDEFGABCDEFGAHA

e Let's try this now!

“ I liln

https://en.wikipedia.org/wiki/Fourier_transform

40



R

AFT pF3 apr AFa MEB

’
F1/
,}Fﬁ F3 F1 Fz Fz F4 Fﬁ\\
EEG DATA gyt |
€5 €3 €1 Cz C2 C4 CB
¢psCP3CP1 CPz CP2CP4 cpg
/
h Pz
thrg. P3 P1 P2 P4 FE_P?I‘i
P9 ppe PO3 FOZ PO4 40 P10
Ot—gr—02

Iz

What is the dimensionality of the EEG
data you will work with?

Time Frequenc
Space (in the brain) (how fast?)
Frequency theta

(4-8 Hz)
Power and phase

(¢ Buosis moy)
18Mod

"heta”
(20-30 Hz)

Figure 3.2

The three dimensions that define oscillations: frequency, power, and phase.
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>reprocessing (filtering)
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EVENT-RELATED POTENTIALS (ERPS)

Variable across trials, electrodes, and subjects. it S ,,{,",;,ndow,
Whether we want to discard this variability depends on
the question.

The variability itself is sometimes indicative of a brain's
processing capabilities! (see Sheehan and Sreekumar, et
al., 2018, Journal of Neuroscience).

=
£
)
w
w
3
=
(™

Var(t=1) Var(t=2) Var(t=3)

https://www.biorxiv.org/content/10.1101/2021.10.29.465647v4.tuii



https://www.biorxiv.org/content/10.1101/2021.10.29.465647v4.full
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https://en.wikipedia.org/wiki/Event-related poten
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https://en.wikipedia.org/wiki/Event-related_potential

10
< ]
& -

-specific visual processing £ . , .

» RN "

v, i i | : . :
~* Bigadvantage: reliably study event-locked neural responses that are stable across individuals and indicate the precise

after stimulus at which certain information is processed in the brain.

| [ ‘
| e |I.

time

-
-

* However, this technique requires averaging over many many trials. f«;fi/‘:u

e
e

a

https://en.wikipedia.org/wiki/Event-related poteniial



https://en.wikipedia.org/wiki/Event-related_potential

EVENT-RELATED POTENTIALS (ERPS) EXAMPLE: N170
FACE PROCESSING

N170 effects at right pariental site (P8) P1 effect at right occipital site (02)

N170 latency
' for upright faces in TD

>
=
2
SD £
o
<

https://molecularautism.biomedcentral.com/articles/10.1186/s13229-018-0220-x/figures/1



https://molecularautism.biomedcentral.com/articles/10.1186/s13229-018-0220-x/figures/1

O CadlC -
. ! e ! 0y
No loss of temporal precision (just averaging the raw EEG signal with minimal preprocessing) ARRNY
: - o 2

Ide‘arlr for quick insights into condition differences

.

* No major theoretical assumptions

—



o related to the tz the EF
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Many of the interesting phenomena are embe " d in more complex dynamics across channels that are

not apparent in the ERP ! 4 N
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PHASE-LOCKED VS NON PHASE-LOCKED EVENT-RELATED
SIGNALS — ONLY THE PHASE-LOCKED ONES WILL SHOW UP
IN AN ERP!

',,,.""1_!] | \riiﬁ_ll'\l }rth'h:;:;1 P Y L y ‘

= s l; ﬁll = ..]-__iulg = z T iy e . #. | - .
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Mike X Cohen "Analyzing neural time series datg"
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ocessing: break up intc nterest.
[ )

>

¥ o ECliLy and comparison between conditions.

- . ' - :
* Single trial-level analyses. -

« Communication between brain regions (l.e., electrodes).
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- https://www.youtube.com/watch?v=QBGjPtU_C6s&ab_channel=MikeXCohen


https://www.youtube.com/watch?v=QBGjPtU_C6s&ab_channel=MikeXCohen

TIME-FREQUENCY BASICS

Frequency

{how fast?)
“theta”™
{4-8 Hz)

=
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o
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Figure 3.2

The three dimensions that define oscillations: frequency, power, and phase.

Mike X Cohen "Analyzing neural time series data"



TIME-FREQUENCY BASICS

Cl

One trial Average of 100 trials
E

Time=frequency representation

_—
53
Lad

EEG activity (mV)
Frequency {Hz)
W o @ W

s
el
frr]

4 &
Tirme (&) Tirme (s}

Mike X Cohen "Analyzing neural time series data"
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TIME-FREQUENCY o
BASICS: MANY
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SAME THING 0 e
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The data cube, containing information over time, frequency, and space, is difficult to view or conceptu-

M |ke X CO h en "An a IyZI ng neura I t|m e Series d ata" allze andd theeefore §s shoed In GiHvrent ways 1o llusseate 1-D or 2-D snapshots o the resules 339/




TIME-FREQUENCY ANALYSES IN PRACTICE

(zH) Aouenbeiy

ofiuey eubs jos

m
3

a

c

o

3
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-
I
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<)
b 3

Time (ms)

Fig. 1. Grand mean time-by-frequency plots of spectral power for frequendies up to 20 He
and for the gamma range (40-100 Hz). Low frequency activity was averaged across all elec-
trodes, gamma-band activity was averaged across parietal electrodes, Amplitude values are
expressed as signal changes relative o the 200 ms pre-stimalus baseline.
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https://pubmed.ncbi.nlm.nih.gov/23142278/



https://pubmed.ncbi.nlm.nih.gov/23142278/
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Mike X Cohen "Analyzing neural time series data"
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ECOG, LFP, SINGLE-UNITS

* Invasive and can only be done with clinical
populations

* Good spatial resolution (depends on electrode size)

* Excellent spatial source information compared to
EEG/MEG (no source reconstruction modeling

macro LFP

required) I

* Excellent temporal resolution (ms and sub-ms) micro spiking




WY

macro LFP

e

micro spiking




e, wide O use.
, i .,
gnal processing required to deal with noise and other artifacts.

& Ls -

L ) |
~* Further analysis tools: ERPs, time-frequency, etc should be chosen depending on your research
question. &
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Sleep
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Circadian Rhythm?
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Circadian Rhythm

9PM. Midnight
Melatonin

Secretion Starts

2AM.

Deepest Sleep

7BM.
Highest Body
Temp.
6:30 PM. l‘..;:ect
Highest Blood
Pressure Body Temp.

o Circadian Rhythms PSR
How Clrcadian Rhythm Affects Your Body

5PM 6:45AM
Greatest Sharpest Blood
Cardiovascular Efficiency Pressure Rise
& Muscle Stregnth
T30 AM
330 PM. Melatonin
Fastest Secretion Stops

Reaction Time
230 P\ 10 AM,
Best Noon Highest
Coordination Alestness

Cortisol

Melatonin

6am Y9am 1Zpm 3pm 6pm 9pm 12am 3am 6am Yam

https://thoracicandsleep.com.au/blog/how-stress-and-the-circadian-rhythm-affect-slgeg/4 76



* How does our body maintain the circadian rhythm?
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The Suprachiasmatic nucleus (SCN)

e SCN in the hypothalamus (atop the optic chiasm) controls the circadian

rhythms - the sleep and wake cycles

Melanopsin (photochemical in retina):

A photopigment present in the retinal ganglion cells transmit light
information (day/night) to the SCN

SCN has specialized neurons that become active at different times during
the day, thereby tracking the day and controlling the circadian rhythm
(protein inside the neuron controls the circadian rhythm; when its levels
reach a peak, it inhibits its own production, resetting the cycle.)

* Advanced Sleep phase syndrome: person sleeps at 7:30pm and wakes
up at 4:30am (4 hr advance in sleep & temp. cycles)

 Delayed Sleep phase syndrome: person sleeps at 2am and wakes up
at mid-morning (4 hr delay in sleep & temp. cycles)

* Sleep habits, hormones, medication, not spending enough time in
sunlight

00
Changes in cortisol levels according to circadian rhythm 24hr Clock

Suprachiasmaltic
nuclei

Raonal ganglhon [ Y i 3(-

Cok containing ';‘ p 5

melanopsin ~\‘yi 0 -

~| . -

Night \!

(K DGO /e
Dary

(light period)

SCN (Hypothalamus):
CIrcacian osciane
(dodoqical Clocky

Serum cortisol (nmol/L)

3650/47 600
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Biological clock without sunlight?

In presence of constant darkness or constant light, our rhythms are
controlled by internal clocks (usually a 25 hrs cycle). It runs a little slower
in the absence of an external resetting stimulus.
E.g. Scandinavian countries, north & south pole
Using artificial illumination (lights & lamps), we are able to delay
bedtime and extend wake time, resulting in a 25 hrs internal clock
instead of the natural 24 hrs biological clock
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Physiological mechanisms of sleep and waking

» Sleep, especially REM does not occur simply because neurons get tired, it occurs when a particular neural circuit gets more

active

* Brain is more active (no sleep) = more glucose = increase in adenosine (neuromodulator) levels = more delta activity during sleep
(deeper sleep when you have been more active)

* So basically, adenosine levels reflect the amount of sleep deprivation

Astrocyte

Wakaflulness

\f.‘
Adanosing
receptors

Caffaine DIOCKS
adenosine receptorns

Slow-wava sleap

\ Calfsina

Adenosine accumulates during wakefulness and is reduced
during slow-wave sleep. Caffeine blocks the adenosine

receptors, preventing the inhibitory effect on neural activity
and reducing the effects of sleep deprivation.
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Caffei ne IMMEDIATE LONG TERM

For small doses of caffeine (for Regular, heavy use of caffeine (more
example, 100-200 mg: approximately than 600 mg per day: approximately
¢ Stimulant — Makes you alert and active one to two cups of coffee) four cups of coffee/strong tea per day)
e (Caffeine can cross the blood brain barrier wresingmors lert S B
P (insomnia)
* Mild use is helpful but chronic intake is harmful - | SRRy
» Higher body temperature 3 * Depression

H * Child d |
» Effect persists for 4-6hrs e e e

who consume energy drinks

containing caffeine may also

b CaffE| ne bl ndS to suffer from sleep problems,

bed-wetting and anxiety

* Increases dopamine and norepinephrine - addictive

“ ', * Cardiovascular

« Adenosine receptors antagonist — prevents sleepiness " Faster breaching and - mm——" problems
eart rate
. * Increased production
Caffeine Levels by Hour of stomach acid T
3 x 80z cups of coffee is roughly 465mg of caffeine, This exceeds the FDA'S 400mg/day :(':i"sloss
healthy limit. Given vour coffee intake, you might expect restful sleep around 3am. : (osteoporosis) in
* Needing to urinate post-menopausal

a00mg more often

agomg Can cause dehydration
Siiimg

1oomg

bmg

Bam Ham Alam 12 Zpm dpaw Bpm Epm 1fipm i5am 2am dam fam

https://www.brown.edu/campus-life/health/services/promotion/cor3&ayAvidat-
are-effects-caffeine


https://www.brown.edu/campus-life/health/services/promotion/content/what-are-effects-caffeine

Neural control il _—
of Arousal

Mean firing rate (spikes/sec)

ol Gl
0 40 800 40 800 40 80O R 8
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Arousal involves different circuits of neurons that
secrete 5 different neurotransmitters which play a
role in the animal’s level of alertness and
wakefulness.

 ACETYLCHOLINE: (midbrain/brainstem) - overall activation and cortical desynchrony; sleep waves’ desynchrony marks
alertness/arousal.

