Neuroanatomy

Phineas P. Gage (1823 —1860), age 25 in 1848




The accident




The mother and friends, ... placed this skull
in my hands, for the benefit of science.




Resources

3-D Brain App, by Cold Spring Harbor Laboratory.

A very useful 3D model of the brain. It has descriptions of various brain structures,
associated functions, associated cognitive disorders, research reviews etc. It was
accessible with the internet browser, but that site used Flash, it does not work anymore.
You have to download the App. The The You can get the free 3D Brain app from Google
play and Windows Phone and the App Store from Apple.

The Human Brain by Anatomie-Amsterdam
https://anatomy-neurosciences.com/education/humanbrain/

Brain atlas for educational purposes, with clear interactive images. Includes external
views of the brain and cerebellum, cerebrum slices , white matter, tracts and MRI scans.
(Move the cursor over the image to see the labels).



Cranial capacity (cc)

Evolution of brain in Homos
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Homo sapiens sapiens
Homo sapiens idaltu
Homo sapiens neanderthalensis
Homo soloensis
Homo heidelbergensis
Homo antecessor
Homo ereclus
Homo georgicus
Homo rudolfensis
Homo ergaster
Homo habilis
Paranthropus boisei
Paranthropus robustus
Paranthropus aethiopicus
Australopithecus alricanus
Australopithecus garhi
Australopithecus afarensis
Ardipithecus ramidus
Kenyanthropus platyops
Sahelanthropus tchadensis
Oreopithecus
Rudapithecus
Proconsul
Aegyptopithecus zeuxis
Parapithecus grangeri

x Homo floresiensis
-= Extant Homo sapiens
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- Extant cercopithecoid
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Mouse brain

Side (Lateral)

view
Cerebrum
Cerebellum
Brain Stem
T_Op (Dorsal) Spinal Cord
VIEW

Sagittal fissure  Cerebral hemispheres



Dura mater (Hard Mother)
Subdural space

Arachnoid membrane

Subarachnoid space
Pia mater (Gentle Mother)
Artery

Brain

Ventricles
CSF (Cerebro-spinal Fluid)



Early development of nervous system in embryo
Neural Plate = Neural Groove = Neural Tube

Fuse Dorsally

»
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Prosencephalon
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Rhombencephalon
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Development of nervous system in embryo

Telencephalon

(2 cerebral
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Diencephalon

(between brain)

Mesencephalon
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The evolution of brain

Amphibian Reptilian Mammalian




Building blocks of brain
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Neurons
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The way neuron works

Electrical Signal

Sending e
N .
SR Vesicles

Chemical Signal

Synapse .

Receiving
Neuron

All-or-none

Excitatory and inhibitory






The 6 Divisions of the Brain

® Cerebral hemisphere
(Cerebrum)

—Epithalamus
[ Thalamus

® Diencephalon

_Hypathalamus-[

(3) [ midbrain

_ oblongata



Central sulcus
Precentral gyrus Postcentral gyrus
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The Location of the Basal Ganglia in the Human Brain

Cerebral Nuclei

ganglia

Thalamus

Amygdala ’

Longitudinal fissure
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Corpus callosum
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lateral ventricle

Cerebral white
matter
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Cerebral Lobes

Primary sensory cortex

Primary motor cortex Central sulcus (postcentral gyrus)

(pracentral gyrus)

Somatic motor association
area (premotor cortex)

FROMTAL LOBE
{retracted to
show insula)

PARIETAL LOBE

Parieto-occipital sulcus

Somatic sensory
association area

Prefrontal h
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Visual cortex

Gustatory

cortex Auditory association area
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Auditory cortex
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Lateral view



Functional Regions of the Brain

Motor areas Central sulcus Sensory areas and related
association areas

Primary somatosensory
cortex

Primary motor cortex

Premotor cortex

— Somatic
Frontal Somatosensory sensation
eye field association cortex
Broca's  —
area Gustatory cortex | Taste
Prefrontal cortex

