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N B I3y w
“ Senta ineryus o ¥ ﬁ:?ﬂf & % 3t (Central Nervous System)
system s y
Peripheral nervous o (b ral n)
system

> % %% (spinal cord)

« % 4 & % 3t (Peripheral Nervous System)
> 4 5 (somatic nerves):
fFR T

o "o#! (& (cranial nerves) @ 12%t
¥ #¢  (spinal nerves) : 31%f

> p oA ‘s‘;‘_(autonomlc nerves):
° g‘ _?‘:— /:l i fg‘rm % xS
o % R A (& (sympathetic nerves)
o 7% R A & (parasymapthetic nerves)

o FE P A 3 (enteric nerves)

® Biological Psychology 6e, Figure 2.8 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @® 3
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GOV
umans, we can
identify galaxies light

ears away and we can
particles smaller
an an atom, but we still

er that sits between
ears.

dent Barack Obama
e BRAIN Initiative

“As Humans, we can identify
galaxies light years away and we can
study particles smaller than an atom,
but we still haven’t unlocked the
mystery of the 3 Ibs of matter that
sits between our ears.”

the WHITE HOUSE

PRESIDENT OBAMA I5 CALLING ON THE 5CIENCE COMMUNITY

RAIN RESEARCH
THROUGH ADVANCING
NNOVATIVE

INITIATIVE ieurotecHnoLosies

\ Approximate investment to give
/] scientists the tools they need
to get a dynamic picture of the
brain and better understand h

5



oN>
3
P \ad
3
q
a'.u\
%
AN
7=
% NS
2
> xf
N\
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Fal
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N

W / N S\
Hamebpr N L A | ¢ & U o
TAILR ] < y w = T

o #U & tmiz
(Glial cells): § %
FEF RSB

. = _, A ELEY e

| %'{«'1001—31;; Pe 38 1T o

Gl BUEL L

o (Glial cells outnumber

410007 2 1 o Neurons 10:1
| 7 A FR R

® Biological Psychology 6e, Figure 2.4 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 6
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A e A BE

(1) Multipolar neuron

(b) Bipolar neuron

(c) Unipolar neuron

Input zone, where neurons collect
and integrate information, either

from the environment
or from other cells

Dendrites

Flow of information

Integration zone,

where the decision
to produce a neural
signal is made

Conducting zone,
where information
can be transmitted
over great distances

|

) 4

Output zone,
where the neuron
transfers infor-
mation to other cells

terminals

terminals

Lo
4k Jmve

AR e A

Bk fm e

® Biological Psychology 6e, Figure 2.5

¥ g

R e

(structure) ~ # st (function)
5 & /] (size)jA s HE o
Structures: unipolar,
bipolar, multipolar...

Functions: sensory, motor
or inter-neurons; can be
excitatory or inhibitory.

Each neuron makes 100 —
10,000 connections.

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 8



A e A BE

o R F A &= (Sensory neuron): #-% ¥R K X BHrE T T
5 P FRAY 5 % SL(CNS) B

o FH A & (Motor neuron ): #-v {14! &% B3 4 KR 2
LA wj{ iR EY

o ¢ A A & (Interneuron): - F 4 &~ 4 B3 FHA

FAdH B P A g

o # &4 % (Neural circuit): A set of neurons that affect one another.
I o

Motor neuron

S v ‘ Muscle

Spinal cord

Sensory neuron

(] G1B03F0T ®9



A K53k B (neural circuit) — AR & AL

(a) The visual system represented as a neural chain

, Reiina \i Optic nerve Er Briin N

-0 e ¢ ¢
Retinal Bipolar cell Retinal Thalamic Cortical cell
receptor cell ganglion cell

cell

(b) A more realistic representation, showing convergence and divergence

Co_n /@'. ,%3\ ); : jﬂ:l:(
g@nce

0N
HHA

/ Brain
The information ...which diverge
from 100 million to ultimately
light receptors influence billions
converges on of cortical neurons.
1 million axons...

) Biological Psychology 6e, Figure 3.18 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @® 10



clbnig. 5% e #t% (dendrites) : receiving information
Dendrites < SSS3e | zone from other neurons.
Lo " e tm¥& §Y(soma): receiving and combining
inputs from other neurons.

> ¥ 4 %8 (mitochondria): produce energy.
Axon-—_____ » ¥z % (nucleus): contains genetic

PR instructions.

zone

> 1 pE %8 (ribosomes): translate genetic
Instructions into proteins.
e $h % (axon) : transmitting the cell’s
electrical impulse away from the soma.

b= ouwput ¢ PHR K ¥ (axon terminals) -
| communicating the cell’s activity to
other cells at synapses.

® o11



A5 m e end & 24k dendrites and axon

 Distinctions between dendrites (£ % ) and axon (fh %)

TABLE 2.1 Distinctions between Axons and Dendrites

Property Axons Dendrites

Number Usually one per neuron, with Usually many per neuron
many terminal branches

Diameter Uniform until start of terminal Tapering progressively toward ending
branching

Axon hillock Present No hillock-like region

Sheathing Usually covered with myelin No myelin sheath

Length Ranging from practically non- Usually much shorter than axons

existent to several meters long

Dendrites

Axon terminals

Cell body

J.
[ J Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 12



# Gl ehd & B4 axon

* Axon (Cont.)

» &gi (Myelin sheath): the fatty insulation around the axons that
improves the speed of conduction of nerve impulses.

> & 2§ < & (Node of Ranvier): gaps between segments of myelin.

> FEMEAE (Mult1ple sclerosis ): a demyelinating disease (p %4 %
g o ML L % LSRR o I A s £ L G ¢

iR A 3R el A)),

. Oligodendrocytes

\ <
Nodes of ——=rpx
Ranvier -

/

Myelin “Axon

® Biological Psychology 6e, Figure 2.6 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 13



MO e g gt B e de @i 4, ?

e Electrical signals (% 3t 5.) — either within the neuron (membrane
potentials) or between neurons (gap junctions)

e Chemical signals (it & 3% 5.) — between neurons
(neurotransmitters and receptors)

Dendrites

|

Axwan terminals

Mucleus ,f"’/{_ f_/;
.
g‘g

Mode of Ranwvier

Myehn
..-—l-'-'-'
e — =

J AX0n Synapses

Cell body

® 14



A 07 i (membrane potential)

o A &g (membrane potential) : fmE B kR v A
il ’#7 KIEES N s AR LN 'R s o = (cells contain many proteins
which are negatively charged) ©

