e Dendrites

— Receive impulse from the axon of other

neurons throughess)é@m@t-}’c\f connection.

ATXC;% 2 3\% S\L.age i éﬁmﬂlards the cell body

— Conduct impulses away from cell body

—Impulses arise from initial segment (trigger
zone)

—End In fine processes called axon
terminals

—Swollen tips- synaptic end bulbs - contain
vesicles filled with neurotransmitters.
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Functional Classification of Neurons

» Sensory (afferent) nelégq;\xs
— transport sens%r&kssé}ﬁiation from skin, muscles,

joints,,eﬁ@m@;b{gqﬁs?@’lviscera to CNS

\

. MEYST (eff@Fent) neurons

— send motor nerve impulses to muscles &
glands

* Interneurons (association) neurons
— connect sensory to motor neurons
— 90% of neurons in the body

23



SUPPORTING CELLS
 Known as neuroglial or glia& cells
. !
—The majority c(e)ua%@ﬁﬂ?e CNS
—Small%@ﬂg\@aﬁ@gurons
e\ ge_
—Cgﬁs can divide
—4 cell types in CNS

» astrocytes, oligodendrocytes, microglia &
ependymal

—2 cell types in PNS
e schwann and satellite cells

24



Membrane potential (mV)

Absolute refractory period

Relative refractory period

Depolarization
(Na* enters)

+30 N

, {¥Q y
oN\© A\ A

Action {)oéte&tal \)\(
eSS
231

Repolarization
e

leaves)
|

T

After-
hyperpolarization
(undershoot)
| | Threshold
Stimulus Resting membrane potential
1 2 3 4 5 6 7

Time (ms)

Z0—4H40O>»

—r>—-——4Z2m-40 T



Hyperpolarithion

a\eC0
NOte>
° Exces%mé‘ﬁﬁ%wm%?ﬁ of K* (to inside cell)
N pag®
occlrs P
* This causes hyperpolarization of the
membrane (undershoot)

—1. e. the potential becomes more negative
than the resting potential
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The Action Potential: SUMMARY
* Resting membrane potg\ptlal IS -70mV

. Depolarlzatlogd@‘-’(ﬁ% change from -70mV
to 30wV e o %

. Repolarlzatlon IS the reversal from +30
mV back to -70 mV)

» Hyperpolarization — The reversal
continues slightly before attaining the
resting potential.
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PROPOGATION OF AP

K
\e. oV
* An action (&Qeﬂﬂ‘il%meads (propagates)
overdtie'slifaté Of the axon membrane

—The changes In the process of
depolarization and repolarization
occurs (repeats) along the axon towards
the axon terminal.

—The traveling action potential is called a
nerve impulse
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Propagation of action potential

\"4
AP or impul v&es“’a\e'co'uth -
or Impu S%&(\Q ﬁzg'k)ng e axon as.

° C%Bﬂﬁ%@%auction (along unmyelinated

fibers (axons))

—Nerve impulse travels continuosly along
the axon.

« Saltatory conduction (Myelinated nerve)

—Nerve impulse jumps from one node of
Ranvier to another.
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NEUROTRANSMITTERS

. K
» A chemical substaqgga\eﬁfé\ﬁ released,
transmits \l\,}@meiﬂ&pw@es across a synapse.
o€ S\ .
+ Excitafory a@inhibitory neurotransmitters
» Important neurotransmitters include
acetylcholine,, noradrenalin, adrenalin, and

dopamine, glutamate, aspartate, gamma
aminobutyric acid, glycine, nitric oxide (NO)
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Parietal Lobe . |
f‘_.‘\\ _ Frontal Lobe

»

4 .

Ocdiptal Lobe -
p(e\’\e ‘

-
Temporal Lobe
Cergbellum

.

Arain Stem




e Sagittal

— e plane

DIENCEPHALON:
Thalamus

Pineal gland
(part of epithalamus)

BRAIN STEM:
Midbrain

Pons

Medulla oblongata —
CEREBELLUM

Pituitary gland

Spinal cord

POSTERIOR ANTERIOR

Sagittal section, medial view

Figure 14-1a Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



CEREBRUM
* Folds (gyn) ouK
» Grooves $SM|&DE?15§$SUI’GS)
—Wﬁ’geltp@m% fissure separates left &

right cerebral hemispheres

« Each hemisphere is subdivided into 4
lobes:

—frontal, parietal, temporal, and
occipital.
» Contain the higher brain centres.
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FUNCTIONAL AREAS OF THE BRAIN

UK
I\(/I),Qegaxeaﬁ% as

Located jpxthe' g\g%@eﬁral gyrus

e
CoR&tlous &htrol of voluntary (muscular)
movements

Sensory areas
Located In the postcentral gyrus

Involves In conscious awareness of
sensation

Assoclation areas
Integrate diverse information
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Sensory Areas

