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Sensory fiber types

Erlanger-Gasser . . . .
Type Classlfication Diameter (um) | Myelin | Conduction velocity Associated sensory receptors
la Aa 13-20 Yes 80—-120 m/s Primary receptors of muscle spindle
Ib Aa 13-20 Yes 80—-120 m/s Golgi tendon organ

Secondary receptors of muscle spindle

] AB 6-12 Yes 33-75 m/s
All cutaneous mechanoreceptors

Free nerve endings of touch and pressure
m Ad 1-5 Thin 3-30 m/s Nociceptors of neospinothalamic tract
Cold thermoreceptors

Nociceptors of paleospinothalamic tract
Warmth receptors

Iv C 0.2-1.5 No 0.5-2.0 m/s
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Myelinated Unmyelinated
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Galgi tendon organ

Ib fibar

= Muscle

- ANNES /T W W
W | — —

/ CONTRACTION
// ’ J,} i Ll .

(1]
s with permission from Eyzaguirre C. Fidone S): Pavsiology of
psule the nervous system, ed 2, Chicago, 1975, Year Book Medical

Publishers.
W Fig. 128 Drawing of a Golgi tendon organ. R

b. Knee jerk reflex
(Patellar Reflex)

B Fig. 1249 Activation of a Golgi tendon organ by muscle
stretch (feft) or by contraction of the muscle (right). (Redrawn

Knee Jerk (Patellar) Reflex <

S )lewm (arid Gl et sl (S8,
g0 (S g bl o o (5)98 L L e
Patellar ;sul o5, » 25 b aSle) .ol
00 00iS ol 4y ¥ alac ©0gd 0 00

Alm of this reflex is:

oo 3 955 0 S5 =5 Muscle Spindle
alac g0 4l 0 g 05 o Jlol gbu
ol nles 1S 0 gl lawes

1. Physician to be sure
Connection of sensory
and motor s correct,

2. Toinvestigate of ol a5 K jned 1enssS ST alac -
some disease involved
to dorsal horn of spinal
cord
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Inhibitory Neurons **

oo Loy slo 9,55 b 5 pmgi BB Olini 450,10 0925 (655 0 ] ol o Ly 9,95 (0L 5 oluni
iy onl ] oIS o iteca
Inhibitory neurons in the spinal cord sy iyl bt ol

Numerous interneuron located in the spinal cord J——— b i 45 Al sl
Some of its are inhibitory like Renshaw cells. ' S SS s)lge By g8
These small neuron transmit Inhibitory signals to >y )
V) alae o

surrounding motor neurons. SO D 77

bz Renshaw L)y 45,90
b aehd G oa 5>
ST (sloDescending  Lowsi

Instantly after the motor neuron’s axon leaves the

body of the neuron, collateral branches from the
axon pass to adjacent Renshaw cells.
Thus, stimulation of each motor neuron

tends to inhibit adjacent motor neurons, g o oo Y oilo

Ihibiies tof
an effect called lateral inhibition, to focus, or sharpen, L 5 )15 5 ol sl

its signals for control of precise execution of voluntary

movement via the specific muscles. S ] 5,80 S5 Sl Y
S las o Pl ol el 2,5 slo NS il 4,b I 45 igd jlge il ] sl S5 (Slgig)s0 5 05
Lateral S5 & 9,95 (Soko paz ] ST 79,5 ] e aholidl 0gis sl 480

ol 0ols lii ;0,8 Ky b Vb IS jo(Renshaw (s,lgo Lol, 5,85 b g 055 o g, ) /) e 48 a5Li( Branch
U le 9,55 055 5 WS 0 lge |y (Aol (9,80 selme 5o g9 s0ld] Renshaw g A5 o )18 plis )]
b il o S ) o 5 LSS T s yle Ll Ggp8 59y A5 A 0 Ol gl LS o igd e ] ),
dolps mSly g iy b o guds S S oloul ] dmis 45 04 o 4dS il g L Lateral Inhibition A /)8 o/
.‘)}g

The Mark Time Reflex (Diagonal) - 5
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V. ) s Hlac gl Flaccid paralysis
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At the onset of segmental injury:

Spinal shock

* - Blood pressure fall instantly ( sympathetic
L. activities are blocked, return to normal within
Below the segmental injury: & i s )

* Flaccid paralysis, Hypo-reflexia, areflexia

- All skeletal muscles which integrate in the
spinal cord are blocked, in human within 2

Autonomic Reflexes are suppressed
weeks or several months return

Loss of somatic sensations * The sacral reflexes for control of bladder and
3,4 month gradually return, Flaccid changed to  colon evacuation are suppressed for the first
spastic (spasm) few weeks, eventually return

: Upper & Lower motor neuron & caw/ So ( Ysbo oiMe g (slo 4ilis [T

el j0 Jlo j2o 4 0 39250 slo y9,5i( Lower Motor Neuron L

dzalo zls .
IS dislo( flziaSr sl oS5, jials ¥
Mae So 5 L1

(o Jod o e w3l Jled £l 45 il 5 ool S IMN o ol agd [ 55,5 gt ameale 5 )
Dl ool i 5 35

ST UMN ol b 50,5 s ,lgo L2 LMN (g9, UMN [,y ; (Exaggerated) 9.5 o b jlews Lo uSI8, ccdles . ¥
bl e el slo o SL) o Koz Sl G Lo 5 098 (po 4L LMN (59 T 5 lgs

alac Extension 4 Flexion y2ilug S sy Sctalws! Jloyi pué (slo oS3, .1

D Ao Ll b (>0 CDlac 45 das o & Fibrillation CJl> 4y 4ol SMlace ;0 ol Clonus . F

dipd (po 1) s 9 i iy 5l
Summary of the long-term signs of symptom reflecting the injury to:

* A. Lower motor neuron « B. Upper moto neuron
+ 1. flaccid paralysis of muscles  * 1. Muscle paralysis without
atrophy

+ 2. Exaggerated (hyperactive)
stretch reflexes

+ 3. Abnormal reflexes, spasticity
maintained flexion and
extension

4. muscle fibrillation (tW|tch|ng) « 4 Clonus ( a|ternating flexion
and contraction) following rapid
displacements of the limb

2. loss of segmental reflexes

3. Muscle atrophy
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Sectional Organization of the Spinal Cord
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Afferent neuron
axon (sensory)

Spinal cord

© Efferent neuron
] axon (motor)

Muscle (effector)

Finger (receiver)

Source
of heat
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Y. Vestibular system

Autonomic center .1
Reticular formation system .2

A Y S 0 d b S (605 (65 Gy o B 45 Wit 1 (6,550 STeo [ Cerebellum . F

Autonomic Center >
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a. Has two components,
The sympathic and the parasympathic.

b. Neurotransmitters in the both
ganglions is Ach

c. In the sympathic effectors is NE.
f. In the parasympathic effectors is Ach.

g.Control activities of smooth muscle and

Glands.
h.Control of viscerals activities (stomach,
intestinal, arteries....).