Reference
2 y 1 < electrode
o H Flimie iy p b
y 2 1;5 VS A g S v P uy Z. 7 v
' I% m 5 ~7 = 7 - = q - \
o : 5 ]"‘ _;:E. %‘F‘\ " A ) Amplifier - N
FHWE = ;
Recording i N
( re St N g mem b rane electrode '/,' \\\
otential) [ W
p 7 There is zero potential = —30
. ) I difference when the two E
/J > 3 E ,’3‘ —60 I I I \/ electrodes are in the bath... —60
(-50 ~ -80 mV) v Tme
Microelectrode
enters cell
0 :
| | ...but when the electrode
enters the axon, it records a = —30
negative potential (the
inside of the axon is more —60 \
negative than the outside). J
-90

Time —=

® Biolegical Psychology 6e, Figure 3.1 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 15



%d £<<< R

==h 7

5 C%-q, 12

o mRe R e i A
B "5 B (phospholipid bilayer)#7 4 =

K

%

> it (polar head) : ®if& 12 (phosphate
group) ° «_#. K4 en(hydrophilic)

> ZH4m 4 =8 (nonpolar head) © g %% & (lipid
acid) ol BAUTIZHR T R W A S
= &Kt en(hydrophobic) o

Fl' jI S

> ;%;g *g i (ion channels)

> &iE

& + (transporter) 2 I /i (pump)

Cell Membrane

Hyidrophilic Region

"water loving™ "’
= - S ; - -~

Hydrophobic Region Transport Protein

"wrater fearing”

Extracellular space >
Ionchannel '

Receptor
molecule

Cell |- [
membrane  Channel gate 7
Voltage-gated

space Na* channel 016

Intracellular



#OGER
e #F b T 1 (resting membrane potential) - F] 5 m Pz Hp
(intracellular) 22 tm®2 % ¢} (extracellular)=hi 33 (cations)? §
4t 5 (anions) FEEE A~ F 7 35 o

e Extra> Intra : Na™ and
Cl- (4 33 sodium §2 %
&t~ chloride)

e Intra > Extra : K" and
anion” (4% &+ potassium

H-e T #)

® Biological Psychology 6e, Figure 3.4 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 17



#F 7 > (resting membrane potent1al)m‘¢#f 1B F phinie
S ok T R L ehd B (MBS L b)) o

Particles move from » Diffusion force (FFHT/R # ):

areas of high concen-

tration to areas of low dI'lVe K+ out
concentration. That is,
they move down their 1 E I S A
) : concentration gradient. | > EleCtrO St.'c'ltlc forces ( T w )
C e keep K™ in
- ..:. .:- : . ; ﬁ [ ] ’
Sl i (c) Electrostatic forces

Like charges repel Opposite charges are

(b) Diffusion through semipermeable membranes each other. attracted to each other.
A [ " A T
PR E—

o . ‘e .

o -—® ®—> — (=) -
’ * . .. ! * .
. L * 9 =* L - [ ] ] * L]
. ° (] .

® Biological Psychology 6e, Figure 3.2 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 18



o WITRAI EET I hTHFL R R4 FF (The sodium-

potassium pump).

« 44230 (The sodium-
potassium pump): 3
sodium out for every 2
potassium in, need energy.

o R > ¥ gé I gj'—
(Equilibrium): 4= &g+ &5
Ah AR S 2B ) e e
FIPEF i
[forces exerted by 10ns’
concentration gradient (OUT)

and by electrostatic pressure
(IN) are balanced.]

® Biological Psychology 6e, Figure 3.3

(2) The sodium-potassium pump (¢) Equilibrium potential

Ion pump

s +
@Na
e ®

Mitochondria

(b) Membrane permeability to ions

K.+
channel

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 19



w3 T i (local potential ): @ %) Hyperpolatizing (i Diepalising
[;] ;F: ,J /;3: ’,}“‘m CER ;::-'—é_ 40 stimuli stimuli
2] TR (7 2
?ﬁ)’ KJ—%ESFE'I&&QT Ti
me —
Eﬁﬁrﬁﬁiﬂ dem MR ]
Responses Responses

1 Action

0 potential
““ N IR S T L 7
A F PR3 A T 'ﬁ Depolarizing~ |40 jossshold L} Ll _ Threshold
ﬁ ., r'g ig;} 15 )93—:" > o responses ~40 ]
‘?_ ’]‘é " 1 ) - Hyper};:;;r(i;isrg Resting potential Subthéshold Restingl
( rcpo ariza lon) - Responses responses potentia
,:B s ,;F, 4 .
2 i _]a_ % J # Eﬂ%‘f .lE = gg Afterpotential
f:‘_'_ o > _28:
£ — 401
-601
i #& 14 (hyperpolarization): - 801
22l s o\ 2R A X H ook
o ¢ SN FR A A ﬁ oo Increasing the strength of
B H 2 > L3I TR o Farther from the depolarizing stimuli leads
SR =T — TR = stimulating electrode,  to increasing depolarization
hyperpolarization of the neuron until the
occurs s_llrful_tanecmsly threshold is reached and an
but is diminished. action potential is generated.

® Biological Psychology 6e, Figure 3.5 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 20



&8 7 = (Action potential ): & 3 & 7 si(depolarization) 4 4%
7 — B i@ (threshold) » "R =] — i |58 hR =10 > fz

& /& # 7 = (initiated in the axon hillock, between soma and axon) °
W R s Y B - T hE g R oo

Refractory period
A

'
Absolute Relative
A M
50 —_

5
F 3 I
depolarization 30

of the axon ;:. Positive polarization

results in an
action potential. 0~
v The membrane potential at any
o given time depends on how many
and which channels are open.
4G Threshold
—60 Resting / Return to
potential resting

1 e

potential

® Biological Psychology 6e, Figure 3.6 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 21



L 2 ':’:F? /f‘-r
‘=7 B —
Refractory period ®
A
4 p
Absolute  Relative
A,
N \- 1)
30 - . 2)
Positive polarization

The membrane potential at any
given time depends on how many 3 )
and which channels are open.

0
mV
| Threshold

Afterpotential
Restin )

potential _7//L=—
Absolute refractory period (& ¥+ & & 2p):

no amount of stimulation can induce
another action potential (period 3).

resting
potential

4)

Relative refractory period (4p ¥+~ 3 #p):
only a very strong stimulation can produce 5)
another action potential (period 4).

=l R s o

Resting period.

resting potential reaches threshold
(-60 mV =2 -40 mV).

4 & it : the membrane potential
reaches +40 mV (influx of sodium
ions, voltage-gated Na* channels).

£ 1& it : The membrane potential
reaches -70 mV (outflow of
potassium ions, Voltage-gated K+
channels, afterpotential — the
undershoot phase).

The membrane potential reaches
the resting level (-60 mV).

®22



A} r y2

B T g

» Action potential: neural impulse (% 5 ##>) or spikes.