* NOREPINEPHRINE: (midbrain/brainstem) - increases attentiveness or vigilance

 HYPOCRETIN: (hypothalamus) - excitatory, wakefulness promoting effect

 SEROTONIN: (brainstem) - locomotion and cortical arousal and are inactive during sleep

* HISTAMINE: (hypothalamus) — Histamine is involved in arousal, antihistamine (allergy) drugs cause drowsiness.

354/476



When our preoptic neurons (sleep
neurons) become active, they suppress
the activity of our arousal neurons, and
we fall asleep

Preoptic v\

Neural control of Slow wave sleep (Onset of sleep) e i
* The activity of GABAergic neurons in the preoptic suppresses POre y
alertness and behavioral arousal and promotes sleep. \\\
g -\ “‘ ™ pedulla
* SCN inhibits preoptic neurons during wakeful hours \ -

* It has reciprocal inhibitory connections with the regions involved in
arousal and wakefulness (SCN) , acts like a flip flop switch (i.e. both
cannot be active at the same time)

e Destruction of the area causes insomnia

e This circuit is unstable in narcoleptic people

PREOPTIC NUCLEUS ENTROMEDIAL
(MEDIAL) A ' NUCLEUS
|
Neural Control of REM sleep (Deep sleep) A IASMATIC Y B s ANTERIOR

* REM sleep is controlled by levels of acetylcholine, higher the levels OPTIC NERVE A MAMMILLARY BODY
ivi OPTIC CHIASM 3 SUPRAOPTIC
more the REM related activity. Q N
PITUITARY GLAND
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Sleep Activity (Polysomnography)

» Sleep research labs measure different

physiological activity during sleep:

EEG — electro-encephalogram (brain activity)

ECG — electro-cardiogram (heart activity)

EMG — electro-myogram (muscle activity)

EOG — electro-occulogram (eye — movements)

EDA — electro-dermal activity (skin conductance)
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Changes in circadian rhythm

Shift work and jet lag cause changes in circadian rhythms

There is disparity between the sudden changes that SCN signals
(external environment) and the internal clocks (internal environment)

As a consequence, sleep and waking hours are affected

To overcome jet lag or shift work, a strong zeitgeber should be provided
before the low point in the circadian rhythm (i.e. when the person feels
sleepy but it is day time) to advance the cycle
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Control of seasonal rhythms

Pineal gland - produces melatonin and plays a role in circadian and seasonal rhythms.

Melatonin

A hormone secreted in response to darkness (levels rise in the evening bedtime) by the pineal body —
promotes sleepiness - it puts you into a state of quiet wakefulness that helps promote sleep

Melatonin also tracks seasonal changes that alter the cycles in the circadian rhythm

Stress, smoking, exposure to too much light at night (including blue light), not getting enough natural
light during the day, shift work, and aging all affect melatonin production

Melatonin is produced for a longer time in winter when nights are long, than in summer when nights
are short. This may result seasonal changes in mood, seen especially in winter in countries closer to
the north and south pole (~¥17 hour nights)

* constantly tired, craving sugary foods, overeating, and over sleeping.

Pineal Gland

358/476



Sleep apnea Normal Sleep apnea

Disorders of Sleep S T

» Sleep hours required can differ from person to person (6-10hrs of sleep)
* Most sleep disorders can be controlled by drugs

* Insomnia —
* Symptom: Unable to sleep at night iR
* Sleep apnea: inability to sleep and breathe at the same time (especially people who snore)

* The person keep waking up during the night gasping for air and falls asleep again
* Usually happens due to obstruction of airway, and is surgically treated

* REM sleep behavior disorder
* Neurodegenerative disorder with some genetic component
* Symptom: Patients fail to exhibit paralysis during REM sleep (muscle paralysis occurs in REM sleep)

* Slow Wave sleep problems
* Maladaptive behaviors that occur during slow wave sleep, especially stage 4
* Bedwetting, sleep walking, night terrors (all occur frequently in children)
* Sleep walking in adults may be genetic
» Sleep related eating disorder: eating during the night while asleep (sideffects of medications to treat insomnia) 359/476




 Narcolepsy:

video

A neurological disorder characterized by sleep at inappropriate times (however, consciousness is never lost)
Genetic disorder and influenced by environmental factors

Mutated gene causes destruction of hypocretin (neurotransmitter) neurons causing narcolepsy

Drugs can treat this condition

video

Symptom 1 — Sleep attack: An overwhelming urge to sleep at any time but more so in boring, monotonous
conditions. It lasts for usually 2-5 minutes and the person wakes up refreshed

<.
Q
®
o

<.
Q
M
o

Symptom 2 — Cataplexy: person suddenly wilts and jerks into a sleep. Muscles paralysis occurs at an
inappropriate time and are usually triggered by laughter, anger or any strong emotional reaction.

Symptom 3 — Sleep Paralysis: inability to move just before the onset of sleep or upon waking up. The person can
be snapped out of sleep paralysis by being touched or by calling out his/her name.

Symptom 4 — Hypnagogic hallucinations: person dreams while lying awake and paralyzed
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https://www.youtube.com/watch?v=d41BfD21b48&ab_channel=BBCNews
https://www.youtube.com/watch?v=RFVUYwcoOlY&ab_channel=JAMANetwork
https://www.youtube.com/watch?v=2lkkF4hJGUU&ab_channel=DemystifyingMedicine
https://www.youtube.com/watch?v=7TWijdJddrc&ab_channel=Brainbook

* Sleep is a behavior
* Sleep is a change in consciousness
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Hypnogram of Adult Sleep Showing Typical Sleep Cycles Through The Night

Stages of Sleep

Cycle 1 ' Cycle2 Cycle3 : Cycle 4 t Cycle$ ;
Awake AWAKE A : ! I
) ) : REM | :‘ r
An 8 hour sleep will contain sleep :
90 min cycles STAGE 1 - ! l
Each cycle has 20-30 min of REM sleep STAGE 2 - , :
1 ! 1 1 1
= STAGE 3 - i ; | " E
Deepest sleep : 3 : I :
fhrain octivity ot I 1 1 \ !
| 1 1 1 \
1 — lT 1 - ) x \ =

STAGE 1 STAGE 2 STAGE 3 STAGE 4
lightest (1-7 mns) ight (10-25 mins) deep sleep (2040 mns) REM (2040 rmms)
* A person appears alert and

Light sleep Light sleep, your Deep sleep, your REM sleep populated attentive when woken from
right after you body relaxes, and  brain and body by vivid dreams and REM sleep and are often able
drift off, 1-5 it's best to wake recover, you'll a feeling of unrest to narrate their dreams vividly.
minutes, up during this wake up gregay. upon awakening.

stage.

* muscles and nerves become
paralyzed in REM sleep but the
brain is active
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A SOL of < 5-10 minutes
indicates severe sleep

Hypnogram

deprivation
Aendetiing. — slee rgglsjet latency
REM Sleep | §- - -~ - --[T -~~~ "
Stage 1
Slape 2 -
s 4 Ly L
Siage 4 -

, __|._| el .II'.I: !II\.I e

SWS(slow wave sleep) level

Mlldnl g LI

LN LN LHHI

Slow wave Sleep: Non-REM
sleep, characterized by
synchronized delta activity
during deeper stages.

REM sleep: A period of
desynchronized EEG activity
during sleep, at which time
dreaming, rapid eye movements,
and muscular paralysis occur.

https://www.helpguide.org/harvard/biology-of-sleep-circadian-rhythms-sleep-stages.htm

(NREM) stage 2 sleep

Awake
e e A

Alpha activity Beta activity 13—30 Hz

8-12 Hz Eyelids open and close

(NREM) sStage 1 sleep

WN‘VV./W\/\NMMMWWWM A

Theta activity Keeps a person

3-8 Hz 10 min asleep, inhibits
sounds, prevents
l,f" disturbance
WM«,W ! . A
\ /
“‘”*5, complex/  geconds
{5min ol S T R

W Pyt hﬂf ,ﬂw\/

weaker Delta activity
<4 Hz
\J«M " \W\;/\/M\
REM sleep

Theta activity Beta activity

Copyright © 2008 Pearson Allyn & Bacon Inc.
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Function of sleep?
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Mean firing rate (spikes/sec)

1.2

Why do we Sleep?

o

* Primary function of Slow wave sleep: allows the brain to rest
work norne

* Primary function of REM sleep: “may” promote development and learning

sof

40 -

30 -

20 -
Waking

10}

-

Ol el
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https://www.sciencedirect.com/science/article/pii/S0960982219310358 Exploration Sleep

\/& S ‘/Q
Place
fields m SR W

Functions of Sleep |||||||||| || III
[I1]

| ””I | Neural activity ” Replay

during locomotion event
>
. v . v . 5-20x faster
Slow Oscillation-Spindle-Ripple Coupling )
. . ' . 13
During Sleep Mediates Memory Consolidation : DA AMAANAASAY
Spindie
L ; J L_T_J
Slow-wave activity Theta
Cortical Slow Oscillations
Thalamocortical Spindies
Stage2+SWS | .. Ve slesp

LAALAA SAANARAL

Hippocampal Ripples
Reactivation

Experienced Episodes

https://www.frontiersin.org/articles/10.3389/fnhum.2018.00018/full

Adagriad Srorn Borm A WWikabn, MVAS 2012

https://kevinbinz.com/2021/12/30/sharp-wave-ripples-and-memory-retrieval/



https://kevinbinz.com/2021/12/30/sharp-wave-ripples-and-memory-retrieval/

A WAKE B SLEEP WAKE
Cortical modules Synchronous NREM and REM ascillations  selective memary consolidation

Fl@ )3

restored encodng capacity

Cell ensembles contributing to...

>'I Recently encoded neocortical part of a representation oY Associated pre-existing representation

@ Recently encoded hippocampal part of a representation o 7 Unrelated pre-existing representation htt p S: / /WWW n atu re.com /a rt| Cl es /S 4 1 59 3_0 19_%621_%



Slow oscillation Spindle Sharp wave ripple
{0.5-1.0Hz; (11-15Hz; (100-300HZ;

neocortex) thalamus) hippocampus) Figurative model of the interplay of neural oscillations/brain rhythms
during NREM sleep. Slow oscillations in the neocortex temporally
\/\ -ffu'ﬁl[lj'bnf““ /.\L\/ grc?up neural a.ctivity in other brain struFtures such ?5 ’Fhalamosortical
spindles and hippocampal sharp wave ripples. The timing of spindles
~—1.0s —» ~—0.55 —» ~—0.25 —» relative to the phase of the slow oscillation and the coordinated
. reactivation of hippocampal SWPRs underlie the transfer of previously
e \m Spindle learned information on the memory representation to the neocortex,
: reorganizing, consolidating, and possibly generalizing the memory

content as it becomes hippocampus independent. During ongoing
spindles, the thalamus performs sensory gating, thereby reducing
external sensory input to the neocortex.

Sharp wave-ripple " T Tha!amm
memory replay

Acetylcholine, ,€‘ \ 1
cortisol, etc.

TRENDS In Cognitive Sclences

https://journals.sagepub.com/doi/abs/10.1177/1073858406292647?journalCode=nroa
https://journals.physioIogy.org/doi/epdf/lO.1152/physio|.00004.26‘i@476



Sleep re-organizes memory networks

7- A newly encoded representation of a Weakened synapses
memory (an engram) is stored across the
cortex Strengthened synapses

Forgetting?

2+ Reactivation of hippocampal 3+ Repeated reactivation results in
memories during sleep triggers system-level reorganization
reactivation in the cortex
https://www.brainpost.co/weekly-brainpost/2021/1/26/how-s|eep-helps-us-remember-a'}lﬁgéﬁ‘ge@



REM Activity in the Brain

|s dreaming simply an incidental consequence of REM sleep?

