(a)

Viscera:
Lungs
Heart
Liver

Stomach

Muscle

Pancreas
Kidney

Intestines

Bladder

(b)

e—< Somatosensory neurons (input)
o— Motor neurons (output)

Spinal cord

e--« Visceral sensory neurons (input)

e--< Visceral (autonomic) motor
neurons (output)
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Salavary
glands

Postganglonic
fibers
/

Celiac
ganglion

~| Alimentary

mesenteric
ganglion

] Urinary
Preganglonic bladder
fibers
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(I) Olfactory (II) Optic

Carries signals for the Carries visual signals
sense of smell from the from the retina to
nasal passage to the brain ~ the thalamus

(111) Oculomotor
Controls eye movement
and pupillary constriction

(IV) Trochlear .
Controls eye movement — Motor fibers
(VI) Abducens B i i

Controls eye movement

(V) Trigeminal

Controls the muscles of
mastication (chewing);
involved in the sensation
of touch and pain by the
face and mouth

(VII) Facial and
intermediate

Carries signals for the

sense of taste (anterior

2/3 of tongue); controls the
muscles of facial expression;
involved in the secretion of
tears and saliva

Intermediate
nerve

(VIII) Vestibulocochlear
Carries signals for

the senses of hearing

and balance

(IX) Glossopharyngeal
Carries signals for the
sense of taste (posterior
1/3 of tongue); mediates
the swallowing reflex

A major input and
output pathway for
parasympathetic nervous
system; senses aortic blood
pressure; slows heart rate;
stimulates digestive organs

(XII) Hypoglossal (XI) Spinal Accessory
Controls muscle Controls some muscles
of the tongue for movements of the

head, neck, and shoulders
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2.34719
27450/ X3

Motor and
premotor cortex

Medial geniculate nucleus

Lateral geniculate nucleus

Somatosensory
cortex
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(a)
Central
sulcus

Anterior

(b)

(o)

Cingulate < cingulate cortex

gyrus

Cingulate
sulcus

[ Frontal lobe
[ Parietal lobe
[ Occipital lobe
[ Temporal lobe
[ Limbic lobe

Parieto-
Occipital
sulcus
Superior

Posterior

Inferior

Precentral gyrus Postcentral gyrus

Superior frontal sulcus Postcentral sulcus

Superior frontal gyrus Superior parietal lobe

Middle frontal gyrus Intraparietal sulcus

Precentral sulcus Inferior parietal lobe

Supramarginal gyrus
Angular gyrus

Inferior frontal sulcus
Inferior fontal gyrus
Orbitofontal gyri

Superior temporal gyrus
Superior temporal sulcus
Temporal pole
Middle temporal gyrus
Inferior temporal sulcus
Inferior temporal gyrus

Superior frontal gyrus Paracentral lobule

(" Posterior cingulate
cortex

Precuneus

Mid-cingulate
cortex

Dorsal anterior
Cuneus

Retresplenial cingulate ;o ;
orha Occipital gyri
Pregenual
cingulate gyrus
Subgenual
| cingulate gyrus

Gyrus rectus

Calcarine sulcus
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Auditory

Cochlear Vestibular
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(b)
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(b) (c) Trigeminal

Section of spinal
cord at C8

Dorsal
root ganglion
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CGenitals
Toes
ot
g
p

Q

. Q}]e
(b) Primary %;’32 W
somatosensory \)P?e’ P
cortex ) ‘{:g\?\rel' ip

Brainstem

Dorsal root
ganglion

Spinal cord

Touch
Pressure

Vibration
Proprioception
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Middle
cerebral
artery

Left internal
carotid artery

Sodium
p Py / amobarbital
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Cognition Complex movements  Simple movements

= 2.34719 (
27+50/ X
Dorsolateral prefrontal ~ Premotor area Primary motor cortex ~ Somatosensory
cortex cortex

Parietal cortex

Ventrolateral
prefrontal
cortex

Auditory
cortex
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. . Transcription:
DNA n the nucleus, DNA partially unwinds.
B ger RNA (mRNA) assembles

Protein

2. Translation:
Outside the nucleus, a ribosome assembles amino
acids into proteins based on the order of the
nucleotide bases in the mRNA. Transfer RNA (tRNA)
brings amino acids to the ribosome and organizes
them based on the order of mRNA base pairs.