0,0

Al e Gl (Sl )5Sy prage ol szl [T

Central nervous
system
Preganglionic

&3

Peripheral nervous
system
Postganglienic

Effector
smooth muscle
Postganglionic

transmitter

A

Parasympathetic nervous system

Long preganglionic fibers
Short postganglionic fibers

ACh J
; m —
Sympathetic nervous system
Short preganglionic fibers
Long postganglionic fibers
ACh
e I s — _@\“__e ACh

i
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[ Sympathetic division Cholinergic
| Ach (nicotinic) NE Adrenergic | Some farget fissues are
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N i ibited. e,
1 T EE — /'_, ’ = recoPiors | blood vessels (incruding
A g oy b)) a9 LAY } those in skeletal muscle)
~- = AN\ pr are stimulated to vaso-
b 74 constrict, and stomach
‘ Preganglionic neuron Postganglionic neuron glands are inhibited.
\ Effector
‘ cell
Cholinergic
Ach (nicotinic) Ach Cholinergic
released —receptors released (muscarinic)

Sweat glands are stimu-

\< / \\\ \ p roceptoss lc:tedi on'd skeletal
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B B o | 8 i \:,_E’j\\ X 13 \Q muscle b vessels are
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M . during exercise.
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cell
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released  r€ceptors _ released (muscarinic)
7 receptors | General response is ex-
A — — == > / citatory, but some target
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Comparison of Autonomic and Somatic nervous system

Central Peripheral

nervous nervous Efiector
system system organs
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LJe Smooth
7
A =as '.° ———————————————— <= muscle
°
Sympathetic Ganglion
division
H:f.:g:f Acetylcholine Epinephrine and Glands
1E7u0US norepin
system B S /,}7 BlERne Blood
7 vessel
Adrenal medulla *
Acetyicholine gi’so é?e:
Parasympathetic e o
division S i
Ganglion

=== Postganglionic axons " Myelination
(sympathetic)

— Preganglionic axons
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~~~ Postganglionic axons
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T Preganglionic axons
(sympathetic)

PN ot 40 A5 G900 ol 4 Canl 00,57 ) 6,0 ( Kiloguw g ), 6055 ( pais] i (o dugléo SO YU JSS

0 by lin] plil g (S e 0)fars 45 Dlac 50Ul 5 Lind o O] sl a0 5 s o] «Soileans pice 0

Cwibetes b il Coni Ly Ko

Dot S i

A8 ol il 5 Sl ol 30 40 40 oo D 0gzg 1 Y

sto ol a5 o ST g8 Sl 45 595 00l 40 (Sileonw i ol 4B (gl a0/ (sl 4B i 0
Lo g ] (s 0i S a5 Suo slo sl 4 o}.::z..oo/)'/"ﬁu&/o @ 8 stly9d e g 0l i iiblog S

Dgiiceo 95 ,Lid iolis] Gl adS 555 0ul Gl ] Ao SO g Ao N8 LIG Co ], aill 4Dl

|Page

98



iy les 583 4 g iy e pgo Lo fyu> LML Y

pifferential Effects of the Sympathetic and Parasympathehc Systems on Glands - : _
and Muscles
Targeted Structures Sympathetic System Parasympathetic System |
"Glands
“Nasal Decreased secretion Increased secretion
Lacnmal Decreased secretion Increased secretion
Itestinal Decreased secretion Increased secretion
Gastric Decreased secretion Increased secretion
Sweat Increased secretion No known eflect
Smooth muscles
Iris Pupil dilation Pupil constriction
_Eﬂ_ll_r) Relaxation for far vision Contraction for near vision
_Lnnary bladder Relaxation Contraction
_Anal sphincier Constriction Dilation N
Digestive tract Reduced activity Increased activity
ronchi Dilation Constriction ‘ -
Lungs Vasodilation Vasocanstriction .
...s.k"L_ Sweating and piloerection None ,
.E‘j_‘ﬁfﬂn_uxlcs Increased rate and force of heartbeat; vasodilation Decreased acuivity; Vasoconstnéuan
Blood vessels Vasoconstriction in viscera and skin; vasodilation None
~—— in skeletal muscle and heant '
Gerials Vasoconstriction Vasodilation
Cewl 0y LSS Ceannd 90 ippiancws (] Reticular Formation system >
). Neural of reticular formation
S ol IS s ] (T A5 Ao Cawy0 [, JlalewlsSS 85 o) ye 28l5 0 Nuclei R Nuclei R T
Motor Hold (
. dileco )System
4
> MNeural of Reticular Formation
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b g ol g9, Medulla j/ g/ 4505 e This fibers project to specific and non-specific area in the brain .
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to spinal cord

Reticular formation

Ascending general
sensory tracts
(touch, pain, temperature)
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This fibers project to
Specific and non-specific area in the
brain

Radiations
to cerebra
cortex

Control of impulse has been sent to brain

Select important signal and permit to travel to
brain

Inhibits non-important signal

Auditory
Continuous sending of signal with strength mpulses

state produce adaptation in this system.
Involve in the sleep

Visua
Impulses
Descending

Reticular formation motor projections

. . P o | S \al corg
Reticular Activating System (RAS) is in the AoCC”O*ij genera 1o spin
middle of this system which is important in the SEnsory racts
sleep (touch, pain, temperature)
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1-  This nuclei, is important for controlling the position.
2-  This nuclei, produce reticulospinal tract, which is part of the motor hold system.
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AVA)Vestibular System >

