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Left: The brain is illustrated within an outline of
the human body; the lateral surface of the brain
is visible.

Right: The medial surface of the brain is shown
along with the spinal cord. The major subdivi-
sions of the brain and spinal cord are indicated
(Adapted from Nieuwenhuys et al. 1888.)
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SYNAPTIC DENSITY: Synapses are created with
astonishing speed in the first three years of life.

For the rest of the first decade, children’s brains
have twice as many synapses as adults’ brains.
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Figure 46-7. The “second messenger” system by which a transmitter substance from an initial neuron can activate a second newron by first
causing a transformational change in the receplor that releases the activated alpha (o) subunit of the G protein into the second neuron’s
cytoplasm. Four subsequent possible effects of the G protein are shown, induding 1, operung an ion channel in the membrane of the second
neuron; 2, activating an enzyme systemn in the neuron’s membrane, 3, activating an intracellular enzyme systemn; and/or 4, causing gene
transcripbon in the second neuwron. Return of the G protein 1o the mactive state occurs when guanaine tnphosphate (GTP) bound 1o the a
subunit & hydrolyzed to guanosine diphosphate (GOP) and the B and 7 subunits are reattached 10 the a subunit.
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At the resting membrane potential, the activation gate

closes the channel.
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Depolarizing stimulus arrives at the channel.

With activation gate open, Na* enters the cell.
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the two gates reset to their original positions.
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Figure 46-10. Excitatory postsynaptic potentials, showng that
simultaneous firing of only a few synapses will not cause sufficient
summated potential to elicit an action potential but that simultane-
ous firing of many synapses will raise the summated potential to
threshold for excitation and cause a superimposed action potential.
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Temporal Summation From the Same Synapse

+30 |
=
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o 5 Temporal
erep IP;« /’A g summation
(9] MJ_ g 55| i i Threshold
=\ g -70
i \\* =
¢ ¢ ¥
A A AA
Time (msec)
Occur when AP arriving from a presynaptic axon terminal of neuron
A occur close enough together in time such that EPSPs produced
in response to the binding of neurotransmitter overlap and sum.

Spatial Summation From Different Synapses

+30 |-
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A 2 Spatial Spatial
a! e gNE f i summation summation
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A B Cc A+B A+C
Time (msec)

If EPSPs from synapses with neurons A & B occur at the same time, the
EPSPs sum and reach threshold, triggering an AP.

If synapses with neurons A C were simultaneously active, the resulting IPSP
and EPSP would tend to cancel each other out, producing little change in
membrane potential.
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Divergence

Sometimes a single neuron branches and its collaterals synapse on multiple
target neurons. A junction that occurs between a presynaptic neuron
and two or more postsynaptic neurons (ratio of pre to post less than

one) known as divergence.
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CHEMICAL TRANSMISSION
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Neurotransmitters(NTs) (1)

Table 46-1 Small-Molecule, Rapidly

Electrochemical Messengers:

1) Small Molecules

Acetylcholine

Biogenic Amines
(Catecholamines, consisting
of Epinephrine and
Norepinephrine ,Dopamine &
Serotonin & Histamine)
Amino acids (Glycine, GABA
/ Aspartate, Glutamate)

Acting Transmitters

Class |

Acetylcholine

Class ll: The Amines
Norepinephrine
Epinephrine

Dopamine

Serotonin

Histamine

Class lli: Amino Acids
Gamma-aminobutyric acid

* And also:

_ Glycine
* Adenosine & ATP Glutamate
» Gases (NO & CO) Aspartate
* Others Class IV

] Nitric oxide
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Presynaptic
terminal

Postsynaptic
cell

Acetylcholine receptors
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Golgi tendon reflex
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Stepping and walking movement reflex
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Sensory Receptors

» Sensory receptors are structures that are
specialized to respond to changes in their
environment.

» Such environmental changes are called
stimuli.

» Typically activation of a sensory receptor by an

adequate stimulus results in depolarization
or graded potentials that trigger nerve
impulses along the afferent fibers coursing to
the CNS.
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Classification of Sensory System by
Structural Complexity

Somatic (= General) Senses

Special Senses
1. Touch/ Pressure
2. Temperature 1. Vision
3. Vibration i
Y Moo _ 2. Hearing
— 0,0
. .m:|cept|0f1" ) 3. Taste
5. Tickle —» suG 4. Smell
6. Iltch — 5. Equilibrium
7. Proprioception
8.

