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Neuroscience I Module 2024
Physiology Lectures

(L1-L12)

Presented by:

Dr.Shaimaa Nasr Amin
Professor of Medical Physiology

Sensations & Perceptions

Sensation : is an awareness of sensory 
stimuli in brain.

perception meaningful interpretation or 
conscious under-standing of sensory data.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Sensory receptors
1.Specialized structures or

2.modified n. endings at the peripheral 
termination of afferent fibers.

Receptors

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Classification (by stimulus type)

1. Mechanoreceptors

2. Thermoreceptors

3. Pain receptors

4. Electromagnetic receptors

5. Chemoreceptors

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Properties Of The Sensory 
Receptors

(1) SPECIFICITY 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Properties Of The Sensory 
Receptors

(2) EXCITABILITY (THE RECEPTOR POTENTIAL)

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Properties Of The Sensory 
Receptors

(3) DISCHARGE OF IMPULSES 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Properties Of The Sensory 
Receptors

(4) ADAPTATION

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Coding of sensory information

1-Modality (Muller’s Law, Labeled line Principle)

2-Locality (Law of Projection)

3-Intensity  (Recruitment of receptors, 

frequency on impulses).

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Pacinian c.

Sensory 
nerve

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Weber-Fechner principle:

This is a logarithmic function which states that: the 

perceived  sensation is proportional to log intensity 

of the stimulus.

R = log S x K

R: perceived sensation .

S: stimulus intensity.

K :constant.

This means that 100 fold increase in stimulus intensity, will 

increase the perceived sensation by 2 times, 1000 fold 

increase will increase sensation by 3 times and so forth. 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Sensations

Special 
senses

General S. Emotional 
S.

Somatic Organic

Mechano Thermo Pain

Tactile Position senses

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

17

18



4/3/2024

10

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Afferent fiberReceptorSensation

AbM & MFine touch

AbmixtureStereognosis

AbPacinian & sprayPressure

AbPacinian & Me.Vibration S.

Aa
Pacinian
R & S

Position S.

Sensations carried by dorsal column

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Dorsal Column

Fine touch

1.Tactile localization

2.Tactile discrimination

3. TextureTwo points felt one point felt
Prof.Dr.Shaimaa N.Amin, Neuroscience I, 

2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Spinothalamic F end 
in ventrobasal nuclei 
of thalamus

Ad, C

VB

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Thermoceptive Sensation 
Characters of thermal receptors
Have a small receptive 
field and widely 
separated.

Cold R. are 10 times 
more numerous than 
warm R.

Cold R. adapt more 
slowly than warm.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Thermoreceptors are stimulated 
chemically by changing the 

metabolic rate
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Pain

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Sensitization

Pain 
threshold

Glutamate or 
substance P

GlutamateAdFast pain

Substance PCSlow pain

ATP

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Types of pain

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Slow painFast pain

Carried by C, blocked 
by local anaesthetics

Carried by Ad, blocked 
by pressure

C release Substance PAd release Glutamate

Transmitted by 
Paleospinothalamic T

Transmitted by Neo-
spinothalamic T

End in RF      Non-
specific thalamic nuclei      

whole cortex

Its fibers end in 
sensory cortex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Distribution of pain receptors

Widely 
distributed

Sup. Layers of skin
Periosteum
Arterial walls
Joint surface
Flax & tentorium 
of cranial cavity

Less 
distributed

Deep tissues
& Viscera

Absent

Liver 
Parenchyma
Lung alveoli
Brain tissue

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Roles of the cortex in pain perception are
1. Localization of pain.

2. Discrimination of pain.

3. Modulation of pain.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Referred pain

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Convergence Projection theory

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Headache
Pain referred to the surface of the head from 
deep structures.

I. Headache of intracranial origin

 The brain is insensitive to pain

 Pain receptors are found only in :

 Venous sinuses

 Dural arteries 

 Dura

 Tentorium

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

1. Meningitis

2. Brain tumour

3. Alcohol

4. Trauma

5. Constipation

Meningeal causes

I. Causes of intracranial H.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Pain control
The gate theory

The dorsal horn cells of the spinal cord, in 
particular the cells of the SGR, act as a gate for the 
transmission of pain sensation to the brain

Closure of the gateOpening of the gate

Analgesia system

Impulses in C fibers Opioid peptides

Impulses in Ab or Ad

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Raphe 
magnus n.

