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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
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Once modem humans began their migration oul of Adrica some 60,000
yoars ago, they kept going until they had spread Lo all comes of The
Earth. How far and fast they went depended on cimate, the pressures
of population, and the invention of boats and other tochnologies. Loss
tangiblo quaitios also spad their foolstops: Imagination, adaptabiity,
and an imate curicsity about what lay over the next hill
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https://blogs.ntu.edu.sg/hg3040-2014-3/biological-evolution/increase-in-brain-size/

https://www.jstor.org/stable/full/10.1086/682587

Increase in Brain Size
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https://rosemarycottageclinic.co.uk/blog/2015/09/26/did-cooked-tubers-drive-human-evolution/
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Currenit 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 brain?



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?



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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Synaptic pruning & synaptogenosis



* 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)



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




Species with more complex behaviors have brains with more neurons , .
that are available for behavior, learning, remembering, reasoning, and Brain neurons [b'”'DV—'SJ
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., Marino, L. Brain Behav Bvol 199851
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Humans have

* Larger surface area (especially cortical surface area)
* Higher neuronal density

* Higher ration of brain size to body size

Brain size = intelligence (non-linear relationship)
Humans -2 larger cerebral cortex (neocortex)
Elephants = larger cerebellum (trunk- sensory powerhouse)



Dorsal

Planes of section

Coronal section
Coronal/frontal plane

Horizontal

plane Sagittal

plane

Sagittal section

Dorsal

>

N

Rostral Horizontal section

/

Ventral
Copyright © 2008 Pearson Allyn & Bacon Inc.



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



Cerebral
l—hemisphere;|

Frontal lobe

Central sulcus

Parietal lobe

Occipital lobe

B
Frontal lobe Parietal lobe

Occipital lobe

Temporal lobe

Cerebellum
Brainstem

Gluck et al., Learning and Memory, 4e, © 2020 Worth Publishers



Major Divisions of the Brain

__Parietal 4
lobe '
—t

- [ .
Temporal, .
lobe N

Hindbrain

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)



FIGURE 4 | Prefrontal cortex in primates. Pictures of representative primate groups and the rat show the approximate location of the lateral Prefrontal Cortex (IPFC).
Brain pictures are approximately at scale and are from the Comparative Mammalian Brain Collection (http://neurosciencelibrary.org) from the from the University of
Wisconsin and Michigan State Comparative Mammalian Brain Collections, as well as from those at the National Museum of Health and Medicine funded by the
National Science Foundation, as well as by the National Institutes of Health.

Evolution of the prefrontal cortex

Australopithecus robustus Homo erectus Homo neanderthalensis Homo sapiens sapiens
shutterstock.com + 1475150204

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



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
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Development of the human nervous
system begins around
the eighteenth day after conception

From conception to birth

Brain development continues after an
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

& months

Legal age to drive or drink

100 billion neurons



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



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) /f
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| L7
v" All of the CSF is replaced every six hours

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

Cerebrospinal fluid drawn
from between two vertebrae




MRI Image

Ventricle (reference points)

Midbrain  Pons Medulla Spinal cord Cerebellum



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
White matter

Sulcus{\ “ ‘

Ventral

Cerebral coriex
(gray matter)

/\%G) rus

Fissure

What gives the white
color in the white matter
seen in the MRI scans?



The nervous system

brain

central nervous system
spinal cord
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peripheral nervous system
motor nerves
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What is the function of the myelin sheath?

myelin

4 ,---;-’—:'-r'?" (insulation)
)

Nerve fiber

.plastic insulation




How does a neuron transmit a signal?

How does a heuron switch on?



Class 2
Neuronal Function



How does a neuron transmit a signal?

Dendrite
Axon Terminal

Node of
Cell body Ranvier K

AXOnN Schwann cell

Myelin sheath
Nucleus
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FIGURE 2.14 Neurotransmitter leading to a postsynaptic potentlal.
The binding of neurotransmitter to the postsynaptic membrane
receptors changes the membrane potential (V,,). These postsynap-
tic potentials can be either excitatory (depolarizing the membrane),
as shown here, or inhibitory (hyperpolarizing the membrane).
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A neuron at rest RESTING NEURON

Oscilloscope screen
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Na-K pump

Extracellular space

Na*/K* pump @ @
@

Intracellular fluid
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2 K* they transport in.



Hetetnamiger https://uen.pressbooks.pub/anatomyphysiology2/chapter/ion-channels/

Neurotransmitter attached to receptor
released into synapse

ION CHANNEL

Ligand-gated Mechanically-gated

e e

Na‘'®@

Neurotransmitter Enzyme that destroys Neuro-
alored in vesicles neurotransmitter transmitter

Cytosol Cytosol

Ligand-gated channel

Always open Voltage-gated

mnl o e

')

Created by Emma Cornelius with BioRender.com CC BY-NC-ND

Opens (closes) in response to a
specific extracellular neurotransmitter

Cytosol

Cytosol
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Depolarizace

Inside the cell membrane

00000000

, Extracellular space
Outside the cell membrane P

Depolarization @olari@on

Because of the tension With too many + ions in, ,

created by the resting the K+ gates open and K+ 1 millisecond . Restmg m.embrane
membrane potential, the » ions are pushed out to > potential is restored
Na+ ions rush inside once 1 millisecond  palance the electrostatic & Na/K pump

the Na+ channels are concentration gradient

opened



Open

"Sodium  Potassium

Na* channel K* channel
0 97 Refractory Open
+

ions enter ions leave

+40

Membrane potential (mV)

Na* channels /E

become

refractory, no
more Na*
enters cell
4 K* continues to
- leave cell,

causes membrane
K* channels potential to return
open, K* _ to resting level
begins to leave
cell
Na® channels
open, Na*
begins to ente

cell

= K* channels close,
' Na* channels reset

e e

'@ Extra K* outside
~ diffuses away

7
|

Threshold of
excitation

Dynamics of an
Action Potential (AP)

Before transmitter release

)
Action
potential
+40
S0 3
: £
s 2
= i
Threshold _ Failed
=55 initiations )
20 Resting state
Stimulus? i
Refructory
period
0 | 2 3 4 &

Time (ms.b

The whole process
takes about 2-3 msec

Vim
Presynaptic 0-
terminal
E'S
-70 T—

[
Resting
membrane

otential

,/"J’

Postsynaptic neuron

After transmitter release

Excitatory
Vin postsynaptic
potential
0 —
>
-70 T

Transmitter
release

FIGURE 2.14 Neurotransmitter leading to a postsynaptic potentlial.
The binding of neurotransmitter to the postsynaptic membrane
receptors changes the membrane potential (V,,). These postsynap-
tic potentials can be either excitatory (depolarizing the membrane),
as shown here, or inhibitory (hyperpolarizing the membrane).
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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.

makeagifcom




Neurotransmitter
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Neurotransmitter
stored In vesicles
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molecules (shape/size).
Depending on which
type of ion channels are
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be excitatory or
inhibitory.
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An action potential occurs if the combination of graded potentials exceeds a threshold




Molecule of neurotransmitter
attached to binding site
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a Inflow of Na* causes b Outflow of K* causes Inflow of CI” causes
depolarization hyperpolarization hyperpolarization
(EPSP) (IPSP) (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)



* How does a neuron know when to fire?
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Factors that give rise to an action potential

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 {II}

Timg —»=

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

Time —»

(c) Spatial 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.

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



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

Axon hillock

The conical proje ction that
S EEND EE el cennects the cell bedy =f the
Graded decrementally to the axon «
potential initial segment. newuren with the axeon of the
' neuren
\“
v
When the summated b Biology
PSPs exceed the threshold
of excitation at the axon initial segment,
an action potential (AP) is triggered. :
Action
potential
+40
Action
potential 5
: S0 3
The AP is conducted £ -
nondecrementally down the 3 3.
Vo Itage axon to the terminal button z ?_.
gated ion (orthodromic conduction). 3 e g
55 | Threshold _ Failed
channels . initiations .
70 Resting state
Stimulusf Refractory
period
Arrival of the AP at the
terminal button triggers <
exocytosis. 0 | 5 A p s

Time (ms)



Axon Axon terminal%
X

Direction of travel of action potential I

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

Propagation of an
action potential

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.
++++++++t bttt bbb+t +
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Action potential Saltatory
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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.

} Nucleus 2 g =5,® o>
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resting potential restored



Stimulus

/

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

Stimulus
Y
‘ b r
v v

(b) In an unmyelinated axon, voltage-gated Na* and K*
channels regenerate the action potential at each point
along the axon, so voltage 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,

Stimulus
Myelin ‘
sheath v
| '
L

(c) In a myelinated axon, myelin keeps current in axons
(voltage doesn't decay much). APs are generated only
in the nodes of Ranvier and appear to jump rapidly
from node to node

Size of voltage
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Voltage-gated
ion channel

L& b & b v

v v v v v

Node of Ranvier
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Saltatory Conduction

t=1
Action

potentials

(active region)

Node of
Ranvier

No action
potentials
(passive current)
A ) . ~1 mm .
.‘| I 1
. > Toward
Myellrfated synaptic
_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



* How do we understand that a neuron has undergone change or
learning or had fired ?