Prefrontal
cortex: Low
activity in this
region during
REM; reflects
the lack of
organization
and planning
that occur in

dreams.
Extrastriate cortex:
High activity in this Striate cortex:
region during REM: Low activity in
reflects visual this region during
hallucinations REM due to lack
during dreaming. of visual input.

Dreams occur primarily during REM dleep
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Day-time napping

How Long to Nap

U to ZU
v ™ s 4
r‘.'.ll H,}'i,;_"

This power nap &
e for & boost ir
deriness and eneryy
oxperts say, The
length wsuaty ity
you t0 the f..;”?u
Slages( { nor raod
&y¢ movement
(NREM ] sheeqn, mak-
g It easser to et the
ground runmng after

wahrg up

Some studses Show
Seeping s long
My Cause sees
Inertia, & haNgover
like groggy feving
that lasts for up to 50
meates afte

waung LV,[}""}Q
e nap s restioralne
benehts become

J0camnt

This nap Is best for
rprovement in
remembering facts
faces and mames, It
IO S SOW-Waw
'.Vc‘;\ the deepest
Ype T'D‘ i.'ﬂ' wile
SOMe Jrogoiness

LON waking

Your Health-Key

Brife nap

Increased Short nhap

congnitive
functicning

No change
from pre-nap

Time following awakening from nap

Decreased —
congnitive
functioning

Awake
from
nap

benefits of brief (5—-15 min) naps are almost immediate after the nap and last
a limited period (1-3 h).

Longer naps (>30 min) can produce impairment from sleep inertia for a short
period after waking but then produce improved cognitive performance for a
longer period (up to many hours).

early afternoon naps are beneficial — circadian rhythm

https://www.sciencedirect.com/science/article/abs/pii/B9780444537027000099?via%§5iwf]‘g6



Recommended Sleep Times Duration

Hours of sleep

15 16 17 18 19 20 21 22 23 24

O 1 2 3 4 5 6 7 8 9 101 12 13 14

Newbormn
O - 3 Month

Infant
4 - 11 Month

-

ES
R
i

Toddler
1-2 Years

ol
[

Pre-School
3-5Years

2 b |
LN \ i
1 (..
{] »

AN - -

School Age Teen Young Adult Adult Older Adult
6-13 Years 14 - 17 Years 18 - 25 Years 26 - 64 Years 65+

(B 8

Source: Based on a table, published by National Sleep Foundation, https.//wunw.sleepfoundation.org/
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How Poor Sleep
Impacts Cognitive
Function

Short-Term

Effects of sleep deprivation
can appear in the form of:

@ Difficulty concentrating
@ Decline in mood
D Impaired memory

=
@ Visible signs of fatigue

Long-Term

Sleep deprivation or fragmented
sleep over long periods of time
can resultin:

performance

\\ Poor work
”Dﬂu

ﬂﬁ Cognitive decline

(o) Heightened risk
of dementia

The Effects of Short-Term Vs.
Long-Term Sleep Debt

Short-Term

Stress
Increased Appetite
Irritability

Learning Difficulties

Long-Term

Obesity

Diabetes

Greater Risk of Cancer,
Cardiovascular Disease,
and Dementia
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Effects of Sleep Deprivation?

STAGES OF Day 1
SLEEP DEPRIVATION - Difficulty focusing eyes
Day 2
« Moodiness

« Difficulty focusing eyes

| swge2 Stages SWGGES Day3

24 hours 36 hours 48 hours 72 hours 96 hours « lrritability
without sleep without sleep without sleep without sleep without sleep . Memory lapses
« First hallucination
Day 4

« Hallucinations, with recognition
that they were not real
Day 5 and onward
« Paranoia
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Exercise to Improve Sleep

Find the Best Time of Day for Your Workout Routine.

Aerobic or resistance High-intensity exercise Light resistance or aerobic
exercise in the morning in the afternoon exercise in the evening
may stimulate earlier may promote sound sleep may help reduce
melatonin release in by reducing wakefulness. nighttime awakenings.
the evening.

https://www.sleepfoundation.org/physicaI-activity/exercise-and-sl%gpjl476



Maintaining
Circadian Rhythm

12:00
MIDNIGHT

MELATONIN
RELEASE STARTS

C

OPTIMIZE YOUR

CIRCADIAN
RHYTHM

N\U*

12:00
NOON

6:00PM 6:00AM

MELATONIN
RELEASE STOPS

https://www.traywellness.com/blog/12-essential-tips-to-better-sleep-and-better-health
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Quiz #5

Q1. Stages of Sleep? Be specific (2)

Q2. Circadian Rhythm helps to regulate & levels in our body (2)

Q3. At which stage of sleep do hippocampus and cortex synchronize?
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Stages of sleep

Alpha activity: A smooth electrical activity of 8-12 Hz recorded from the brain; generally
associated with a state of relaxation.

Beta activity: Irregular electrical activity of 13—30 Hz recorded from the brain; generally
associated with a state of arousal.

Theta activity: EEG activity of 3.5-7.5 Hz that occurs intermittently during early stages of
slow-wave and REM sleep, a transition between sleep and wakefulness.

Delta activity: Regular, synchronous electrical activity of less than 4 Hz recorded from
the brain; occurs during the deepest stages of slow-wave sleep.

Hypnogram

el Awenkeaing
st

espanset latency
SOL)

Slow wave Sleep: Non-REM
sleep, characterized by
synchronized delta activity
during deeper stages.

SWS(slow wave sleep) level

REM sleep: A period of
desynchronized EEG activity
during sleep, at which time

Bkl gl A1) LIRTE ] LUTE N Ll

dreaming, rapid eye movements,

and muscular paralysis occur.

Non-REM sleep: All stages of sleep except REM sleep.

Awake
w1'w‘»\d':/V-"‘h’l'|“/."4'J. '\'l A Aty Apengentvendiotensedmt WA AR S

Alpha activity Beta activity

E}'elids open and close
Stage 1 sleep

W A
w, A /".'l/l\‘/\‘ /Mv/lu[f WA \A‘v'l |'/| "/V,\ WMI {'/ Y\/\/\/\/\ /V.Vy WWN /‘l M
Theta activity Keeps a person
10 min asleep, inhibits
: 1 K sounds, prevents

Stage 2 sleep N Fontoeh
iIsturbance
VA \Af“wf‘"wf‘“"w ( A ‘W’W‘y WAANAN AN A

Sleep U /
. N\ K complex.“ Seconds

15 min [ [

M "pl |
\/“/‘VJ’ ,\‘J /WV'JM',MN‘A’“/ A\ ,‘k ||'l, f \\/

\
weaker Delta activity

A

A

|' , q'
L\ J\'\“WM\(/‘ ' . /\/\/\v \,\/'/\/«\VJ/‘

Delta aCthity str Ong(’] +5 ]
REM sleep
Theta activity Beta activity

Copyright © 2008 Pearson Allyn & Bacon In879/476



Behavioral description of sleep

* Sleep is a behavior
* Sleep is a change in consciousness
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Mean firing rate (spikes/sec)
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Po S1A00 =3 U SIAQEe =P % S1AGE P SEC e
Coprpdghn € 2008 Pedeson Alyn &Bacon ng, wﬂrk thE

Why do we Sleep?

* No body can indefinitely resist the urge to sleep
* Primary function of Slow wave sleep: allows the brain to rest

* Primary function of REM sleep: “may” promote development and learning

=
-
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Functions of sleep

e Reactivation (stabilizing memory circuits)
* Creativity

e Stabilizing emotional circuits

* Dreams?
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Physiological mechanisms of sleep and waking

» Sleep, especially REM does not occur simply because neurons get tired, it occurs when a particular neural circuit gets more

active

* Brain is more active (no sleep) = more glucose = increase in adenosine (neuromodulator) levels = more delta activity during sleep
(deeper sleep when you have been more active)

* So basically, adenosine levels reflect the amount of sleep deprivation

Astrocyte

Wakaflulness

\f.‘
Adanosing
receptors

Caffaine DIOCKS
adenosine receptorns

Slow-wava sleap

\ Calfsina

Adenosine accumulates during wakefulness and is reduced
during slow-wave sleep. Caffeine blocks the adenosine

receptors, preventing the inhibitory effect on neural activity
and reducing the effects of sleep deprivation.
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REM Sleep

REM is often called paradoxical sleep

A person appears alert and attentive when woken from REM
sleep and are often able to narrate their dreams vividly.

An entire night’s sleep alternates between REM and non REM
sleep

An 8 hour sleep will contain
* 90 min cycles
* Each cycle has 20-30 min of REM sleep

During REM sleep our muscles and nerves become paralyzed
but the brain activity and oxygen consumption accelerates

Basic rest-activity cycle:

A 90-minute cycle (in humans) of waxing and waning
alertness, controlled by a biological clock in the caudal brain
stem; controls cycles of REM sleep and slow-wave sleep.

Hypnogram of Adult Sleep Showing Typical Sleep Cycles Through The Night

Awake

Deepest sleep

Cycle 1 Cycle 2 Cycle 3
AWAKE

REM
sleep

STAGE 1 A
STAGE 2 -
w—— STAGE 3 -

-

11pm 12pm 1am 2am 3am

Lots of DEEP STAGE 3 sleep

Sam

B6am

7am
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Functions of REM sleep

Rebound phenomenon:

The increased frequency or intensity of a phenomenon after it has been temporarily suppressed; for
example, the increase in REM sleep seen after a period of REM sleep deprivation.

This rebound suggests a need for certain amount of REM sleep
REM sleep is seen most in the active phase of brain development, especially in infants 70% of sleep is REM sleep.
By late adulthood, it is less than 15%, thus REM sleep decreases with development

Beyond development in adulthood, REM sleep may be responsible for the learning that occurs throughout life
* Emotionally related information is consolidated and integrated with existing memories
* Flush useless memories and loss of storage space
* REM sleep of college students increased during exam time (i.e. the more you learn the more REM sleep you need)
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Functions of slow-wave sleep

1.

2.

3.

Effects of sleep deprivation

Restorative effects of sleep are more imp. for the brain than for the body
Sleep deprivation has no effect on physical exercise, however, their cognitive abilities are affected
During slow wave sleep, cerebral blood flow and metabolic rate increase

Regions of highest activity during waking have the lowest activity during sleep (i.e. the delta activity that signifies rest is the

highest in these regions)

Fatal familial insomnia: inherited disorder that results in damage to thalamus causing deficits such an inattentiveness,
insomnia may result in death over time

Effects of exercise on sleep

Exercising improves slow wave sleep (deep sleep)

Effects of mental activity on sleep

Tasks that demand more alertness and mental activity increase glucose metabolism in the brain
More delta activity is seen during sleep in those regions that have had more activity during daytime
Even without any physical exertion, a person may feel tired after heavy mental tasks
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REM and Slow-Wave Sleep

REM (Rapid Eye Movement) sleep Slow Wave Sleep

EEG desynchrony (rapid, irregular waves) EEG synchrony (slow waves)

Lack of muscle tone Moderate muscle tone
Rapid eye movement (REM) Slow or absent eye movement
Dreams No dreams )

Prefrontal { — .

cortex: Low - ‘

activity in this ™S — .

region during L - B

REM; reflects : ~

the lack of o~

organization NS

and planning N

that occur in '

dreams.
Extrastriate cortex:
High activity in this Striate cortex:
region during REM; Low activity in
reflects visual this region during
hallucinations REM due to lack
during dreaming. of visual input.
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Neural control il _—
of Arousal

Mean firing rate (spikes/sec)

ol Gl
0 40 800 40 800 40 80O R 8

%6 51200 =% S1AQE =P 9 SIAGE =P SEC e

Coprpighnt © 2008 Pedeson Alyn &Baton e,

Arousal involves different circuits of neurons that
secrete 5 different neurotransmitters which play a
role in the animal’s level of alertness and
wakefulness.

