Obwasa punsnonoruna LIHC



(1) Sea anenome

Nerve
net
|3 ISy '\i
TR )
"."\{@4."«‘.‘) "
Dt S

Cnidarians have radial
symmetry and diffuse
nervous systems
based on nerve nets.

(4) Squid

Stellate

Molluscan nervous systems
vary among groups, but
squids and octopuses (like
vertebrates) have well-
centralized nervous systems
dominated by a large brain.

(3) Flatworm

(2) Sea star

Radial
nerve Brain
Transverse
Neural
ring Nerve
trunk

Echinoderm nervous

systems are simple,

perhaps because of

their radial symmetry. | oot e

(platyhelminths) have
bilateral symmetry and
show both centralization,
with a ladderlike central
nervous system, and
cephalization, with a brain
| at the anterior end.

ganglion

/>>Mantle
nerves

(5) Earthworm

Segmental

Ventral
nerve cord

( Annelid nervous systems
consist of a small brain and a
ventral nerve cord, with each
segmental ganglion largely
responsible for sensory and
motor functions within the
segment.

(6) Human

Brain and
spinal cord
are the
central
nervous

| sytem

Nerves of
peripheral
nervous
sytem



1 Neuron and 2 Myelinated and unmyelinated nerve fibers

Unmyelinated fibers

Axon hillock

Axon (neurite)  Schwann
cells

Axolemma

Endoneurium

Myelinated
fibers

| Myelin

Nodes sheath

of Ranvier i

Electron microscopic view,
1:22000 magnification.
Photograph courtesy of Dr. Lauren A. Langford
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Nucleus of
a Schwann cell

Collaterals Presynaptic ending
(terminal
button) Electrical

transmission

3 Synapse (diagram

Presynaptic
membrane
Chemical

transmission
(neurotransmitter)

Synaptic
cleft

ol
Axon—a long - A‘)
process that conducts if s

information to another 4
cell (neuron, effector) /

Axon terminal—
ending of axon where Synaptic
it meets another cell

Dendrites—extensions of the
cell body (processes) that
receive information

Cell body—contains
organelles typical of any
other cell that maintains
normal life functions

Axon hillock—site
& where impulses begin

Axon collateral N\
is a branch of 2 =
an axon < ‘

l/ /4 v
/—— Nucleus of

( / Schwann cell Nissl bodies
Schwann cell—

maintains myelin sheath

around a peripheral neuron

Myelin sheath—layered fatty
covering that insulates axon

Node of Ranvier—axon
exposed between Schwann
cells (no myelin)

bulb—the tip
of the axon
terminal
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i -tro-sit
Neuroglia provide many support- f;g::oyrtte:eﬁsn? o)

ing functions that assist neurons in * Protect them from harmful

both the CNS and PNS. substances _
* Maintain proper chemical

environment for generating
nerve impulses

* Play a role in
learning/memory

Cells of — 7 = . . M « Help form blood-brain barrier
pia mater T @ S e = - ; S Y., / * Assist with growth/migration
(covering around brain) ' ; of neurons during

- development

Microglia

(mi-KROG-lé-a Node of Ranvier

protect CNS cells
by engulfing
invading cells
through Myelin sheath
h is.
phagocytosis A
Oligodendrocyte

(ol"-i-go-DEN-dro-sit) produces

Neuron 2
and maintains myelin around
axons of several CNS neurons.
Blood capillary
Neurons
-~ Ependymal cells (e-PEN-de-mal)
Microvillus line ventricles of the brain and

‘-_____________.f A\ 77 | ', 7 N N, .0 A NG central canal of the spinal cord.
Cilia 4 i\ VA ‘ Bl ¢ They produce cerebrospinal fluid

(CSF) and assist in its circulation.




Endfoot

Brain——— 7

surface

Pial-glial
membrane

Fibrous astrocyte

Brain
surface W ‘f
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A Capillary

Endfeet surround
capillary.

Protoplasmic astrocyte



A NONBRAIN B BRAIN CAPILLARY
SYSTEMIC CAPILLARY

Transcytosis Astrocytic

endfoot

Inter-

Lipid soluble —
)

cellular
cleft Carrier —/7 |
N\ Lipid soluble mediated (// )
/&:D \
Fenestra Tight
junction

om

r Endothelial cells sit on
a thick basal lamina

C BRAIN-CAPILLARY basement membrane.