Hebb’s Rule

A) MJ\

Neuron's synapse is not
efficient enough to trigger
an action potential.

B)
Neurons that fire together, wire together.
Heavy simultaneous
activity occurs
in both neurons
) 1. Cooperarivity. More than one input must be active at

the same time.
2. Associativiry. Weak inputs are potentiated when
Newron's synapes, co-occurring with stronger inputs.

strengthened by o i
this simultaneous 3. Specificity. Only the stimulated synapse shows
activity, triggers potentiation.

an action potential.




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 Al endrieR s
. « . . axon tha spine en ene
synapse is strengthened, so even a weak impulse in the pre-synaptic forms synapse P e
membrane can now activate the post synaptic cell. VLD edio /

)

A\

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 , cell
. Depolarize
the post synaptic membrane cell /
(while the membrane of the postsynaptic cell is & 0\\
still depolarized from a previous excitation) AW . . \\% N

Axon



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

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



Can neurons predict?

E

1 —-...‘
N A
| “‘\'J Dea
¢
=)
E o
— Threshold of axon of
'E postsynaptic neuron
E Resting potential
=1
c
g
]
E
[
=

Time —=

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

|:| Excitatory synapse 1 (E,)
. Excitatory synapse 2 (E,)
. Inhibitary synapse {II}

Time —»=

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

Time —»=

(c) Spatial 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.



Measuring Synaptic Plasticity

Insertion of receptors V ﬁ

Before LTP After LTP

Copyright © n Allyn & Bacon Inc

* When synapses get strengthened, what changes occur that increase their strength?

More receptors on the postsynaptic membrane

More dendrites

Initial State

Repeated
Stimulation

1 week Later

Dendritic Spines Increase with Learning




%

1 month

3 months

15 months

24 months

Synaptic pruning & synaptogenosis



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



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



TABLE 3A.1

SomMeE 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



Receptor

* 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



Agonistic Drug Effects

Drug increases the synthesis of

neurotransmitter molecules
(e.g., by increasing the amount .

of precursor).

Antagonistic Drug Effects

Drug blocks the synthesis of
neurotransmitter molecules
(e.g., by destroying
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 .

reuptake.

Drug is a receptor blocker;

it binds to the postsynaptic
receptors and blocks the effect
of the neurotransmitter.

Re-uptake of
neurotransmitters



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


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 :
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)

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

f:-‘.l‘

Topical administration
Absorbed directly through skin
E.g. ointments, creams or patches




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
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Copyright © 2008 Pearson Allyn & Bacon Inc.

Cocaine absorption in the blood via different routes of administration



Effects of repeated drug administration

* Dependance — a regular usage of the drug is required to function normally

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

* Itis body’s mechanism to compensate for the effects of the drug in order to
maintain body homeostasis

* Reduced no. of receptors

* Receptors become less sensitive to the drug molecules
» Decrease receptor binding efficiency

* Sensitization — exact opposite of tolerance: same doses of drug produce larger
and larger effects.

* 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

Big

effect
Drug A
effect
Response to
first exposure\

" After repeated
exposure, more
drug is needed to
produce same effect

Little
effect
Small > Large

Drug dose

Figure 13.2
Myvers/DeWall, Psychology in Evervday Life, 4e.,
© 2017 Worth Publishers

Sensitization/ /

/
/
A
it L—"'>//

’ o “~ Tolerance

Relative effect

Dose



i Your reommate began the
semester drinking one cup
of coffes in the maorning.
Mow you see that your
roommate needs thres
cups to achieve the same
level of alertness. Which
effect of repaated
administration has
occurred?

Tolerance Withdrawal Sensitization




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



Colombia
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In India legal cultivation is permitted to farmers only in
Madhya Pradesh, Rajasthan and Uttar Pradesh.
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Opium has been
consumed for
thousands of years
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Dorsal Striatum

Dopaminergic Projections
Dopaminergic regions

Oplates

Dopaminoceptive regions

5 \
‘ F\ ; — GABAergic Projections

L
Ventral Striatum/ (
Nucleus Accumbens

Substantia Nigra

"7 Ventral Tegmental Area
Amygdala

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



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 mptoms and emotional depression

peak symptoms
chills, fever, body aches, ating, depression, anxiety, symptoms can linger fol
diarrhea, insomnia, body aches, anxtety, irritability, restlessness, weeks or months
muscle pain, nausea, irritability, nausea trouble sleeping

dilated pupils

Restlessness, watering eyes, running nose
(similar to a period of flu or viral infections)

* 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)



Cocaine
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Cocaine is prepared from the leaves of the coca shrub < ARG et TIPS f_u,f’

Putumays Nt~ (

Grows primarily in western South America { Ecuador - S &

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

- Bolivia

N Paz\vaﬁ’a oy

® Santa Cruz

First coca-cola recipe had cocaine in small amounts

Now it has caffeine ,
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Dopamine
binding to
receptors and
uptake pumps
in the nucleus
accumbens: the
action of
cocaine

A et %
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




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



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.

0 DYS 10 DYS 3WKS 10 WKS 11WKS 6MOS

| § & | 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 triggers)



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 B oot
material ‘hashish’ (charas) B ooy sutavio

[ ] sutee

* Weed, grass, pot >

* Bhang- wet grinding of the leaves of the plant — this form :’:"‘""’“
has been consumed in India for more than 2000 years e

* Mostly smoked

Written records of cannabis use go back 6,000

years in China, where its stems were used to % A Y T 120006
. R . 29 5 S PO Postulated Origin
make rope, its seeds were used as a grain, and its 4 ; K w2000 K ’r_:/('(//um/;/}
leaves and flowers were used for their ' “ ,#[nﬁn\[ Y
}/y;:(} 1) %,_%
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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.



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
Cortex




Cannabis Withdrawal

Course of Cannabis Withdrawal

* insomnia

* shakiness * irritability
» decreased  * restlessness  * anger
appetite * anxiety * aggression

Severity of signs and symptoms

Days



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

« 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 (%)
0.0 0.7 73

Data Not Available

Diu

Sarn e

Population aged 10-75 years
Source: National Drug Dependence
Treatment Centre, AIIMS, New Delhi
Map: Dipu Rai



.~ Countries where hemp culivation is legal

Sources: Research by Pierre-Amaud Chouvy, Janusry 2019



INDIA

TODAY,
GROUP)

STATE-WISE PREVALENCE OF
CURRENT USE OF OPIOIDS

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

HUSK, HEROIN ALONG WITH
PHARMACEUTICAL OPIOIDS

 All drugs discussed so far are illegal for
consumption in India
* Opium
* Cocaine —doesn’t grow in India
e Cannabis

PREVALENCE RATE (%)

0.7 7.3

Data Not Available

Diu

A meca e v

0.0

4
Population aged 10-75 years
Source: National Drug Dependence

Treatment Centre, AIIMS, New Delhi, as
of 2019; Map: Dipu Rai




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.


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

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



Legal stimulants

* Alcohol
* Tobacco (nicotine)
 Caffeine



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

[ BAC |
.02% to .04% Lightheaded — Relaxation, sensation of warmth, "high,"
 Alcohol produces dependence and tolerance minor impairment of judgment B
.05% to .07% Buzzed- Relaxation, euphoria, lower inhibitions, minor
© Ll . . impai t of i d : ted
 Addiction - to alleviate body pain and mental stress B e
.08% to .10% Legally Impaired — Euphoria, fatigue, impairment in
balance, speech, vision, reaction time and hearing,
judgment and self-control are impaired
« Withdrawal symptoms can be seen even after single bout of drinking bkt Gt i kg e he
epression or unease) more pronounced, gross motor
impairment, judgment and perception severely impaired
.16% to .19% Very Drunk — Strong state of depression, nausea,
disorientation, dizzy, increased motor impairment,
blurred vision, judgment further impaired

* Nausea, headache, vomiting, tremors = hangover

« Withdrawal symptoms of moderate to heavy drinkers are severe

BAC — Blood Alcohol Concentration



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



Alcohol Withdrawal Timeline

|

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

yperactivity, insomnia, and hallucinations

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




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)



Nicotine Addiction Linked to Higher Rates of Alcohol

NICOtlne I the gateway Su bStance and Other Drug Use Disorders

19%
Mild drug = Does not produce a high, euphoria or any impairment like other Wit ‘ o Wi
drugs

Addiction Addiction Addiction

Because of the heightened alertness and concentration, performance improves
- more frequent use

Alcohol Use Disorder Other Drug Use Disorder

Nicotine primes the brain towards addiction of other drugs including alcohol R e
- 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



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 panic and
thoughts of a
lifetime without
cigarettes

Craving starts
tocreepin

Restlessness
Anxiety
Trouble sleeping

Irritable
Anxiety
Heightened stress
Wanting to smoke

Withdrawal symptoms
Easily frustrated and irritable

Headaches

Cravings and physical
withdrawals will subside
Cues and triggers have peaked

Average of 3 cue induced
craving episodes per day
(episodes unlikely to last
longer than several minutes)

THE STAGES OF QUITTING:

20 MINS.
Heart rate and blood
pressure drop back to

normal levels.