 ACETYLCHOLINE: (midbrain/brainstem) - overall activation and cortical desynchrony; sleep waves’ desynchrony marks
alertness/arousal.

* NOREPINEPHRINE: (midbrain/brainstem) - increases attentiveness or vigilance

 HYPOCRETIN: (hypothalamus) - excitatory, wakefulness promoting effect

 SEROTONIN: (brainstem) - locomotion and cortical arousal and are inactive during sleep

* HISTAMINE: (hypothalamus) — Histamine is involved in arousal, antihistamine (allergy) drugs cause drowsiness.
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Caffei ne IMMEDIATE LONG TERM

For small doses of caffeine (for Regular, heavy use of caffeine (more
example, 100-200 mg: approximately than 600 mg per day: approximately
¢ Stimulant — Makes you alert and active one to two cups of coffee) four cups of coffee/strong tea per day)
e (Caffeine can cross the blood brain barrier wresingmors lert S B
P (insomnia)
* Mild use is helpful but chronic intake is harmful - | SRRy
» Higher body temperature 3 * Depression

H * Child d |
» Effect persists for 4-6hrs e e e

who consume energy drinks

containing caffeine may also

b CaffE| ne bl ndS to suffer from sleep problems,

bed-wetting and anxiety

* Increases dopamine and norepinephrine - addictive

“ ', * Cardiovascular

« Adenosine receptors antagonist — prevents sleepiness " Faster breaching and - mm——" problems
eart rate
. * Increased production
Caffeine Levels by Hour of stomach acid T
3 x 80z cups of coffee is roughly 465mg of caffeine, This exceeds the FDA'S 400mg/day :(':i"sloss
healthy limit. Given vour coffee intake, you might expect restful sleep around 3am. : (osteoporosis) in
* Needing to urinate post-menopausal

a00mg more often

agomg Can cause dehydration
Siiimg

1oomg

bmg

Bam Ham Alam 12 Zpm dpaw Bpm Epm 1fipm i5am 2am dam fam

https://www.brown.edu/campus-life/health/services/promotion/cor3&8Avidat-
are-effects-caffeine


https://www.brown.edu/campus-life/health/services/promotion/content/what-are-effects-caffeine

Changes in cortisol levels according to circadian rhythm

(o)}
(=
o

450

Serum cortisol (nmol/L)
o
o

00 04 08 12 16 20 00
24hr Clock
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Biological Clock

Our daily pattern of sleep and waking follows a 24hr cycle.

Circadian rhythms:

A daily rhythmical change in behavior or physiological process (which is approx a 24 hr cycle
governed or reset by zeitgebers)

Zeitgebers (light giver) - An environmental agent or event that provides the cue for setting or
resetting a biological clock or circadian rhythm

(bright light, temperature, eating or drinking patterns, alarms)

In presence of constant darkness or constant light, our rhythms are controlled by internal clocks
(usually a 25 hrs cycle). It runs a little slower in the absence of an external resetting stimulus.

* E.g. Scandinavian countries, north & south pole

* Using artificial illumination (lights & lamps), we are able to delay bedtime and extend
wake time, resulting in a 25 hrs internal clock instead of the natural 24 hrs biological clock
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The Suprachiasmatic nucleus (SCN)

SCN in the hypothalamus (atop the optic chiasm) controls the circadian
rhythms

SCN controls the sleep and wake cycles

Melanopsin (photochemical in retina):

A photopigment present in the retinal ganglion cells transmit light
information (day/night) to the SCN

SCN has specialized neurons that become active at different times during the
day, thereby tracking the day and controlling the circadian rhythm (A protein

inside the neuron controls the circadian rhythm; when its levels reach a peak,
it inhibits its own production, resetting the cycle.)

Mutation of gene involved in circadian rhythm may result in:

*  Advanced Sleep phase syndrome: person sleeps at 7:30pm and wakes up at
4:30am (4 hr advance in sleep & temp. cyclesf

Delayed Sleep phase syndrome: person sleeps at 2am and wakes up at mid-
morning (4 hr delay in sleep & temp. cycles

Suprachiasmatic
nuclei

Raonal ganglhon
cok containing
melanopsin

Dary

SCN (Hypothalamus):
CIrcacian osciae
(iolegical clocky

SCN in a rat’s brain




When our preoptic neurons (sleep
neurons) become active, they suppress
the activity of our arousal neurons, and
we fall asleep

Preoptic v\

Neural control of Slow wave sleep (Onset of sleep) e i
* The activity of GABAergic neurons in the preoptic suppresses POre y
alertness and behavioral arousal and promotes sleep. \\\
g -\ “‘ ™ pedulla
* SCN inhibits preoptic neurons during wakeful hours \ -

* It has reciprocal inhibitory connections with the regions involved in
arousal and wakefulness (SCN) , acts like a flip flop switch (i.e. both
cannot be active at the same time)

e Destruction of the area causes insomnia

e This circuit is unstable in narcoleptic people

PREOPTIC NUCLEUS ENTROMEDIAL
(MEDIAL) A ' NUCLEUS
|
Neural Control of REM sleep (Deep sleep) A IASMATIC Y B s ANTERIOR

* REM sleep is controlled by levels of acetylcholine, higher the levels OPTIC NERVE A MAMMILLARY BODY
ivi OPTIC CHIASM 3 SUPRAOPTIC
more the REM related activity. Q N
PITUITARY GLAND
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Napping

* Short power naps
* Long naps indicate night sleep deprivation

Only after a 90-minute nap that included both slow-
wave sleep and REM sleep was an improvement
seen in the participants’ performance on a
nondeclarative visual discrimination task.

Discrimination improvement

10

Mo nap

SWS only

SWS + REM
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Over/Under sleeping

More than 8-9 hours (over sleeping)
Less than 6 hours (sleep deprivation)
Moods can be dull — depressive moods
Physical energy levels are lower
Weight gain

Risk for diabetes, heart diseases

Risk for psychological ilinesses

Cognitive performance may not be optimal

Why sleep is important:

8 Benefits of Sleep
&
Improves brain Reduces the risk
function of weight gain

= M Improves
L& mood
'

Improves exercise
performance

Boosts immune
system

@

B5)

G00/

il =

I T e

1“\1.

Reduces the risk
of heart disease

Reduces risk of
type £ diabetes

Reduces
inflammation
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- JLEEP HYGIENE

HEALTHY SLEEPING HABITS - #PHDSTRONGERTOGETHER

STAY ON A CONSISTENT AVOID EATING OR SLEEPIN A QUIET AND
SLEEP-WAKE SCHEDULE ~ WORKING IN YOUR BED DARK ENVIRONMENT

@ O

AVOID ELECTRONIC DEVICES ~ ENGAGE IN RELAXING BE MINDFUL OF
BEFORE BED TIME ACTIVITIES BEFORE BEDTIME ~ CAFFEINE INTAKE

CONNECT WITH yUs @Phb-Balance | email@phdbalance.com

www.phdbalance.com
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WHAT HAPPENS
WHEN YOU SLEEP

Memories
are
consolidated
and stored
(necessary for

Maintain
better
mental heaith
and physical

concentrate
and pay
attention is

health restored

Metabolism Muscles repair
is regulated and recover

WHAT HAPPENS
WHEN YOU DON'T SLEEP

397/476



Mns

Apha waves

it 0, i

l%b\ ":’ { .“ ""v.sA

GTY Ve

rent stages

Stages of sleep

ivity: A smooth electrical activity of 8-12 Hz recorded from the brain; generally
| with a state of relaxation.

ity: Irregular electrical activity of 13—30 Hz recorded from the brain; generally
| with a state of arousal.

vity: EEG activity of 3.5-7.5 Hz that occurs intermittently during early stages of
»and REM sleep, a transition between sleep and wakefulness.

vity: Regular, synchronous electrical activity of less than 4 Hz recorded from
occurs during the deepest stages of slow-wave sleep.

Hypnogram

.'Jllll'l ARk
ATl

‘p onset latency
|5IZ:IL]

Slow wave Sleep: Non-REM
sleep, characterized by
synchronized delta activity
during deeper stages.

SWS(slow wave sleep) level

REM sleep: A period of
desynchronized EEG activity
during sleep, at which time

A1) LIRTE ] LUTE N Ll

dreaming, rapid eye movements,
and muscular paralysis occur.

Awake
e e e

Alpha activity Beta activity

Eyelids open and close
Stage 1 sleep
w4 A “’v\/' A "ﬁ' % Y] {“W"W\'/‘WMW/ (WYY
WA / |

KGGI)S a ])GI'SOI'I

Theta activity

10 min asleep, inhibits
_—— s ds, prevents
. - . v ounds,
age 2 sleep I disturbance
Prhgrsisfoemg| ww At
Sleep ‘ \J

nindle \ K complex/ Seconds

15 min ol O T O

M '
M 'ﬂw/‘f y \M“/ \/(" /M\‘ WY A ‘ ” n' "'f fl/\\\/

weaker Delta actlwty

Stage 4 sleep

| I " q
d r..;L J)H\“ f / 'M'. A M ViV

|
TAYVAN \J

45 min

REM sleep

I A A s A Sl Ao

Theta activity Beta activity

Copyright © 2008 Pearson Allyn & Bacon Inc.
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Experiences and
memory




Environment

Behavior

......
B e
- N

YYVYYVYY

-~

-

—
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Three levels of analysis

Why do the things work the way
they do? What is the goal of the
computation

What process does this
computation follow?
Representation and
transformation

Where is this happening?
Hardware

David Marr's theory of analysis 401 /476




What is memory?

Ability to encode, store and retrieve information

402/476
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Types of memory

Atkinson and Shiffrin’s model (1968)

Maintenance
Sensory memory: around half second rehearsal
for visual info, 3-4 secs for auditory
info

Enwironmental

stimuli l
Short term memory: information we

are currently aware of or thinking
about. 20-30 seconds. Also called
working memory

Attention

Information

retrieval
Long term memory: very large

storage, can last a lifetime
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What processes or factors at encodin
influence later memory performance:

e Attention e Level of processing e Salience

e Distinctive color e Emotional arousal e Organization

e Familiarity
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We experience events that are way more dynamic and
continuous than the "objects"” you saw in the earlier
demonstration. What might be happening in our brains that
enable us to later remember these experiences as distinct
episodes?
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Event segmentation

e Ability to parse continuous
experience into discrete events
e The demarcations that help

distinguish one event from

another is an event boundary
e Boundaries are hierarchically

nested - fine and coarse

boundaries

https://www.youtube.com/watch?
v=jkKWwHs1Gq8



https://www.youtube.com/watch?v=jkKWwHs1Gq8
https://www.youtube.com/watch?v=jkKWwHs1Gq8

Now that we annotated.....

Segmentation agreement is computed
across all individuals in a group

Basis for the norm

As close as ground truth




Consequences of segmentation on
memory

Recognition memory

e Enhanced for items that appear
close to boundary by |/ s e opisast % +

Boundary objects > non-boundary

objects . R —
o ~ + W

TUT409/476

Swallow et al (2009)



Memory recall test

Recall

e Higher scores on recall when
segmentation was closer to norm, which
means identifying boundaries leads to
better recall

Sargent et al (2013)

Associative memory test
Heusser et al (2018)

Non-Boundary Object-Color Test

Color Test Triale

e Better at for boundary items than
items that come from within
events

Across-Event Ordar Test Trals

g _; — - -
B { re—
Within-Event Order Test Trials T —_— i
time Boundary AADIATZL
Color Test Trials 4 1U/470
Which color was studied with the object?