[J This system has two components:

a. Vestibular apparatus

4 b. Vestibular nuclei
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Function of Semicircular ducts

| 0

» a. control position of body A
during movement (angular ﬁ
velocity) AP W,,

» b. During head rotation send R, <Lk | \ 7
signal to vestibular nuclei. PULLLA XN g gﬁ

» c. Angular acceleration

« Briefly, This system contribute A T
to control posture during A A %
movement (Dynamic vestibular , , Wi 4
reaction) o

> Function of Semicircular Duct
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a. control position in the beginning and
the end of movement ()

b. control linear acceleration

c. hence angular position relative to
gravity

d. To keep the head upright despite
changes In the position of the body.

e. Utricle is high sensitive to standing
upright

f. Saccule is high sensitive during sleep

T4

el i
(e)
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Briefly, This system contribute to control
posture during standing (static vestibular
reaction)
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« Each macula is covered by a gelatinous layer in which many
small calcium carbonate crystals called sfatoconia are
embedded. Also in the macula are thousands of hair céells,
these hair cells project cilia up into the gelatinous layer. The
bases and sides of the hair cells synapse with sensory
endings of the vestibular nerve.

+ The calcified statoconia have a specific gravity two to three
times the specific gravity of the surrounding fluid and tissues.
The weight of the statoconia bends the cilia in the direction of
gravitational pull.

* in one or more of the semicircular ducts causes the fluid to remain
stationary while the semicircular duct rotates with the head. This
process causes fluid to flow from the duct and through the
ampulla, bending the cupula to one side, as demonstrated by the
position of the colored cupula in Figure 56-11. Rotation of the
head in the opposite direction causes the cupula to bend to the
opposite side.

Maculae and

statoconia
Semi- o N
circular v \\
canals & \\ \
| (PR \
//// L | \ f \ ‘l
/[ \ )
N/
| \\.\_
‘\‘. ‘y.. - > /
\\ sy /Y - ,,//
S /) Saccule  Ductus
Posterior / | cochlearis
Crista ampullaris |/ Ductus endolymphaticus
MEMBRANOUS LABYRINTH
~—— Gelatinous Statoconia
mass of
cupula - Gelatinous
- Hair tufts layer
| == Hair tufts
Bt (i) ~— Hair colls
I 3 4 V-;
@ :. . : Nerve fibers
——Nerve
fibers
Sustentacular cells Sustentacular cells

CRISTA AMPULLARIS AND MACULA

Macular hair cells transduce linear acceleration

* When the head moves linearly in any direction, maculae move along.

« The otoliths being denser than the surrounding fluid, lag behind.

» The position of stereocilia is changed (stereocillia bent toward the Kinocilium) and production of

receptor potential in the hair cells.

« This potential synaptically triggers action potentials in the vestibular nerve fibers, which are then sent to

the brain.

» So, utricle and saccule inform the brain about any linear movement of the head and consequently of

the body.

» Macular activation occurs mainly during the onset (acceleration) and termination (deceleration) of the

movement.

» Thus, in a moving a car or elevator, we perceive motion only during the initial and terminal phases.

Ciliated hair cells in the cUpuUla transduce Rotational acceleration

» Rotational acceleration of the head moves the semicircular canal (scc ), displacing the

attached cupula along the same direction.

* The endolymph fluid in the canal lags behind, owing to its inertia.
» This differential movement of the fluid in relation to the cupula distorts the stereocilia,

creating a receptor potential in the hair cells.

» As macula, action potential is made and signal will being sent to the brain ( vestibular
nucleus) to inform about the particular rotational motion.

*  With constant acceleration of rotation, gradually hair cell move back and signal stop or

decrease.
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Functional polarization of vestibular hair cells.

v a. The streociclia are
bent towards the
Kinocilium, the hair cell
is depolarized and the
afferent fibers is
excited.

b. When the streociclia
are bent away from the
Kinocilium, the hair cell
is hyperpolarized and

the afferent discharge
slows or stop.

Depolarization Hyperpolarization
Y
Receptor Illl Tl” =
potential
0 :
g
U 4 ;
Nerve I
impulses
Resting Increased Resting Decreased  Resting
discharge  impulse impulse
frequency frequency
Excitation Inhibition

Effect of head movement on the vestibular afferents fibers

« Counterclockwise rotation of
the head causes excitation of
the left semicircular canals and
inhibition of the right
semicircular ducts.

Turning motion of head

P

Ampulla

Fluid motion Fluid motion
in duct in duct

Horizontal
ducts

Utricle .
Axis of

hair cell

Decrease
in firing

Increase
in firing
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Function of VA . v
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Briefly:

a. the lesion of VA bilateral, Animals unable to stand upright, L <,k
especially if blind folded. When attempting to move forward or
backward or to turn, they fall. If the VA is removed on%only one side

they exhibit postural and equilibrium deficits on that side.

4 ,0l8 /s> NVestibular System

i ST logas e daloze olin/
b. T_he VA s:end signals t_o Vn and to cerebellum, control equilibrium 03 b b sl azsl diuy b
during static and dynamic. ARG AR : ;

c. The VA detects changes in the head,s and body,s position in space,

signaling the brain motor centers to adjust posture and maintain AiiSo CS b foler ol Jo
balance.
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d. The VA has two parts: 1. three semicircular canals (scc), which Spd ALl S b K VA S

respond to rotational acceleration in head movement (dynamic 4.@/}9 o /;/ b QL@ 0 ol
balance). 2. saccule and utricle (macular organs), which respond to '
head tilts and linear acceleration ( static balance) LY,
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The exerciser experiences linear and angular acceleration. His vestibular apparatus (1)
senses these changes, informing the brain via the vestibular nerve (2). In the brain medulla,
the vestibular nuclei (V) (3) receive these signals and send them lo the cerebellum (4)
(flocculonodular lobe). The cerebellum issues appropriate directions to VN. Then N signals
the midbrain motor centers (5) to execute proper reflex movements of the head (6) and eye
(7) muscles. These reflexes help maintain a steady image of the surrounding objects on the
relina. Al the same lime, the vestibular nuclei signal the spinal motor nuclei (9) to activate
appropriate postural muscles. These reflexes help maintain balance.