Central sulcus \)\(

Primary motor area \e cO- Primary somatosensory
TSI cortex ,
Premotor cortex Somatosensory B gg;gaattnig ;
Frontal et association cortex _
eye ﬂ.eld g( e\’ - \ Gustatory cortex N Taste
f‘xgggggarlnt?;:s : . _ Wernicke's area_
Executive area for — F 4 , . ; i - = . (outlined by daShOS)
task management ( __ 00 General interpretation
Broca's : - 4 B | < IR area (outlined by dots)
area ' G - 1943 . B A=
Working m?mory for S G2 5;':;'&” visual
object-recall tasks o~  Vision
Visual
Solving complex, association
multi-task problems area —
Auditory
Prefrontal cortex association area | o
Primary
(a) auditory area __|

Figur§§2.8a



Basal Nuclel
\e.CO'u\L

+ Masses %w&%ﬁﬁ%’qer found deep within
the €0 wRte matter

» Specific functions
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Epithalamus

Thalamus  Thalamus

O‘,esa\e‘ | —— Hypothalamus

Frontal

Plane | ongitue I"Qg(\
preV & r;&e 10

Septu

Cerebrum

Corpus callosum

Lateral ventricle
Internal capsule

View
Caudate nucleus
Insula Puliiian L Comus
striatum
Globus pallidus
Thalamus P “

Third ventricle

Hypothalamus
e Optic tract

(b) Anterior view of frontal section



Protection of the Brain
* The brain is protectecg)h«y the:

— Cranla‘x %237
P@?‘é\n@l%emnges

(membranes/coverings)

* The cranial meninges are continuous
with the spinal meninges and are
named:

— dura mater, arachnoid, and pia
mater.
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The Ventricular System of the Human Brain

ht La‘ter
.L-k\( Left Lateral
Ventricle

Central Part
of Left Lateral
Ventricle Om

eW I
PreV™ o AP

Ventricle

Cerebral
Agueduct

Choroid
Plexus

Fourth
Central Canal Ventricle

22001 HowStuffWorks



Hydrocephalus

e Accumulation of GS Skoin‘the brain
5
ventrlcle%omN;’ 23T

. Du@‘?&f‘%#@@‘kage of drainage of CSF)

—Continued (excessive) production
causes an increase In pressure -
hydrocephalus

—In newborn causes expansion of the
skull and damage to the brain tissue
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Brain Waves

Normal brain function L%V\Q‘Lves continuous
electrical actwg{ysa\e‘

1
An e{@@mrﬁ%ﬂg&@ﬁ?ﬁogram (EEG) records
th‘?s(eactiﬁﬁ(r)'e

Patterns of neuronal electrical activity
recorded are called brain waves

Each person’s brain waves are unique
Continuous train of peaks and troughs
Wave frequency is expressed in Hertz (Hz)



* Cerebrum
—Higher brain cent\(%egb VK
—Cerebrq @@r‘&% 237
?§pecﬁaﬂ%ed parts - Frontal Lobe,

Parietal, Occipital Lobe, Temporal
Lobe

* Motor cortex
* Sensory cortex
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Spinal cord - Gra¥ Matter

u
otesa\e St

N
. Dors\,@lmaél’f“ e’ﬁsory roots and
glid®

o Ventral half — motor roots

» Dorsal and ventral roots fuse laterally
to form spinal nerves
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Nerve tracts (Pfil‘thways)
\e. oV
. Repr_e%e‘m@é%gézﬁ in which nerve
mp@llﬁ%{g@\)@f’s from outside to CNS

and vice versa.
* Ascending tracts
* Descending tracts
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Ascending (Sensory) Pathways

VK
otesa\e cO

. WOY 21
. Sen(seg\lam@‘g@@ﬁ%%camed from the
seﬁsorf?%ceptors through the afferent
nerve into the spinal cord (white matter)

» Ascend to the sensory cortex of the
opposite side of the brain
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Components of reflex arc

@) SENSORY RECEPTOR
(responds to a stimulus
by producing a generator
or receptor potential)

€) SENSORY NEURON
(axon conducts
impulse l@ eptor
Interneuron ga_\@ ing center)

0 INTEGRATING CENTER
(one or more regions within

the CNS that relay impulses o MOTOR NEURON 6 EFFECTOR

from sensory to motor (axon conducts (muscle or gland that

neurons) impulses from integrating  responds to motor
center to effector) nerve impulses)

Figure 13-13 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons



Knee jerk reflex

vk
» A sudden invr\kl(um@éiﬁoforward movement

of th(%\}\wﬁé?? \ag that can be produced by
a fifm tap 16 the patellar tendon located
just below the kneecap.

