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Sistem Syaraf

Saraf Kranial
Pusat (SSP) _‘

Sistem Saraf Tepi
(SST)

' Saraf Spinal J

Susunan Sistem Saraf pada Manusia, terdiri atas 2 kelompok yaitu SSP dan SST



Functional Organization of

CNS

PNS
Cranial nerves
and spinal nerves

Sensory (afferent) Motor (efferent)
division

division

o —

Somatic sensory

General: Touch, pain,
pressure, vibration,
temperature, and
proprioception in skin,
body wall, and limbs

Special: Hearing,
equilibrium, vision,
smell

Visceral sensory Somatic motor Visceral motor
General: Stretch, General: Motor General: Motor
pain, temperature, innervation of all innervation of
chemical changes, and skeletal muscles smooth muscle,
irritation in viscera; cardiac muscle,
nausea and hunger and glands; equivalent
to autonomic nervous

Special: Taste system (ANS)

|

— |

Parasympathetic | | Sympathetic
division division




Otak Kiri = berkaitan dengan fungsi
akademis : berhitung (matematika), logika,
membaca, menulis, menganalisa,
mengembangkan kemampuan daya ingat

Otak kanan -> berkaitan dengan kreativitas :
seni dan olah raga



BRAIN COMPONENT
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Sensory perception

Voluntary control of movement KO rtex
Language

Personality traits

Sophisticated mental events, such as thinking, memory, decision
making, creativity, and self-consciousness

Inhibition of muscle tone
Coordination of slow, sustained movements Nukleus Basalis
Suppression of useless patterns of movement

Regulatlon of many homeostatlc functions, such as temperature
control, thirst, urine output, and food intake EOtaIamUS
Important link between nervous and endocrine syst

Extensive involvement with emotion and basic behavioral patterns

Maintenance of balance Serebelum

Enhancement of muscle tone
Coordination and planning of skilled vo!untary muscle activity

Origin of ma)orlty of perlpheral cranta! nerves Ba‘tang Otak
Cardiovascular, respiratory, and digestive control centers

?egutation of muscie reﬂexes lnvo!ved thh equlhbrlum and
Dosture :

Reception and |ntegrat|on of all synaptlc ;nput from sp;nal cord

=rousal and activation of cerebral cortex . : o . ,
Role in sleep—wake cycle . e . : -
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Cingulate gyrus plays a role in emotion.

Thalamus

Hippocampus is
involved in learning
and memory.

— Amygdala is
involved in emotion
and memaory.




Frontal lobe

_~Part of limbic
G association
cortex




Cinguiate gyrus

Portons Arterior o e Subcallosal
- L

af basx nuchket ot cha gyrus

gangila thalamus

Paraolftaciory
area

Hypothalamus

COrbitatrontal
conex
Hippocampus
Uncus
Amygdala

FParahippocampal gyrus

Limbic system, showing the key position of the
hypothalamus.




Sistem Limbik dan Korteks
yang lebih tinggi
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Nervous System Organization

Copynght & The McGraw-Hill Companies. Inc. Permission required for reproduction or display.

Stimulus
(input)

PNS Sensory division
Sensory conducts action
receptors, potentials
nerves, from the
ganglia,  Periphery
and plexuses

=>iraill anc
L vt B R S

Response (oy&lt)
Cardiac muscle,

Skeletal smooth muscle,
muscle and glal}ds
Somatic Autonomic
nervous nervous
system system

\. Motor division _/
conducts action potentials

to the--rlphery




Complex Pathways of
Emotion and Motivation

Hypothalamus, limbic & cortex integration

Emotions: pleasure, sexual arousal, anger &
fear

Motivation: "drives”, impulse that arises to
person consciously or not to perform an
action with a specific goals

Moods:
— Long term emotional states
— Depression



Sensory
stimuli

Complex Pathways of

Emotion and Motivation

Integration

TS st Cerebral
sEacs cortex
within the :/ﬂe P
association = &
areas of the D C

L —S

cerebral cortex

Integrated information
passed on to the

7\
Limbic system
creates emotion

Hypothalamus
and brain stem

Feedback creates
awareness of emotions

KEY
Stimulus
CNS or endocrine

integrating center

W

‘l‘/}:] Internauron

Response
|
mnate
Somatic :
motor Autonomic Endocrine Immune
responses responses responses POy

{both voluntary I

A
|

and unconscious)

Figure 9-21: The link
between emotions and
physiological functions



Primary motor cortex

Supplementary motor area (voluntary movement)

on inner surface—not visible;