> -+ (ions):& ) 3+ ¢ if (ion channels) & 2 & et % o

> 7% 2 &M (All-or-None law) rrév
r]ﬁb“/ﬁfm"’lmﬁ’”r{% kL

2 g R

%’%f\@‘ﬂ”“‘ﬁﬁ ’

\
s\
<)

» p {7 @ & (self-propogated) and # # 5 (non-decremental)

.0 2 5 8. o Neurotransmitter
& gl @ @ @ @ o @
@g@@&)@@@ 6&}@@@% @@@@@g _:_ release\ ¢
e R S T \J e
.' B@GO@&;@@ | 0066900 | 606?00 ( e
l ® @E} =} @@Q@@ @@ (:)@@ —— o
0 Direction of L% T e

At rest, there are lots
of sodium (Nat) and
chloride (Cl7) ions

outside the cell mem-

brane, and lots of
potassium (K*) and
anion (A™) ions
inside.

An action potential is
triggered when the
neuron is stimulated
strongly, causing the
ions to change their
balance on the out-
side and inside of
the neuron.

Positive sodium ions
from the outside rush
in, pushing out ions
from the inside.

= action potential

When the ion exchanges reach the end
of the axon, they cause transmitters to
be released from the terminal buttons.

23



Action
potentials

Stimulus

Strong stimulus

Action I | ‘ Hl” ”“ | ' |||j]||] | |
potentials i | |

(o] P

___ Off
Stimulus

Time —

~
Presynaptic
recording

- EPSP

NS Posts{ i i
ynaptic recording
L\ T T T T T ~
) 01 2 3 4 5

Time (ms)

- ) Y
Presynaptic
recording

7

/ e |ESE
u’osmmapﬁc recording )
1 T T T T T

01 2 3 4 5
Time (ms)

7% # § =4 (action potential):
-- All-or-None

-- Fixed amplitude: ~80-100 mV
-- Duration: ~2 ms

-- Refractory Period: ~1-3 ms

-- Limited rate: 100~500 per second
-- Communication over distances

-- Rate code

a7 =41 (local potential):

-- Graded - with intensity

-- Passive decay - in space and time
-- Summation - in space and time

-- EPSP (excitatory postsynaptic potential)
-- IPSP (inhibitory postsynaptic potential)

-- adding/subtracting signals locally
-- Amplitude code

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 24



o enid

Electrode

N
o
I

position 1

Depolarizing
stimulus
{ wJ

ey

\.

Recording Time —
electrodes Electrode 10 .
Stimulating /]\ position 2
electrode
‘N ~
. £
) —60-
Direction of . J
propagation ity
Electrode
=2k €l ~ -7- — zgcc -
A AR s R e L m‘:l & g position 3 40 |
g FRIFEER - A m W
AR LR Af e B o :
BT - LA B A SR — j
P - BRI R L AP fme
ho h FLERLR R -

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology
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{
|
\
S
1 msec later
y |
. - — ]
2 msec later
F’r“
8
3 msec later
[ )

GRS § A
Pac o & FARIT R R L
Ta® o AL AR 5
AT R B S T

TR TR = O <

AP ReAE R G A
NINIVE: S | IR SEY 1
AERT o E AR g
IR A Rer i B N

i@ o

d 2B e il ik 4R 40 A
3 - BLERIRAC 0 il
KT G EE BB o
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> 1B ¥ & (conduction velocity): varies with the diameter of axon, example:
2 um - 5 m/s; 20 um - 120 m/s; up to 1/3 the speed of sound in air.

> AR e e TG AR P [ ST

passive conduction:= ;N A fiigm F RAEHF S § oo

> A G R 3Een . FE (membrane resistance)A% < f] {{: AR L AT fmve 2 o o

> A & fm P2 50 F % (membrane capacitance)AX 3 B E rA% S LR T E M
F oA iE o

PRl g @R R L R LSRR PR E R AL
o~ P& m ff 0 % ihvoltage-dependent ion channels o smerifd 57 & i
a3 it o 5 RE E LB AT ET o

> ERRE A A EE Sl mmA Aode A UM EBER FORELAR -
EEE R R A Rl e e L LA LA

> T F R dex Peenil 2 NeE 9

®27



BT i %J
o #xa (myelin sheath) 74 5y
>R B A - B A ERER T Aoep KD o [ el ]
B ORCEE F o M BRI (hE R
O AR o B e A SR B HE T
POEL GG DU TP e e F LY AR

>R g Az BRFMR > on A A R02F2.0mmiB T k- B figdT
3 @ 2L X & (node of Ranvier)® » 33 ¥ U p d ko i
“T3) ePpeEE 3% 1@ ¥ (saltatory conduction) -

Depolarizing
stimulus

\

Myelin sheath
Decremental Action potential
conduction under is regenerated
myelin sheath at nodes of Ranvier

) e 28



‘J’é R il %J
B 7% @ ¥ (Saltatory Conduction):

> active + passive : 31 #2245 @,ﬁg] LH g
> 2-:% :100 m/sec °
> &4 i £ 3 4 sodium potassium pump@ E R ‘Jﬂ'%ﬂi ATP -
> a g WA Rdmeadd K B RE <A K g o
> 2 5 A i g (multiple sclerosis) 7 B -
Mysiin Nodivof o

sheath Ranvier

1 msec later

® ®29



v E R P AR AR HATP -
R D A R A

BooRimre s AT A G L T R

-

P PR B EREMRI) 3B R4 %S B e §
/}E}i % g %4 LRz & 3 erfe "5‘_/'@@7"); '4%, pli% E?’?(;%gﬂ'
LRI ) -

sheath Ranvwvier

1 msec later

@30



A & % ¥ (synapse)

o R miz i

Presynaptic )
e DI (presynaptic membrane)
(Pogied) > R 8 *z £ (synaptic vesicle) :30-
Mitochondrion — 140 nm

_ ># & 8 H 2% (neurotransmitter)
~ Synaptic

i\ / vesicles X »# %3 & % (neuromodulators)
» Presynaptic— o 7% g% (synaptic cleft) :

membrane , PP
20-40 nm, &% iE * F 7 Gk
Synaptic cleft —~ A2 4

Neurotransmitter e W L% bl m-
 J¥ fo sm ¥ By
molecules R ¥ =

Postepnaptic = (postsynaptic membrane)

membrane > X §8 4 3 (receptor molecule)
Dendritic — > #FLaFrdlits
spine > HfR % (dendritic spines)

> A5V ¥ M (neural plasticity)

® Biological Psychology 6e, Figure 2.7 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 31