* Tapping on the tendon stretches the
guadriceps muscle. This stimulates the
sensory receptor ( muscle spindle) to
produce nerve impulse
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Knee jerk reflex

e.CO: V¥
* Sensory recegywo T’:\fferent (sensory)
nenggm\e ae M’r‘ﬁegratlng centre in the spinal

cord — efferent (motor) neuron —
effector —contraction of quadriceps muscle
the — knee jerks forward involunatrily
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W !
oW ‘ I‘m\%g

POSTERIOR

Dura mater and
arachnoid mater

Spinal cord
Pia mater
Epidural space

Spinous process of
vertebra

Subarachnoid space

Posterior (dorsal) root

of spinal nerve . .
Superior articular

Aé‘\ facet of vertebra

Posterior (dorsal)
ramus of spinal nerve

Spinal nerve

Anterior (ventral)
ramus of spinal nerve

Vertebral artery in
transverse foramen

Denticulate ligament

Anterior (ventral) root
of spinal nerve

Transverse foramen

Body of vertebra

ANTERIOR

Transverse section of the spinal cord within a cervical vertebra
Figure 13-1c Principles of Anatomy and Physiology, 11/e
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SYNAPTIC TRANa@:ER"%F IMPULSE

Note 237 |
e Im gﬁr%d from neuron to neuron via
)ﬁ?(apse ﬂ%ﬁaaé}rect connection).

* Synapse
—Is the functional junction between one
neuron and another

— Or between a neuron and an effector such
as a muscle (neuromuscular junction) or
gland.
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TOPICS

» Peripheral nervous SBXQT@T\’\‘
. Receptor WQMR)&y;B"
. Reftes Sotion 2



Receptor Class by Location:

e e
2. Interocep& @sa

. Re éa@ﬁfﬁu? arising within the
body

* Found In internal viscera and blood
vessels

» Sensitive to chemical changes,
stretch, and temperature changes



Receptor Classification by Structural
Complexity

" @0&65;\;'
* Receptors, are Structurally classified

. o
as either simple or complex

* Most receptors are simple and
iInclude encapsulated and
unencapsulated varieties

» Complex receptors are special
sense organs



Nociceptor
(pain receptor)

Subcutaneous —
layer

Figure 16-2 Principles of Anatomy and Physiology, 11/e
© 2006 John Wiley & Sons

Type | cutaneous
mechanoreceptor
(tactile or Merkel
disc)

Corpuscle of touch
(Meissner corpuscle)
in dermal papilla

Type Il cutaneous
mechanoreceptor
(Ruffini corpuscle)

Hair root plexus

Lamellated
(pacinian)
corpuscle



Simple Receptors: Encapsulated

VK
TABLE 13.1 / General Sensory Receptors Cl ’ngdzb}@,mﬁucrz and Function (continued)

|
(Omrllbc ol 2Functional Classes
pa@e According to Location (L)

Structural Class Mustration and Stimulus Type (3 Body Location

Golgi tendon organs L: Proprioceptors Tendons
§ Machanareceptors

(tendon stretch)

Joint kinasthtic receptors L: Proprioceptors Joint capsules of synovial joints
§: Mechanoreceptors and
NOCICRPLON

Table 13.1.4



Dorsal root Posterior horn (interneurons)
(sensory)

Somatic sensory neuron

Visceral sensory
neuron

Visceral motor
neuron

Somatic motor neuron

.‘1'“‘ j’- ——

Spinal nerve  Ventral root (motor)  Anterior horn
(motor neurons)



Postcentral gyrus

Axons of
third-order neurons

Thalamus
Cerebral cortex

Ascending
(Sensory)
Pathway

} Lateral
: spinothalamic tract
w40 P P (axons of second-order neurons)

— - Pain receptors

(G
_ e

Axons of first-order neurons

Medulla oblongata

N

Cervical spinal cord ),\

) Temperature receptors

Lumbar spinal cord =

(b) ; | ] S5



Classification of Nerves
co V¥
. Sensory a FldIVISIOnS

{xO
i %%?Fferent) — carry impulse
[0 the CNS

—Motor (efferent) — carry impulses
from CNS

» Mixed — sensory and motor fibers
carry impulses to and from CNS; most
common type of nerve



Knee jerk reflex

K
00“
* Sensory receggegot T';\fferent (sensory)
nenggm\e ez’h gratlng centre in the spinal

cord — efferent (motor) neuron —
effector —contraction of quadriceps muscle
the — knee jerks forward involunatrily
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EFFECTORS
(flexor muscles)
contract and
withdraw leg

&
o)

A3

«Vw

/ ..;

ANY ‘MoToR

SENSORY
NEURON
excited

v, e

NEURON

23 excited |

o NEURONS
excited

Ascending
interneuron

Interneuron

Descending
l interneuron

Within INTEGRATING CENTER
(spinal cord), sensory neuron

activates interneurons in several
spinal cord segments

o Stepping on tack stimulates

SENSORY RECEPTOR (dendrites of
pain-sensitive neuron)

Figure 13-16 Principles of Anatomy and Physiology, 11/e

© 2006 John Wiley & Sons
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