Inhibitory 
interneurons 
complex

Hypothalamus

b-endorphin

Enkephalin

Enkephalin

Arcuate n.Periventricular n.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Spinal impulses

a.Collaterals from Ab Fibers (rubbing of skin)

b.Collaterals from Ad (counter irritation and 
acupuncture)

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Transcutaneous Electrical 
Nerve Stimulation (TENS)

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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The reflex arc

-The basic circuit that underlies a reflex.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

What is meant by a reflex?

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

51

52



4/3/2024

27

Stretch Reflex arc

Stimulus:Stretch
Receptor

Afferent

Center

Efferent

Response: Contraction

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Extrafusal muscle fiber

Muscle Spindle (Intrafusal 
muscle fiber)

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Functional anatomy of the muscle spindle

Parallel arrangement of 
intrafusal and extrafusal
muscle fiber

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Types of intrafusal fibres

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Central connections of the afferent 
fibres

Cerebellum

Cerebral Cortex

1

2

3

Spinocerebellar
tract

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Physiological significance of the stretch reflex
1- Helps to maintain the muscle length.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Physiological significance of the stretch reflex
1- Helps to maintain the muscle length.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Def: Muscle tone is continuous, alternating, 
reflex, subtetanic contraction of muscle fibres. 

–It may also defined as the resistance of the 
muscle to stretch.

–Base of muscle tone: Static stretch reflex 

Physiological significance of the stretch reflex
2-Muscle tone

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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During rest the muscle spindle is 
continuously stretched

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Continous impulses from the supraspinal 
centers to gamma motor neurons

Contraction of the peripheral contracile part of 
intrafusal muscle fiber

Stretch of the central receptor part of the 
spindle 

Stretch reflex

Gamma Spindle loop
(Gamma led 
contraction)

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

63

64



4/3/2024

33

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Muscle tone does not cause fatigue ?

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

- Cells that carry signals 
from supraspinal centers 
to LMNs of the spinal cord 
are the Upper Motor 
Neurons (UMNs). 

-UMNs carry motor 
commands to the LMNs, 
which execute them by 
causing muscle contraction.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Alpha motor neuron and its three sources of input
Prof.Dr.Shaimaa N.Amin, Neuroscience I, 

2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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1 2

3

Final common path

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Physiological significance of the stretch reflex
2- Control of voluntary movements.

a-Servo-assistant function :

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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A-SUPRA SPINAL FACILITATORY 
AREAS

Supraspinal control of stretch reflex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Supraspinal Facilitatory Areas

1-Facilitatory reticular formation

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Supraspinal Facilitatory Areas

2-Primary motor area 4

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Supraspinal Facilitatory Areas

3-Neocerebellum

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Supraspinal Facilitatory Areas

4-The lateral Vestibular nucleus

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

A-SUPRA SPINAL INHIBITORY 
AREAS

Supraspinal control of stretch reflex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Supraspinal Inhibitory Area

1-Inhibitory reticular formation

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Supraspinal Inhibitory Area
2-Red Nucleus

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

85

86



4/3/2024

44

Supraspinal Inhibitory Area

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Inverse stretch Reflex
(Autogenic inhibition)

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

CLONUS
This is alternating rhythmic contractions and relaxations of a muscle in response 
to sudden maintained stretch. 

Polysynaptic reflexes

• Superficial abdominal reflexes

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Polysynaptic reflexes

• Planter reflex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Polysynaptic reflexes

• Planter reflex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

• Positive supporting reaction

93

94



4/3/2024

48

Polysynaptic reflexes

• Withdrawal reflex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Polysynaptic reflexes

• Scratch reflex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

The Brain Stem

• The brain stem is a 
complex extension of the 
spinal cord, which 
performs sensory, motor 
and reflex functions. 