ESTIBULOSRINEL REFLENES: /

Nystagmus %*
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Angular accelerations of the head activate
the sensory epithelia of the semicircular
ducts and elicit the acceleratory reflexes
and stretch reflex in the neck.

Lateral
rectus

Lateral
These reflexes cause eye and neck rectus

movement that tend to oppose changes
in position.

When the head is turned to the left the eyes

will be reflexly rotated a similar degree to Cranial ; 5 % i ‘
the right. nerve— N VI ) AN Il \NTIL; \NVI,
nuclei Ne® A4 Sen/ N
- R .

This reflex action will help maintain stability
of the visual field (the movement of two
eyes are conjugate

Medial longitudinal

If the head continues to rotate to the left, fasciculus

there will be an alteration of slow eye \l Right medial and

N
\ |
movements to the right, followed by Left medial ond superior_f\ 1 _ ! e lei
rapid eye movements to the left. These vestibulor nuclei *JJA 7 |N A / superior vestibular nuciel
alternating slow and fast eye movements |
are called nystagmus, which is called
VESTIBULOOCULAR REFLEX (Vertigo Vestibular ganglion | 4
nystagmus and sea-sikness) |
- - oo lotation | \ Rotation
z-.-: ... .- E | ‘.\“--'
Ah M | \
R R £ Direction of fluid motion in the
—at RIS S omplullo
=mman s U |
?.‘-.'_::;-:-—..-. Left horizontal Right horizontal
g o it semicircular duct semicircular duct
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Vestibular Nystagmus b5
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Figure 40-8 Vestibular nystagmus. The trace shows the eye
position of a subject in a chair rotated counterclockwise at a

constant rate in the dark. At the beginning of the trace the eye gl olKvd ,.‘_:L CoU i i 6D M/ s g2 = ,_i:/ 5)

moves slowly at the same speed as the chair (slow phase) and ‘5/ e - - 7 R /. ‘fc‘ -

occasionally makes rapid resetting movements (quick phase)

The speed of the slow phase gradually decreases until the eye . & . &. & 5 . E - oy

no longer moves regularly. (From Leigh and Zee 1991.) S9>9 L;’L""’ J[‘x"“" Ls—i')b /olx"‘b )"’)‘xf‘) d)'b )/")j"x"“" )L"g
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B Body rotation in light
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Neck reflexes

Decerebrate animal, labyrinths removed

Aol (oo Oy SpSlece ST izman

a. Monitoring any changes of head
position relative to body.

JReflexes Neck( s,5 slo u5L5, [
o oo alal, Lis 00,5 slo GuSB, 1S
o] (prtsg ot ;5T sl 45 5y
25 sl 5B, Lo 5550 gy ol i

b. We know the position of the head
relative to body before we can use
information about the position of the
head in space.

The tonic neck reflexes help us to
keep postural relative to gravity.
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— E. Centers, tracts and afferents for ——
postural motor function

Mator cortex
Cerebelium | Basal
ganglia g
Labyrinth Propcio
J ceptors
Informjation of neck
oot Information
it
233'# :vernent about head
and trunk
angle
Red
nucleus —
1 Ny ]
EN Mes-
encephalon
Reticulgr
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Pans

Vestibular IJ
neclel Medulla
/ oblongata

‘ Spinal cord
|

Feedback
from

spinal cord

Lateral ) :':er}((‘:fb
A=
\\,_—-)——.:— ::":::(rlb
~ 4 spinal tract

Activation Inhibition  Inhibition Activation
v
A
Extensors

Basal Motor Cortex cuw jl old pms 256 co il oo b atwd ol vV
SBsd S1e pl K 8 S8 5 sle g, > g Cerebellum Ganglia
Uwals |, Vestibular g Pontine sle aws g5, » (5o, Sl Gliols poe
290 By il ogd oo DM jo shw sbml dels vl i SOy |5 caies o
39 s e il3l 1, Red Nucleus 5 Medullary sl ans 5 (s ke ol il
Extensor cMas g !l 1; Flexor whlas g9, S @l )i 23l
[, 055 POSItION sl g0 4y a5 058 0 o ol § WO 0 a5 |

*  There are four nuclei in the brain stem which have important role to keep
postural and position.

7> Red nucleus, make rubro-spinal Tract
»  Vestibular nucleus, make vestibulo-spinal Tract

Reticular Nucleus, make Reticulo-spinal Tract ( has two component, Medial and
Lateral)

7> Rubrospinal and Medial reticulospinal are inhibitory pathways

»~ lLateral reticulospinal and Vestibulospianl are excitatory pathways.

* All these pathways controlled by Basal Ganglia nuclei, motor cortex and

cerebellum.

*  Medullary reticular nucleus and red nucleus facilitated by motor cortex,
cerebellum, basal ganglia and other descending fibers to increase inhibition of
antigravity muscles. (Increase flexor)

*  Conversely, pontine reticular and vestibule nuclei normally suppressed by these
descending, as a results, normally excitation of motor neurons in the spinal cord

reduces and activation of antigravity muscles diminished (decrease extensor)
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Disorder in the posture

Decerebrate RIi
Transaction of the brainstem at a
midbrain level results in a condition

known decerebrate rigidity. 2

Cerebral
Berisphorey

¥ / Spinal cord
B |
1

a. This develops immediately after
the brainstems transected, and in Heh
animals the rigidity is expressed as o
an exa(?gerated extensor posture

cause hyperactive stretch

reflexes. ( flexor reduces and 5
extensor increases, because the
control of high motor center on the
brainstems' motor center has been
removed)

b. In compare to the spinalization
(transected of spinal cord), the
peripheral musculature is either
completely flaccid or the tonus of
the flexors predominant. Nor the r
=

paraplegic neither the spinalization,
animal is able to stand.

c. In the decerebrated, a marked
increase in tonus of the entire
extensor musculature. All four
limbs are stretched out straight.
Head and tail are bent backward.