14
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2- Classification by Location

« A) Proprioceptors: Monitor degree of stretch

- B) Interoceptors (visceroceptors & ...): Receive stimuli
from internal viscera and ...
— Monitor a variety of stimuli e.g., blood pressure and blood oxygen

« C) Exteroceptors: Sensitive to stimuli arising from outside
the body
- Located at or near body surfaces
- Include receptors for touch, pressure, vibration, pain, and temperature
Joe
« D) Telereceptors: Detect distant stimuli, e.g., vision and
hearing
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Types of Sensations

1-Somatic: originates from skin and deeper structures.

It is divided into:
a) Mechanoreceptive (Touch/Pressure/Vibration/Tickle/ltch).
b) Thermoreceptive
c) Pain

2-Visceral: Originate from viscera.

3-Special senses: Originate from eye, ear and nose.

4-Organic(Vegetative): For hunger, thirst and sex desire.
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Tactile Receptor Types

Free nerve Expanded lip
endings recepior
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Meissner's Krause's
corpuscle corpuscle
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1-Tactile Receptors

- Provide the sensations of:
—Touch/ Shape & texture
—Pressure/ Degree of distortion
—Vibration/ Pulsing or oscillating pressure

Wl axs 818 ool g Ll olfiws g 3,168 olSitws 5 Lisu 40 5 Ss> 9,c o,lps o BATOrEcCeptors -v

2- Baroreceptors

Monitor change in pressure

Respond immediately to a change in pressure, but
adapt rapidly

Consist of free nerve endings that branch
within elastic tissues

Detect pressure changes in wall of distensible
organ, such as:

—Walls of blood vessels

— Portions of the digestive

— Portions of the reproductive
— Portions of the urinary tracts

(i cwxo) : Proprioceptors -Y

3- Proprioceptors

— Monitor:
» Position of joints
« Tension in tendons and ligaments
+ State of muscular contraction
— The most structurally and functionally complex of
general sensory receptors

* Three Major Groups of Proprioceptors:
7. Muscle spindles
2. Golgi tendon organs
3. Recepftors in joint capsules
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Skin Receptors/
Tactile Receptor Types
- Root Hair Plexuses(Hair Receptor) e N
- Meissner’s Corpuscles wE TN
- Merkel Disks (lggo Dom Receptor) M
- Ruffini’s Corpuscles i | f
- Free Dendritic(Nerve) Endings {
- Pacinian Corpuscles I B =
& e ]
-Krause’s End Bulbs
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Epedermal
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(=)

-3

3

L
Dermis

Merk dih -t
recuptor

Epidermis
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Six Types of Tactile Receptors in the Skin/
3- Tactile Discs/ Merkel Discs (lggo Dom Receptor)

= Also called Merkel discs

= Merkel cells attach to the basal layer of the skin St
epidermis i

- Each Merkel disc consists of a disc- shaped S -
epithelial cell innervated by a dendrite

= Fine touch and pressure receptors —
= Extremely sensitive to tonic receptors (Merkel

cells seem to be slowly adapting receptors for e Al i ;“3':.:‘.'.,"5
light touch) Strmpurn_| T g Sensary

+ Slowly adapting means that they continue to S i E enidcy
respond to stimuli present and send out action mimiila i
potentials even long after a period of continual simeners o
stimulation. Lo '

e}

= Have very small receptive fields

’ r o
y
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Pacinian Corpuscles(1)

= Pacinian corpuscles are rapidly adapting receptors and
are best suited to monitor vibrations which is an on-off
stimulus.

Onion shaped W=y Py

b yelin
Hemnre fibar

Sensitive to rapid changes

Respond to changes in pressure

Core Flerve ending

These corpuscles are large enough to be visible
to the naked evye.
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Salient Features of Cutaneous
Mechanoreceptors

Receptors Main descriptive feature Recepfive field size  Adaplation sensation  Encoded

Pacinion corpuscles  Onion-like capsule surrounding  Large Very rapid Yibretion, tapping
unmye knated nerve ending

Meissner's Small encapsulated, presentin -~ Small Rapid Speed of stimulus

corpuscles non-hairy skin application

Merkels disc Transducer is on epithelial cells ~ Small Slow location of stimulus

Ruffini's end organs ~ Multibranched Large Slow Magnitude and duration
Encapsulated of stimulus (pressure)
Liquid-filled collagen corpuscle

Hair end organs Hair and its bosal nerve Small Rapid Movement of object on

the surface of body
Krause’s end bulbs Small Rapid Touch and pressure
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Types of Mechanical Stimuli

| = 1
11111

Pressure Shear Texture  Stickiness Contact Pricking
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one example of other Ml@echanoreceptors

- Unlike mammals, fishes have only a pair of
inner ears near the brain

- Most fishes and aquatic amphibians also have
a lateral line system along both sides of

their body.