12 HOURS:
Level of Carbon
Monoxide in the blood
drops back to normal.

24
weeks weeks

10 2

days weeks

Withdrawal related anger,
anxiety, difficulty in
concentrating, insomnia,
impatience, restlessness,
and depression ends

Recovery progressed to
point where addiction
is no longer the boss of you

withdrawal symptoms after you quit smoking

2 MEEKS:

Circulation and lung
function improve.

.
6 WEEKS:

Your energy levels are
through the roof!

If you are still experiencing
symptoms, it's important
to visit your healthcare provider

6 MONTHS:
Smoker’s cough and
shortness of breath are
disappearing and your
lung capacity is greatly
improved.

1 YEAR:

Risk of heart disease is
half as high as a
smokers!



V4 . . . : }/v -
Insula’s role in addiction S A AL

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
LSD .3

Morphine

Heroin
Amphetamines
Alcohol
Methamphetamines

MDMA

Cocaine

Barbiturates

Cannabis

14 days

o
-t
o

20 30 40 50

Hours

SOURCE: DRUGS ie

After a single use of the drug/alcohol

HOW LONG DRUGS STAY IN YOUR URINE

LSD

Amphetamines
MDMA

Heroin

Cocaine
Barbiturates

Alcohol

Morphine
Methamphetamines

Cannabis

SOURCE: DRUGS.ie

4
4
4
4
5
6
6
30
10 20 30

Days




COCAINE IN THE HUMAN BODY

Alcohol Detection Times

Breath Urine Blood
up to 24 hrs 10to 12 hrs up to 12 hrs

Cocaine remains in

— ' one's system anywhere
from 3.3-5.5 hours.

Saliva Hair

Troddas  upte R dus HOW LONG DOES MARIJUANA
STAY IN YOUR SYSTEM

{ ¢ |}
5 THC will test positive on a saliva test within one
EVIDENCE OF COCAINE Saliva tests h?tur?f utse bl;t not test positive about 12 hour
after last use
m 1 hour —12 hours
- THC will test positive on a saliva test within 2-5
1 U rine teStS hours of use The length of time it remains
u X depends on your level of use.
one time use
; : 2-5 hrs — 1-6 days
Blood Test: Saliva Test: Urine Test: Hair Follicle
up to 24-48 up to 12-48 up to 2-4 Test: moderate user
hours hours days up to 90 days FOSITIVE 2-5 hrs — 1-13 days
frequent user
IR 2-5 hrs — 15 days PLUS
Note: This is a general guide. Factors ke frequency of use can affect the amount of time the drug is evident in your system heavy user
. . POSITIVE
Nicotine
How Long Does Heroin Stay in the HAIR SALIVA URINE BLO0D 2-5 hrs — 30 days PLUS

Some heavy smokers reported begin d
v v v positive 45-90 days after quitting!

Factors that influence how long THC stays in your body:

¢/ e Urine: ' 1) WEIGHT 2)BODY FAT 3) AMOUNT USED 4)FREQUENCY OF USE
e Saliva: ?
Blood : i THC shows uo about 7 days after use in a hair drag
= ‘ Halr teSts test. Most hear drag tests show a 90 day drag history.
® Hair:

Tiays—90dys T

90 DAYS 4DAYS 4DAYS 2-3DAYS




Scale of substance abuse in India

Alcohol is the most commonly used legal psychoactive

substance, with about about 14.6% of population using it

) 13.3
Ganja/charas _
T

OPIOID

- I 2.5
Heroine - 63

Pharmaceuticals - 105
W25

Opium - 51
S TT

Sedatives In— 1.3

Amphetamine- = 1.9
type stimulants 0.7

11
10.32

Cocaine

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

" Estimated
revalence
En millions)

@ Estimated numbers

of harmful use and
dependence
(in millions)

Drug addiction or abuse related suicides in some Indian states
Per million population

Kerala
Maharashtra
Tamil Nadu
Tripura
Mizoram
Madhya Pradesh
India

Delhi

Andhra Pradesh
Punjab

Jammu & Kashmir

14.2

2014



Caffel ne IMMEDIATE LONGTERM

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)

* Caffeine can cross the blood brain barrier + Feeling more alert \ « Diffculty slecping
(insomnia)
* Mild use is helpful but chronic intake is harmful « Anxiety
» Higher body temperature * Depression

* Effect persists for 4-6hrs " Children and young people

who consume energy drinks
containing caffeine may also

® CaffEine binds to suffer from sleep problems,

bed-wetting and anxiety

* Increases dopamine and norepinephrine - addictive

“ * Cardiovascular

« Adenosine receptors antagonist — prevents sleepiness " Faster breathing and - S

heart rate problems
o * Increased production
Caﬂelne Levels by Hour of stomach acid « Heartburn
3 x 80z cups of coffee is roughly 465mg of caffeine. This exceeds the FDA's 400mg/day . :::;TOSS
healthy limit. Given your coffee intake, you might expect restful sleep around 3am. (osteoporosis) in
* Needing to urinate post-menopausal

400mg more often
300mg Can cause dehydration
200mg

100mg

0mg

L(a

S GEw D e Eme G G B Eme g B o G https://www.brown.edu/campus-life/health/services/promotion/content/what-

are-effects-caffeine

=

o
¢


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-on-1) Support Groups

Meetings with

Addictions Counselor Holistic Therapy

Relapse Prevention

Family Counseling Education and Treatment

https://www.drugabuse.gov/

Gateway Foundation

Stay Busy

Set short-term goals to
occupy and motivate you as
you stay drug-free.

Exercise to
Relieve Stress

Aim for 2.5-5 hours moderate
exercise or 75-150 minutes
vigorous exercise per week.

Use Your
Support System

Peer support and recovery
communities are linked to
better recovery rates and will
help you remember the
reasons to stay drug-free.

Eliminate Triggers

Exposure to triggers can
cause a 40-60% chance of
relapse, so take them out of
your life.

HERE'S HOW TO STAY ON TOP OF YOUR RECOVERY JOURNEY.

Avoid Stress

Studies show stress is a large
risk factor for addiction and
relapse.

End Toxic
Relationships

Remove any and all negative
influences so you can surround
yourself with positivity.

Practice Positive
Self-Talk

Believing in yourself is the
biggest part of the journey.
Support and be kind to yourself.

Invest in Others

Adopt a pet.
Volunteer for your community.
Help others with addiction.




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



Vision



The Electromagnetic Spectrum

Our Visual
stimulus

10°"* em 10%em 10 em 10%cem 17 em 1cm 1
' !

T3

Wavelength in nanometers

400 500 600 700 @
1

Wavelength

The visible spectrum

—
—
—
§~~§
e
—
—
—

Gamma
rays

beesviolet

rays

Infraré@akes
rays

Radar

Television and radio
broadcast bands

AC circuits

Copyright © 2008 Pearson Allyn & Bacon Inc.

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

N7
: l’ : : nimals See The World?
-
A -

Bee View
(UV Sensitivity)

Human View
(No UV Sensitivity)

Human View
(No UV Sensitivity)

Dog View
(Some UV Sensitivity)




Figure 6.4 The human eye, a product of approximately 600 million 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) Retina

Based on Lamb, T. D., Collin, S. P., & Pugh, E. N. (2007). Evolution of the vertebrate eye: Opsins, photoreceptors, retina and eye cup. Nature Reviews
Neuroscience, 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



Look at the dot inside the star for 60 secs




look at the dot inside the white box




Look at the flag for 60 secs and then look at the white/blank area






Outer segment
contains
rhodopsin

= /

Rod outer J _
segment e Oil droplet

Nucleus

Rod Cone

(B)

rods

cones

Outer segment
contains
photopigments

Photoreceptor cells in the retina of the eye.