) digds oo

When the brain stem of an animal is transection below the red nucleus ( the mid level of the
mesencephalon) and others three nuclei are intact, a condition called decerebration rigidity, which
does occur in antigravity muscles of body, specially in the neck, trunk and the extensor of the leg.

The cause of decerebration rigidity is blockage of normally strong input to the medullary reticular
nuclei from the descending pathway. Lacking this input, so this inhibition system becomes
nonfunctional. Also lacking of suppression this system on the point reticular, over activity of the
pontine excitatory system occurs and rigidity developed.
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Interconnection between input and output in CB
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* The function scheme of cerebellar processing seems to be as follows:

» 1-The cerebral motor cortex initiates voluntary muscle contractions, and notifies the cerebellum of its activity.

» 2- At the same time, the cerebellum is receiving information from proprioceptors throughout the body. This information
enables the cerebellum to determine where the body is and where it is going.

3- The cerebellum (cortex) assesses this information and calculates the best way to coordinate the force, direction, and
extent of muscle contraction to prevent overshot, maintain posture , and ensure smooth, coordinated movements.

» 4-Then, the CB send its blueprint to the motor cortex for coordination as well as to various extrapyramidal motor centers
that help regulate skeletal muscle movements
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D5 idleS s o0 po b Kas MS L Multiple Sclerosis

Disorder of CB

a. Ataxia (incoordination in the limb and
reduced muscle tone, gait is wide) =
Asynergy in movement

b. Hypotinia (extensor muscles are weak
(postural)

c. Intention tremor (tremor movement which
absent during rest)

d. Dysmetria (Past-pointing, inaccurate
movements, overshoot due to impaired
judgment about the distance)

e. Dysarthria ( slow, synonym with scanning
speech, irrelevant speech movement with
reduced intelligibility)

Multiple sclerosis produce most of the
disorder.

F. Rebounding (inability to predict, stop,
dampen movement)

G. Disequilibrium ( Impaired balance)
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Unlike the cerebral cortex, in which
earlier damage allows for compensatory
plasticity, cerebellar damage earlier 1n
life can result 1n worse cognitive

outcomes leading to long-term deficits

9 (J9 S Jlx8 (LS azesio o Plasticity v
o] 45 lgis, 90 e Plasticity £3,15 09>
5 0kl Rl g ey 00 Slpis )57 Lyl Ao
0 e by, ol 3, 1y A 37 o
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Plasticity cJl> (slpzsio (slool 45 Cde ) 4 oz 0, 0l (s Wil coi A 0 o/ S/ o] 0
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»* Neuroplasticity, also known as neural plasticity, or brain plasticity, is the ability of neural
networks in the brain to change through growth and reorganization. These changes range
from individual neuron pathways making new connections, to systematic adjustments like
cortical remapping. Examples of neuroplasticity include circuit and network changes that

result

from learning a new ability, environmental influences, practice, and psychological stress.
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Optimization and correction Coordination of postural and goal- Programming of

of postural and oculomotor directed movement, correction of goal-dir movement

function (tonus, posture, balance) | course of goal-directed movement
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Figure 12.12 Basal (cerebral)

nuclei. (a) Three-dimensional view of the
basal (cerebral) nuclel, showing their
position within the cerebrum. (b) A trans-
verse section of the cerebrum and dien-
cephalon showing the relationship of the
basal nuciei to the thalamus and the lat- (b) Posterior
eral and third ventricles.
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Basal Nuclei (BG) consist of two parts: Forebrain and Midbrain

> Forebrain has three components.

* a. Caudate
*  b. Putamen
* c. Globus Pallidus

* These nuclei are important to planning
and executive movements.

» Midbrain has two components.

* a. Substantia Nigra (SN)
*  b. subthalamus (ST)

* These nuclei interper to only executive
movement.
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* Generally, BG involves:

» a. control of voluntary gross movements (posture, position, ballistic limb movement)

*“* b. to the initiation of voluntary motor commands ( have important role of providing the programs for slow,
steady movements)

0 c. relay stations for passing on stimuli from the non specific associative areas to the motosensory areas of the
cortex.

0 Help adjust associated automatic motor movement (arm swinging during locomotion, facial expression and
basic emotional vocalization)

O Some circuits in the Basal Ganglia are involved in non-motor aspects of behavior such as, mood, personality and
cognitive function.. These circuits originate in the prefrontal and limbic regions of cortex and engage specific
areas of the straitum, pallidum, and substantianigra.
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Role of the caudate circuit for Cognitive control of sequences of

Jlig s u“‘")“f)"’ S

/LS Caudate Circuit .

Occipital Prefrontal Cead ;/

motor patterns

The term cognition means the thinking processes
of the brain, using both sensory input to the brain
plus information already stored in memory. Most
of our motor actions occur as a consequence of
thoughts generated in the mind, a process called
cognitive control of motor activity. The caudate
nucleus plays a major role in this cognitive control
of motor activity.

* Example:

* Apersonseealionin
the dissert so:

* Turning away from the
lion

* Beginning to run

* Even attempting to
climb a tree
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Modulation of striatal output by the Nigrostratial pathway
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Two important capabilities of the brain
in controlling movement are to
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movement are to be performed .For
instance, a person may write the letter
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may write a small “a” on a piece of
paper or a large “A” on a chalkboard.
Regardless of the choice, the
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Motor Sensory

Supplementary motor

Motor cortex areas have three
major components:

Primary Motor Cortex %*
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a. Primary Motor Cortex (PMC)
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b. Premotor Cortex (PC)

¢. Supplementary Motor Cortex
(SMC)
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* This area has largest place in the Motor

cortex

= MCis precentral gyruc

* MC has 6 layers and numerously of

columns

I.(Areo4 __Central MI__ _MII

VArea 6 e Sulcus

Each column of cells functions as a unit, usually
stimulating a group of synergistic muscles, or just a
single muscle. Firing patterns of these neurons,
actions potential frequency and volleys, determine
duration and strength of contraction of their target
muscles. Also, each column has six distinct layers of
cells, as is true throughout nearly all the sixth layer
gives rise mainly to fibers that communicate with
other regions of the cerebral cortex. The pyramidal
cells that give rise to the corticospinal fibers all lie

in the fifth layer of cells from the cortical surface.
The input signals all enter by way of layers 2
through 4, and the sixth layer gives rise mainly to
fibers that communicate with other regions of the

cerebral cortex
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Cell Organization in the Cerebral Cortex