- A lateral line system provides a sense of

“distant touch”

for detecting bod

- The lateral line system contains
mechanoreceptors with hair cells that detect
and respond to water movement(array of
neuromasis within pits or tubes running along
the side of the body) (Newromas? hair cell and
accessory cupula)

- Vibrations carried through the fish’ s
environment travel down a longitudinal canal
and other canals in the fish’ s skin/ These
vibrations produce movements of neuromasts,
causing the hair cells to bend.

- This stimulates sensory neurons.

- Allows the fish to detect any changes in current
associated with nearby prey or predators.

and
osition and orientation

Canal Lateral line

Lateral line

organ

Sensory Transduction

Adequate Stimulus

Membrane Conductance
Change

Action Potential

_ Generator Potential
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Receptor Adaptation

+ Different rates of adaptation (Response to
continued stimulation):

Tonic & Phasic Receptors
1- Slowly Adapting (SA)/ Tonic/ Slowly Adapting

Tonic Receptors /\
» steady pattern of firing

2- Rapidly Adapting (RA)/
Phasic Receptors (Rate

Phasic/ Rapidiy Adapting
Receptors) ﬂ ﬂ
- fire only at onset of stimulus — g

Time
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Discharge rate (Impulses/s)

A/ Pain Receptors
A

B/ Muscle Spindles

C/ Thermoreceptors (show
moderate adaptation)

D/ Touch and Pressure receptors
D (show most rapid adaptation)

Adaptation in sensory reseptors
with sustained stimulation

T T T T T T 1
1 2 3 4 5 6 7

Time (s)
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Tonic Receptors Phasic Receptors
- Slow or no adaptation - Rapid adaptation
- Continuous signal - Cease firing if strength of a
transmission for duration of continuous stimulus remains
stimulus constant
- Monitoring of parameters - Allow body to ignore
that must be continually constant unimportant
evaluated, e.g.: baroreceptors information, e.g.: Smell
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The Structure and Function of the Pacinian Corpuscle as an example of
transduction of mechanical to action potentials

- The Pacinian corpuscle (or lamellated corpuscle)is a skin
receptor that detects vibration (& touch & pressure).

- A stimulus to the corpuscle produces a graded electrical potential.

-  When the potential is big enough, the receptor reaches threshold and
generates an action potential.
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Dermatomes & Herpes Zoster (Shingles)

Dorsal Root . . - Chicken pox virus (varicella)
Ganglion infects dorsal root ganglia

» Once activated,
travels along afferent
axons to skin where it
forms very painful rash

- Often has a typical dermatomal
presentation
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Cerebellum/ Classifications

Classification by Phylogenetic and Ontogenic Development

Archicerebellum
Paleocersbellum
Neocerebellum

Classification by Afferent Connection
Vestibulocerebellum
Spinocerebellum
Pontocerebellum

Classification by Efferent Connection

Vermis

Paravermal Region
Cerebellar Hemisphere

Archicerebellum
(nodulus)

’."""
Spinacerebell UK
Spinocerebeilum !..'.'..

I_ Archicerebellum

S {flocculus)

|| | Paleocerebellum |

) @ ll Neocerebellum

TABLE 15.1 Functional Regions of the Cerebellum

REGION

FUNCTIONS MOTOR PATHWAYS INFLUENCED

[ateral h«rmisp] eres

Intermediate
hemispheres

Vermis and
flocculonodular lobe

Motor planning Lateral corticospinal tract
for extremities

Distal Iimb [Lateral corticospinal tract,
coordination rubrospinal tract

Proximal limb and Anterior corticospinal tract,
trunk coordination reticulospinal tract, vestibulospinal

tract, tectospinal tract

Ralance and vestibulo- Medial longitudinal fasciculus
ocular reflexes
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Syringomyelia

- spinothalamic fibers crossing at cervical level are affected first

« Dissociated sensory loss: temperature, pain disturbance on both hands

Pain Perception

—— Primary
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o/ Zge== Pain sensation
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Pain receptors Axon of
‘ in skin afferent neuron ﬁ::,r::yo?\‘
R / p ey, ‘\\
' T .
. Q 7" N
Q ¥ of afferent ( )
\ = neuron -
- \ /
Painful \ =~
4 ad
Axon of =
Dendrite of efferent neuron [ \ Spinal cord)
afferent
Cell body of

neuron
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s o )/“
/ SWisiny
SN
e | ==L S Spinel nerve

Direction of
impulse

Muscle contracts and withdraws
part being stimulated

Pain perception
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Fast Pain Pathway Slow Pain Pathway