Retina has two types of photoreceptors
* 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

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

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

Retinal Amacrine Horizontal Cone Rod
ganglion cells cells receptors receptors

X \ ‘Q\ cel ‘ - \ l

- P ECEE
b= ”?q N Fo—@-1_ il

o ipas 54 ) = )

(\: 30— Light ’:%ﬁ Back
o< "“’ = =l :;eball

¥
%

To optic nerve
and blind spot



Photoreceptor

—-.":.-' - N J"
"W\-‘_ T 4 i

Bipolar cell

L %

Light
Ganglion cell

To brain

\/

D e\t

Stimulus

Hyperpolarizing
membrane
potential

Depolarizing Recording
membrane of action
potential potentials

Conjunctiva (merges
with Inside of /
eyelids) \

Cornea

)

Lens

Pupil \
(opening \
in iris)

2

T Layers of retina

Vitreous humor
(upper half

has been
removed)

\ Optic nerve

S

.‘/’v" B
/ / G —
<

S Sclera

|
[

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



Receptive field in center
of retina (fovea)

General versus peripheral acuity: ganglion cells in the
fovea receive input from a smaller number of
photoreceptors than in the periphery and hence provide

E’émrllw‘\;{ﬁst @~

more visual acuity e horecapiins i
: cells
) mﬂHLune. T )= ¢
@ A Ganglion
T PP @ ‘ ’ cells
AMPFEEEDA, G
QIS @ ‘. )
ks @~
“ u\mmnmm ..... @)/=x
Receptive field of a neuron is that part ggrcigrggrv; faldly

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.



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 ?



Blind Spot

Optic disk
(Blind spot)

Sclera
Anterior

chamber

Choroid

Cornea
Fovea

centralis

Iris

Central Optic
retinal vein nerve

— 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.




Check It Out
Your Blind Spot and Completion

First, prove to 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).

® @



* If the blindsplot on the retina has no photoreceptors why don’t we
see a black/blind/empty spot when we see the world?



If 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
©



hemiretina
Information from retina via optic nerve - optic chiasm =2
LGN => primary visual cortex Optic nerve
Temporal _ _
hemiretina Optic chiasm

* Allinformation from the lateral (outer) side
of a retina enters the ipsilateral optic tract ,
Optic tract
e All information from the nasal (inner) side
of the retina crosses over at the chiasm

) geniculate
and enters the contralateral optic tract.

nuclei

thalamus

Visual fields and Primary
visual pathway

Primary visual cortex



Temporal

hemiretina
Optic nerve
Temporal _ .
hemiretina Optic chiasm

geniculate
nuclei

Primary visual cortex



Visual experience drives the wiring in the visual cortex

A Normal adult B Monocular deprivationinkitten  C  Monocular depeivation in adult

Evelid — Eyelid
sutured o @ sutured Q’ @
Q) @ ck&wd( - closed” ==

_ Expeniment A Experiment Experiment
Period of Birth performed Birth performed performed
deprivation ! J - n
(months) 0 Nodeprivation 38 0825 38 0 12 38
Contrufateral  Ipsilateral Contralateral l[hil.qlcr.:l Contralateral  Ipsilateral
Equak > - Equak Equal
N r
60 20 20 Temporal
hemiretina
Optic nerve

240 g e e

3 hemiretina RN Optic chiasm
y.2 :
£%5 )
ED 10 IC Optic tract’7]
~% |

= 20 /)

@ - Lateral

geniculate
I nuclei
Ocular 7
dominance 12 3 45 67NR

group

S 123 45 67 NR
Eyvelidea, Eyehdag
— @ @ 00 TR @

Ligh presented
10 Open eyes

Primary visual cortex

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



* How do we perceive depth?
* What allows us to perceive depth?



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



object | object |

e —
- T

Binocular Disparity or Rivalry
(Depth perception)
3D vision

[ J

object 2

N 7 right
monocular ~Qy monocular
B field

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

(a) rabbit (b) monkey

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)

Binocular Disparity




Figure ground
perception






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 Light
Center
1. Spot of light in ’—H—H—{HHHM—«-H—\—H @ l | | | l | | | ”Im-H~H
center ||||||| ||||
Receptive
field
surround
! | | | | | | |
0 0.5 1.0 (s) 0 0.5 1.0 (s)
Time =——>» Time —>»

(@) (b)

Copyright © 2008 Pearson Allyn & Bacon Inc.

Linear receptive field model

Photoreceptors
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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

e

Cell does not fire

Cell does not fire

light on
center and
surround

2

Weak response (low
frequency firing)

e

Weak response (low
frequency firing)



Retinal ganglion cells respond to edges

Input image “Neural image”
(cornea) (retinal ganglion cells)

Edge detection

S R R R, A SN R e A ]

Center-surround receptive fields: emphasize edges.

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



Hermann Grid Illusion 1s Due to Lateral Inhibition?

We see phantom dark spots at the intersections to the side of

N

the focus of vision because .....

///—Mbition from
/ surrounding cells
There 1s
more
lateral
inhibition
at the
Intersection
than in the
middle of a
white bar.

Less inhibition from
surrounding cells

Psvch 353, Mivamoto, Spr'13

®

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

Lateral Inhibition & Edge Detectors 18

Lt

'_..ll_l-_'

._,/

larger response

stmaller response






Variants on the Koffka ring.
(@) The ring appears almost uniform.

(b) When split, the two half-rings appear distinctly different.
(c) When shifted, the two half-rings appear quite different.



So why is B perceived as
lighter?



Simultaneous contrast

/\ Center-on, surround-inhibit

Band pass filter
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NORMAL VISION
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PROTANOPIA

evede

Regular vision Deuteranopia Protanopia Tritanopia Monochromacy

A\ I\ I\ ANENEN

“Blue” 419 496 531 559 nm
1.0 cone v l

“Green”
cone

“Red”

0.5 cone

Relative absorbance

Red and green
wavelengths overlap so
their color blindness
effects can be similar

400 450 500 550 600
Wavelength (nm)
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short vellow

“Blue” 419 496 5(1/1 559 nm
1.0+ cone I

Rod —

()]
2 “‘Green” medium
8 cone
o
8 “Red”
(O]
o 05 cone Iong
=
()]
i
. | 1 1 1 I
CO|Or COdIﬂ g 400 450 500 550 600

Wavelength (nm)

Copyright © 2008 Pearson Allyn & Bacon Inc.

Retinal ganglion cells:
Opponent process coding

Yellow on, Blue on, Red on, Green on,
blue off yellow off green off red off

Copyright © 2008 Pearson Allyn & Bacon Inc.




Let’s do some color perception examples using the graph:

Wavelength of light
shining at your eye

What the Blue Cone
detects

What the Green
Cone detects

What the Red Cone
detects

What color the brain
perceives

A 700 nm light is
shining (gray bar)

The Blue Cone
doesn’t see it

The Green Cone
doesn’t see it

Warvlength (we)

The Red Cone has

a small signal

Only the Red Cone
detected anything, so
it must be

Red

Wkt (mm)

A light of 510 nm

(gray bar)

i q

an - -y m - - - L _J g - ™
Warmlangth (wn) Wawsdangth (ran) Wasekmgth (sen)
Blue Cone detects Green Cone has Redcone hasa
some signal medium signal tiny signal

Blue and Red Cones
detected a little, and
Green detected a
medium amount, so
the color must be

Green

A 600 nm light
(gray bar)

[ .

Wavebangth
The Blue Cone
can't see it

The Green Cone has
a medium signal

Warsedergth (ren)
The Red Cone
has a big signal

It's a lot of Red Cone,
a medium amount of
Green Cone, and no

Blue Cone, so it must
be

Orange

Wirvelergth (wm)

A 550 nm light
(gray bar)

Fad
Come

Blue Cone detects

a small signal

Warmmiogth (we)

Green Cone detects

a large signal

Warvcdagth (m)

Red Cone detects

a medium signal

It's a lot of Green
Cone, a little bit Blue,
and a medium
amount of Red, so it
must be

Yellowish green



R255,G134,B92

-

(ESR)

Original image

R241,G161,B71

R255, GO, BO

R140, GO, BO

R128,G194,B173 R120, G208, B163

R128,G128,B128

R70,G128,B128

R128, G255, B255

Additive color change
with cyan 50% (nonlinear model)



Warm Cool
illumination illumination

Tt

Blue&black
material

White&gold
material

L[] Jljrl

Current Biology




Color constancy

y}@fyggggggg 331 iﬁmﬁiﬁm&m
— Lo
Dorsal \
(parietal) g
pathway
LGN blue red <7
@ \:&-’:‘. : W
QRS (@)
/ S o S¥ 4
Ventral O @)
(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






Intensity of light reflected
from objects (lamberts)

/\ Dazzling light; bright sun on snow

1- Outdoors in full sunlight

- QOutdoors under a tree on a sunny day

Comfortable indoor illumination;
night sports events

LRt 38 Cone vision

Threshold when dark-adapted

@ 1998 Sinauer Associates, Inc.