(ro ramming of complex movements) fenim  Sclaloesnsory coftex
prog 9 P s sulcus  (somesthetic sensation

~

~
~

and proprioception)

Posterior parietal cortex
(integration of somato-
sensory and visual input;

Premotor cortex (coordination
of complex movements)

Prefrontal association cortex important for complex

(planning for voluntary movements)

activity; decision making; Wernicke’s area

personality traits) (speech understanding)

Parietal lobe
Frontal lobe : -
, Parietal-temporal-occipita

Broca’s area . association cortex
(speech formation) (integration of all

sensory input; important

Primary auditory cortex in language)

urrounded by higher-order

uditory cortex (hearing) Occipital lobe

Primary visual cortex

Limbic association cortex - - ---"~ ~ PR oy surrounded by higher-

(mostly on inner and bottom - = order visual cortex (sight)
surface of temporal lobe;
motivation and emotion; memory)

Temporal lobe
Cerebellum

Brain stem

© 2001 Brooks/Cole - Thomson Learning

Spinal cord



Relayed from afferent neuronal
receptors

Initial cortical processing of
specific sensory input

Further elaboration and process-
ing of specific sensory input

Integration, storage, and use of
diverse sensory input for
planning of purposeful action

Programming of sequences of
movement in context of diverse
information provided

Commanding of efferent motor
neurons to initiate voluntary
movement

Relayed through efferent motor
neurons to appropriate skeletal
muscles, which carry out desired
action

For simplicity, a number of interconnections have been omitted.

@® FIGURE 5-13
Schematic linking of various regions of the cortex




POSTERIOR ANTERIOR

Dorsomedial nucleus Paraventricular nucleus
(Gl stimulation) (Oxytocin release)
(Water conservation)

Posterior hypothalamus Medial preoptic area

| d blood (Bladder contraction)
P T ure) HYFOTHALAMUS / (Decreased heart rate)

Pupillary dilati ~ ——

ESﬁﬁeﬁ?g] ila mm]\ f (Decreased blood pressure)
Perifornical nucleus __,_J.—4 Posterior preoptic and
(Hunger) —\I“—\_ | anterior hypothalamic areas

(Increased blood pressure) | ~ / (Body temperature regulation)

(Rage) (Panting)
\/ — — (Sweating)
Ventromedial nucleus = (Thyrotropin inhibition)
(Satiety)
(Neuroendocrine control) Optic chiasm (Optic nerve)

Supraoptic nucleus

Mamillary body (Vasopressin release)

(Feeding reflexes)

Arcuate nucleus and periventricular zone Infundibulum
Figure 58-6 (Neuroendocrine control)

Control centers of the hypothala- ~ Lateral hypothalamic area (not shown)
mus (sagittal view). (Thirst and hunger)




Reward Centers
lateral and

ventromedial nuclel of
the hypothalamus.

Punishment

Figure 58-8

Ce n ters Technique for localizing reward and punishment centers in the

brain of a monkey

the central gray area surrounding the aqueduct
of Sylvius in the mesencephalon and extending
upwardinto the periventricular zones of the
hypothalamus and thalamus.



DIENCEPHALON

Epithalamus
Thalamus

Hypothalamus

Diencephalon

Subthalamus

Metathalamus



Thalamus & Hypothalamus
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Thalamus

Function : main
relay centers
between cortex and
lower structures

Spinal
cord

2rebellum Brain

Interconnects
cortical
Specific ass_ociation
Relay for information Interconnects frontal region with
SENSOry  Eie sensory systems cortices with limbic system
relay (except olfactory cerebellum and basal

system) ganglia

nuclei



Thalamus nuclei

Example — Output of somatosensory
iInformation from ventral posterior lateral
nucleus

. Local processing — in nucleus

Modulation — by brain stem Inputs
(noradregenic & serotonine
monoamines)

Inhibitory feedback — from reticular
nucleus (gatekeeping)

Excitatory feedback — from cortex



Cortical

- -
Thalamus nuclei ==
- .Regl“lates Thalamic L’ Wakefulness
vViscera ‘ ;
k
function _—" ‘pacemaker

« Associated

Massa
Internal : .
intermedia
L . Medial nucleus
with emotional P

| , ,
status & recent ""°°°~f\ | Latra
memory \ e __hucleus
Lateral \ g/ '
° dorsal
Interconnects KNP . ..\ ,
with frontal L
cortices