Al

e Table3.1# &~? 2 T =

3t

AR

i

5 Foenil g

TABLE 3.1 Characteristics of Electrical Signals of Nerve Cells

Typical lon
Type of Signaling duration Mode of channel Channel
signal role (ms) Amplitude Character propagation opening sensitive to:
Action Conduction  1-2 Overshooting, All-or-none, Actively First Na*, Voltage
potential along a 100 mV digital propagated, then K+, (depolarization)
neuron regenerative in different
channels
Excitatory Transmission 10-100  Depolarizing, Graded, Local, passive  Na*-K* Chemical
postsynaptic ~ between from less than  analog spread (neurotransmitter)
potential neurons 1 to more
(EPSP) than 20 mV
Inhibitory Transmission  10-100 Hyperpolarizing, Graded, Local, passive  CI—K* Chemical
postsynaptic ~ between from less than analog spread (neurotransmitter)
potential neurons 1 to about
(IPSP) 15 mV
Synapse
Dendrite Myelin Sheath

Cell Body

) Biological Psychology 6e, Table 3.1

Ranvier
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¢ X ﬁ % 7fé ) i
CERMAHEe B, A AT G

Al
% zuc
\\‘ _
Axon terminal - i %

(presynaptic '. ‘)'ﬂ-

Mitochondria

FActive zone

S o e Posisynapiic! derenserions
(4 8§ $ri) S -
> ¥ 7T Rf¥ (electrical synapses) * P
M ad = —+ =3 s
o B:E ]E; Zd - s Fé& #B ‘&E" ‘;: F 3 nm > ¥® j 3 (A) Electron micrograph of an electrical synapse
¥ 73) hGap Junction#-7 i B 4&d R
U o
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(B) Diagram of an electrical synapse
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é
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ch
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Ions pass freely
between cells



SR

R ) 55 R g R 0
1 & efelements K F A

» Axo-dendritic (dendritic spines)

» Axo-somatic

> Axo-axonic (i b 4 58 ¥ % %)
» Dendro-dendritic

Stimulation of excitatory axon only Stimulation of both cxcitatory and
il'lh.il:lihu’:l' A

Excitatory
AN

J\,

(a) Axo-dendritic (b) Axo-somatic (c) Axo-axonic (d) Dendro-dendritic

\ Dendrite

Axon

034



1.8 1%
2.4 R 315 4T T &~

34T 7 FANT
3.

4.1 EPSP# IPSP

5.EPSP & |PSP 1
i "ﬁ'ﬁdwsg

Autoreceptor

Transmitter

6' fj; = J}; A"\ Zi" NT 6. receptor ZACroS I'OSS"CEII:-“-'
e s alfeqr anTas varens e

BIOLOGICAL PSYCHOLOGY, Fourth Edition, Figure 3.13 © 2004 Sinauer Associates, Inc.

Across cell




A S < B8 (receptor)
Receptor Activation (% #8 fx#*)
AMEBEZ BRI

R B
+ e R (receptors) & & o

[ Axon terminal
(a)

Postsynaptic
dendrite

B km Pe Y fm e PR

< Record V,,,
FF b
Pl ¥

Neurotransmitter

molecules
= v § ¥+ ¥ ¥ (chemical gated '
channel)

FIR 1 dmre g P R A o | o | v
RfFis T = (postsynaptlc potential, PSP) c - i

%i{ﬂﬁ§/< &mﬂeﬂs_l—m ‘IIL‘%E\‘*J-?:{E%TF’B

Transmitter-gated
(b) ion channels

. i o . EPSP
Foond o WEEEAE S iE /ﬁrﬁsﬂ o |

* éi‘ pg action pOtentlal ( T o ﬁ‘) = ) ! Kiﬁﬁ%ﬁ- A
3 19 o

0 2 4
(c)

Time from presynaptic action potential (msec)



S ||

Types of Receptor
> lonotropic receptors (3= 3| < 48) : ¥ &
o BB AlMI X R (excitatory)
o Fr4|A 33 X §8 (inhibitory)
» Metabotropic receptors (* #73] < 48) @ B &

(a) Ionotropic receptor (ligand-gated ion channel; fast) (b) Metabotropic receptor (G protein—coupled receptor; slow)

1. Neurotransmitter
binds G protein—
coupled receptor.

1. Neurotransmitter
binds directly to
the channel protein.

2b. In this case, G protein
subunit moves to adjacent
ion channel, which causes a
brief delay. The activated
subunit may also trigger
second-messenger systems
(not depicted here).

ions flow across
membrane for

a longer period
of time.

lmmedlately | 3. Ions flow across |
membrane for a
brief time.

@37




Al

#¥

K

Postsynaptic summation (% f (& 4e = (£ % ) | 8 F &5 fop |

(a) Excitatory inputs cause the cell to fire (c) The cell integrates excitation and inhibition

\, ~Synaptic | Threshold reached;

D action potential
triggered

Additional excitation
overcomes inhibition;
action potential
triggered

“ Axon

7 hillock”

®
(b) Inhibition also plays a role e NT ﬁq%ﬁ T EES M (quantal release)
Inhibition counteracts

excitation; no action » Graded post-synaptic potential
« Passive conduction

e EPSP and IPSP

e Spatial and Temporal summation

 Axon Hillock

e Threshold

Biological Psychology 6e, Figure 3.10 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 38



Z<<< ol—-» fg
\“ ‘E

e Psotsynaptic summation (& ff {s v = i¥* ) ! space vs. time
c -~ BH G AMABRIFAFLIBR A KRB
kH?mxﬁﬁﬁﬁ’gﬁﬁ?%Wﬁﬁw‘4§“*

(a) Spatial summation (b) Temporal summation

\
e
=
= -
0 P P
—
p————
=
-
- = =z >,
Recording Recording
electrode electrode
Qo o |l Threshold _ o o [Tweshold 1|
g =
],E"'PSP
- 60 - 60 -
\_\ o \..\
\ j N :
Resting Time Resting Time
potential potential

® Biological Psychology 6e, Figure 3.11

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 39



Criteria for Neurotransmitters

» Substance exists in presynaptic axon

terminals

» Is synthesized in presynaptic cells

» Is released when action potentials

reach axon terminals

» Receptors for the substance exist on

postsynaptic membrane.

» When applied, substance produces
changes 1n postsynaptic potentials.

» Blocking substance release prevents

changes 1n postsynaptic cell.