The superficial layers IV
serve chiefly to receive and
process the information
flowing into the cortex

The neurons carrying efferent
signals from the cortex tend
to have their cell bodies in

the deeper layers, V and VI. Grey
matter

Excitatory and inhibitory
synapse are shown by plus
and minus sign

White
matter

Layer LI}

Laver IV

Layer V
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» Topographic organization the
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A Normal B After sectioning of
cortucospinal fibers
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& Direct Corticospinal control of motor neurons is necessary for fine control of the digits.
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Dysfunction of PMC

Damage to this area paralyzes the body muscle controlateral of body.
Lesion in PMC or interrupt the pyramidal tract (upper motoneuron
disease) cause:

1- increased phasic and tonic stretch reflexes (spasticity)

2- weakness

3- pathologic reflexes including the sign of Babinski

4- a reduction in superficial reflexes, such as abdominal and cremasteric reflexes.
The weakness is most evident in the distal muscle, especially in the finger
muscles.

Briefly, Animal with this lesions be able to climb, jump, and appear generally
normal (disappear fine and fast movement

Animals will be recovered after a period of months, leaving only deficits' inspeed
and rate of force movements.

Their partial recovery is possible because cortical commends have indirect access
to spinal motor neurons through the descending systems of the brain stem

(PC) Premotor Cortex %°
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Individual neuron activity in the VPMC
. (sensory motor transformation)

38-22 Anindividual cell in the ventral premotor area
whm'momonkwpodmnmovm
else perform the task. The fact that the same cell is
during action or observation suggests that it is involved
g abstract representation of the motor task.

fivity in the neuron as the monkey observes anather mon-

key make a precision group.
B. Activity in the same neuron as the monkey observes the hu-
man experimenter make the precision grip.

C. Activity in the same neuron as the monkey itseif parforms a
precision grip. (From Rizzolotti et al 1996)
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S o KaS 5/ 4 Joccipital visual cortex (s g o (o2 lio

& Damage to this area prevents a person from voluntarily moving the eyes toward different objects. Instead, the eyes tend
to look involuntarily onto specific objects, an effect controlled by signals from the
occipital visual cortex.
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* Destruction of the PC, results in a loss of the motor skill programmed but muscle strength and the ability to
perform the discrete individual movements are not hindered (example; typist loss speed of typing but he
could do the same movement with his fingers)

* Alesion in the PC can induce an impairment in the performance of learned movements called Apraxia,
characterized by hesitancy and reduced dexterity in performing these movements.

*  Other words , damage to hand skill in this area cause hand movements become uncoordinated and non-
purposeful, a condition called motor apraxia.

4,

Supplementary Motor Cortex (SMC) +*
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c. supplementary motor cortex (SMCQC)

a. SMC projects to the Primary motor cortex.
b. it involves to programming motor sequences
c. it actives during both the planning and the execution of complex movement.

d. its functions are partly mediated by direct corticospinal connections, and partly depend
on a relay to the PMC.

e. stimulation in the SMC can produce vocalization or complex postural movements, such
as movement of controlateral hands in all direction accompanied by movement of the head
and eyes toward the hands.

d. Removal of the SMC induced slowed movement of the opposite extremities and a
tendency to make forced grasping movements with the opposite hand.

Blood follow increased in this region when the individual just during thinking about a
movement .
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Briefly functions of MC

d. PMC. In humans, about 80% of CS fibers decussate at the medulla level (PD), these fibers

form lateral pathway and terminate on the spinal motor neuron that regulate movement of
the distal limb muscles such as those of the hand and fingers which controls of fine, fast and
skilled hand movement. The remaining 20% of CS fibers descend ipsilateraly in the ventral
division of spinal cord and cross the midline and terminate on the motor neurons controlling
axial and proximal muscle for gross control of trunk and limbs

Lesion or ablation of PMC or pyramidal tract, dose not cause paralysis but produce a state of
marked paresis (weakness or inability to initiate voluntary movement) in monkeys and
humans.

b. PC: This area communicates with the structures of BG and CB inplanning of movement a
recruitment of these and other brain motor areas for initiation and execution of voluntary
movements. Just before a movement is planned and initiated, the neurons of PC and SMC
increase their firing of nerve impulses before the PMC neurons, in anticipation of
movements.

Damage to the PCresults in a loss of the motor skill programmed and poverty of movements
in hands and speech muscles.

SMC: it helps PC for programming and PMS for executing movement and its electrical
stimulation leads to complex, whole, and purposive movements.

Ablation of SMC cause disappear coordination movements in part of the body

(~ A. EVeNTs TTOm 0eCISion [0 move ————
o execution of movement
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Voluntary motor function. ==~ -
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requires a series of actions: s %
1. decision to move ' < :’: e

2. programming (recall of stored & %
subprograms) o

| 3 Command to move

3. command to move oy )«r«
4. Execution of movement (!A1-4). f
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Connection between Sensory cortex areas and
Motor cortex areas

S SIS
DS S OCI5
COCRTI=ES

Sensory messages from the body reach the primary Sensory cortex,
where their location and intensity are analyzed (1). The impulses are
then directed (o the assoc/ation sensory cortex, where the signais are
interpreted (2). Showuld an action be necessary, signals are communi-
cated to the PMC. where appropriate programs and patterns of molor
actrions are generated (3) and directed (o the primary MC. which then
invokes activity in the proper muscle groups 1o execute movement?
and action (4)
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The LS means that
“border” and consist of:
Amygdal, Hhppocompus,
Septum, Cingulate gyrus,
Hypothalamus and the
anterior of thalamus.

Important loop between STE: SUTRIVCTURES..