Waernicke's area

Working memory {outlined by dashes)

for spatial tasks X .
General interpretation

Executive area for == “ = a : \ area (outlined by dots)

task management =

—

Working memory = ’ E N ) . @ sirsI::rr
for object-recall : cortex

tasks i = Vision
Visual
association
area

Solving complex,
multi-task problems

Auditory
association
area

Primary
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Endbrain

o

L

‘tweenbréin —> A
Midbrain Anti-predator
behavior:
turning away,
fleeing
Orienting:

turning of head
& eyes toward




Cerebrospinal Fluid

The brain floats in a
pool of cerebrospinal
fluid (CSF)which reduces

its net weight from 1400
g-->80g

Lateral
vantncle

Third D e
ventricle ‘ — :
Massa
iMermedia Cerebral

aqueduct Fourth

venincle



(b) Close-up ventrolateral view

p5: / Denticulate ligament

Arachnoid mater
«——— Subarachnoid space

(a) Sagittal view
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(Based on a figure of R. W. Haines
& A. Mohiuddin (1970) Handbook of

Human Embryology, 4th edn
Edinburgh: Livingstone.)
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Spinal Chord

2.
3.
a.
5.
b.
T.
8.
9.

FPosterior margin of
parietal hone

Superior sagittal sinus

Confluence of sinuses

Transverse =sinus

GFreater occipital nerwve

Lesser occipital nerwve

Occipital sinus

Epinal dura mater
Superior trunk of
brachial plexus*



Spinal Plexus:

(in the Nervous System)

is a re-arrangement of
spinal nerves into
functional groups.

Cervical (C;-Cq)
Brachial (Cs-T;)
Lumbar (T,-L, )

Sacral (L4-S,)

Sacral plexus

Coccygeal nerves (Coi)

Cceipital bone

Spinal cord emerging
—— from forarmen magnum

Cervical

plaxus Cervical
{C1 = Cs) spinal
nerves
(C1 to Gs)
Brachial
plexus
[Cs=T4)
Thoracic
spinal
nerves
IfT| to T;:I
Lurmbar
Lumbar plexus
Spina [|';_-—|_'.:|
Nerves
(L1 to Ls)
 Sciatic
-~ nerve

Sacral spinal nerves
(S1 to Se) emerging from
sacral foramina

Ls=84) -
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intermediate saphenous
of thigh Sl ! / lateral
LS cutanecus
saphencus
superficial & L4
deap peronaal l
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Dorsal Dorsal primary ramus

D_0f53| ) root (to skin and muscles
E;O;:t:ostenor) ganglion of back)

Dorsal (= posterior) horn
of spinal gray matter

Spinal Ventral primary
Lateral horn

ramus
Sensory
fiber
/ -
(preganglionic ) Postganglionic

sympathetic 5 = S— & sympathetic
neurons; only in / > innervation
segments T1-L2) K =~/ (glands, blood

vessels)

Ventral (= anterior)

horn. (Contains G Motor axon
motor neurons) cgriyn:sm:;:ns (to skeletal
Ventral White ramus muscle)
: communicans
Fig.1. A thoracic segment of the goe:nterlor) Sympathetic
spinal cord, showing sensory and (paravertebral)
motor neurons and the connections ganglion
of a paravertebral sympathetic ganglion.




An ato my Blood vessels
Of a Nerve Perineurium |

(around one
fascicle)

Endoneurium

Schwann cell _
Fascicle

Myelinated axon




Axon Myelination

Nucleus .
Axon hillock :

Initial
segment _
(unmyelinated) =11 %
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of
Nerves




What Nerves
look like on
models

: Gluteus medius
‘ fcut)

Gluteus maximus fcut)

Inferior gluteal nerve SR
Pudendal nerve
Perineal branch

Hemorrhoidal —
branch

|” Superior gluteal nerve
Firiformis

) ) Posterior femoral cutan&aous nerve
Perineal branches -~

Sciatic

Descending cutaneous — nerve
branch
Semitendinosus Jr :
Biceps

femoris (cut)