Class 5
Vision



Orientation and movement
(Area V1)

P Dorsal e V2
// (parietal) <g__ N\
athwa MT )
/ p Yy ~_ \
&
//
// y —?
\\)  Retina Ventral V2
N X (temporal)
\ / \.__—pathwa
S - D Y
ki Stimikia Hubel and Wiesel, 1959
orientation presented
~
(A) Experimental setup (B) = (C)
Light bar
stimulus ~
projected %
i Recording from “ 2
visual cortex %
[l
L

. EEnNE

Stimulus orientation

NNSEERG

0 1 2 3
Time (s)

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



Complex cell

Inhibitory
regions

Simple cell Simple cell Complex cell is excited by all three stimuli
is excited is inhibited
(b)

Inhibitory
region
@ @ * Simple cell: sensitive to particular
orientation of light

Hypercomplex cell Hypercomplex cell
is excited is inhibited

- e Complex cell: sensitive to orientation and
opyright © 2 Pearson Allyn & Bacon Inc. . . . . . .
motion of light in a particular direction,
esp. perpendicular to the orientation

PARN

Stimulus: on off

Preferred orlentation and direction

(movement detectors) | /
| / . SR

* Hypercomplex cell: sensitive to
Simple cell orientation and end of line

Preferred orientation and nonpreferred direction

B HH— .
_/ IR T T
O ;
LA 1
L4
For nonpreferred orlentations, direction
does not make a difference
|
Stimulus: on off

Stimulus Response



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/2076-3425/12/4/470



Cortical Columns

; Le T
Right
Left ——
1 ;—’fﬁ_ff
4 B
5
6
{Blue = fibres from LN for right eyve
// // Red = fibres from LGN for left eve
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/ /,
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Columns of celis with different orientation preferences

The columns are rather disordetly on the
cottex and form a pattern like a finger print.



Sine wave grating Square wave grating

Spatia |freq Uency ' l l l I l I | l I l I Object is too close to eyes Object is far from eyes

= Dorsal e V2
// (parietal) - \
/ pathway MT‘ D \
/ ‘\¢ one degree 7/ one degree
(a) (b)

//";// 5 - Figure 22. Spatial frequency is a measure of the number of cycles subtended at the eye
\ ( tem poral) per degree. (a) One cycle per degree. (b) Two cycles per degree.
\__~ 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

//
p
\

Objects in visual space

Larger ' Smaller
® ... visual visual
angle: angle:
less
. more
& distinct distinct
_edges "edges

< <
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Figure 10. Two point sources and their point spread function at the back of the eye.



| | Object in visual space

(a) '\ N

J LSF in retinal space
Visual perception

()

/\\ / \ LSF in retinal space
il B N (with blur)

M W | Visual perception

(c)

SETTN LSF in retinal space
LN . (withmore blur)

¥Yisual 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/



https://webvision.med.utah.edu/book/part-viii-psychophysics-of-vision/visual-acuity/
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Ventral or “what” stream
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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
/1N )

Simple features
/1\
Retina

o =

‘\_/'\/

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

Thousand Brains Theory

| — — | —r | —

> 3

R

T

Retina

Objects

Objects

Objects


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

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

ONE VASE Of TWO,

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







Dorsal .
(parietal) \ V2

Perception of Form i

* Agnosia — “failure to know” (™ v
N Py
» Visual agnosia (damage to the ventral stream)
* Visual Agnosia video
* Prosopagnosia (damage to fusiform area (FFA))
* Prosopagnosia video
/ |
: 9
Ve - \\\
p / A ( . . .
/ P ( ‘D iﬁ\ Visual agnosia or prosopagnosia ?
! ’ ‘A*’ J 9 4
Fus#form face area ’hN \ i ' ) \
{no1 visibla; on venlral
surface of temporal lobe) gléseifg:;na


https://www.youtube.com/watch?v=ze8VVtBgK7A&ab_channel=michelpixel
https://www.youtube.com/watch?v=vwCrxomPbtY&ab_channel=Coolpsychologist

Visual Agnosia

g)grr?:tlal) V2
pathway MT\
GN \
vy — a—" 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,
‘ :)80{'“\1\2’;“ 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.



Blindsight

Perception without awareness

veeosBut Im

blind, T can'see
any stripes

Blindsight video

Well just
have aq gvess

Um... thea I
guess hocizontal
red Stripes

sy jolyon.co.uk

Dorsal B V2

Damage to? Eethey M

Retina | Ventral V2

(temporal)
N\ ~ 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
Wwas just guessing.


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

Retina

Dorsal
(parietal)
pathway

LGN

i

Ventral
(temporal)
pathway

R V2

MT
=

23—/

vy a—a—""1

V2

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
to look at. For example, while talking with another
person, she avoided looking at the person’s mouth
because she found its movements very disturbing.
When the investigators asked her to try to detect
movements of a visual target in the laboratory, she said,
“First the target is completely at rest. Then it suddenly
jumps upwards and downwards” (Zihl et al., 1991,

p. 22-44). She was able 1o see that the target was
constantly changing its position, but she was unaware
of any sensation of movement.



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

W

/"

1

e ¥
P.S. was presented simultaneously with two line drawings _8
of a house, in one of which the left side was on fire. She ‘ A & ™
judged that the drawings were identical; yet when asked i ' B[]B @
to select which house she would prefer to live in, she One sided world //
reliably chose the house that was not burning.

Hemispatial neglect

Model Patient’s
(A) Normal (B) Right hemisphere (C) Left hemisphere (D) Bilateral lesion
lesion lesion _ QCUDF
\ // N
/ 7

healthy nagloect

i
B

Figure 19.7 Hemispheric Asymmetry in Attention, Demonstrated through Attentional Rays



Normal Visual Field Left sided Neglect No Neglect

N T

Controls ‘i

Normal Right hemisphere lesion Left Hemisphere Lesion

Neglect ——

40° 0 10" 20° 30" 40° 50°
Lef Right

Right Len

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
shifted to a new origin in patients with spatial neglect.
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e How does attention interact with vision?



Change blindness



Change blindness




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: Pavlov.tech S:El @ScienceEvidencelntelligence




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



Does perception need awareness?

* In healthy normal brain



What would happen if someone becomes blind?

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

VIPFC

Posterior
stream
“where”

Anterior
stream

“what”
Superior stream

temporal Inferior ‘what
cortex temporal



Audition



Noise intensity in dB

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

elephant, mole



Anatomy of the ear

malleus ol

malleus
‘lneus

- endolymph
. —
perl|‘y’|‘ﬂph“—-—f_6 cochlear duct section
1

tmpanic membrane tympanic membrane

~\—

cochlear ﬂuiD

baszilar membrane

Ossicles (middle
ear bones)

Adipose B\ Stapes
tissue ol -

Pinna Ear canal Tympanic Round Eustachian tube
membrane  window (connects with throat)
Outer Ear Middle Ear Inner Ear
Compressed

Rarefied (negative ¥ Eardrum
pressure)
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Sound transmitted from air is converted in to a

forceful push by the ossicles to vibrate the fluid | () N i)
in the cochlea. ) I ) | R )
Kinetic energy (air)=> mechanical vibrations = liquid vibrations = electrical signals \'\@/ \‘\‘2 \d\\,,/
Stapes vibrates against l
Incus membrane behind oval

window

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

Oval

; Basilar membrane
window SR

* When the fluid vibrates, the pressure changes in the fluid produce
vibrations in the basilar membrane Malleus

Cochlea uncurled to
show basilar membrane

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

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

Eardrum Round A particular region of the basilar
Unrolling of cochlea Basilar window membrane flexes back and forth
. in response to sound of a particular
) membrana frequency

Copyright © 2008 Pearson Allyn & Bacon Inc.

Cochlear
tnas&rt

Basilar’
membrane

“Unrollad”
cochles



cochlea

* The basilar membrane has hair cells which act as receptors

scala

vestibuli Sound waves cause the basilar membrane to move relative to the

tectorial membrane (TM), which bends the cilia (eyelashes) of the
hair cells.

U SL / (]
Vestibular organ \ _

| * 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.

tympani
T — J——

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

Small amounts of
K* and Ca** enter

ion channel \

Tip link ——mMm—

Larger amounts of
K* and Ca** enter

lon channel S~

basilar membrane

| Organ;of Corti o

Open probability = 0 percent Open probability = 10 percent  Open probability = 100 percent

Force Force
hair cell
&P

|
[
Low rate Mecl Ium rate High r. h a‘[e

Action Potentials in Cochlear Nerve Axon




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



Auditory pathway

Auditory

cortex Primary

. auditory
/ areain
cerebral
cortex

"'\’»_
Superior — 5
olivary complex
Cochlear—

Lateral

cortex

Cerebrum Medial geniculate
nucleus
T Inferior colliculus
Midbrain

Dorsal cochlear

i A / nucleus
— Midbrain ; —
Lateral
Pons lemniscus Ventral
cochlear
nucleus
.
>
Medulla /
L | ]
Auditory
‘ nerve

Medulla Superior /
olivary

complex

. . . C ight © 2008 P Allyn & B Inc.
* Auditory nerve = cochlear nucleus (medulla) = superior olivary nucleus (medulla) > il FRRSRAE B R

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

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/



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/

Perception of Spatial Location (in medulla)

Phase difference is calculated by the superior olivary complex

* If sound is located on one side, it will reach the other ear
180° out of phase

* |f sound is located in front of us, it reaches both ears in the

Sound wave Phase difference of each

wave relative to wave (A)
&

same phase (0 ° out of phase) p

Lateral

/ fissure ; o
o e Pons
v \ ‘ — Medula
- Auditory

\ cortex Sound source
Medial geniculate —

nucleus

Cerebrum

T Inferior colliculus

Midbrain

Dorsal cochlear

A ) nucleus
Lateral \/ \/
lemniscus Ventral
cochlear
nucleus

Trapezoid

Auditory
nerve

Sound waves arrive at both
ears at the same time, with
the same intensity.