ﬂ?raiﬁtg:ilaf tl,(";YPOtha Iamus CEREB Rﬁ L C 0 n TE’X Amygdala, septum, hippocampus, cinguiale gyrus,

1 amus W hypothatamus, anterior thalamus, and ther asso-
) cmgulate gyrus iy ciated fiber pathways make up the LS. Amygdala

hippocam pus — The kmbic system (LS) consists of some forebrain ::g f::fum heip cmngcr the primitive senses

= suctures and the hypothalamus. Positioned coriex to the LS, vision and audition tind

:‘hyigcl’tha Iae“x"l: isgi tL esion of between the Jower brain (vital functions) and the access via the thalamus. A loop exists within the
OOp eXx ’ . higher cerebral cortex (adaptive and skilied brain), LS fthe Papez circutt) such that impuises from the

abnormalities in emotional reiswuncions in motivation, emotions, and me hypothalamus travel up (o the anterior thatamus,
and instinctive behavior. expression of goal-directed instinctive behavior. In on to the cinguate gyrus, and then via the hippo-
fower animals, the LS is intimately connected to campus back fo the hypothalamus. The cinguiate

e sense of smell. @yrus and anterior thalamus provide connections

between the LS and the cerebral cortex
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a. Stimulation of lateral H activates generalized SRR TIIETICG

sympathetic responses RES po =S,

b. Stimulation or destruction of areas in the

anterior H has effect on the regulation of sex

hormones. BErHﬁ)VI@R

c. Diurnal rhythms are regulated by @0‘”&‘3@- @ lj
superchiasmatic nuclei and ﬁlneal gland. Light l "d L
and length of day activates these nuclei.

d. Stimulation of feeding center in the Lateral H FEEB”U é’\
i i m ), (25
increase appetite and induces eating behavior. m \\4,/‘@

e. Stimulation of areas in the dorsal/lateral H

induces drinking behavior. Neurons in this area DRIV INVG
lare ?ensitive to blood osmolarity and sodium BEIAVICR]
evels

WS rOgWDNoN

f. Stimulation of the anterior H activates heat loss =S EAERTDE. (42
mechanisms (cooling center). Stimulation of the 1
posterior H activates heat

conservation/production (heating center) Some of DR INCIAL
this neuron are sensitive io blood and skin HORZINOBL

temperature (thermostat) DEEULE) ,_
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The Role of Chemical Agents in the LS
a. Chemicals that modify human behavior include HALLUCINOGENIC AGENTS

b. Chemicals that reduce hallucinations and other manifestations of the psychoses; TRANQUILIZERS
C. Chemical that allay anxiety and various psychiatric symptoms

d. Chemical which elevate mood and increase interest and drive ANTIDEPRESSANT

These and many other drugs act by modifying transmission at synaptic junctions in the brain.

The monoamine such as norepinephrine ,dopamine and serotonin transmitters in the brain have
important role to modify of the behavior s function.
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Deticency o NE ana or ST in the bramn may be the
oluse of depression Deugs that "increase’ NE/ST

B ateviate degression i the mentally ol To increase 1/
M ieveis some drugs (MAQ inhibitors ) reduce break
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meTui'a and project 10 e NypoInaiamus
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SCH I OIRHRIEVTAREXCES SEOLID O RAINTLN EN/Y

Orugs that reduce or block transmission al the DA
napses (DA receptor blockers, e g. halopendol)
e he most efective agents in ihe ¥eatment of
KEhophrena (antipsychotic orugs) In contrast,

orugs that markedly “increase” brain DA levels and
ransmssion (amphetamine, cocane in hgh doses)
Can cause paranod/ SChizoid behawor, even in @ c
nrmal humans

In the bramn, Ihvee separate DA pathways
are known, one n the hypothalamus. the
second in the basal gangla A thed path-
wary Onginates in the midbram, prosecting
10 the mbic system and Irontal cortex
Excessive activity in this mesolmbdc (cor-
tical) pathway may be involved m causing
schizod psychosis. Schizophrena s the
most abundant form of mental dsorde:
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Memory

Memory is the storage and retrieval of previous experience, more simply,
the ability to recall our thoughts. Memory is essential for learning and
incorporating our experiences into behavior and are part of our
consciousness.

Physiologically, memory are caused by changes in the capability of
synaptic transmission from one neuron to the next as a result of
previous neural activity. These changes in turn causes new pathways
to signals through the neural circuits of the brain (memory trace)

Stages of Memory %*
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Stages of Memory
SHORT-TERM MEMORY LONG-TERM MEMORY

Secondary
memory

Duration:

Duration: Duration: minutes Duration:
milliseconds seconds ﬂ to years lifetime
Information Information Interruption Information loss No loss of
loss by loss by in flow of by proactive information
extinction replacement information; and retroactive

as in anterograde interference
amnesia
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Stages of memory formation

Storage in memory takes place in several steps.

a. Sensory M: Information to be remembered for fraction of one
second. During this short time the sensory information is
scanned and analyzed for rather processing. In human, after
verbalization of information transfer to primary memory.

b. Primary M: this is the short-term memory stage for
verbalized information. It is available immediately. The
information is retained in this stage for only a few seconds.
This stage can be prolonged by repetition.

c. Secondary M: Information stored for several minutes to
several years. Information can easily be forgotten. When
information lasts only a few days, it is referred to as recernf
mermory.

d. Tertiary M: Information in this stage lasts the lifetime even if
much memory is lost through disease or injury. Information in
this stage is retrieved in milliseconds and stored as a results of
practice and working.
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Consolidation of Memory

The transfer of information from STM to LTM is affected by many factors,
including:

1- Emotional state. We learn best when we are alert, motivated, and aroused.
2- Rehearsal. An opportunity to repeat the material enhances memory
3- Association of new and old information.

4- Af\utomatic memory. Not all impressions that become part of LTM are not consciously
ormed.

Memory transfer to LTM takes time to become permanent.
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Categories of Memory **
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G

Skill and Procedure are parts of this memory.

Categories of Memory

Different types of memory are recognized.

a. Explicit M. is the more familiar conscious and
applies to memories of learned cognitive tasks
(names, forms, words, symbols, events). Declarative,
fact and working memory are parts of this memory.

b. Implicit M. applies to memories formed following
development of new sensory and motor skills
(tracing a figure or riding bicycles). Skill and
Procedure are parts of this memory.