Tibial nerve —

Medial sural
cutaneous nerve — Lateral sural

cutaneous nerve

Gastrocnemius

Tibial narve
imedial calcaneal —___ |
branch) Iy



Patellar reflex

Dorsal Root Ganglion Spinal Cord
(DRG)
Dorsal horn
R Gray matter
. central
Sensory neuron - - ‘ 'ﬂ White matter canal
(affarent) Inhibitory Golei bottle
L /ﬁ)/ interneuron neuron)
Ventral horn
alpha motor neuron to
Quadriceps femoris Quadriceps femoris
muscle (agomst muscle] Patells
Tendonh = alpha motor
neuron supplyving
A the Hamstrings
Patellar tendon ——— Femur
direction of Tihia Hamstring muscles
le \\ (antagronist muscle)
s \ T Fibula

movement



sensory cell bodies
Dorsal root

anglio
gang dorsal sulcus (fissure)

white
matter
gray
matter
canal -
contains

\ cerebro-
entral sulcus spinal fluid

sensory
fibers

receptor
eftector

spinal nerve
P central

motor fibers

Ventral root
motor cell bodies



PNS
The Feedback Loop (Arc)

Sensory Pathway

CNS

N )

Receptors 1. Sensory Neuron
(detect changes)

3. Motor Neuron

2. Interneuron

@ Interneuron

(Integration)
(calculate what to d

!

Motor Pathway
Effector

Tissues
(respond to changes)

o)




The Motor/Multipolar Neuron

Golgi Dendrite
apparatus

Perikaryon
Mitochondrion
Axon
(may ba
Axon hillock myelinated)

Initial segment
of axon

— S
~ ~Perikaryon
MNucleclus ( =t
N
Mucleus 1
Postsynaptic
Axon hillock oell

Initial Synaptic : e =
segment terminals
of axon

Meurofilameant
Dendritic Nizsl bodies
spines

{a) Multipolar neuron Missl bodies

| Meurofilament

Histology of a Neuron



The 3 major types
of Communications
Junctions coming
from Neurons

@ Synapses with
another neuron

Dendrites Meuromuscular

junctions

Collateral Telodendria

branch \ﬁ
=

Skeletal

napti
Synaptic muscle

terminals S,

@ Neuroglandular
junctions




White matter Central canal _

(1M ' Dorsal root . \\ i
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Spinal cord, posterior vew

Transverse sections of the spinal cord

~Posterior median sulcus

In the Spinal cord:
White matter = columns
Gray matter = horns

8 Cervical (C;-Cg)
12 Thoracic (T;-T45)
5 Lumbar (L;-Ls)

5 Sacral (S;-S¢)
1 Coccygeal (Co,)



Gray matter

Spinal Meninges  witemate

Ventral root
Spinal nerve

- Dura Mater

Dense irregular CT +
Corsal root
Simple squamous

epithelium

Arachnoid

- Arachnoid

Simple squamous
epithelium

- Pia Mater

Dura mater

Collagen and elastic fibers
Posterior view



Cross Section of Spinal Cord Histology

Central Canal
filled with CSF lined
with ependymal cells

Now draw the x.s. of spinal cord!



The Spinal Cord Nuclei

Posterior gray commissure Posterior median sulcus
/ From dorsal root

Posterior
gray horn

Somatic |

> Sensory
Visceral | nuclei

Lateral

gray horn Visceral 1

L Motor
nuclei

Somatic )

Anterior
gray horn

Anterior median fissure

Anterior gray commissure



Copyright © The MeGraw-Hill Companies, Ine. Permission required lor reproduction of display.
Cranial nerves

Olifactory bull, termination
of alfactory nerve (CN 1)

Olfactory tract

Optic chiasm
Optic narve (CN 1)

Infundibulum

Optic tract
Oculomotor nerva (CN )

Trochlear nerve (CN IV)

Trigeminal nerve (CMN V)
Abducens nerve (CN VI

Facial nerve (CN VII)

Vagus nerve (CN X)

Accessory nerve (CN X1)

Vestibulocochlear nerve (CN i) estibulocochiear nerve (CN VIII)
Glossopharyngeal nerve (GN IX) Glossopharyngeal nerve (CH IX)

Hypoglossal nerve (CN ) HYRoglossal nerve (CN Xil

Copyright @ The MeGraw-Hill Companies, Inc. Permission required lor reproduction or display.
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Cranial nerves

Qifactory bulb, termination
of alfactary nerve (CM 1)

Ollactory tract

Optic chiasm
Optic narve (CH 1)
Infundibulum

Owplic: tract
Creulomator nenvs (CH I

Trochlear nenve (CN V)

Trigemninal nerve (CN V)
Abducens nene (CN VI)

Facial narve (CM VI

Vagus nerve (CH X)

Accassory nerve (CN XI)

Nervous

+. oW System :

Cranial
Nerves



Cranial Nerves

Copyright © The MeGraw-Hill Companies, Inc. Permission required for reproduction or display.