Temporal order memory task

Recency discrimination task
Better for within events

And disrupted across boundaries

Dubrow and Davachi (2014)

A Encoding

How likable?

How common?

.. 25

B Retrieval

No Switch Switch
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Temporal proximity judgment task

e Within event the closeness in proximity
was accurately reported
e [tems spanning a boundary are rated to

have occurred further apart.

A Encoding

v - Context Boundary
- . ‘ Caondition
-~/

. #
E . \‘ Same Context

1!;_ / Conditon

B Temporal Distance Test C  Source Memory Test

very Choon | cioes | far | uery far . N

wnch sgenn?

Ezzyat and Davachi, (2014)
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Event segmentation theory

e A prediction error account of event
segmentation

e Prior experience to form models of
the world

e Event models - current, help predict
upcoming changes

e When inaccurate, prediction errors

Sensory Inputs

occur

Examples
(Zacks, et al., 2007)



Context stability account

e Prediction error may not account for

Context Transition

everything

e (Contextual stability matters

e Fluctuations in contexts such as time,
space, goal states, stimulus categories,
background info and even internal

states act like context

Clewett & Davachi (2017)



Is event segmentation automatic?

Zacks et al., (2001)

a
Evidence from fMRI study m

Passive vs active segmentation
MT complex and FEF

Passive viewing

Segmentation

Coarse

Brain processes correlated with
event segmentation are a normal part of b
ongoing perception

4

\§

Parcent signal change

Overall segmentation leads to better memory

Coarse
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Time to link

Remember event models? —
FQ&% /7~ Eror Detection
SN, VTA, LC
e Multimodal in nature Predicted Future Inputs %

ALK /g‘
e Influenced by a combination of e P
— i i
top-down and bottom-up processing.

Perceptual Processing = Event Modeis . Event Schemata
IT, MT+, pSTS, ... Lateral PFC ‘

]
Sensory Inputs
Al, VL, 51, ..

\
\
M

e Instantiated in working memory
e Refreshed when predictions are not

good anymore.

BUT where is the evidence?



Neural evidence

Activity in the PFC, MTL cortex, and ventral striatum showed
fluctuations in the fMRI BOLD response that mirrored the event
structure of a narrative as it unfolded (Ezzyat & Davachi, 2011).
Decreased at event boundaries.

Greater activation in the mid hippocampus and vIPFC was observed for
boundary items that were later serially recalled. Within-event serial
recall was associated with stronger connectivity between the
hippocampus and vmPFC (Dubrow & Davachi, 2016).

Segmentation agreement was significantly impaired in patients with
lesions in vimPFC, dIPFC, RSP and the impairments were larger for
coarse than for fine grain segmentation (Zacks. 2016).

Brodmann area 6
MT complex

FEF

posterior superior temporal sulcus (pSTS

MT+
hippocampus
posterior medial network (PMN)

posterior hippocampus (pHPC)
angular gyrus

posterior medial cortex(PMC)
parahippocmapal cortex
medial prefrontal cortex

middle temporal gyrus

hippocampus 417/476



What factors could affect
segmentation?

o Age?
e Expertise?
e Familiarity?



Any questions?



EMOTIONS




LET'S TALK EMOTIONS

« What is an emotion
* What purpose do emotions serve?
 Are emotions Universal?

421/476
(Using book Morgan and King — Introduction to psychology for content of above mentioned topics)



RECOGNIZE
THE
EMOTIONS

source: Photos from Disney/Pixar 422/476



 How do we recognize emotions

e Can we measure emotions?

423/476



Situation

Receive negative feedback at
work or do poorly in school work

Thoughts

"I'm not good enough”

reactions

Tiredneass, loss of appetita

>

l Physiological

a

1

‘\*

e

Behaviours
Avoiding people
Avoding stuations

Overchecking

Staying overly busy

Thoughts

| will make a mess of things

| will lose control

They will think I'm weak or st
| shouldn't feel like this

Feelings

wWoarthless, upset, frustrated

Behaviours

Avoida schoolmates/colleagues

v

T

Physical Sensations
Tense
Shaky
Nausea
Weak
Butterfies
Hot and Sweating

* Another way to look at the same situation?
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Joy inner calm, quiet confidence, dilated pupils, Smiling, relaxed stance,
flushed skin, butterflies in the stomach upbeat tone of voice, exuberance
Sadness . Eurnlr_lc:ltmn?. Fhﬁt BEH lls_tiessness_. Crying, fatigue, withdrawn, detached
insomnia, deficient or excessive appetite
Fiivii Rﬂpld h‘Eﬂl‘tbﬂﬂt: ph'}"ﬁiﬂﬂ! or internu'l Clenched chest, WidE"ﬂp’EH eyes,
trembling, need to fight or run, forebodings guarded stance
Anger Elevated body temperature, sweating Furrowed brow, heightened tone
W Breathing at the top of the chest, tightness ; .
Anticipation in the stomach, forebodings, sweating Shaking, widensd sryes
Surorise Inability to focus, dazedness, Raised brow, widened eyes,
P speechlessness, disorientation yelling, open mouth
Disgust Need to flee, sense of revulsion, sickened Curled lip, wrinkled nose
425/47




EMOTIONS AND THE BRAIN

Primary components of the limbic system

The LimbiC SYStCm cingulate gyrus

basal ganghia

The limbic system (amygdala, hippocampus)
regulates fear, anger, and pleasure.

* The hypothalamus connects emotions with
physiological responses (e.g., heart rate). thalamus

* The amygdala receives visual information
directly from the thalamus, allowing rapid

emotional recognition before the visual cortex //"

fully processes it. :
 Amygdala lesions impair the recognition of

emotions, particularly fear. However, individuals

with amygdala damage can still recognise St

emotions through tone of voice.

hippocampus amyqgdala
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NEURAL BASIS OF EMOTION RECOGNITION

We interpret emotions by analysing facial expressions, tone of voice, and language.

The right hemisphere plays a dominant role in emotional comprehension, especially for facial
expressions.

Vision (Facial expressions) — Thalamus — Amygdala & Right Hemisphere
Audition (Tone of voice) — Auditory Cortex — Right Hemisphere

Both pathways contribute to understanding social cues and emotional states.

4271476



A woman (Patient SM) with bilateral amygdala lesion
was unable to recognize expressions — not even her
own. However, she had no problem producing facial
expressions

Patient SM

The amygdala is involved in recognizing
expressions but not at producing them

In humans, patients whose amygdala
had to be removed (due to seizures)
showed less fear and were unable to
associate fear to
dangerous/threatening situations

Copyright © 2008 Pearson Allyn & Bacon Inc.
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https://www.youtube.com/watch?v=2Hi3JO1rqYw

FAST & SLOW ROUTES OF EMOTION PROCESSING

* 1. The Fast Route (Low Road) —
Immediate Reaction

e 2. The Slow Route (High Road) —
Thoughtful Processing

object
concept

short route 1 /
context

.Il".._-'_‘l‘
. characteristics .

emotional emotional
stimulus response

429/476



Cognitive control of emotions

Reappraisal - making a bad situation better (cognitively Not always healthy, because you

downregulating negative emotions) have not addressed or reflected on
/ the root cause of the problem.
Suppression — inhibiting an emotion during an emotionally arousing

situation (for instance, smiling when upset)

Social-emotional processing network

Negative upregulation - making a bad situation worse (cognitively
upregulating negative emotions)

430/476



WHY ARE ADOLESCENTS MORE VULNERABLE TO
EMOTIONS?

Adult Vantage Point Developmental Vantage Point

’v.;.’ @
{ = ' iy ™ e -, ‘
= \ - L g
Powte ¢ @. N : 4 {
Sensitive Chilthoad ' ’
Periods | Mfoency .

 Immature Prefrontal Cortex (PFC)
* Opveractive Amygdala
* Delayed PFC-Amygdala Connectivity
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What is stress?

Performance

optimal
challenged fatigue
I
I ! exhaustion
alert/engaged | '
| |
| ; : anxiety/panic/anger
|  growt I
| I & I I
Boradam I comfort | learning | distress :
zone | zone | Zone
I : I I breakdown/burnout
| |
| | |
: | ! |
I | I |

Low (underarousal) Moderate (optimal)

Level of Stress

High {overarousal)

Performance

Optimal Aim to keep employees
performance at this performance level

..................... T T

Fatigue

Energised Exhaustion

Seeing improvement Focused Il health

Work feels
effortless

Breakdown & burnout

ICALM  EUSTRESS  DISTRESS

Level of stress

Reticular Formation & Arousal:

* The reticular formation (ARAS) activates
emotional states, affecting alertness and
wakefulness.

* High arousal — Excitement or anxiety | Low
arousal — Drowsiness or depression.

Arousal & Performance:

* Inverted-U Hypothesis (Yerkes-Dodson Law):
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PHYSIOLOGY OF STRESS
RESPONSE

Epinephrine

* nutrients stored in muscles converted into energy/glucose for strenuous activity
Norepinephrine

» Increases blood flow to the muscles by increasing heart rate and blood pressure
(which increases rate of cardiovascular disorders in the long term)

Cortisol (glucocorticoid) secreted by the adrenal gland breaks down proteins and
converts it to glucose

» Convert fats into glucose
« Direct all energy to treat overcoming activity
* Results in less glucose sent to the brain

PVN (hypothalamus) @ CRH/CRF @ pituitary glands @ ACTH @ adrenal glands @ qu.: body puts o

glucocorticoid

* PVN- paraventricular nucleus of hypothalamus,

* CRH —Corticotropic Releasing Hormone (or Factor),
« ACTH —adrenocorticotropic hormone

Prefront

Cortex
Regulates the stress
response by making

things seem less scary

Hypothalamus
Hypothalamus
“wakes up™ the
Pituitary
Pituitary

Hommnongs from
the Pitustary teli
the Adrenal
gland to release
Cortisol

al

Adrenal Gland

/

T N —

Cortisol
Travels throush
the blood and tells

react 10 stress

|

i
\

l

Blood Vessel

Amygdala

Deétects thungs that

are scary ¢
dangerous i the
enviromment
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Stress & Learning The brain under stress:
structural remodeling
The stress-brainloop

Hippocampus
: : Prefrontal cortex atrophy
Attent .
lp;" o ~—_|Cellular changes in ‘
| Perception F——’)the T |
| Short-term memory ppop
| Learning
| Word finding

Amygdala

Increases
= Chronic Stress” glucocorticoids
“lnadequate sleep % I

*Poor nutrition .
Emotional distr Decreased regulation
maotional aIstress o coricel

Amygdala,
hypertrophy
and later

atrophy

Hippocampus
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intracranial recordings in pre-surgical epilepsy patients

Overlapping memory
Input
* Amygdala +— Hippocampus (needed to @
remember emotional experiences) P o
» Bidirectional amygdala-hippocampal Balanced AMY - HPC circuit A1 dominated circult

interactions support pattern separation
(distinguish diff emotional experiences)

* Alpha synchrony disrupts mnemonic
discrimination (context) and leads to Process

overgeneralization errors é \'/\'/WV WNVV\N\N §
» Extreme emotional experiences (PTSD) — E T o~ 8 é
overgeneralization of memories/contexts VV\7\/\/ VAVAVATAVAVAYAYAYAY]

B
Pattern separation

| Migh gamma activity from AMY | high gamma activity from HPC

'

- @

Discrimination failure

AMY = Amygdala HPC = Hippocampus

https://www.sciencedirect.com/science/article/pii/S0896627319302880 435/476



STRESS AND ANXIETY

* Can we use the words synonymously?