Superior
olivary
complex

Medulla

Copyright © 2008 Pearson Allyn & Bacon Inc.
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of very slight differences in the
sound stimuli that arrive at each ear.

Coincidence detector
circuit
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L
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left cochlear
nucleus
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nucleus
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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

fapians0 m

Soft sound has small amplitude
Louder sound has large amplitude

Al
Lo o e B s

IK\K"\T\.
}/”\/"\f\

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

Tonotopic Mapping in the Cat Inferior Colliculus
(A)

Inferior colliculus

(D) 21 kHz

BIOLOGICAL PSYCHOLOGY 7e, Figure 9.8
© 2013 Sinauer Associates, Inc.



Frequency mapping

; Stapes on
/ oval window
/

e ./,,.1,‘ membrane ’ / L

0 Tympanic
b membrane

Scala e
vestibuli Scala Uncoiled Cochlear

tympan cochlea apex

7 % %)
L/ )' X 4
r;)\ \<
\15\( Secondary
i Primary auditory Corresponds 10 Corresponds 10
auditory cortex base of cochlea apex of cochlea
cortex

/" s Cochleabase 1600 Hz 800 Hz 400Hz 200Hz 100Hz 50Hz 25Hz
//" // Basilar -/\ ./\ NS ——/\ ——/\ ——/ —/

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 Hz
(0.1 kHz)

1,000 Hz
(1 kHz)

10,000 Hz

\ (10 kHz)
) 4 a
—

Complex

Courtesy James Hudspeth



Perception of Pitch

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

The case of the missing fundamental



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



Music
perception

the inferior frontal cortex
appears to be involved
in recognition of harmony

Inferior frontal

cortex

Left .. |

the left auditory cortex appears to  auditory
be involved in perception of cortex

Basal ganglia

Primary
auditory
cortex
AudltO_ry_ Cerebellum
association
cortex

rhythmic patterns that are

superimposed on the rhythmic beat

__— Right
auditory
cortex

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



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.

Listening skills usually develop as the auditory system matures.

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”




Auditory Pathways Planning

speech
output

(A) Primary (B)
somatic sensory
cortex
Lateral Primary
sulcus " auditory
- cortex i

O\

Anterior

Posterior
speech cortex
Sccondary auditory (VVernicke's area)
cortex (belt areas)

auditory
comprehensior

auditory-motor integration auditory-conceptual mapping
verbal repetition auditory comprehension
sound localization | analysis of complex sounds
Angular Gyrus

Supramarginal Gyrus

Broca's Area

Wernicke's Area
Primary Auditory Cortex




Wernicke’s area

Asymmetries of the Auditory
System

* |n 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 ) ) 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 the right ear information.
over the left hemisphere, regardless of whether right ear, left ear, or

binaural stimulation is used.

* 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



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.

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

Enhanced responsiveness to auditory
Postetion stimuli in blind people (auditory stimuli

stream may engage the visual association areas in

stream VIere blind individuals)
“what”

Anterior
stream

“what”
Superior

temporal

Inferior
cortex temporal
cortex



e Can you detect additional information from sounds?



Auditory fear processing

Lateral

/ fissure
V \j\\ Auditory

\\ cortex
Cerebrum Medial geniculate
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Dorsal cochlear
nucleus
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lemniscus Ventral
cochlear
nucleus
b L K N P
Auditory
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Medulla W™ Superior
olivary
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Thalamus = amygdala
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cortex

Caudate
nucleus
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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 Cochlear implant.

Sound is picked up by a small microphone (1) located behind the ear and converted into an electri-
cal signal. An external processor (2) converts the signals into complex digital representations of the
sound, which travel by wire (3) to an external transmitter (4), which transmits them as radio waves to
the internal processor (5). Here they are reconverted to electrical signals that travel by wire (6) to the
cochlea, where 22 electrodes are placed. The electrodes stimulate the auditory nerve (7).




 What do these
circular/angular
canals do?

COCHLEA



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
Filled with

* Arranged in a 3D manner endoympn ]
Vestibular Sacs \ ) 4

force of gravity = electrical
* inform the brain about the head’s
orientation

ampullary nerve



Tubs

Working of semicircular canals

C2)

* 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) ms C J
Tum stopped

 Angular leration = electrical signal . o .
gular acceleratio electrical signals No sensation after fluid acceler- Sensation of turning in opposite

ates to same speed as tube wall. direction as moving fluid deflects
hairs in opposite direction.

Rotation%

’/Rmaﬁo”\ ,/_\
S 55 =
B c
Beginning of rotation; Rotation maintained; Rotation stops;

CN VIII endolymph stays behind endolymph catches up endolymph keeps going



ntolithic

stereocilia
*hair cells \ gl ]
: ] . [ °
upright section displﬁced section Worklng Of vestlbUIa r Sacs
f th f th
ﬁ utri-::l:]lﬂr rﬁﬂculﬂ utri[:l?lﬂr rﬁﬂ[:l.l]ﬂ
head upright head bent forward

* 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

€1 997 Encyclopaedia Britannica, Inc.

R * Low frequency stimulation of the vestibular sacs
can produce nausea

Head tilted back Accelerating



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 left

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

veshbular nuc.

Connection of vestibular nuclei to eye movements

Functions of the vestibular system

* Balance

* Maintenance of head in an upright position

* Adjustment of eye movement to compensate for head movement

Pons

Medulla



Olfaction
Gustation
Somatosenses



The pH Scale _—

BakingSoda  Solution Bleach
Tomato Milk Blood

o8

I Acidic Neutral Alkaline |

Stomach Acid Vinegar Coffee Water

Drain Cleaner




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

* Why does food taste bland when you are sick?



Gustation

e Substance molecules act like chemicals that activate the taste

receptors (chemoreceptors)

* There are 5 qualities of taste:
1. Bitterness (alkaline, caffeine, polyphenols)

Sourness (Acidic)
Sweetness
Saltiness

A

proteins

* 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
* Alkaloids produced by plants to prevent them from being eaten by animals taste

bitter

Umami: (Japanese word) means good taste refers to the taste of
monosodium glutamate (MSG), a substance that is found naturally and
often used as flavor enhancer in Asian cuisine

* Umami receptors detect the presence of glutamate, an amino acid found in

Bitter

Sour Sour

Salty%'s ((' Salty

Sweet
[
Bitter ——
'1
S "
Taste | our R
region Salt \
| Sweet
Umami
Fat???




Anatomy of taste buds:

* 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

» Taste receptor cells are have a life span of only 10 days (renewed
regularly)

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

The tongue is covered with
bumps called papillae.

Each papilla contains
multiple taste buds,

N —
Taste buds are filled with \ , :\r ‘
gustatory cells - the cells that

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.

'——r-+——1~—~—+—‘\<~——-The tip of each gustatory cell is

———EE ﬂ__;L*;J | covered with an assortment of

C_I_’__"_'—;;!»_T_-:M bitter taste receptors, which

== _;—_:~—_\_.__‘__—:—!_g;44_) || can detect a wide variety of

P s compounds, Stimulation of any

i g — of these receptors sends a signal
S | to the brain: bitter!




Vestibular

cortex
Somatosensory

Gustatory  Gystatory cortex

A cortex (taste)

Gustatory Pathway

Ventral posteromedial Primary gustatory cortex
nucleus of thalamus

Visual
cortex

Ipsilateral

Different regions in the gustatory cortex code different Aljyade

tastes

Chorda tympani
(branch of Vlith
nerve)

Nucleus of the
solitary tract

IXth nerve

Gustatory information also reaches the amygdala and
hypothalamus which may play a role in reinforcing a tastes CaUda'J(_

medulla
and feelings of pleasure after eating preferred food 47/

Copyright © 2008 Pearson Allyn & Bacon Inc.

Xth nerve

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



* What is purpose of smell?



Olfaction

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

* Taste is not a highly discriminating sense, and there is functional overlap
between taste receptor cells. In contrast, odor is highly discriminating.