VBV

Olfactory bulb, termination
of olfactory nerve (CN 1)

Olfactory tract

Optic chiasm

Optic narve (G Il
Infundibulum

Optic tract

Oculomotor neree (CN 1)

Trochlear nerve (CN V)

Trigeminal nerve (CH V)
Abducens nerve (CN VI)
Facial nerve (CN VII)
Vestibulocochlear nerve (CN VIII)
Glossopharyngeal nerve (CN 1X)

Vagus nerve (CM X))
Hypeglessal nerve (CN X1
Accessory nerve (CN XI)

Spinal cord

* Indicated by Roman
numerals [-XIl from
anterior to posterior

 May have one or more of 3
functions

e Sensory (special or
general)

e Somatic motor (skeletal
muscles)

* Parasympathetic
(regulation of glands,
smooth muscles, cardiac
muscle)

* Proprioception

e Positional information of
body parts

13-50



Cranial Nerves
e Olfactory (l)

e Sensory (smell)

e Optic (ll)

— Sensory (sight)

e Oculomotor (lll)

— Motor (4 of 6 eye muscles)

— Parasympathetic (constriction of
pupil, movement of lens)

13-51



Olfactory

Cribriform
plate




Animal Sense of Smell

Vomeronasal Organ
Olfactory Organ
Trigeminal Nerve

Preoptic Area

Accessory Cortex and
Olfactory 1 Hypothalamus
\ |

Bulbs .

Main \
Olfactory
Bulbs .

\T\
S,

_-Thalamus

Hippocampus

Vomeronasal
Nerves

Olfactory
Mucosa .

‘"'Amygdala

~ Olfactory
Vomeronasal Nerves

Organ



Cifmetory bully

Normal Breath

c. Breathing out nosmally s, )




Olfactory Bulb

Olfactory Nerve Olfactory Bulh

Miiral Cell

i

Olfactory Tract

Glomeruli
Olfactory Merve filaments

f' )6 ol ol AN 0 /Y Olfactery

J HJLl" CYRCNCICI]ENS — Epithelium

Oltactory Recepior Neurons

Cilia in Mucosa — 4

Adr and
Odorant Molecules



Olfactory Receptors

to olfactory
bulb

basal cell olfactory receptor neuron
pigment microvill

we cilia
__.—"

—— olfactory mucus

odarant o
binding Cilia
pratein

1 receptor

o

odorant

CHG
channel




Odor Fatigue

The longer you smell an odor,
the weaker the odor becomes.



The visual system

Posterior chamber:,
Limbal zone




Hardware of vision




Fish and Amphibia

Optic chiasm
LGN

Optic tectum

Cortex
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* What and where pathway THE CHT

Central sulcus

"Where!

Parietal

\ Inferotemporal cortex




(A) 4-mm embryo (B 4.5-mm embrvo

Development
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Ventricle [:."p‘t!l'_' {C) 5-mm embryo (D} 7-mm embryo
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Ultrastructure



Micro structure of retina
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Motion-induced blindness

https://michaelbach.de/ot/mot-mil
















kKeep slaring at the black dot.
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What we actually perceive
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Impossible colors

Fatigue template Target field

(stare at "x") (glance at "x")
X
X X




Impossible colors

Fatigue template Target field Approximate
(stare at "x") (glance at "x") Rendering

STYGIAN BLUE

X (simultaneously deep
blue and black)
SELF-LUMINOUS RED

X X (simultaneously red and
brighter than white)
HYPERBOLIC ORANGE

X X (more than 100%
color saturation)