• The reticular formation is 
a large structure 
occupying the core of the 
brain stem. 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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• What are the factors that increase or decrease the activity of 
ARAS affecting the arousal response?

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

99

100



4/3/2024

51

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

UMNL vs LMNL/Spinal cord transection

UMNL
Cause:
Cerebrovasular accidents ( 

strokes) due to :
1- hemorrhage or 
2- thrombosis 
in the posterior limb of the 

internal capsule. 
• There is damage of both 

pyramidal and 
extrapyramidal fibres.

LMNL
Cause:

Is due to :
1- lesion of the lower motor 
neurons as in poliomyelitis. 

2- damage of motor nerves 
e.g. diabetes mellitus, and 
alcoholism.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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UMNL
1. Paralysis:

Occurs on the opposite 
side of the body i.e. 
contra lateral 
hemiplegia. 

It is widespread affecting 
lower half of the face, 
upper limb and lower 
limb. 

Recovery is poor

LMNL
1. Paralysis:
Occurs in the muscles 
supplied by the affected 
segment only e.g. 
muscles of the limb 
only, on the same side 
of the lesion. 

Recovery may occur.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

UMNL
2. Hypertonia

The paralyzed muscles show 
increased tone of the 
spastic type. (Clasp Knife 
Type).

Hypertonia is due to ??? 

LMNL
2. Hypotonia or atonia:

• The paralyzed muscles show 
decrease or loss of tone, 
referred to as flaccid 
paralysis.

• Hypotonia is due to 
interruption of the stretch 
reflex. 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

UMNL
3. Exaggerated Tendon Reflexes.-

• Deep reflexes are exaggerated on 
the affected side .g. exaggerated 
knee jerk and ankle jerk, and are 
due to the release of the stretch 
reflex from cerebral inhibition.  

• Clonus is present (see before).

LMNL
3. Absent Deep Reflexes.

This occurs in the muscles 
supplied by the affected 
segments or motor nerves.

Have you done Jendrassik
maneuver before reporting 
areflexia??

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

107

108



4/3/2024

55

UMNL
4. Loss Of Superficial Reflexes

• Occurs on the affected side, due 
to loss of supra-spinal facilitation.

• plantar reflex becomes extensor, 
known as a positive 
Babinski’s sign.

LMNL
4. Loss Of Superficial Reflexes

Seen in the affected segments 
only.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

The Planter reflex

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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UMNL
5. delayed Muscle-Wasting :

This is because :
paralyzed muscles are still 

innervated and can contract 
reflexly. 

LMNL
5. early Marked Muscle-
Wastin) :

The affected muscles show 
marked atrophy due to the 
inability of the muscles to 
contract neither reflexly nor 
voluntarily.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Response to electric stimulation:

Normally, stimulation of skeletal muscles by Faradic (alternating)

currents produces tetanus while their stimulation by Galvanic (direct)

currents produces contraction only at the make closing) and break (=

opening) of the circuit. whether the cathodal or the anodal electrode

was used for stimulation. Therefore. in the latter condition, there are

4 contraction states (1) CCC (= cathodal closing contraction) (2)

COC (= cathodal opening contraction) (3) ACC anodal closing

contraction) (4) AOC anodal opening contraction). and the strength

of contraction was found to be as follows:

CCC > ACC > AOC > COC

111
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

In UMNL, the paralyzed muscles respond normally to both 

currents and their chronaxies are also normal. On the other 

hand, the response in the case of LMNL is altered and is 

called the reaction of degeneration.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

REACTION OF DEGENERATION (RD)

This is an abnormal response of skeletal muscles to electric stimuli 

that occurs in LMNL only. It is characterized by:

(l) The chronaxie of the paralyzed muscles is prolonged.

(2) There is no response to Faradic currents.

(3) There is a sluggish (= weak) response to Galvanic currents.

(4) The ACC becomes stronger than the CCC (due to unknown 

causes).

The RD is one of the manifestations of muscle denervation. The 

reaction of denervation is the diagnostic feature of LMNL.