ENDOTHELIAL CELL




Interstitial space -
Transastrocyte path
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Glycogen

Direct path
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Neuron

[K*]o= 12 mM

Gap junctions

[K+]o =4 mM
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A OLIGODENDROCYTE

Oligodendrocyte

Myelin wrapping

B SCHWANN CELL

Layers of
myelin sheath
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@ Neural plate

—

@ Neural groove

Anterior
neuropore

Neural tube

Posterior
neuropore

Brain

Somites
Spinal cord

Neural groove  Neural fold

O—— Notocord

Neural groove
Neural crest

Neural fold

Fusion of new
neural fold
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Melanocytes Autonomic
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medullary x
cells

Schwann cells P X

Dorsal root ganglion cells
Cranial nerve sensory cells



A 28 DAYS
Prosencephalon Mesencephalon
(forebrain) (midbrain)

Cephalic

G flexure

vesicle

Cranial
and spinal
sensory
ganglia

Cervical

cord flexure

Rhombencephalon
(hindbrain)

B C

, ADULT

PRIMARY . SECONDARY
VESICLES ~ VESICLES
28 DAYS

Mesencephalon
(midbrain)

ombencephalon
(hindbrain)

Neural
tissue

—

35 DAYS

DERIVATIVES

Neural tissue Cavities

tencephalon

<<

—> Myelencephalon——» Medulla

é IS third
Hypothalamus ventricle
Neuropituitaly
Midbrain Cerebral

aqueduct

Caudal
fourth
ventricle




.MESENCEPHALON . I

(MiIBRAR) PROSENCEPHALON
RHOMBENCEPHALON (FOREBRAIN)
(HINDBRAIN)

Developing eye
Developing ear

Pharyngeal arches

Spinal cord Developing heart

Lateral view of right side

(a) Three-four week embryo showing primary brain vesicles

Qutline of
diencephalon
Midbrain

Cerebral
hemisphere

Cerebellum

Pons
Medulla

oblongata

Spinal cord

(c) Eleven-week fetus showing expanding cerebral
hemispheres overgrowing the diencephalon

METENCEPHALON

MYELENCEPHALON \

MESENCEPHALON
(MIDBRAIN)

DIENCEPHALON

TELENCEPHALON

Spinal

coid Developing upper limb

(b) Seven-week embryo showing secondary
brain vesicles

Cerebral
hemisphere

Diencephalon

Cerebellum

Brainstem:
Midbrain
Pons

Medulla
oblongata
Spinal cord

(d) Brain at birth (the diencephalon and superior portion
of the brain stem have been projected to the surface)
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PRIMARY VISUAL CORTEX
|

Lateral
geniculate
nucleus of O
thalamus _ R — e
M / ——— ] N
N
Axcn from Norepinephrine-
locus coeruleus utilizing synapse

(modulatory)

Axon from lateral
geniculate nucleus

Glutamate-utilizing
synapse

Retinal Locus

neuron  coeruleus
in brainstem

(O . GABA-utilizing
synapse
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— E. Termination of transmitter action

Extraneuronal
uptake
Reuptake ~ Glial cell, etc.
Inhibition 9 o
Presynaptic of exocytose
ending Diffusion

9
o out of cleft
act gca¥ o /
Q
Autoceptor !\a j o
Q
Q

gﬁ? U\

Postsynaptic
cell C_\\/?
Enzymatic breakdown e
SF e Rapid inactivation of
cation channel N
(desensitization) Internalization

of receptor




Dendrite

Neuron (soma)

Action potential
(APA)

Axon
hillock

ed EPSP
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\ \ Electrotonic currents
(depolarizing)
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Axon

Axon
initial
segment
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--Threshold-----------

_/A\

0 20
msec

Action

|

> potentials —__|

msec

msec

\

V. never rises above
the threshold. There is

There are 2 action
potentials as PSP rises

There are 6 action
potentials as PSP rises

With the third hump,
action potentials begin.

no action potential. above the threshold. above the threshold.
Axon
Action
7 potentials ~u_ |
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In the axon, there are simple spikes, without PSPs. The timing
of the axonal spikes is the same as that for spikes in the soma.