436/476



| y

| | Stress

= 4
|

(*  Ocoursasaresponse

& to a real threat o

 Itis the bodily response )
to a threat o
"~ Goes away once the
& threat has passed 4

7

i
By G

y
o

Stress Response from
Inmmmediate Danger!

Anxiety

Can occur because of
not very possible threats

It is a feeling depicting your
reaction to stress

Continues even after the
threat has passed

Has negative oulcomes
and complicates life

bLig Dadg Fisn
cones ous
O3 yTT?

Stress Response just

from your Thoughts!?

STRESS VS ANXIETY

STRESS ANXIETY

A SPAN

short term can linger

in response to a CAUSE
recognized threat

may not have an
identifiable trigger

ORIGIN

SYmMbTOMS

fastor
heartbeat

tenseness

faster
breathing

sweating

constipation

a feeling of
unease or dread

437/476
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Afferent and efferent connections

Satiety (Hunger)
Satiation (Fullness)
Energy Metabolism

» Secretion of gastric acid
and digestive enzymes
» Gastric capacity

10% o

vagus
nerve

Medulla oblongata

Anatomy

Thalamus

Amygdala
Locus Coeroelus

NTS

Vagus nerve

* VNS
* Nutritive components
* Relaxation techniques

Activity is influenced by:

Stomach

Small intestine

Large intestine

Disorders

Psychiatric disorders
* Major depression
» PTSD

Inflammatory Gl Disorders
* Ulcerative Colitis
* Crohn's Desease
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* What is the difference between mood and emotion?
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NEUROTRANSMITTERS IN EMOTION & MOOD REGULATION

Neurotransmitter

Serotonin (5-HT)

Dopamine (DA)

Norepinephrine (NE)

GABA (Gamma-Aminobutyric
Acid)

Glutamate

Endorphins

Oxytocin

Function in Emotion & Mood

Regulates mood, anxiety, and
emotional stability.

Reward, motivation, pleasure,
and reinforcement learning.

Stress response, alertness, and
arousal.

Inhibitory neurotransmitter,
reduces excessive neural activity,
promotes calmness.

Excitatory neurotransmitter,
essential for learning, memory,
and emotional processing.

Natural painkillers, promote
pleasure and stress relief.

Social bonding, trust, and
empathy.

Imbalance Effects

Low levels — Depression,
anxiety, mood swings.

Low levels — Anhedonia, lack of
motivation (linked to depression).
High levels — Euphoria,
addiction.

Low levels — Fatigue, lack of
focus (seen in depression). High
levels — Hyperarousal, anxiety.

Low levels — Anxiety,
overthinking, panic disorders.

Excess — Neurotoxicity (linked
to bipolar disorder,
schizophrenia).

Low levels — Increased pain
sensitivity, emotional distress.

Low levels — Social withdrawal,
difficulty forming relationships.

_ (ME)} '
f Norepinephrine®
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Key Differences Between Moods & Emotions

Aspect
# Duration

“4 Provocation

5 Modulation

@ Expression

W Awareness

Moods ®= (Longer-lasting) =

Lasts minutes to hours
(sometimes days).

Lowers the threshold for
experiencing emotions from the
same family.

Harder to regulate because the
cause |s often unclear.

Mo distinct nonverbal cues—
may appear disengaged.

Difficult to identify exact
triggers causing the mood.

Emotions 4 (Short-lived) B

Lasts seconds to minutes.

Triggered by a specific event
and felt in isolation.

Easier to regulate if it's a single
emotional reaction.

Has universal facial
expressions (e.qg., smiling for
joy, frowning for sadness).

The cause of the emotion is
clear and easily identifiable.
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The 3 Phases of Stress = -

oF 3
STRESS :

Resistance

1+/ pom

ALARM PHASE RESISTANCE PHASE EXHAUSTION PHASE

L1

“Fight or flight response” “Burnout”
REST & Effects last ~1 hour RECOVERY
DIGEST
N ¥
» Heart races to give « Cortisol queues brain to be on the » Depleted bodily resources
oxygen to the muscles look-out for additional threats. « Decreased stress tolerance
and brain.
« Parasympathetic system starts to
» The nervous system goes return most your body to its pre- YOU FEEL:
on high alert. stress levels. » Burned out
g : + Drained mentally, physically
« All other body functions « Diverts some resources for next 5
and emotionally
shut down, threat.
« Hopelessness
+» Signs you're in this phase: « Anxiety
irritability, frustration, and lack of » Depression
focus; + High blood pressure

« Weakened immune system

« Chronic illness sets in
442/476
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» Chronic stress can lead to a range of disorders.....

443/476



EATING DISORDERS

Anorexia nervosa: (anorexia —“loss of appetite”)
* Adisorder that most frequently afflicts young women,;
* exaggerated concern with being overweight that leads to excessive dieting and often compulsive exercising;

* can lead to starvation.

Bulimia nervosa:

* Bouts of excessive hunger and eating; often followed by forced vomiting or purging with laxatives; sometimes
seen in people with anorexia nervosa, to maintain a low body weight.

» Women are more likely to develop this disorder than men

» Possible causes:
1. Excessive exercise or fasting
2. 0OCD
3. Social emphasis on slim women in industrialized societies
4. Heredity or premature birth
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MOOD DISORDERS

» Affect —“ feelings or emotions”

» Affect disorders are also known as
mood disorders, characterized by
disordered feelings

eExtreme elation (mania) or extreme
despair (depression) are common
experiences of people with affect
disorder when affect and reality are
not interconnected.

Two major sub-types

| Unipolar depression

| Bipolar depression

* Depression
* Mania

Download app!

Additional categories

I Hypomaina
| Cyclothymia
| Dysthymia

WWIW. p Sy(; ourse.n
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Symptoms of Unipolar & Bipolar Disorders

Bipolar Disorder \

Manic State \
fhsomnia or hypersomnia * Euphoria/delusions/overexcited
Loss of interest in work and pleasurable activities |, * Decreased need for sleep \
Fatigue or loss of energy / headaches or backaches | * Excess of pleasurable activities
* Retarded speech (severe cases) | * Energetic & excited
Inability to concentrate, indecisiveness, forgetful | ¢ Excessive talking |
_ Indigestion/constipation/reduced appetite ~* Distractible, Incoherent, Irritable /

eelings of worthlessness
icidal thoughts

Inflated self esteem, grandiosity /
Unrealistic belief in abilities,

High risk taking
Over-confidence

adness/feeling depressed and depression? ool 446/476
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THE SIGCNS AND SYMPTOMS OF PTSD

+ Nightmares
Distressing dreams replaying the
1rauma.

+ Emotional Numbness
Difficulty feeling smations

+ Hypervigilance
Heightened slertness and exaggerated
reactions,

+ Negative Thoughts
Persistent negative beliets about
oneself or the world,

+ Reduced Interest
Loss of interest in previously enjoyed
activities,

+ Feelings of Hopelessness
Pervasive sense of despair.

#S WHITE LIGHT
N

PTSD

+ Flashbacks

Intense re-experiencing of the traumatic
event.

4+ Avoidance
Steering clear of trauma-relsted remindars,

4+ Sleep Issues

Trouble falling/staying asieep

+ Difficulty Concentrating
Troubsle focusing and maintaining attention,

4@ &

RISK FACTORS FOR PTSD

Previous Trauma Exposure

WHITE LIGHT

2 Family History of Mental

Multiple or severe past traumas Health Disorders

increase PTSD risk by overwhelming A family history of conditions like

coping mechanisms. anxiety or depression raises the
likelihood of developing PTSD,

Severity and Type of Trauma Lack of Social Support

Severe, direct, or high-intensity
traumatic events have a higher risk
of leading to PTSD.

Insufficient support from friends or
family after a trauma can increase
PTSD risk.

Pre-existing Mental Health
Conditions

Existing conditions such as anxiety or
depression make individusls moee
vulnerable to PTSD.

High Levels of Stress and
Coping Style

Difficulty managing stress and
maladaptive coping strategies
contribute to PTSD development

Personal Vulnerability Factors n Early Life Adversity

Traits like high neuroticism, poor
emotional regulation, and low
resilience increase susceptibility.

Childhood abuse, neglect, or other
adverse experiences elevate the risk
of PTSD later in Ufe.
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PTSD is not just about trauma exposure; cognitive processes play a major role in how trauma is encoded, interpreted, and recalled. These
cognitive factors influence how people process traumatic memories and why PTSD symptoms persist.

Cognitive Factors in PTSD

1) Attentional Bias toward Threats &
» People with PTSD hyper-focus on threat-related information.
» They misinterpret neutral or ambiguous situations as dangerous (e.g., loud noises — “I’'m under attack”).

» Example: A combat veteran may overreact to fireworks, perceiving them as gunfire.

2) Impaired Memory Processing €.
» Trauma memories in PTSD are often fragmented, disorganized, and intrusive.
» The hippocampus (memory center) has reduced activity, making it hard to differentiate past from present.

» Example: A PTSD patient may suddenly relive a traumatic event as if it is happening right now (flashbacks).

3) Overgeneralisation of Fear &
» The amygdala (fear center) becomes hyperactive, causing strong emotional reactions to non-threatening stimuli.
» Fear responses spread to similar but harmless situations.

» Example: Someone who survived a car accident may feel panic even in slow traffic, not just in high-speed situations.
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4) Negative Cognitive Bias & Self-Blame &=

» PTSD patients often have distorted thinking patterns such as:
* Self-blame: “I could have done something to prevent it.”

* Guilt: “It was my fault.”

» Helplessness: “I will never be safe again.”

» This reinforces avoidance behaviors and makes recovery difficult.

5) Avoidance & Thought Suppression &
« PTSD patients avoid thinking about, talking about, or encountering anything related to trauma.
» Suppressing thoughts backfires, causing more intrusive thoughts and flashbacks.

« Example: A sexual assault survivor avoids crowds, loud music, or even certain clothes that remind
them of the trauma.
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"EMOTIONS SHAPE EVERY
THOUGHT, DECISION, AND
INTERACTION WE HAVE. WHEN
NEUROTRANSMITTERS ARE IN
BALANCE, THEY ALLOW US TO
EXPERIENCE JOY, MOTIVATION,
AND RESILIENCE. WHEN
DYSREGULATED, THEY CAN LEAD
TO MOOD DISORDERS THAT AFFECT
LIVES PROFOUNDLY.
UNDERSTANDING THE BRAIN'S
CHEMISTRY ISN'T JUST
NEUROSCIENCE—IT'S THE KEY TO
EMPATHY, MENTAL HEALTH, AND
EFFECTIVE TREATMENT."
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Neurological Conditions
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Causes of Damage to Brain

* Brain tumours

* Cerebrovascular disorders

* Brain injury

* Infections of the brain — Encephalitis, Meningitis
* Seizures

* Degenerative Disorders

* Schizophrenia
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Tumors

The photograph shows a slice of a human brain, showing how a large
nonmalignant tumor (a8 meningioma) has displaced the right side of
the brain Woward the lefL (The dashed line Indicates the location of the

* Tumor- A mass of cells whose growth is uncontrolled and that serves no useful D L L P N

(Couresy o1 A. D'ADosting, Cood Samantan Hosplta, Portand, OreQon.)

function. .

* Malignant tumor - A cancerous tumor that can cause harm; lacks a distinct border
and may metastasize due to cancer elsewhere in the body.

* Metastasis - The process by which cells break off of a tumor, travel through the
vascular system, and grow elsewhere in the body.