Brain Structures involved in Memory
a. Explicit Memory
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Implicit Memory >
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Physiological basis for memory b. Long-Term M
* Physical or biochemical changes in the
. 2 : synapses:
a. Short Te‘rm M _ o * 1- neuronal RNA content is altered
« 1- Reverberating circuits that maintain the thought for a
limited time « 2- Dendritic spines change in shape ( presynaptic
: terminals or the synaptic end bulbs enlarge or the
+ 2- Release of neurotransmitters, which is size and conductance of the dendrites increase.
mediated by intracellular regulatory molecules, 4
i ; « 3- Unique extracellular proteins are deposited at
SUCh as CYC"C AMP and Ca+2 Ions. synapses involved in LTM.
* 3- Synaptic potentigtioq, eﬂ—'ciency increase in + 4-Inhibitory controls of certain neurons are
synapses after tetanic stimulation. removed.
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Loss of Information

Only portion of the information collected
Iare tlransferred to the next more stable
evel.

Stimulus

\ A
S

a. During sensory M, it is replaced by new
sensory slqnals. If the information is not
processed immediately, it becomes extinct.

b. Primary M, information is lost as new
information replace. Anterograde amnesia is
kind of forgetting which is not transfer freshly
information to secondary M. chronic alcoholics
and damage to hippocampus cause this
amnesia.

c. Proactive and retroactive inhibition cause
loss of information from the Secondary M.
interference in previously learned and
interference to subsequent inputs. Proactive
inhibition is important than of retroactive
inhibition. Damage to thalamus cause Focgaen l ‘

retrograde amnesia

d. There is no loss of information in the tertiary

M Stow Speod of recall Rapid Rapid

Amnesia %
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Amnesia
Loss of memory, known as amnesia, can occur following injuries.

Damage in hippocampus causes defects in recent memory. Recent memory also loss in
alcoholic patients with damage in mammillary bodies which connect to hippocumpus.

Retrograde A. The inability to remember events from long term memory (Damage in
thalamus)

Anterograde A. The inabili?Mo store information in the LTM ( Inability to Transfer freshly
information from STM to LTM, Damage in Hippocampus and amygdale)

Alcoholics suffer from antrograde Amnesia known as the Korsakoff syndrome.

Alzheimer's disease are characterized by progressive loss of memory and cognitive
function in middle age. Similar deterioration (loss of information) in elderly individuals is
called senile dementia of the Alzheimer type.

Alzheimer's diseases appears to be a metabolic degenerative in cholinergic fibers.

Alzheimer's disease involves a ?eneral_decrease in brain size resulting from loss of
neurons in the cerebral cortex. The gyri become narrower and the sulci widen. Frontal
lobe is affected most severely.

Memory disorders oo R
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** About S0 minutes after sleep begins.

EEG becomes very irregular and appears to backtrack quickly through the stages
until alpha waves and become beta-like resembling wakefulness patterns

** Increase in body temperature, heart rate, respiratory rate, and decrease in
gastrointestinal motility.

** | s called paradoxical sleep because its EEG pattern is more typically of the awake
state, Oxygen use during this stage by the brain is tremendous (greater than awake),
the threshold for arousal is highest

“s* Dreams occur in REM stage and remember in this time.

Sleep alternates between REM and NREM with each cycle lasting roughly 90
minutes.

*s* occurs five to seven times nightly and accounts for 1-2 hours of total sleep.
periods get longer, the first lasting 5-10 minutes and final one up 50.
there are rapid, roving movements of the eyes (Rapid Eye Movements).

There is a marked reduction in muscles tone ( the limbs grow the floppy and the head
falls).

Grinding of teeth and spontaneous penile erection

Human deprived of REM sleep by being awakened, each time begin to sleep excess
amount it.

the time spent in REM sleep is in greatest in the fetus and newborn, declines sharply
during early infancy and then further with aging.
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Hours of sleep per day

Stages of Sleep During a Night , Relative to Autonomic Function
a. EEG Stages zoREM Phases
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Other functions of the higher brain

Central sulcus

' Primary sensory
Primary motor area cortex Somatic
Premotor cortex Somatosensory sensation

association area

Gustatory cortez} Taste

Frontal
eye field

Comprehension of written
and spoken language
(Wernicke's area)

L General interpretation
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Motor area

for speech

Primary visual
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Visual
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Auditory Audition
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Vision
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Language functions
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Spoken words:

1. are first analyzed by auditory
sensory/association areas

2, for comprehension of the
meaning of words, signals are
sent to W area

3. for spoken words, appropriate
patterns are sent by VJ)area toB
area

4. sentences and word formed and
sent to the speech area

5. on the primary motor cortex
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Aphasia % s ,loAphasia

formation of concepts

« Absent or defective speech or
language comprehension Otrer

stimyli

0g>g v LS o a5 Dl 4
Other
responses

Cehhat Do 4245 Aphasia. aw Lo
+ Sensory A, defective auditory - .o
and visual comprehension of
language , naming of objects
(damage in W)

Syntactical

Analysss orgonization
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Broco
(expressive )
+ Conduction aphasia, a person

has poor repletion but relatively
good comprehension, lesions in
tracts between W and B.
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Hemisphere (H)

0990 S e |

+ Left H specific functions are:

+ Verbal (language center), oA
Motor dominant, Hand control, e
Logical, Analytical, Time
temporal.

» Right H.
« Center of representational, g :
emotional, humorous, holistic, | \avs;
visual/spatial, musical. ".& -

Emotional gesturing, facial \
expression

» Both H are fairly symmetrical,
both contain sensory and
motor and association Areas.
For some function are
asymmetric.

Prefrontal Cortex <
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)Delay Alternation Task. (4eucs
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)Delay- Response
Task.

(ot

Has three component:

1) For Verbal memories
2) For visual memories

3) Functions as a central executive.
Coordinating the flow of attention from one
component to another.

+ Simple aspects of everyday life- carrying on a
conversation, adding a list of numbers, driving

a car- depend on a short-term memory
mechanism that integrates moment-to-
moment perception across time