mRNA
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Nucleus:

Contains most of the cell’s
genetic material such as the genes
that reside on the chromosomes

Cell membrane:
Separates internal and external
cellular environment

Rough endoplasmic
reticulum:

Has ribosomes that
manufacture proteins

Ribosome:
Primary site of
protein synthesis

Smooth endoplasmic 1 —

reticulum: ! -

Synthesizes substances )

such as lipids and ”

steroids .
L) v

Cytoskeleton:

Consists of scaffolding \
by structures such as \ _
microtubules that aid in .

the transport of biochemicals

within the cell

— Mitochondria:
Produces energy necessary
for cellular functions

L . Golgi Apparatus:
e a— Packages proteins within
R ncymes thatbrea the cell before they are sent

down molecules such as

; i to their destination
proteins and lipids
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VIIIL. Vestibulocochlear:

1. Olfactory: nose (smell) inner ear (hearing, balance)

IX. Glossopharyngeal:

throat (salivation, swallowing)
posterior third of tongue,
throat (taste)

IL. Optic: eye (vision)

III. Oculclomotor: IV. Trochllear: X. Vagus:
eye muscles eye musc ebl' organs of chest and abdomen
(superior oblique) (sensation)

organs of chest and abdomen
(movement), throat (movement)

VI. Abducens:
eye muscles

V. Trigeminal:
face (sensory)
muscles of chewing

XI. Accessory:

neck and shoulders (sensation)
neck, shoulders, and head
(movement)

XII. Hypoglossal:
tongue (sensation
and movement)

Orange text = Sensory neurons
Blue text = Motor neurons
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3. Motor response
sent to muscle

1. Stimulus
detected

4. Muscle carries
out response

2. Sensory signal
travels to brain
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Membrane potential (mV)

\ N

Na*channel 4

|
Threshold
of excitation

1. Baseline: Na* and
K* channels
closed

2. Na* channels
open, allowing
Na* into cell

3.K* channels
open, allowing
K* out of cell

4. Refractory period:
Na* channels
close, preventing
Na* from entering
cell

5.K* channels
remain open; K*
outflow continues

6. K+ channels
close; system
resets
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Membrane potential (mV)

Inhibitory

Baseline

| Threshold
Resting

potentia

\ Excitatory .
[1] &\/

-
musynaptic cell

Temporal Temporal Spatial Spatial EPSP-IPSP
summation summation summation summation cancellabion
(EPSP) (IPSP) (EPSP) (IPSP)

I-lﬂ-ll

313] 1HzH1+2

Time (msec)
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Presynaptic
cell membrane

Pores connecting
cell membrane two neurons
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Non pregnant rat
on platform

Non pregnant rat returned
to cage with pregnant rat
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1. Administration
(e.g., oral, injection,
inhalation)

2. Absorption and
distribution

(e.g., via lungs, GI tract,
hypodermic injection)

3. Binding to target sites

4. Storage
(in inactive sites
such as fat and bone)

5. Metabolism
(e.g, by liver)

6. Excretion
(e.g., intestines,
sweat glands,
kidneys)
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1,7, 0r10
days of

assigned
housing

Single injection

of cocaine
Behavioral
sensitization test
S
Enriched mice exhibit Standard mice exhibit
short durations of prolonged periods of
increased activity increased activity

Phase 2

Enriched environment

!

o fee

Thirty days after cocaine injections, standard-housed mice
preferred the compartment where the injections took place,
but mice housed in enriched environments did not.

Phase 3

Enriched environment Standard environment

l }

Nucleus
accumbens
core

Nucleus
accumbens
shell

When all the mice were reexposed to cocaine, the
enriched-environment mice showed less nucleus accumbens
activation than did standard-environment mice.
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Acetyl group

Phosphate group

Chromosome

Methyl group
Histone

DNA coiled
around histone

Histone tail

Chemical markers on DNA can affect gene expression.
Histone modification occurs throughout an organism’s
life. Removal of methyl groups occurs at fertilization,

during fetal development, and immediately after birth.
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Midbrain Hindbrain

Forebrain
Spinal
4 cord

Cephalic flexure Cerv1cal flexure

Primary vesicles Secondary vesicles 7 weeks About 14 weeks
(4 weeks) (6 weeks)

\

32 weeks 36 weeks
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(a) Amyloid plaque

Presynaptic
neuron

Phosphorylated tau leaves
microtubules without
structural support

(c)

Shrinkage
of cortex

Enlarged
ventricles

Shrinkage of
hippocampus

Healthy brain Severe Alzheimer’s
disease
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(a)

Axon

Myelin 4
sheath -

Axon rips, leading to cell death

®) Subdural

hematoma

Brain
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Miillerian duct

Wolffian duct

Cloaca

Six weeks following conception, males and
females have the same internal anatomy.