113
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Stages after spinal cord lesion

A. Stage of spinal shock

B- Stage of  recovery of reflexes

C- Failure of reflex activity ( rare ) .

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

A -Stage of spinal shock

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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B -Stage of recovery of reflex activity

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

2- Return of spinal reflexes :
a- Flexor reflexes return earlier than extensor 
ones. 

Planter reflex ?   +ve  Babniski sign ???

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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3- Return of visceral reflexes
automatic evacuation, but voluntary control 

over micturation and sensation of bladder 
fullness are permanently lost. 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Advanced stage OF Recovery
1- The tone in extensor muscles gradually 

returns and becomes greater than in flexors 
"paraplegia in extension".

2- Positive supporting reflex becomes well 
developed and the patient can stand without 
support. ( But he will never walk ).

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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STAGE OF FAILURE OF SPINAL 
REFLEX ACTIVITY

• This is a terminal stage that usually results 
from bad management during the recovery 
stage. It is often associated with general 
toxemia due to infection of the bed sores or 
the urinary tract (and the latter frequently 
terminates by uremia).

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Cerebellum
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Topographic representation of the 
body in the cerebellum

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Cerebellar Connections 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

I. Afferent  fibres to  the cerebellum

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

II. Efferent fibres from the cerebellum

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Histological Structure And Connections Of 
The Cerebellum 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Functions of the cerebellum
A. Functions of the cerebellum in voluntary 
movements:

1-Servo-comparator function.
2-The braking effect.
3-Planning and timing function.

B. Other functions:
1-Function in equilibrium.
2-Function in muscle tone.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

The Neocerebellar syndrome
Due to damage of the deep cerebellar nuclei as well as the 

cerebellar cortex. 
Manifestations occur on the same side of the lesion.

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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1- Disturbance of Posture and Gait :
a- head is tilted to the side of the lesion.
b- unsteady drunken gait ( zigzag line ) .
C- patient tends to fall towards the side of the 

lesion . 

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Anatomical considerations
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Connection of the Basal Ganglia

A-Cortical connections

B-Interconnections of the basal ganglia

C-Brain stem Connections 
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Cortical connections
a-Caudate Circuit
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Interconnections of the basal ganglia

1- C .Cortex Glutamate  Neostriatum
2- Neostriatum  GABA   Substantia nigra
3- Substantia nigra  dopamine  Neostriatum
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Brain stem connections

Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
2024

Functions of the Basal Ganglia

(A) Control of the muscle tone 

(B) Control of voluntary movements
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Characters of Parkinson's disease

Rigidity 
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Thalamic Nuclei
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2-Specific thalamic nuclei
(Posteroventral, MGB, LGB, 

anterior thalamic nuclei)
1-Non-specific thalamic nuclei

(midline, intralaminar)

1- It is a relay station for all types of sensation
2- The thalamus also relays signals, concerned 

with motor function, from the basal ganglia and 
cerebellum. 

3- It relays autonomic signals and those related to 
emotional reactions. 

4- It also has a role in coding, storing and recalling 
memories.

5- Impulses from non-specific thalamic nuclei are 
concerned with excitability of the cortex.

Functions of the thalamus
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The Thalamic Syndrome
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ATAXIA

• This means incoordination of voluntary
movements without paralysis, and it is either
sensory or motor (sometimes mixed in the
thalamic syndrome).
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Hypothalamus
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Parts of brain areas involved in processing and formation of implicit and explicit memory
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Forms of synaptic Plasticity

Short term Plasticity Long term Plasticity

Inhibitory
Postsynaptic

potential

Short term
facilitation

Short term 
inhibition

Long term 
potentiation

Long term
depression

Habituation
PTP

SensitizationProf.Dr.Shaimaa N.Amin, Neuroscience I, 
2024
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Long term Plasticity:Long term potentiation 
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Na+Glutamate

Glutamate

Na+

AMPANMDA

Ca++

Mg++Na+

Ca++ CaM    
Ca++ cal Kinase II

++

NO
Prof.Dr.Shaimaa N.Amin, Neuroscience I, 
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Presynaptic neuron stimulation          prolonged 
depression of postsynaptic neuron.