* Helps other species to track prey

* In humans, smells can evoke memories

Limbic system of the brain

Olfactory bula
N\

Nasal cavity

|
Olfactory
neurons

Olfactory
epithelium

Air passage



Frontal lobe
of cerebrum

Olfactory tract

@ ‘ Offactory bulb
Olfactory G : Y
Olfactory bulb ~ tract ) ' neuron
Cribriform plate Offactory bulb
of ethmoid bone
Olfactory
(I} nerve
Cribriform plate

"

- Olfactory {I) nerve
Connective tissue

Olfactory
epithelium b
Superior wANS ./ e B

Clfactory gland
(produces mucus)

Basal cell

Olfactory 4 [ | /il
apithelium | / | | W 1\ Olfactory receptor

(a) Sagittal view

Supporting cell

Mucus — e — : . Olfactory hair
' ' -H— Odorant molacule

-

ib) Enlarged view of olfactory receptors
B Jehn Wilay & Sons, Inc,



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

Olfactory bulk

Axons of mitral cells

Mitral cell

Olfactory
receptor

Cilia -
Olfactory epithelium

Copyright © 2008 Pearson Allyn & Bacon Inc.

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

hypothalamus (reception or rejection of food) + hippocampus (memories)



Encoding Odor

. Olfactory bulb L
Each glomerulus receives axons from specific type receptor cells that »

encode a specific odor.

each glomerulus receives information from approximately 2,000
olfactory receptor cells detecting the same odor.

Glomeruli can also inhibit activity in other glomeruli (more active
inhibit less active glomeruli)
* which is why we can mask odors (air fresheners, reuse old food with spices)

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

339 different olfactory receptors. How?

Axons of mitral cells

Mitral cell

Olfactory ; Cribriform
receptor [ plate

Cilia

Copyright © 2008 Pearson Allyn & Bacon Inc.



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

Odorant
molecules

e.g

r#bawegfd%ﬂ@

Receptors

s na on BE
B o e
ith % na g
o B na B
=1 if1 i o
K 0D 0 B

o B pa o
%Wﬂ%ﬁﬂ
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mint flowery sweet spice



Combinatorial coding: broadly tuned receptors

A

Odor ligands

Receptors

Antennal lobe

Glomeruli

Specific receptors for ecologically relevant odorants

A
@ e A

R

Relative
response

"
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' Odorant

receptors
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Description

rancid, sour, goat-like

sweet, herbal, woody

rancid, sour, sweaty

violet, sweet, woody

rancid, sour, repulsive

o Sweet, orange, rose

@ O

fresh, rose, oily floral

. M\'.:IEHFIE:I AFI'EH IJhD.-'-'. BUCK .-’.HI:I I'.DLLEAGLIEIN CELL WOL %6, MARCH E, 18583

Flavour = olfaction + gustation.



e What is somatosense?

* Function?



>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)
~ Naociceptors (pain)




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

Dead cells

Heat

Epidermis

Dermis <

Pain

Cold

Nerve Connective
tissue

Hair

Hair
movement

Strong
pressure




Receptors

Receptive
fields

Response

properties:

Stimulus

Response

Properties of Skin Receptors Related to Touch

Pacinian corpuscle Ruffini’s ending
(vibration) (touch) (touch) (stretch)
Large, vague Small, sharp Small, sharp Large, vague
borders borders borders borders

T T T I
Fast-adapting Fast-adapting Slow-adapting Slow-adapting

BIOLOGICAL PSYCHOLOGY 7e, Figure 8.13

© 2013 Sinauer Associates, Inc.
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Homunculus — “little human”

[}
)
e
P4

Occipital lobes

Primary

somatosensaory
Central sulcus cortex
Frimary motor
cortex

Cantral sulcus

M\

Frontal lobas



Vestibular

cortex Somatosensory

Gustatory
cortex (taste)

Visual
cortex

Olfactory cortex

Auditory cortex

© 2011 Pearson Education, Inc.

Primary

, somatosensory
cortex
Right
/ Hemisphere

Primary
motor
cortex

Central /

sulcus ' i
~ Calcarine

fissure

A

N
- x"““ cortex
Lateral .
fissure
Primary auditory —
cortex Y Left Hemisphere
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Perception of touch

* Mechanoreceptors respond to mechanical stimulation

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

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

* fingertips for precise movements like playing the violin need very
accurate tactile and proprioceptive feedback

* corresponding contralateral hemispheres in such people allocate
more cortex to accomplish such fine tasks

\
2 \
\_’__‘/— e UV Uy
- -

Primary motor cortex (M1) Somatosensory areas 3a, 2

e )} \ y.T/‘Thalamus A
p

5 . J r .
o 7 d e 7

Spinocerebellum
obule VIIB, VIl etc

Spinal cord

Vibration stimulus
Group la afferent fiber

L

NN NANN(

la afferent activity

U\ Vibration frequency

o ——— 111 1 M

la afferent activity

_/— Muscle stretching



Tactile Agnosia S_—1 é S
(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 ':\.;/':@ w_—;
draw them accurately. (b) Drawings of objects felt but not seen by N
E. C. The patient could neither recognize the objects by touch nor

draw them accurately. r— ——x<2
(a)
P
Tactile Agnosia (Astercognosis) @ é@
» Inability to identify object ?
by touch (in the absence ) )
of visual input). caseetape Srgr?%?er Etliigptor
(b)

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

WHAT IS THE SOMATOSENSORY CORTEX?

somatomotor cortex somatosensory cortex
frontal lobe

parietal lobe

_occipital lobe

Tactile Agnosia — deficit in tactile perception o
L cerebellum
Damage to the somatosensory association cortex temporal lobe =2

medulla oblongata
spinal cord



Perception of Temperature

Hypothalmus

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

Humans can detect a wide range of temperatures
* 8°C(noxious cold) to 52° C (noxious heat)

Anterior hypothalamus = maintaining body temperature

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

Number of Skin Temperature Receptors

Head 21%

Hands: 5%

L Q) Ams 13%
Trunk: 33% §0R. O

Lower Legs 8%

] 5 10 15 20 25
Percent Total Receptors

Warm receptors

Cold receptors




PIEZ02

Touch
Proprioception

Temperature
Heat pain

Mechanical pain
Urination
Respiration
Blood pressure
Skeletal remodeling

Core body temperature
Inflammatory pain
Neuropathic pain

Visceral pain
Protective reflexes

Nobel prize in Physiology/Medicine 2021 —

PIEZO1
PIEZ02

iR B R EU R TR

‘Closed —

Mechanical force

lons

© The Nobel Committee for Physioloay or Medicine. lllustration: Mattias Karlén

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




Ascending dorsal column-medial lemniscal pathway to primary sensory cortex

/ Somatic sensory cortex
(postcentral gyrus)

Forearm and
hand area

Perception of Pain

* 3 types of pain receptors

1. Pain due to intense pressure — striking, excessive
stretching or pinching of skin = high threshold

Thalamus
= > Ventral posterior

Third ventricle lateral nucleus

2. Pain due to extremes of heat to acids and capsaicin

(chili peppers) causing inflammation = el
3. Pain due to internal injuries or disorders — migraine,
damage to muscles, cancer, etc. L
 Accomplished by free nerve endings

Sensory decussatior

Gracile fascicle
Dorsal root .

f eate fascicle
ganglion

Spinal cord i



Effects of pain Brain Regions Involved

. Sensory component Pathway from spinal cord to thalamus
y p e S O p a | n to primary/secondary somatosensory
cortex
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



l Muscle

Pain ;
tension

Chronic
Pain

Reduced Reduced

movement Cycle 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.)



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
cortex

\

Ventral posterior
nucleus of thalamus

Midbrain

Medial _—

lemniscus

\ A / Nuclei of the

) dorsal columns
\ / Medulla

Dorsal columns
(precise touch,
kinesthesia)

Spinothalamic
tract (pain,
temperature)

Dorsal root
ganglion

Spinal Cord

Copyright © 2008 Pearson Allyn & Bacon Inc.



Congenital Insensitivity to Pain

Simple withdrawal reflex

This interneuron excites
motor neuron, causing
muscular contraction

<«

Brain

This muscle causes
withdrawal from

source of pain Dendrites of
Spinal sensory neuron
cord Motor detect painful
neuron stimulus

Axon of sensory
neuron (pain)

e

"A"

Cross section
of spinal cord

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



Preventing withdrawal reflex

This interneuron excites
motor neuron, causing
muscular contraction

Neuron
in brain

Brain This muscle causes

withdrawal from

Axon of neuron e > Motor Axon from source of pain
in brain : neuron | — neuron
in brain

Spinal cord Axon of sensory

neuron (pain)

d . § Cross section
M of spinal cord
This interneuron inhibits

motor neuron, preventing
muscular contraction

Copyright © 2008 Pearson Allyn & Bacon Inc.