XY — male XX = female

Urinary
bladder

Uterus

Vaginal
opening

Six weeks following conception, males and
females have the same external anatomy.

Fourteen weeks following conception, in males the Wolffian
ducts have begun to develop into the male internal reproductive
organs. In females, the Miillerian ducts have begun to develop into
the female internal reproductive organs.

Nine weeks following conception, the male and female
external genitalia have begun to differentiate.

Seminal

vesicles

Vas Fallopian

datarans Urethra tubes?
Epididymis

Vagina

Testis U\ Penis

Glans of penis

Glans of clitoris

Vagina

Scrotum
Labia minora

Labia majora

Fourteen weeks following conception, male and female

external genitalia have fully differentiated.
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Unconditioned
stimulus

Food - Salivation

Neutral —
stimulus Response
Bell
No salivation
Stage 2

Unconditioned
stimulus

Neutral

stimulus

Conditioned
stimulus
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Gill withdrawal reflex

Stimulation

Tail

ol Tail
- Sensory

Tactilé Tactilé
.4 . 4 sh ock
stimulus stimulus neurorl
Interneuron Intcmeuron “‘- Fac1htatmg
Sensory neuron »\ Sensory neuron interneuron
/ ! -
2 @ ey
Siphon Motor neuron Gill Siphon Motor neuron Gill
1. Touch on siphon 2. Habituation: After 3. Sensitization: Strong stimulus (tail shock)

stimulates sensory
neuron, which
stimulates motor
neuron controlling
gill muscle as well
as interneuron. This

repeated stimulation,
SEeNnsory Neuron no
longer produces
enough neuro-
transmitter release

to activate motor

activates sensory neurons connected to
tail, which activates the facilitating
interneuron. Facilitating interneuron
releases serotonin, which causes the
SENSOry neuron to increase neuro-
transmitter release such that the motor

activity produces neuron. neuron fires once again, producing gill
withdrawal reflex. withdrawal.
1000 -

4 trai

Duration of withdrawal (% of control)

for 4 days

ns/day

500 =
Single tail shock
4 single shocks
100 - By
Control
0 1 I l 1 1 | 1 1
01 4 7

Days after training
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(a) Learning

Odor 1 ,.% e )
/ Odor 1

ﬁ ﬁ Sucrose

Odor 2 g

Quinine

(b) Reversal

Odor 2 % Rapid
: associative

Sucrose encoding
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2. Prompts

excessive
r WOrTy
1. Environment context:

Parks car, walks into
shopping mall

Did I lock the car?
Did I lock the car?
) Did Ilock...

cortex

7. Environment context:
Just saw car parked |T—————* /
in parking lot \

Nucleus

accumbens

3. Projects to
emotion
centers

Well... I have to
go check my car

pleasurable
reward

Cingulate
cortex

y car! Someone
has probably
stolen my car!

Caudate
nucleus

4, Stimulates
terror

WY 5. Activates
/) *— caudate

P
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_ (® Horizontal plane
M|dsag|ttal
plane

White matter Gray matter

Cerebral cortex

Thalamus

Striatum

Myelinated axon stain

Cell body stain
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Primary somatosensory

Primary motor
Higher somatosensory

Parietal
“association”

Prefrontal
“association”

Primary auditory

Higher auditory \ Temporal
“association”
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Voltage (mV)

40

Amplifier

Glass pipette

Neuronal
cell body

‘N
s

Pipette
enters cell

Resting Action

potential potential

/

T
10 15
Time (msec)

w1

DRAGONFLY MEDIA GROUP



Initial condition ===p  Equilibrium state

N o O O O O e O Electrigal
“o @ 0 4 moves

into the cell

Extracellular Build-up of

electrical
charges

----------------------------------------------------

K* moves K* moves

g/ down its down its
Q Q Q concentration Q Q C/ Q concentration
Q O gradient O gradient
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Recording
electrodes