# 5 @ E 4 8 (Neurotransmitters)

= - Auto-

- e . )receptor

oo %) porter/

. ’!,;~ - L‘" ﬂ.—:‘ . -

et - S EPSP
lor T=mmy el

Transmitter Rl ol

receptor membrane

Biological Psychology 6e, Figure 3.12

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 40



# 5 @ E 4 8 (Neurotransmitters)

« Ligand (g=%2) and Receptor (% ¥2) : key-lock

» Endogenous ligands (} 2 &]): occurring naturally
within the body. Ex: neurotransmitters, hormones

» Exogenous ligands (*} /& 4]): introduced from outside
of the body. Ex: drugs, toxin, venom

A Ligand is a substance that binds to a receptor has one of
three effects:

» Agonist (3% #z#]) : initiates the normal effects of the
transmitter on that receptor.

» Antagonist (F=4#) : binds to the receptor and does
NOT activate it, and therefore blocking it from being
activated by other ligands.

> Inverse Agonist (5 = 3% »27#]) : binds to the receptor

and 1nitiates an effect that is the reverse of the normal
function of the receptor.

o e4]1




# 5 @ E 4 8 (Neurotransmitters)

TABLE 4.1 Some Synaptic Transmitters and Families of Transmitters

Family and subfamily Transmitter(s)

AMINES "%=&f
Quaternary amines Acetylcholine (ACh)

Monoamines Catecholamines: norepinephrine (NE), epinephrine
(adrenaline), dopamine (DA)

Indoleamines: serotonin (5-hydroxytryptamine; 5-HT), melatonin
AMINO ACIDS % z gz Gamma-aminobutyric acid (GABA), glutamate, glycine, histamine
NEUROPEPTIDES #¥ % 3 74 %X: short trains of amino acids
Opioid peptides Enkephalins: met-enkephalin, leu-enkephalin
TH T RS Endorphins: B-endorphin
Dynorphins: dynorphin A

Other neuropeptides  Oxytocin, substance P, cholecystokinin (CCK), vasopressin,
neuropeptide Y (NPY), hypothalamic releasing hormones

GASES # % Nitric oxide, carbon monoxide

[ J Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 42



# 5 @ E 4 8 (Neurotransmitters)

Name

Acetylcholine
z ﬁlﬂé’; %4

Dopamine
5 vz

Noradrenaline
(norepinephrine)
B

Serotonin

w F &

GABA (gamma-
aminobutyric acid)
aho i
Endogenous
cannabinoids

LRy

Distinguishing
Features

Causes muscles to
contract; memory;
arousal

Motivation, reward,
movement, thought,
learning

Dreaming, attention

Primary inhibitory
neurotransmitter

regulating mood,
sleep

Inhibits sending
neuran

Memaory, attention,
emotion, movement
control, appetite

Related Disorders and Symptoms

Alzheimer's disease, delusions (shortage);
convulsions, spasms, tremors (excess)

Parkinson's disease, depression,
attention-deficit/hyperactivity disorder
(ADHD) (shortage); aggression,
schizophrenia (excess)

Depression, fatigue, distractability (short-
age); anxiety, headache, schizophrenia
{excess)

Obsessive-compulsive disorder,
insomnia, depression (shortage); sleepi-
ness, lack of motivation (excess)

Anxiety, panic (?), epilepsy, Huntington’s
disease (shortage); sluggishness, lack of
motivation (excess)

Chronic pain {shortage); memory and
attention problems, eating disorders,
schizophrenia (?) (excess)

Drugs That Alter

Physostigmine (increases, used to treat
Alzheimer's disease); scopolamine (blocks)

Amphetamine, cocaine (causes release);
chlorpromazine (blocks at receptors);
methylphenidate (Ritalin, blocks reuptake)

Tricyclic antidepressants such as amitripty-
line (keeps more available at the synapse]

Fluoxetine (Prozac), tricyclic antidepressants

(keeps more present at the synapse)

Sedatives (such as phenobarbital), alcohol,
benzodiazepines (such as Valium, Halcion)
(mimics effects)

R141716A (blocks effects of); Tetrahydro-
cannabinol (THC) (mimics effects of)

H
i
1
i
i

043
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e The brain can be divided into three main parts: brain stem (*%
#%), limbic system (if 5 % st), and cerebral cortex (= *a & ).

Limbic system: Cerebral cortex:
regulates emotions involved in complex
and motivated behavior mental processes

Hypothalamus: manages

the body's internal state

Cerebellum:

regulates coordinated

movement Brain

system

Spinal cord: pathway for
Thalamus: relays neural fibers traveling
sensory information to and from brain

| Limbic

system

Brain stem: sets brain's general  stem and
alertness level and warning rerebellum

[ Adapted from Gerrig (2013) Psychology and Life, Figure 3.14 @45
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Horizontal plane

Dorsal Dorsal

Sagittal plane Coronal plane

Rostral Caudal

(anterior) (posterior) Ventral Ventral

Biological Psychology 6e, Box 2.2

® 2010 Sinauer Associates, Inc.

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 46



}

Yot " E ventricles

Meninges (*& %) : protective membranes
» dura mater (H & %%): tough outermost sheet
» arachnoid mater (¥m¥R %) - Pa A [cerebrosplnal fluid, CSF > ¢ 1&II
ventricles e777% % #_(choroid plexus)%lllg My ;: Ve R R E BRP I o
RN B W i Nk T O (BEENERF ) he oo
» pia mater (#K "% ’93-) adheres tightly to the surface of the brain.
Ventricles (7% %) : B"9Z (I and [I)— % = "9 F > % = "% ¥ —3 openings
below the cerevellumeiﬁiﬁa@&‘" 55 ﬁ‘(absorbed back through large veins
beneath the top of the skull)

(a) Cerebral ventricles of the brain

Dura mater

Arachnoid membrane - = Ventricles

Subarachnoid space (filled
with cerebrospinal fluid)

iy

Arachnoid trabeculae

Pia mater Third Fourth

Adapted from Carlson (2013) Physiology of Behavior, Figure 3.4

ventricle ventricle

(b)

Surface of brain
Biological Psychology 6e, Figure 2.19
Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @47



) e 4] . RS S 5L
~ Tl SR Ua3k ¢ 3L vascular system
2%E R o 220% B o B iEEF e B

Carotid artery ( g # %% ) — external branch and internal branch — anterior
and middle cerebral artery : & x X5 < P X Ik e L 22 ¢ FF (purple and pink) o

Vertebral arteries (§&#° %% ) — basilar artery— posterior cerebral artery : i
w Bihir s LIkis 3 o

(a) Basal view Circle of Willis

o Stroke (¥ k ): brain lesions
caused by a reduction/blockage of

blood flow to the brain.
Internal carotid b leCle OfWIIIIS ._:_ 7[3;.‘5. ’? '\LL
artery < 224
[l Anterior cerebral artery g lé T‘F’, L#\I«LL ¥ #Bj i % ° AE_
Basilar Vertebral [ Middle cerebral artery m /}é& L og h A ?IJ %; A:
artery artery ] Posterior cerebral artery
(b) Midsagittal view (c) Lateral view ° Blood_brain_barrier (BBB .ﬂ'.'.