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



Split brain

Splitbrain patients have undergone surgery to cut A word is flashed briefly to the
the corpus callosum, the main bundle of neuronal right field of view, and the patient
fibres connecting the two sides of the brain. is asked what he saw.
I:l O < Visual { )
", o fields
Input from i 4 3
the left field
of view is
processead
by the right Corpus
hemisphere callosum
and vice
versa.
: The callosum tissue seen in a healthy brain (bright white in top image)
Because the left hemisphere is dominant retracts after a corpus callosotomy, leaving just the ventricle (black).
. for verbal processing, the patient's
Left \,...-: Right answer matches the word.
hemisphere "~ 5 hemisphere T —
_ Cerebral - q
r Spinothalamic Dorsal column
. d ) Pain/temperature Proprioception/vibration
. . . . 2 ' Pineal . .
Tactile and visual information reaches the | gland Vital Gnostic

contralateral hemispheres through nerves that cross
over below the corpus collosum.

However, visual information in the right hemisphere Suprachiasmati
travels to the language center in the left hemisphere ke
via the corpus collosum Pituitary




Olfactory pathways from
the nose project through
the olfactory bulb to the

olfactory cortex.

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

Equilibrium pathways
project to the cerebellum.

Motor areas:

Primary motor cortex
Motor association area
Frontal eye field

Sensory areas and related
association areas:

Primary somatosensory cortex
Sensory association area
Wernicke's area

Prefrontal cortex:
Broca's area

General interpretation area
Primary visual cortex

Visual association area
Primary auditory cortex

Primary somatic

Auditory association area
sensory cortex

Equilibrium

7%
\
0



THE SENSES INTEGRATION OF THEIR INPUTS END PRODUCTS

speech N
ADTICOTY, CICBITONR o e s s e S e e i
language
Vestibular (gravity — q S e S Y h s i i ).; _______
and movement) eye movements ability to concentrate
posture o ability to organize
ody percept
balance 3 RREER
>. R self-esteem
muscle tone coordginati
sides of the body selfcontroi
gravitational eye-hand
, _ security motor planning coordination self-confidence
Proprioceptive
(muscles and joints) 5 A S — "> ________ > —————— = academic learning ability

activity level visual perception

capacity for abstract

attention span purposeful thought and reason:ng
\ activity
sucking emotional stability specialization of each
. side of the body anc
Tactile (touch) . __ . % g 5 ORI _ the brain
mother-infant bond
) tactile comfort )
NVISHAL (IR . el i i i st e e e R J

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



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

| have Sensorg Processing
Disorder
I'm .ove’rlg sensitive [R sl

4 ekl hair brushed,
to loud sounds. wclitiad o auk

| have trouble 2
l—'ocusing/
conce'n'ttﬁating. I bika be_in3

C\, @  1 tickled or

| have poor fine
motor skills, such as
handwriting, and
cuttin3

| am a pic_kg edter;
| resist new foods

\ 3

| hqve poor gross wotor | seem to be unaweadr of
skills such s runnin normal touch dnd pain. |
or ridin3 a bike. | chew on  often Feel others too soft

evet‘g_thinj. or too hard.

and textures

.,



o~

Treatment based on subtype of the
Sensory Processing Disorder

ha

Commonly observed in Autism
Spectrum Disorder (ADD, ADHD,
Asperger's syndrome) and other
developmental disabilities

Sensory Sensory Sensory Based
Modutation D'SCA"'"""C_‘“O” Motor Disorder
uditory: Did she say cat, cap, or pack?
/ | \ Tactile: [s thata quarter or a nickel in / \
my pocket?
Sensory Sensory Sensory VISI;?;;\t}th.{S?elsﬂ]ekeythatlooks Dyspraxia Pgsfuml
Over Under Craver Proprioceptive: How hard should I D‘sordgrs . . . .

Responsivity Responsivity . . push this forward to move it, but slow and * no internal motivation to move (e.g., run, jump, skip, hOp)
fidgeting, not break the glass? « difficulty using both sides of the body simultaneously (e.g.,

Hypersensitive
dislike for textures (fabrics,
foods, grooming products),
discomfort towards normal

sounds, lights, temperature,
movements, smells, tastes

Hyposensitive
tardiness,
sluggishness,
slow reaction

3 MIND @) HELP
Sensation/Touch

uncoordinated
movements or
poor handwriting,
dropping objects,
stumbling,

e

im pulsiveness, Vestibular: Which way am I turning?

seeking or making
loud, disturbing
noises

Dyspraxia is the inability or
can become (Sl”’lpm difficulty with three aspects
painful Under-stimulated of completing a motor action:

Over Sensitiveness Under Sensitiveness 1) ideation,
o Sensory Avoiding o Sensory Seeking 2) sequencing, and/or

3) motor execution

Thinks apparel are too

< scratchy or itchy )

< Unable to sit still

—<T hinks the light is too brigh>

C

Spin continuously
without feeling

Y

Thinks sounds appear
too loud

Qon’t pick up on social cues

Believes soft touches
feel too hard

< Seek visual stimulation

o e e

—< Have behavior problems >

E

Have problems with
sound sleep

YT

MINDJOURNAL

catching a ball, rotating trunk to cross the midline of body
needed to ride a bike or hit a baseball)

challenges with following a moving object with eyes, noticing
what happens around him using peripheral vision)

inefficient vestibular (awareness of where he is in space)
Inefficient proprioception (awareness of position of muscles and
joints)

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



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 disorders have decreased struc-
tural brain connectivity in specific sensory regions different than
those in autism. Here's a closer look at the areas affected.

Sensory Processing Disorder only

Area Affected: .

Autism Spectrum Disorder only

Areas Affected:

- Inferior fronto-
occipital fasciculus
(IFOF)

B Fusiform-
amygdala

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

Autism Spectrum and Sensory Processing disorders

Areas Affected:

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

I Posterior corona
radiata (PCR)

- Dorsal 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
— by Art therapy
Repetitive movements :
Concentration/engagement
Costumes

_ 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


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?



Vestibular
cortex

%~ Gustatory
h cortex (taste)

Synesthesia

* Routing of senses is not typical

How | See Numbers

0 f 3 4 9

Mavy Blug Silver Yellow Blus: Fink

6 7 8 9
10 84 56

Eighty-Faur Fifty-Six




Synest

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

Emotions - > colors
Emotion - > smell
Emotion - > flavor
Emotion - > pain
Emotion - > smell
Emotion - > temperature
Emotion - > touch
Flavors - > colors
Flavors - > sounds
Flavors - > temperatures
Flavors - > touch
General sounds - > colors
Graphemes - > colors
Grapheme - > flavor
Kinetics - > colors
Kinetics - > sounds
Lexeme - > touch
Musical notes - > colors
Musical notes - > flavors

hesia

Musical sounds - > colors
Odors - > colors

Orgasm - > colors

Pain - > colors

Pain - > flavor

Pain - > smell

Pain - > sound
Personalities - > smells
Personalities - > touch
Personalities - > colors (auras)
Phoneme - > touch
Phoneme - > flavor
Phonemes - > colors
Smells - > flavor

Smells - > sounds
Smells - > temperatures
Smells - > touch

Sound - > flavors
Sounds - > kinetics

THE SYNESTHETE'S VISUAL WORLD

With synesthesia, the visual data goes
through additional areas of the brain that
are meant to perceive smell, touch,

sound, and other senses.

Sounds - > smells
Sound - > temperatures
Sound - > touch
Temperatures - > colors
Temperature - > flavors
Temperatures - > sounds
Time units - > colors
Touch - > colors

Touch - > emotions
Touch - > flavors

Touch - > smell

Touch - > sounds
Touch - > temperatures
Vision - > flavors

Vision - > kinetics
Vision - > smells

Vision - > sounds
Vision - > Temperatures
Vision - > touch

When we see something
with our eyes:

» That data is sent from
the eye to the visual
cortex.

* It passes through areas
of the brain that
evaluate it to perceive
shape, color, size, etc.

.

This is how extra attributes
are added to certain things
synesthetes see.

STINIULATION

vision:
codour
shapz
sexture
malicn

hearing:
timbre
pitch
intensity

touch:
lempe e
[Le=d BV
LERL]

raste

smell

SYMNAESTHESIA

vision:
calour
. shape
lexiure
molsn

e

i pitch
g inersity

THE SCIENCE BEHIND SYNESTHESIA

hearing:

touch:
LEperalre
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The perception of our different
senses is created and stored in
separate areas of the brain.

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

In normal development:

» By four months, overlapping
neural connections are pruned
out.

« The vision center is separated
from the hearing.

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

\ In synesthesia, connections remain between two or
. 'D more centers, especially those located close to each

other, such as taste and hearing.

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:



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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