* Benign tumor - noncancerous tumor that does no harm; has a distinct border and
cannot metastasize.

* Glioma - Tumors arising from glial cells — common form of malignant brain
tumors
malignant
e Tumors do not arise from nerve cells or neurons because mature nerve
cells do not divide.

 Tumors damage the brain by compressing the tissue and obstructing the
flow of CSF




Ischemic stroke Hemorrhagic stroke

Cerebrovascular disorders

* Hemorrhagic strokes:
e Bleeding within the brain

* Blood vessels ruptured due to malformed blood vessels or due
to hypertension

) A clot blocks blood flow Bleeding occurs inside or
b |SCh emic stro kes to an arca of the brain around brain tissue

* Obstruction of flow of blood leading to ischemia (loss of blood
and therefore lack of glucose and oxygen)

* NA-K pumps stop working in the absence of glucose/oxygen,
and the Na ions rush in leading to excitotoxicity

* Fat deposits inside arteries forming plaques — clots may
form and break off and block arteries

e Typically seen in high blood pressure, high cholesterol,
diabetes

* Treatments:

* The primary goal of treatment following a stroke is to save the
tissue around the stroke from dying.

Plaqule develops Plaque builds up Plague ruptures Clot formbs' a;t:lund
. . i | of art rupture blocking
* Drugs that dissolve clots in the blood vessels (prevent strokes) sl blood flow
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Traumatic Brain Injury

* Closed-head injury
e Contusion (brain bangs against the skull) —
opposite side of impact is injured

* Bundles of axons can be torn and twisted, blood

vessels can be ruptured (internal bleeding, . ) )
Signs of a Brain Injury

seizures)
e Cerebrospinal fluid can distort the walls of the Any type of trauma tothe head can result n  brsn inry
. injury can range from a mild concussion to severe
Ventr|C|eS !?au:amthcgbraim Symptoms may include:

PHYSICAL

Dizginuss  Headachn  Nauses and vomiting

e Chronic traumatic encephalopathy (CTE), a form
of TBI, results in neurodegeneration due to
repeated head trauma

* E.g. American football players, boxers, rugby
players, accidental fall, blow from a blunt object

Lows of bulunce | Blurry viséon | Tinndtus {rnging In
the cars) | Fatigue | Sleep disturbances Loss

of consclousness

EMOTIONAL

Mood swings Agiation Depression  Arcety
* Altered social behaviour, mood and cognitive Loss of impuise control | Withdrawal from family

srrtd frioncs

impairment
* Abnormal tau protein accumulates in the cortex RS o
Of CTE patients - Similar to AIZheimer’S Q difficulty retaining information | Troubde concentrating
Shurred or slowed speech | Difficulty waming

O'Connor & PARTNERS, PLLC

PN ZRN N LN ZQN FUN LN ZU0

CONCUSSION TREATMENT /@ «\‘3\

ST
Therapeutic interventions can help to support
concussion management and improve recovery

Exercise Therapy

Following symptom-limited rest,
exercise therapy can help to resolve
symptoms and improve blood flow.

Manual Therapy

Headaches, balance and visual
issues, dizziness, and blood flow
abnormalities are symptoms of both
concussion and neck injuries
(whiplash), which can be treated
with manual therapy.

Diet & Nutritional

Intervention

Avoiding pro-inflammatory foods
(e.g., red meat, refined sugar) and
replacing them with nutritious
options (e.g. fruits, vegetables)
may help to offset inflammation
and reduce symptoms.

Vestibular &

Visual Rehabilitation

An individualized balance and
visual rehabilitation program may
help to reduce symptoms such as
dizziness. visual abnormalities,
concentration issues and memory
problems.

Education & Reassurance

People with a history of depression
or anxiety tend to have prolonged
symptoms. Education and
reassurance is an important part of
concussion care.

COMPLETECONCUSSIONS.COM/FIND-A-CLINIC



* Meningitis - (inflammation of the meninges by

Disorders caused bacterial or viral infections) medication may
by infectious eliminate infections but brain damage is

’ irreversible
diseases + headache, a stiff neck

* depending on the severity of the disorder,
convulsions, confusion or loss of consciousness, , “]
and sometimes death

Meninglts Encephallts
T1ia _ : : Inflammazion or swedng of Inflammatien of ths brain kesll.
* E.g. syphilis — sexually transmitted bacteria phigpleiboces et 432 =

brain and spinal cord

Encephalitis - inflammation due to viral
infections
COVID * Invades the entire brain
* Fever, nausea, irritability, convulsions, delirium
followed by aphasia (loss of speech) or paralysis
Viral Infections * Herpes Simplex virus - can severely damage frontal
and temporal lobes
* Viruses transmitted by mosquitoes (pick infectious
agents from horses, birds and rodents)

* Acute Anterior Poliomyelitis (polio) - Virus attacks motor areas in the brain
including neurons of motor cortex and spinal cord resulting in varying
structural abnormalities. (only legs or torso and legs leaving normal
hands). However, the rest of the brain is not affected. (Polio vaccine)

* Rabies — animal bite (rabies vaccine given within a few hours)
* HIV —damage to synapses - mild cognitive impairment = dementia
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Seizures

* Aseizure is a period of sudden, excessive activity (glutamate) of cerebral neurons.

Causes —

* Scarring of tissue - injury, stroke, developmental abnormality, growing tumor, infection
* Fever

e Substance abuse withdrawal

|. Genemalized sezures (with no apparent local onset)
A. Tonic-clonic {grand mal

B. Abszence [petit mal)

C. Atonic (loss of muscle tone; temporary paralysis)

Eplicpsy and Selsires l. Partial seizures (starting from a focus)

A Simple Partial TEMIAES CONSCIOUS A. Simple [ﬂﬂ mﬂjDr Change in conscious 1'|

o 1. Localized mator seizure
Partial seizure | lﬂum 2. Motor seizure, with progression of movements as seizure spreads along the primary motor cortex
= focal onset sz-aure\\,_ =\, . 3. Sensory (somatosensory, visual, auditory, olfactory, vestibular)
Complex Partial = lose condeiousmness g ey
= e 4. Psychic (forced thinking, fear, anger, etc.)
l peneralisad 5. Autonomic (e. g., sweating, salivating, stc.)

b=ty

B. Complex (with altered consciousness)

Generallzed selzure Inciudes 1-5, as above

;,:t::f,f.',;:,':f,fi::;; lll. Partial seizures (simple or complex) evolving to a generalized seizure: Starts as simple partial seizure or a
complex partial seizure, then becomes a grand mal seizure 457/476




Seijzures

Tonic phase
Convulsions - loss of both balance and consciousness. " ..%

* involve subtle changes of thought, mood, or behavior that are not easily

.. X ] .. Clonic phase
distinguishable from normal ongoing activity. /
1. Generalized Seizure ‘J ¥
A. Tonic-Clonic Seizure
e Tonic phase - skeletal muscles contract, rigidity FADAM
* Clonic phase — tremors, rhythmic jerking movements.
* Hypoxia may also result in brain damage
. . . Spread of motor seizure
B. Atonic Seizure - loss of muscle tone, temporary paralysis Feol
Primary motee n———
oortex - it
N : = Trunk
o . \\\‘\.i —L ~ ?m
C. Absence seizures - no convulsions; T b, ey
. o o o . . 5 Wiy
* Ongoing activity end abruptly, 2 vacant look < sometimes fluttering eyelids i Face
L%
* loss of consciousness (extreme cases) P Tongoe

* Most common in children (around puberty)
» characterized by periods of inattention, which are not subsequently remembered.
» Affects performance in school

Copyright © 2006 Pearson Allyn A Bacon Inc 458/476



Simple Partial Seizures
2. Partial Seizures (Focal Seizures) Central

. . . .. Somatosensory. Tinelin Postcentral sulcus  Precentral
begins at a focus and remains localized, not generalizing to the of contralateral lib, BV Ryrus
rest of the brain.

Focal motor. Ton-clom:
}  movements of upper
¢ lor lowver limb

face, or side of bady

Postictal (post-seizure)

?_Type ; Duration | ._szure Symptoms liSymptoms J

| ' 'No loss of consciousness. ;

ESnn;‘)le 00 S Sadien Jeleing EPossible transt:ent weakness or £
Partial loss of sensation j

‘ | |sensory phenomena | p|

Contraversive: head
and eyes tumed to

opposite side

' May have aura | |oss or altered consciousness

Visual. Sees flashes

C omiolex i Automausms (such as hp smacking, Amnes:a for seizure even'ts of Tighw, sconinias "
'p R ! : picking at clothes, fumbling) ‘Mild to moderate confusion : '"'d'w' o bilateral Sweating:
‘partial minutes _ y urnng :
| ~ ! FR2-F4 A s\ SN g flushing or pallor,
Unaware of environment (sleepy ,M‘ kot oot E
May wander caps sensations
| o | AL JL Jd 2
Pa 00 bAoA A AN NN A
Andltow Hears ringing il 2 :
Impairment of consciousness: Repetitive sharp waves over right centeal segion
cognitive, affective symptams Complex Partial Seizures ., ,  Formed auditory Dehissiog noises
@ A hallucinations. Hears
‘% music etc

Decamy sate; blank, vacant . 1 hallocinati ce
& - : ror / Formed visual malions. Secs
::p:?::? o | e ?‘:,Pu“ \ house, teees that are not there
gyrus ' Bad or
\ unusual
EEG: left temporal lobe seizure ! smell
Fp1F7 ~ Olfactory hallucinations
F13 s
T3S WAV A ;
T501 : Dysphasia
AN N SN PN A N A A g x X
Fp2-F8 MWWM muovernents

wetting lips, £
automatisms |
(picking a1

¢lothing) s \

459/476
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Sejzures

First Aid for Seizures

(Convulsions, generalized tonic-clonic, grand mal)

No cure - frequency and severity of seizures can often be reduced by
anticonvulsant medication

Cushion head Loosen tight neckwear

(2

Nothing in mouth

@3

* GABAergic drugs

» Transcranial Magnetic Stimulation - repetitive pulses at low-
frequency producing an inhibitory effect

» Ketogenic diet (a diet consisting of high levels of fat, moderate, levels
of protein, and low levels of carbohydrates
* reduces the amount of glutamate in the brain and enhances the
synthesis of GABA, making it less likely for a seizure to occur.
* reduce inflammation in the brain and inflammation due to
infections like meningitis, encephalitis, or autoimmune
disorders that can trigger seizures

As seizure ends . offer help
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* Sulci of temporal and parietal lobe are wide

Alzheimer’s Disease . Loss of tissue ..if\ Q 2 A

Alzheimer’s Dementia
CX e
AN 5
Symptoms:

* Initially difficulty in remember names, appointments, faces, words — mild cognitive impairment (MCl)

* Progressive loss of memory, esp. Anterograde amnesia (inability to form new memories)

* Progressive loss of other cognitive functions — finances, planning, words, spatial disorientation, irritability, depression

» Severe cases (terminal illness) — loss of self-awareness, complete loss of memory, loss of bladder control, unable to bathe or wear clothes

* Typically occurs in older adults above the age of 65.
e Asthe case worsens, they are unable to handle their lives independently (emotionally and cognitively)

O

Mild cognitive Alzheimer’s

Normal . s .
impairment disease




B
neuron
g ,
A %t<

A T Tau tangles : tangles

Tau protein normally plays a role in maintaining
the overall structure of neurons

& e L - S —)'.‘-
reurobibnllary -‘.‘1 ra ‘
tangies y

AL T

normal brain Alzheimer's bramn

What happens inside the brain in Alzheimer’s Disease ?