Pali fr) LR GE AR
FTHmIIRP P LG 0%
AU

([ Biological Psychology 6e, Figure 2.20 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 48



%1 *w¥¥ brain stem

AL E (thalamus): B T3 A8~ < P i B PP o FULE 4 /PEFR # e Ap B o
T4 ¥ (hypothalamus): 4~ b ~ 4 7 ~ B & ~ BEp T fTo

i *ia(pons): 2 ER 2 EFHI42 R ¥ A 5% (cranial nerve nucleus) °
Mft(medulla)' #"%' s e s i/ﬁ S PERR s R B R S A S e T
% LR e enih R 3R g A ‘“uﬁ‘

] ?m(cerebellum). B BT IR AT Es Ry enfy ] o

(b) Mldsaglttal (midline) view  Thalamus %Eu A

5 Fé Fornix

L ﬁﬁ,_lfv Hypothalamus

i\—" %'- T (g:)'fn;lgl;ﬂate

Pineal gland 7}4‘\ AR {Q

Sup‘erior —_', ’ﬁ, 'Eg

colliculus

Corpus

LB & ’E_g callosum

Inferior s gy {g

e , colliculus
¥ 9] B Pituitary
Midbrain

Pons \
Medull

J Spinal cord\ é‘ 'g{

. . . °
Blofogical Paycliolony: B, Piere 212 act 2] Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology 49

&e

Cerebellum /J N E‘?‘J

%f!i% v pm 1% m LI:E'E{ Brainstem



~ okt & A% basal ganglia

e Basal ganglia (£ & %) :
LRy Moo

» caudate nucleus (& %)

» putamen (£ +%)

> globus pallidus (£ ¥ %)

> substantia nigra (2. & #): Parkinson’s

Putamen

Caudate
nucleus
(body)

J Globus palidus
A (ext. segment)

Internal
Y~ capsule

Globus palidus
Y (int. segment)

Caudate
nucleus

Cerebral (tail)

peduncle

Subthalamic
nucleus

Substantia nigra Red nucleus

Thalamus

http://www.intechopen.com/books/basal-ganglia-an-

integrative-view/clinical-motor-and-cognitive-
neurobehavioral-relationships-in-the-basal-ganglia

50
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 Limbic system (i# % & st) :
E I

=

2z 1 o

amygdala (% i=+%) :
hippocampus (;# 5 ) : 5 ¥ &
fornix (% 4) % ﬂﬁ;f]:".ilﬁ o
cingulate gyrus (3o w & &) @ Hie

Sy D
/‘I"&J (o)

YV V V VY

A\

olfactory bulb and mammillary body.

Basal ganglia

Thalamus - N

Caudate

Corpus callosum

. Putamen
Lateral ventricle Globus
pallidus
Internal
capsule

Tail of
caudate
nucleus

Lateral
ventricle
(temporal
horn)

Hippocampus -

limbic system

Longitudinal

a5

Hippocampus

Mammillary
body

http://quizlet.com/12213357/neuro
-block1-brain-int-feat-flash-cards/

e51



* PakFt: * "R T cerebral cortex

e The Brain (~ %)
» ~1400 g, 2% of the human body weight Corpus callosum
> Pait (gyri, gyrus) @ RAZFRA
> "% (sulci, sulcus) @ W FERR A

 Cerebral Cortex (= *a & ):
> & Pgeng th

>0 Bl B e e

< "ok kB R 9E_025cm

Left hemisphere Right hemisphere

e Cerebral Hemispheres (= "o =
>z B o 2 &
‘é’;@g@‘r » L L ghped) 2R L
> & Lk AP d 95448 (corpus callosum)

i 2

‘*%f“—
“"\.'./

I
LI

[ Adapted from Gerrig (2013) Psychology and Life, Figure 3.19 @52



< P & " (Cerebral Cortex)

(@) Mammals
10,000 ~ | [] Medulla
5,000 Y
Porpoise g I Cerebellum
1,000 - Hetat i S 604 | M Cortex
500 - e
Australopithecus -—;:"'":'. -é
B 100 - Baboon ———— £ A
o 50 Wolf—= s
= .’ <}
.29 . = 40
°§’ 10.0 .
g 247 g ]
£ g
M (132 1 Mole &
Le= Vampire bat &~ 20 ~
0.1 4
0.05 - =
001 T &l L] T T L] )
0.001 0.01 0.1 1 10 100 1,000 10,000 100,000 Tree shrew Lemur Rhesus monkey Human
Body weight (kg) 3.0 7.2 88 1252
Total brain volume (cm?)
Biological Psychology 6e, Figure 6.12 Biological Psychology 6e, Figure 6.15

® Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @53



T

R 4
(a) Lateral view Precentral Central iR o
gyrus sulcus lateral view

Postcentral
gyrus

Frontal
lobe

=)
Y

Parietal | &+
lobe S

Parietaloccipital
fissure

Occipital i

Y

Olfactory

bulb lobe
A Sylvian
R8I fissure
~ Temporal Cereb@l}pmc
B 53 lobe &

wE

([ Biological Psychology 6e, Figure 2.12 (Part 1) Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 54



ng A

"3k (gyri, gyrus) @ RAZINA

((C

"t (sulci, sulcus) @ W fiEER A

Adapted from science.nationalgeographic.com @55



CEREBRAL GYRI Precentral Postcentral

Gyrus Gyrus Superior Parietal

Superior

Lobule
Frontal
. i el Inferior Parietal

Middle Lobule:
Fronta| ———— Supramarginal

Gyrus Gyrus
+
Angular

Gyrus

Inferior
Frontal
Gyrus

Lateral
Occipital
Gyri

Superior Middle Inferior
Temporal Temporal Temporal DT
e
Gyrus Gyrus Gyrus (Lateral View)

http://commons.wikimedia.org/wiki/File:Cerebral_Gyri_- Lateral Surface.png @56




'CEREBRAL GYRI |

Cuneus
Gyrus

Lingual
Gyrus

T Paracentral Ci late
e Lobule ngu

Gyrus Gyrus

.. IS

, 5‘
f.- ‘ %— Sub::ll:sal

Subcallosal
Gyrus

http://commons.wikimedia.org/wiki/File:Cerebral_Gyri -

Superior
Frontal
Gyrus

BRAIN (Left)
(Mid Sagittal View) |

Lateral_Surface.png
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Superior parietal