2. Long term Depression  (LTD):

Occurs if presynaptic neuron stimulation   
depolarization of postsynaptic neuron less than 
20mv (threshold for NMDA receptors to open).

Ionic basis:
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Ionic basisStimuliType of S. plasticity

Inactivation of presy. 
ch.++Ca

 Repeated
 Benign

Habituation

++CaPresy. 
accumulation 

 Brief
 tetanizing

PTP (immediate m.)

Presynaptic 
facilitation Noxious +       benign

Sensitization
(STM)

Activation of NMDA as PTP (brief & 
repeated)LTP

Closure of NMDASlower st. of presyn. n.LTD
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• Two types of brain potentials can be recorded: 
I- Evoked potentials : The electrical events that occur in the cortex 

after stimulation of a sense organ can be monitored with a 
recording electrode.
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Electrical activity of the Brain & Arousal 
response and sleep
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2- Spontaneous potential(Electroencephalogram)
the recording of the variations in brain potential. 

The EEG can be recorded with scalp electrodes 
through the unopened skull or with electrodes on 
or in the brain. The term electrocorticogram is 
used for the recording obtained with electrodes 
on the pial surface of the cortex.
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(II) The Electro-encephalogram (EEG)
-The EEG is the record of the spontaneous electric 

activity of the brain.
-It can be recorded by applying electrodes on the 
scalp of patient. 

-The electric activity appears on a multi-channel 
recorder as waves of variable intensity (0-200 mV) 
and frequency    (1-50 Hz).
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Desynchronization:alpha block : 
Alert or Arousal response :
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While the eyes are closed, synchronous discharge of many 
cerebral neurons produces alpha waves, but when the eyes 
are opened, faster low voltage irregular beta waves are 
recorded. This is known as “alpha block”. It has also been 
called “de-synchronization” because it represents breaking 
up of the synchronized neural activity necessary to produce 
regular waves.

Clinical Uses of the EEG

1-Localizing brain tumors
2. Diagnosis of epilepsy
3.Diagnosis of sleep disorders.
4.Confirmation of brain death (flat EEG).
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Wakefulness And Sleep Cycle

What are the factors that increase or 
decrease RAS activity?
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Mechanisms of sleep
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One theory regarding the basis for transitions from sleep to wakefulness involves
alternating reciprocal activity of different groups of RAS neurons.
In this model, wakefulness and REM sleep are at opposite extremes. When the
activity of norepinephrine- and serotonin-containing neurons is dominant, there is a
reduced level of activity in acetylcholine-containing neurons in the pontine reticular
formation.
This pattern of activity contributes to the appearance of the awake state. The
reverse of this pattern leads to REM sleep.
When there is a more even balance in the activity of the aminergic and cholinergic
neurons, NREM sleep occurs. In addition, an increased release of GABA and
reduced release of histamine increase the likelihood of NREM sleep

The orexin released from hypothalamic neurons may regulate the changes in
activity in these brainstem neurons.
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The orexin released from hypothalamic 
neurons may regulate the changes in 
activity in these brainstem neurons.
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Sleep disorders

1- Insomnia:
It is insufficient sleep 
that occurs in adults 
due to :

1- Psychological factors        
e.g. anxiety 

2- Intake of analeptics            
e.g. coffee.
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2- Somnambulism:
“sleep walking” 

-More common in 
male children. 
-The person walks 
with eyes opened, 
and avoid obstacle 
and when awakened 
can not remember 
what he did.
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3- Narcolepsy:
Irresistible sleep during 

daytime activities which 
starts with sudden 
onset of REM sleep.
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Autoimmune Basis of Narcolepsy
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4- Sleep apnea:

-Caused by obstruction of 
the airways during sleep. 

-Effort to overcome the 
obstruction awakens the 
person from sleep.
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5- REM behavior disorder:
- Hypotonia fails to occur. 
- The patients with this condition act out their 

dreams, they even jump out of bed to do 
battle with imagined aggressors.
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