* Low levels of acetylcholine — memory encoding is affected

* Abnormal build-up of proteins in and around brain cells - neurofibrillary tangles (inside
the neuron) and amyloid plaques (outside the neuron)

* Degeneration of cholinergic neurons is first seen in entorhinal cortex, hippocampus,
amygdala (structures involved in various aspects of memory)

* Degeneration spreads across the brain over many years — dementia

Aserpdals ~

T Hipposampas
Sherrlatn gysus
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healthy advancad

brain ’v,"./"" . glzheimer's
.

Amyloid PET scan for Alzheimer’s Disease

Amyloid Scans

I» Amyloid-
Neurofibrillary ) plaques
tangles 7 )

g " V ;ﬁ . A\ \',' :.E/~—/ /;'; A S ‘\\:'.. ::':/ s===, Dystrophic
' | Neuron [l = : S, Sylﬁb%«‘: loss | | neurites
AL I ( | Brain | i
1 . \  atrophy p f
Y ) 2
‘ . . ' (
-d v ey ) Y SIS
3 7 B i o e NSJ@l 7 P A=
Posmve Scan | 2 @y ; WP SRS Wfﬁfi\

Astrocyte Microglial cell ! Microgliosis Astrogliosis
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Cause of Alzheimer’s Disease:
*Inheritance of mutated gene Apolipoprotein E (ApoE) — amyloid protein disintegrates
*most forms of Alzheimer’s disease are sporadic, not hereditary
*Brain injury — amyloid plaques accumulate
*Obesity, hypertension, high cholesterol levels, and diabetes are also risk factors — high inflammation = high propensity to build amyloid plagues
Level of education — lower cognitive activity

Treatment for Alzheimer’s: (puzzling ....billions of research funds spent)

* Not curable

* Only progression can be slowed used drugs

* Keep your brain active (no retirement for the brain)

» Acetylcholinesterase inhibitors (donepezil, rivastigmine, and galantamine) — but symptomatic relief, cannot prevent degeneration
* NMDA antagonists (prevent excess Ca into acetylcholine neurons which cause cell death)

* Vaccines that prevent developments of antibodies in the immune system (which play a role in causing Alzheimer’s)
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Brain
degeneration

Figure 2 Brain connectivity across different neurological diseases. The brain connectome (both functional and structural) may reprecent
a common substrate linking pathophysiological mechanisms to the clinical phenotypes of neurodegenerative diseases, gliomas and stroke. In
neurodegenerative diseases, the connectome could serve as the biological substrate for the spread of misfolded proteins. In gliomas, tumour cells
may spread along axonal pathways, suggesting that tumours growing in regions of high connectivity are more likely to recur, thus worsening
prognosis. In stroke, connectivity diaschisis mechanisms have been described, indicating that the degree of disability after a stroke is more closely

related to the lesion’s impact on brain connectivity than to the size of the lesion. 465/476
Can brain network connectivity facilitate the clinical development of disease-modifying anti-Alzheimer drugs? |



https://academic.oup.com/braincomms/article/7/1/fcae460/7927930

Multiple sclerosis (MS)

* Symptoms:

Slowness in many abilities and cognitive skills degenerate.

In advanced MS — sensory disturbances, muscular weakness, numbness, tremor, and ataxia
(loss of motor coordination).

Cognitive deficits and emotional changes occur in some patients
Appear in early to mid adulthood
Seen more in women

e Cause:

MS is an autoimmune demyelinating disease - slowing the transmission of electrical signals
loss of myelin (oligodendrocytes, white matter) in brain and spinal cord

* In healthy individuals, remyelination of axons by oligodendrocytes and the generation of new
oligodendroglia are both ongoing processes that occur throughout one’s lifespan

Viral infection breaks down the immune system to attack its own myelin
Virus weakens the BBB allowing myelin to circulate in the blood stream

More prevalent in the cold regions where immunity due to cold is poor. People who have
lived in cold countries during childhood have a higher probability of contracting the disease.
(Risk factors - vit D deficiency, smoking)

Also seen in pregnant women whose first trimester falls during winter when susceptibility to
viral infections is high.

* Treatment:

No cure — drugs that slows the progression of the disease by modulating the immune system
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Amyotrophic lateral sclerosis (ALS)

Lou Gehrig's disease

* degenerative disorder that attacks spinal cord and cranial nerve motor
neurons

 5in 100,000

* Symptoms spasticity (increased tension of muscles, causing stiff and
awkward movements), exaggerated stretch reflexes, progressive weakness
and muscular atrophy, and, finally, paralysis. The muscles that control eye
movements are spared.

* Cognitive changes in executive function, working-memory, language and
social cognition

Cause — Neuroinflammation

* Only 10% cases of ALS are hereditary; rest are sporadic

* Risk factors — smoking, environmental toxins

* In genetic cases - increased extracellular levels of glutamate - impaired
glutamate reuptake — excitotoxicity - cell death

* In sporadic cases - faulty programming of glutamate receptors — too many
AMPA receptors — extra-excitation by glutamate — excitotoxicity — cell death

Treatment — Drugs that regulate glutamate levels

In MS, the immune system is believed
to attack nerve cells’ protective
coating, damaging the nerves and
disrupting communication between
the brain and bodly.

ALS causes voluntary motor neurons

to decline and die, so they can no
longer send messages to the muscles.

Stephen Hawking
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SNc — Substantia Nigra

Meso = mid (brain)

1 Mesocortical Pathway

* VTA neurons project to cortex (CTX)
* Modulates cognitive functions and emotions
* Dysfunction in schizophrenia, ADHD and affective disorders

2 Mesolimbic Pathway Reward pathway

* VTA neurons project to nucleus accumbens NAc
* Modulates motivation, reward and emotions
* Dysfunction in drug addiction, affective disorders and schizophrenia

3 Nigrostriatal Pathway

* SNc neurons project to striatum (STR)
* Controls motor function
* Degeneration causes motor symptoms in PD
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Schizophrenia (SP)

* Schizophrenia “the splitting of psychic functions” - the breakdown of integration among emotion, thought, and action.

* attacks about 1 percent of individuals of all races and cultural groups, typically beginning in adolescence or early
adulthood

* Schizophrenia is characterized by three categories of symptoms:
1. Positive symptoms

2. Negative symptoms

3. Cognitive symptoms
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Due to excessive dopaminergic activity — as seen in

Positive symptoms "~ substance abuse

* Delusions. Delusions of being controlled (e.g., “Martians are making me steal”), delusions of persecution (e.g.,“My mother is poisoning me”),

or delusions of grandeur (e.g., “Narendra Modi admires my drawings”).

* Hallucinations. Imaginary voices making critical comments or telling patients what to do.

* Inappropriate affect. Reacting with an inappropriate emotional response to positive or negative events.

* Disorganized speech or thought. Illogical thinking, peculiar associations among ideas, belief in supernatural forces.

* Odd behavior. Talking in thymes, difficulty performing everyday tasks.

/'

Due to degeneration or impaired development. Common in brain
damage disorders, especially to frontal lobes

Cognitive symptoms

difficulty sustaining attention

low psychomotor speed (for example, in movements that include
a cognitive element, such as reaction time, connecting numbers
or letters in sequence, or alternating numbers and letters),
deficits in learning and memory,

poor abstract thinking, and poor problem solving

Negative symptoms

Affective flattening. Diminished emotional expression

Avolition. Reduction or absence of motivation.

Catatonia. Remaining motionless, often in awkward positions for long periods.
poverty of speech

inability to experience pleasure (anhedonia)

social withdrawal

The frequent recurrence of any two of these symptoms
for 1 month is currently sufficient for the diagnosis

of schizophrenia—provided that one of the symptoms is
delusions, hallucinations, or disorganized speech.
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Dopamine Pathways Relevant to
Schizophrenia Symptoms

Overactivity of the

oftex Mesocortical pathway
dysfunction

mesolimbic pathway

J)=” '

Positive symptoms Negative and cognitive
symptoms

@ PSYCHOPHARMACOLOGY
INSTITUTE
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» Depression, anxiety, substance abuse, and smoking are also very common in schizophrenia.

* The symptoms of schizophrenia typically appear gradually, over a period of several years.
1. first clinical symptoms of schizophrenia tend to be symptoms of depression,
2. followed by social withdrawal (negative symptoms) and
3. cognitive difficulties (cognitive symptoms),
4

positive symptoms

Interview: Catatonic Schizophrenic

Psychiatric Interviews for Teaching: Psychosis

https://www.youtube.com/watch?v=iGH7hGkkMrU&ab channel=NorthwesternMedicine

http://schizophrenia.com/diag.php#
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http://schizophrenia.com/diag.php

Hypofrontality in Schizophrenia

* Hypofrontality — structural changes in frontal lobe
* fewer number of glutamate (NMDA) and dopamine receptors in the PFC
may be driven by prenatal environment (maternal viral infections)

may alter the brain development leading to smaller frontal regions and
decreased activity during adolescence.

Dorsal
prefrontal
cortex

Normal subjects Schizophrenic patients
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normal schizophrenic

The schizophrenia network in the brain

normal

! level
glutimate =
The prefrontal cortex (PFC) and excitatory (glutamatergic) and inhibitory (GABAergic)
. nf '
connections to the VTA isesrlo
arca
Normally, at resting state, basal or spontaneous release of a neurotransmitter occurs normal

level

constantly in the nervous system, independent of any environmental stimuli.

DA = .
Hypofrontality reduces the basal release of glutamate from the PFC to the VTA. This ‘ A E

leads to lower basal release of dopamine in the VTA which in turn cause dopamine

. . . accumbens
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stimuli (neural compensation) compensation)

Hypofrontality also lessens the inhibition from PFC to VTA, leading to hyperactivity in Prefrontal Glutamatergic

dopaminergic neurons from VTA to Nac. e \ dagich \
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Thus overall, there is excess of dopamine released from VTA to NAc — resulting in
positive symptoms (similar to those seen in substance abuse)

The dopamine increase in NAc affects other brain areas it is connected to, especially e portdiniti
amygdala, resulting in exaggerated positive symptoms (neutral faces look angry, {
delusions, etc.) » /-

ucleus \

accumbens  / \

NAc N\ I
Dopaminergic neurons also project back to the PFC — but due to hypofrontality (fewer DA Saba DA |
dopamine receptors) the dopamine effect is low - the cause of negative and cognitive neuron  neuron  peuron
sym pto ms Ventral tegmental area
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What might cause schizophrenia?

e Other factors that may play a role in schizophrenia susceptibility—

* paternal age

* maternal stress or malnutrition

» prenatal infections (viral infections in mother)

e urban birth or residing in an urban setting — higher rate of viral infections
» childhood adversity

* Substance abuse
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co-morbidity of schizophrenia and substance abuse

» Schizophrenics also show hypo-frontality (reduced activity in the PFC)
High percentage of co-morbidity of schizophrenia and substance abuse

Hypo-frontality is correlated to schizophrenia & substance abuse (not causality)

The graph shows the volume of gray matter in the prefrontal cortes
of haalthy controla, patianta who abuae aleahol, patisnta with
schizophrenia, and patients comorbild for both disorders.

Substance abuse —to compensate the
excess of dopamine in the PFC, dopamine
receptors reduce in number — resulting in
hypofrontality - which appears to be
causing of negative/cognitive symptoms in
schizophrenia

The graph shows the prevalence of schizophrenia
during a 4- to 16-year follow-up period as a function of
number of cigarettes smoked each day at age 18.
(Based on data from Weiser et al., 2004.)

{Bassd on data from Mathalon e ad., 2003.]
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