Frontal
eye field Precentral  Central sulcus lobule Interparietal
sulcus sulcus
Superior frontal ' Parietal lobe
Frontal lobe e /
Inferior parietal
lobule
Superic:rfrontal , Supran(arginal i~ .
sulcus
gyrys
Angular o

gyrus

Wemicke's area

. Occipital lobe

sulcus

Broca's motor
speech area

Lateral (Sylvian)
sulcus

Temporal lobe

Superior temporal
sulcus

Middle temporal
sulcus

http://what-when-how.com/neuroscience/overview-of-the-central-
nervous-system-gross-anatomy-of-the-brain-part-1/ 58



p fr] Medial ‘ _
{s = Posterior

=3 Anterior ¢t ig| Lateral

% 1B Ventral

Adapted from Kolb & Whishaw (2009) Fundamentals of Human Neuropsychology, Figure 3.1 @59
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 white matter (¢ B ):d A SR EmE S > A R R T AR IR o

e
Long projection fibers run to and Y 5 E?}_I% :‘:% (Short tracts) :

Ry
Several long tracts Short tracts arch {lf_lom t};ft(lff-‘mbral cort?i(. Some go -
run in an anterior— between nearby gk ke Benprits) CaIligErstn . L2 2y N v 2 ) @ = >
posterior direction. areas of the cortex. connecting homologous regions @ “‘2%—, }J:K 3 fr 2% A Bﬁ(‘] S\I iﬁi °
of the two hemispheres. ~

Ex: % 7 & (arcuate
fasciculus) °

e % P % (long tracts) :
WM RRE/ 2+ ke
< "G % B o Ex: 594 4
(corpus callosum) ~ #»
{6 = * & (anterior or
posterior commissure)

® Biological Psychology 6e, Figure 2.18 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 60



T

o graymatter (¢ F): d # Kz e o Gl B oo
» Neocortex (isocortex): neurons arranged in 5-6 distinct layers.
» Some structures are made up allocortex: with 3 layers or unlayered.

(a) Six layers of cortex (b) Asingle pyramidal neuron

.j:‘ f‘.r{; !K;'

e [.-1: neural fibers

Apical *,

) T
:-'
2 1

e [-2/3 (super-granular): small
pyramidal cells (48, s ¥z),
sending information to other
cortical areas and to L-5/6.

L4: granular cells (- Jn¥g),
the input layer.

e [-5/6 (infra-granular): larger
pyramidal cells, sending
information to subcortical
structures.

® Biological Psychology 6e, Figure 2.17 Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology ® 61



TSy

Mator cortex

bty

NS S C-C C-SC-SpOC-T

Connections

S, specific afferents

NS, nonspecific afferents

C-C, cortical-cortical efferents arise from
layers Il and llI

Ca, callosal efferents arise from layer IlI

C-S, cortical-subcortical efferents arise
from layer V

C-Sp, cortical-spinal efferents arise from

layer V
C-T, cortical-thalamic efferents arise from |

layer VI I

|
|
|
!
|

Somatosensory cortex

> Integrative <

functions
s
Il
v &
Input of sensory «1
|V —<— information
v
V' b Output to other <
o

parts of brain

R R N N

NS S CC 0 €S CT
te
* Connections
Somatosensory

Vi

Figure 10.9

Cortical Layers A comparison of
cortical layers in the somatosensory
and motor cortices shows that the
somatosensory cortex is much
thinner than the motor cortex and
that the size of each layer is
markedly different in the two. Note
especially that layer IV is far thicker
in the somatosensory cortex than in
the motor cortex.

Adapted from Kolb & Whishaw (2009) Fundamentals of Human Neuropsychology, Figure 10.9
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{A) Lateral view (B) Map

Function code  Brodmann area

Vision Korbinian
primary 17 Brodmann
secondary 18,19, 20, 21, 37

Auditory
primary T A
secondary 22,42

Body senses
primary 1pids3
secondary 5,7

Sensory, tertiary [ ] 7,22, 37,39, 40

Motor
primary
secondary
eye movement
speech

Motor, tertiary 1 9,10,11, 45, 46, 47

4
6
8
4

4

A EER S s RN e =P S LY T Brodmann‘%,ﬁ' L g /@1 Jo~ é»‘40;;_% B % o

(] Adapted from Kolb & Whishaw (2009) Fundamentals of Human Neuropsychology, Figure 3.25 @ 63
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(A) Lateral view

Primary projection areas
receive sensory input or project
to spinal motor systems.

Secondary areas
interpret inputs or
organize movements.

Association areas (uncolored)
modulate information
between secondary areas.

(] Adapted from Kolb & Whishaw (2009) Fundamentals of Human Neuropsychology, Figure 3.23 @ 64



www.thehumanbrain.info

Brain — The Atlas of the Human Brain in Stereotaxic Space

Ashort introduction in to the Aflas of the Human Brain and the Brain used throughout for the research on this site. To
take a more systematical approach to the use of the provided matenal both on the DVD from the "Atlas of the Human
Brain" and the applications you can find on this website the following explanatory steps might help.

Figure 1: Figure 2: Figure 3:
The Brain used for research in the "Atlas of the Human After determining the surface of the brain the brain is cut Following the delineation process based on analysis of
Brain" and which are used for the main applications is in 5 blocks prior to the sectioning process according to the cyto- and myelostructure of each slice, there are

from a 24-year-old male from the Vogt collection in the sterotaxic space. Photographs and diagrams are several reconstructions in three dimensions. The 3D

Disseldorf. Further details about The Brain - available in the "Atlas of the Human Brain" and in the Models of the thalamic and subthalamic structures,
The overall layout of the Atlas and the website is based on  secfions area whereas you can also find the very brain distinguished nuclei and their subdivisions are wsually
the diffentiation of the macroscopic area which is mainly in the corresponding vrtual microscopy (nissl staining). represented in the 3D Reconstruction area.
represented in the Head & Brain area.
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LAl I Phrenology

Gall (1758-1828): £1= 7 TjFtp &
(phrenology) » 3% & "& 7™ I & A = %
LSRN ES E S -
e 0¥ @ ap}ﬁp)fg}@m% ] 7};} 7]?}3 iz3
71\ ,———] /// }ﬂl] m\]__]] [rz_, |—,'=3 7}}3!:
~ o ¥ —'1 J - B A s 3T 5
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™ Ik
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» The whole brain is active when
we are doing almost any task.

@67



=~ P& ¥ 5v : New phrenology?