)
2

Ventrobasal
Nucleus

Venwobasal
Nucleus

Lam
Marg)

Substantia
Gelatinosa

Anterolateral
Pathway

Anterolateral
Pathway

Substantia
Gelatinosa

Pain Receptors/ Distribution

Pain receptors are found in most tissue of the body.

a) Abundant in the skin and some internal tissue such
as the periosteum, arterial wall, joint surfaces, and the dura of the
tentorium cerebelli.

b) Few in deep tissues and all viscera. So, for pain to
occur, painful stimulus must by intense and widespread. The deep
& visceral pain is poorly localized.

c) Brain itself and the parenchymal tissues of the liver,
kidneys, and lungs have no pain receptors/ “pain insensitive
structures”

Serious diseases in these organs don't produce pain till they
extend to a pain sensitive structure like arterial wall or serous
covering.

T'ypes of pains
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> CGRP
~57 Substance P

. Histamine Dorsal root
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Lesion BT —» b- @
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*s2CGRP
4 * Substance P

5 Blood GRg

vessel
Spinal cord
Naturally Occurring Agents That Activate or Sensitize Nociceptors

Substance Source Enzyme involved in synthesis  Effect on primary afferent fibers
Potassium Damaged cells Activation

Serotonin Platelets Tryptophan hydroxylase Activation

Bradykinin Plasma kininogen Kallikrein Activation

Histamine Mast cells Activation

Prostaglandins ~ Arachidonic acid-damaged cells  Cyclooxygenase Sensitization

Leukotrienes Arachidonic acid-damaged cells  5-Lipoxygenase Sensitization

Substance P Primary afferents Sensitization
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Pain Receptors

Mechanism of stimulation:

Chemical stimuli Mechanical stimuli Thermal stimuli
Strong acids or Alkalies Cutting or pricking temp.>45Cand <10 C

\ 1 7

| Tissue damagil

4

1st class Release of Pain 2nd class
K ions, Histamine, _ Producing PGEZ2, leukotriens
Serotonin, and Bradykinin Compounds (PPS) ~__and Substance P

L 1

Sensitize the pain
Receptors by lowering
its threshold to stimuli

: Specificity

Directly stimulate
Pain Receptors
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Table 24-2 Amino Acid Sequences of Endogenous Opioid Peptides’

Name Amino acid sequence®

Leucine-enkephalin Tyr-Gly-Gly-Phe-Leu-OH

Methionine-enkephalin Tyr-Gly-Gly-Phe-Met-OH

B-Endorphin Tyr-Gly-Gly-Phe-Met-Thr-Ser-Glu-Lys-Ser-Gln-Thr-Pro-
Leu-Val-Thr-Leu-Phe-Lys-Asn-Ala-Ile-Val-Lys-Asn-Ala-
His-Lys-Gly-GIn-OH

Dynorphin Tyr-Gly-Gly-Phe-Leu-Arg-Arg-lle-Arg-Pro-Lys-Leu-Lys-
Trp-Asp-Asn-GIn-OH

a-Neoendorphin Tyr-Gly-Gly-Phe-Leu-Arg-Lys-Tyr-Pro-Lys

"From Fields 1987.

#Amino acid sequence in italic is essential for action at opioid receptors.

oo a3l Jgy0 pae oole b aSenl £45 1Y 0505 aiiwn !l yi Lo s slOpioid

(Gl s (63,0 o5 &dly ,0)58,0 o :Analgesia

S 295 Sobel (gm cund iz o 50 (53l Jio Gilliad 1o 0929 (5 %aS 0,0 (wlal (Jg 0l 0929 Sy G o a5 el >
WS oo bl (6108 050 gl ay AlglS 5 )95 5 b all azils

The Analgesia System Analgesia

» Analgesia simply means the absence of pain without loosing
consciousness.

= "“The analgesia system is mediated by 3 major components:

» 2a) Lateral Tegmental Nucleus 1-The periaquaductal grey matter (PAG) (in the midbrain),
2-The nucleus raphe magnus (NRM) (in the medulla) and

e 2b) Locus Ceruleus Lateral Tegmental Nucleus and Locus Ceruleus,

° 2C) Raphe Magnus Nucleus ::;::I Zaﬂi'r_ldinhibitory neurons within the dorsal horns of the

which act to inhibit pain-transmitting neurons also located in the
spinal dorsal horn."