A EXPERIMENTAL PREPARATION

I Il

I
b& l Axon
X hl||OCk
== N\7——V7—

===
Dendrites < )/( Initial Myelin

segment sheath
Cell body

B EXCITABILITY ALONG NEURON
Threshold

8

Above the threshold there

is an action potential.
Below the threshold there
is no action potential.

Amplitude of the “ =
synaptic potential . /

Resting membrane potential -.________. S bttt bbbt

Distance
C DENSITY OF Na* CHANNELS
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Excitatory
transmitter

Depolarization
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Electrotonic transmission

“Short-circuit” via

K™ (and/or CI") channels

Postsynaptic
neuron

Inhibitory
transmitter

Hyperpolarization

Electrotonic currents
hyperpolarize
axon hillock

IPSP
w
: el
]
mV Summation
70} EPSP +IPSP

To
axon hillock



A\

Inactivation of
calcium channels

Action
potential GABA
arrives release
ca2+
/Q\\ 2. Less calcium
enters
1. Action ¥
potential 3. Less
arrives neurotransmitter

released

4. Reduced
effect on
postsynaptic

membrane

(a) Presynaptic inhibition
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@ Input:
Information
sent along
afferent
pathway to

Receptor (sensor)

@ Change
detected

by receptor

@ Stimulus:

change
in variable

Control

'/
Produces "'b,,q
P

center @ Output:
Information sent
along efferent
pathway to

Effector

(5) Response of
effector feeds
back to
influence
magnitude of

stimulus and

Variable (in homeostasis)

returns variable

to homeostasis
I/
'hbw,he l
e



Brain Stem
Descending
Pathway

Rubrospinal Tract
Tectospinal Tract
Vestibulospinal Trac
Reticulospinal Tract

VOLUNTARY
CONTROL

AUTOMATIC
CONTROL

Pyramidal Tract

REFLEX










Membrane potential in millivolts (mV)

i}’%az

Presynaptic Postsynaptic
neurons neuron
i Nerve impulse
= (action potential)
= Threshold level
MM 12 4 Many
1

| | | | | | | | |

0 10 20 30 40 50 60 70 80 90
Time in milliseconds (msec)

(a) Spatial summation

Figure 12.25 Tortora - PAP 12/e
Copyright © John Wiley and Sons, Inc. All rights reserved.

Membrane potential in millivolts (mV)

R S

Presynaptic
neuron

Postsynaptic
neuron

Nerve impulse
(action potential)

Threshold level

P )

| | | |
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| |
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Time in milliseconds (msec)

(b) Temporal summation



EPPs
before
tetanic
stimulation

_f\-h_-

Time after tetanic stimulation



Post-tetanic Potentiation
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Single EP3P
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ONLY AMPA RECEPTOR CHANNEL OPEN

Extracellular

space Vesicles

containing

Postsynaptic
neuron

At relatively negative ..but Mg?* blocks the

values of postsynaptic NMDA receptor.

Vv glutamate binding

activates the AMPA

receptor, depolarizing
the cell ™

D AMPA AND NMDA RECEPTOR CHANNELS OPEN

Extracellular
space

/“Ca?*
Postsynaptic
neuron

t Ca®* concentration

At more positive values of postsynaptic V,,
Mg?* detaches from NMDA receptor channel,
allowing channel to open so that [Ca®*]; rises.




B LOW-FREQUENCY STIMULATION A RESPONSE TO HIGH-FREQUENCY STIMULATION

Test Rapid train of
pulses action potentials
I 111111 A

Fagilitation

Potentiation

Localized [Ca®*]
increases

B RESPONSE TO LOW-FREQUENCY STIMULATION

Slow train of action potentials

Habituation

strength

Time
(sec)

Widespread [Ca

Y
increases 2
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I. Obnerverowe: Il - Oxxmoss:
A=3 B=3, A+B=8 A=5 B=5 A+B=8



Stimulation A 4

Reflex A

T

Reflex B

Branch A
Branch B
RA _jL =2 RB _./\_ =2

Subliminal fringe
Discharge zone

Facilitation zone
Ry+ Rg =7 Facilitation

Branch A

Branch B

Discharge zone /ﬁ \/

(Y /Z
f {
\*

Occlusion zone

L =12 Occlusion