PRICE §4.99 T H E SEPT. 4, 2006

NEW YORKER

ANSSI NOILYDONAT IHL

® 068



=~ "o ¥ 5 : New phrenology

(b) Voluntary eye thoes Motor
) movements execution
i spatial Hand
atrention Motor Foot Somatosensory
Analytic Anticipation| preparation FaISIe cortex
and figural an
reasoning Visual spatial
Spatial working attention
memory Analytic
; reasonin
Mathematical g
approximations Mathematical
. approximations
Anticipation
of pain Visual spatial

attention

ObjeCt =\ E —= <= ] W
working ‘ 7 2, ¥ . A Motion perception
i | 7) p : Speed perception
Exact \ ) )
mathematical Primary visual
calculations cortex
: Color perception
Olfaction freisile
Pleasant Face recognition
touch
Spegch . Anticipation Semantic priming  Spoken language
prodiuction ¢ pain of visual words comprehension

o Biological Psychology 6e, Figure 1.11 (Part 2) Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 69
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oA & 4 % Visual Functions

(a) Macaque brain, lateral view

(b) Macaque brain, medial view

Piid PiTw

5
z
g
3

L F
-3

-

3
|
|

|

]

g
=
L

[ 1 Figure 10.20 N

= Hierarchy of Visual Areas T
= hiararchy shows 32 visual Cortica
%li E]T: FEEL [ Several nonesies] aneas
[ares Mool semslotenicey torfix,
perrhdnal area 35, the entorhinal
3 v (ER) cortex, and the hippocampal
| Wi | CHCH cormiplex] Thede ares are
— T connecied Dy 18T Linkages, most of
=1 L[ LT — whith an reciprocal patnways. (ARe
| il Feleman and wun Evsen, 19911

(] Adapted from Kolb & Whishaw (2009) Fundamentals of Human Neuropsychology, Figure 10.20 ® 70
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2

Cingulate gyrus Fimbria-fornix

Mammillary Hippocampus
bodies

cA3 CAZ  Ammon's

(€)

' Neocortex

' Parahippocampal |
[ corex

= A 54 % Cognitive Functions

Face

Broca's area Arcuate fasciculus

1,4z Wernicke's area
(1) Comprehension (2) Speech {3) Reading

Adapted from Kolb & Whishaw (2009) Fundamentals of Human Neuropsychology, Figures 18.8, 19.7
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L The Dilemma in Relating Behavior and Consciousness -

In his paper titled "Consciousness Without a Cerebral Cor-
tex: A Challenge for Meuroscience and Medicine,” Bjorn
Merker reviewed the difficulty in determining what is un-
conscious and what is conscious behavior. Our understand-
ing of this dilemma dates to Hughlings-Jackson's idea that
similar-appearing behaviors have vastly different implica-
tions, depending on how they are hierarchically represented
in the brain,

The difficulty in relating brain injury to behavior is illus-
trated by Theresa Marie "Terri"® Schiavo, a 26-year-old
woman from 5t Petersburg, Florida, who collapsed in her
home in 1990 and experienced respiratory and cardiac arrest.

Although Terri was completely unresponsive and in a
coma for 3 weeks, as she did become more responsive, her
normal conscious behavior did not return. Terri was diag-
nosed as heing in a persistent vegetative state (PVS): she
was alive but unable to communicate or to function inde-
pendently at even the most basic level. In 1998, Terri's hus-
band and guardian, Michael Schiavo, petitioned the courts
to remove her gastric feeding tube, maintaining that she
would not wish to live under such severe impairment. Terri's
parents, Robert and Mary Schindler, were opposed, citing
their belief that Terri's behavior signaled that she was con-
sciously aware and fighting to recover. The battle lines were
drawn.

By March 2005, the legal history concerning the Schiavo
case included 14 appeals, numerous motions, petitions, and
hearings in the Florida courts, and 5 suits in Federal District
Court. Florida legislation favorable to the Schindlers was
struck down by the Supreme Court of Florida; a subpoena by
a US. Congressional committee in an attempt to qualify
Schiavo for witness protection resulted in federal legislation

A CT scan of a normal adult brain (left) and Terri Schiavo's brain
{right}. (Michaal Schiave.)

[Palm Sunday Compromisel; and the Supreme Court of the
United States refused to review the case four times.

Judges, legislators, and the viewing public were presented
with videos of Terri glancing around her room, looking at
peaple in the room and smiling. Her parents and the physi-
cians who supported them interpreted these actions as evi-
dence that Terri was conscious and that she would eventually
recover normal brain function. Her husband and the physi-
cians who supported him argued that Terri's behaviors were
not conscious but rather were reflexive actions.

Amid a storm of national controversy, Michael Schiavo
prevailed, Terri's feeding tube was removed, and she died 13
days later at a Pinellas Park, Florida, hospice on March 31,
2005, at the age of 41,

Merker, B. Consciousness without @ cercbral cortex; A challenge for neu-
roscience and medicine, Sehoviourol ond Brain Sciences 30:63-134, 2007,

Adapted from Kolb & Whishaw (2009) Fundamentals of Human Neuropsychology, p16 ® 74
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o http://www.youtube.com/watch?v=9wBzOmg-c0g @75



X
Behav1.()ra1.1mpr0.\/ements with Deep brain stimulation
thalamic stimulation after severe The Deep Brain Stimulation system is used to help control
. C . . tremors and chronic movement disorders. Tiny electrodes are
traumatic brain injure (Schiff et al surgically implanted in the brain and are connected via a
subcutaneous wire fo a neurostimulator {or two, for some
2007 Nature 600-603) diseases) implanted under the skin near the cliavicle.
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Brain Implant Improves Thinking in Monkeys,
First Such Demonstration in Primates

By BENEDICT CAREY

Scientists have designed a brain implant that sharpened decision making and restored lost mental capacity in
monkeys, providing the first demonstration in primates of the sort of brain prosthesis that could eventually
help people with damage from dementia, strokes or other brain injuries.

The device, though years away from commercial development, gives researchers a model for how to support
and enhance fairly advanced mental skills in the frontal cortex of the brain, the seat of thinking and planning.

The new report appeared Thursday in The Journal of Neural Engineering.

In just the past decade, scientists have developed brain implants that improve vision or allow disabled people
to use their thoughts to control prosthetic limbs or move computer cursors. The new paper, led by researchers
at Wake Forest Baptist Medical Center and the University of Southern California, describes a device that
improves brain function internally, by fine-tuning communication among neurons.

Previous studies have shown that a neural implant can do this for memory in rodents, but the new report
extends that work significantly, experts said — into brains that are much closer to those of humans.
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FIGURE 1.1 Studying the Brain

Will the human brain ever completely understand its own
workings? A sixteenth-century woodcut from the first
edition of De humani corporis fabrica (On the Workings
of the Human Body) by Andreas Vesalius.

(Courtesy of National Library of Medicine.)

Adapted from Breedlove, Waston & Rosenzweig (2010) Biological Psychology @ 79