« 3) Pain Inhibitory Complex in Dorsal

Horns (Substantia Gelati
e |nosa) +« These areas are the areas in which the chemical mechanisms

of opioid analgesics will take place.
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of excitability of the motor cortex
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Slow-wave or Non-REM sleep REM sleep

* The brain waves are strong and of * Occupies ~ 25% of the total sleep time in young adults

low frequency * |s an active form, associated with dreaming and active
bodily muscle movements

* Is exceedingly restful
e i * More difficult to be arouse by sensory stimuli, but more

* There are decreases in muscle likely to be awaken spontaneously
tone, body movements, HR, RR, BP, * Muscle tone throughout the body is exceedingly
BMR and temperature fepeaicd
* [rregular muscle movements
* HR and RR rate usually become irregular

* The brain is highly active (20% increase in brain
metabolism)
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Reticular activating area | ascending arousal system
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Transection in the lower medulla Transection in the midbrain
Injury to:
Ascending projections from the rostral pons and the caudal The rostral pons, the midbrain, or the
thal and hypothatamus

midbrain are necessary for maintaining arousal of the cortex
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The brain stem activating area

) Peripheral sensory signals determine the

level of activity of the activating area

J Feedback signals returning from the
cerebral cortex increase the activity of the ’

activating area

J The reticular inhibitory area, located in the
medulla, can inhibit the reticular activating
area and thereby decrease activity in the

superior portions of the brain as well
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Many monoaminergic and cholinergic neurons are linked to the sleep-wake cycle
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The slow, regular firing pattern of a The average activity of the cells in the LC in a behaving The average activity of ACh
NE neuron in the LC rat during different stages of sleep and waking neurons in the basal forebrain

Histaminergic and serotonergic neurons exhibit a similar pattern of activity
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Stimulation and inhibition of adenylyl cyclase by different G-proteins. (a) Binding of NE to the B receptor activales G..
which in tum activates adenylyl cyclase. Adenylyl cycase generates cAMP. which aciivates the downstream enzyme protein
kinase A. {b) Binding of NE to the & receplor activates G;, which inhibits adenylyl cyclase.
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Figure 5.19

Modulation by the NE B receptor. (1) The binding of NE to the receplor activates
a G-prolein in the membrane. (2) The G-prolein activates tho enzyme adenylyl
cyclaso. (3) Adenylyl cyclase convorts ATP into the second messenger cAMP. (4)
CcAMP actvates a prolein kinase. (5) The protein kinase causes a polassium chan-
nel to close by atiaching a phosphate group 10 il
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Functions Catabolic Anabolic
Location of Ganglion Distant from target Near orin target organ
organ
Length of preganglionic Relatively short Relatively long
axon
Divergence of One to many One to few
preganglionic axonal
projection
Innervate trunk and limbs Yes No
in addition to viscera
Postganglionic NE [& Ach (rare)] Ach
Neurotransmitter
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The Role of the Adrenal Medulla in the
Sympathetic Division

* Major organ of the sympathetic nervous system

« Secretes great quantities Epinephrine (a little
Norepinephrine) (80 % Epinephrine, 20 % Norepinephrine)

« The effects last 5 fo 70 times as long

— Remove from the blood slowly over a period of 2 to 4
minutes.

« Stimulated to secrete by preganglionic sympathetic fibers

« The dual mechanism of sympathetic stimulation provides a
safety factor

« The capability to stimulate structures of the body that are not
innervated by direct sympathetic fibers

Sympathetic and Parasympathetic
"Tone‘/ Tonic Activity

« Basal rate of neuronal firing - sympathetic or
parasympathetic tone.

» Consists of low frequency bursts of action potentials
averaging ~ 1 Hz (impulses per sec).

« Sets up a baseline level of effector organ activity

« Permits basal activity to be increased or decreased.

« The value of tone: /t allows a single nervous system
both to increase and decrease the activity of a
stimulated organ

* Much of the overall tone of the sympathetic nervous
system tone also caused by the Adrenal Medullae
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Sympathetic Tone

« Sympathetic division controls blood pressure, even at
rest

« Sympathetic tone (vasomotor tone)

» Keeps the blood vessels in a continual state of partial
constriction

« Sympathetic fibers fire more rapidly to constrict
blood vessels and cause blood pressure to rise

« Sympathetic fibers fire less rapidly to prompt vessels
to dilate to decrease blood pressure

» Alpha-blocker drugs interfere with vasomotor fibers
and are used to treat hypertension

Parasympathetic Tone

« Parasympathetic division normally dominates the
heart and smooth muscle of digestive and urinary
tract organs

—Slows the heart

—Dictates normal activity levels of
the digestive and urinary tracts

« The sympathetic division can override these effects
during times of stress

» Drugs that block parasympathetic responses
increase heart rate and block fecal and urinary
retention
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