Axon

=

Stimulating
electrodes

\‘_

o) Current
"/ recording
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/| Voltage
* J recording

Feedback signal

Command voltage



Myelin sheath

Node of Ranvier

Myelin sheath Axon

Refractory node
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NMDA Receptor

No glutamate Glutamate bound
Glutamate
Extracellular
domains
Extracellular
(e DAAAC
i
Transmembrane MF{” !m b
domains |

Intracellular

View from inside cell
(no magnesium)

Pore
closed
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() 2D structure of a V-gated Na* channel

NH3*

Srasasaeeen

Voltage

sensing Inactivation

*H3N

(® 3D structure of an open Na* channel pore

3t
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- iy

Blastocyst
Ectoderm

Epidermis and

nervous system

Mesoderm
Muscle, bone

and cartilage
Endoderm

Lining of gut
and lungs
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Amnion
cut edge) Neural plate - 16 days

X

Neural fold - 20 days

Somite Notochord
(mesoderm)

Neural tube - 22 days

Neural crest Neural tube

Somite Notochord
(mesoderm)
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() Normal RA concentration

T T,
/\J\JJ*_/\_AJ\_) ==
/ I\/Ildbram Hindbrain Spinal cord
Forebrain

@ Increased RA concentration

./ EE e

)\_}\A)\_A_AJ;J —_— E——

(® A model of RA effects

’
’
’
’
’
.
5 Increased RA .
2 .
— =%
+ ,
c -
] »?
o] -
I oo
o -
o -7
< - Normal RA
< |.----
Rostral Caudal

Spatial position
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Notochord

- Forebrain - Hindbrain
- Midbrain - Spinal cord

nnnsu%;% :




Pretectum

Dorsal
thalamus
Midbrain-
hindbrain
Ventral
thalamus

boundary

Telencephalon

Anterior

Preoptic area
neural ridge

B 7ofs
[ shn

-




Periosteum

—Dura mater

— Arachnoid

— Sub-arachnoid
space
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Endothelial Tight junction

Blood-brain Blood-CSF
barrier barrier

\4

v

Ventricles ]

/ - [ Parenchyma ]<—>[ Ependyma %—»[
Parenchyma Smooth
Astrocyte muscle

A

Arachnoid

barrier

Venous blood

Subarachnoid | )
space

Tight junction

Sub-arachnoid space

Venous blood
Tight junction
Giant
vacuoles
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Al

Outer
segment—

Outer

segment —{|

Nucleus

Axon

Synapse

Rhodopsin

9 Opsin  Retinal

Cell membrane !1»;_
g |l| 1] . ;m.ll’ : :
Cytoplasm
@ Cis-retinal

Light

@ Carbon
© Hydrogen
@ Oxygen

All-trans retinal
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Na*/Ca*
channel

Transducin
(G-protein)

Rhodopsin Phosphodiesterase

Activate rhodopsin

Light

bl
LT
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Choroid

Pigment
epithelium
Photoreceptors
Metabo- (|
{ tropic
lonotropic

Bipolar and

. Rod
amacrine cells

bipolar cell
ON

Electrical -

Ganglion cells

i L ||
ganglion cell / \_ 9anglion CQ{JK/ )

Light path

S—

Ganglion cell
axons

DRAGONFLY MEDIA GROUP



Olfactory bulb (B) .
Olfactory epithelium |'

Granule

Mitral cell cell

Glomerulus

Olfactory bulb

Olfactory Olfactory nerve fibers

sensory . { — L ———Basal
neurons : q cell
W Mucus

duct

Supporting

Olfactory epithelium

Olfactory
cilia
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Vestibular labyrinth

Vestibular axons

T Auditory
axons

Cochlea

Eustachian
tube

Oval window

Round window
Tympanic
membrane

Middle ear
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Scala
tympani

Ovaliwindow,

SN

Round window
\

500 pm

e

Scala vestibuli

Scala media

Tectorial membrane

Scala tympani
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Sound processor
and transmitter

Receiver

Intracochlear

Microphone electrode array

Electrical
contacts

Oval window \ @5 Scala

Round window

Electrode Auditory nerve
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Posterior canal P

e

Sacculus A

Horizontal
canal

Cochlea

Anterior canal

Utricle

Posterior canal
Horizontal canal
Cochlea
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