S . - Pulvinar
Ventral -\ BRSSO A o ¢ nucleus
anterior S ‘

nucleus

Medial

/ nucleus

Ventro-lateral
nucleus

* Involved In
motor control

Veniral

posterior [ Lateral

nucleus geniculate

Arcuate nucleus

nucleus

* Involved in sensory
(ascending pathway)

* Integrates
somatic &
visceral
function

* Control
affective
behaviour

* Involved In
memory

- geniculate

Auditory
relay
nucleus

Visual
relay
nucleus




Thalamus nuclei - interlaminar
nuclei

* |nput - ascending afferent from brain stem
« Output - cerebral cortex & basal ganglia
» Responsible for activation of cerebral cortex

« Simulation causes desynchronization of
EEG and disruption of alpha rhythm
(associated with sleep)

* Lesion — results in the reduction in level of
consciousness n in the perception of pain



Thalamus nuclei — Reticular
nucleus

 Utilize inhibitory neurotransmitters (GABA),
others use excitatory neurotransmitters

e Axons terminate on the other nuclel of
thalamus, others interconnects with
neocortex

* Function — modulates activity in other

thalamic nuclel based on its monitoring of
the entirety of thalamocortical information



Types of nuclel

Anterior nucleus group
Relay (specific)
nuclei Posterior nucleus group

Medial nucleus group

Lateral nucleus group

. * On midline of thalamus
Nonspec?lflc (paraventricular, parataenial &
nuclel reuniens)

* In Internal medullary laminar
(centromedian nucleus) — projects
to limbic structure



Hypothalamus and Limbic
System: Homeostasis

* A major function of the nervous system is to
maintain homeostasis, or the stability of the
Internal environment.

* The hypothalamus, which comprises less than
1% of the total volume of the brain, is intimately
connected to a number of structures within the
limbic system and brainstem.

* Together the hypothalamus and the limbic
system exert control on the endocrine system
the autonomic nervous system to maintain
homeostasis.



Hypothalamus and Limbic
System: Emotion and

Motivated Behavior

« Emotions and motivated behavior are crucial
for survival:

— Emotional responses modulate the autonomic
nervous system to respond to threatening stimuli or
situations.

— Emotional responses are adaptive. If you are
prepared to deal with threatening stimuli, you are
more likely to survive and reproduce.

— Motivated behavior underlies feeding, sexual and
other behaviors integral to promoting survival and
reproduction.

— The hypothalamus and limbic system mediate these
behaviors.



Hypothalamus and Limbic
System: Clinical Context

» A large number of clinical conditions
have symptoms that arise from

hypothalamic and/or limbic system brain
circuits.

* For example, you will encounter patients
who have one or more of the following:



Hypothalamus and Limbic
System: Clinical Context
(cont.)

- Need to detect temperature changes and modulate the
autonomic nervous system to either retain or dissipate
heat.

* Many recreational drugs work through neural _
pathways involved in reward and motivated behavior
that form an important part of limbic system function.

« Many anxiety disorders, such as Panic Disorder and
Post-traumatic stress disorder have physiological
symptoms mediated by the autonomic nervous system
and by the limbic system.

» Feeding behavior is in part controlled by the
hypothalamus, and interactions between limbic reward
circuitry and the hypothalamus are important to
feeding behavior.



Hypothalamus: Integrative
Functions

« The hypothalamus helps regulate five basic
physiological needs:

1) Controls blood pressure and electrolyte (drinking and salt
appetite).

2) Regulates body temperature through influence both of the
autonomic nervous system and of brain circuits directing
motivated behavior (e.g. behavior that seeks a warmer or
cooler environment).

3) Regulates energy metabolism through influence on feeding,
digestion, and metabolic rate.

4) Regulates reproduction through hormonal control of mating,
pregnancy and lactation.

5) Directs responses to stress by influencing blood flow to
specific tissues, and by stimulating the secretion of adrenal
stress hormones.



Hypothalamus secretes
hormones which

make other

endocrine glands

Hypothalamus

secrete hormones

F U N CT I O N S Pituitary Hypothalamus

Thyroid Adrenal Gonads

Visceral Autonomic Endocrine Emotions

Parasympathetic Sympathetic




Hypothalamus

Paraventricular nucleus
of hypothalamus

Dorsal
hypothalamus

\|

Anterior commissure

Dorsomedial
Lateral hypothalamus ‘ B ’
(behind plane of vie | = thalamus =
— / .- — Posterior hypothalamus
Anterior hypothalamus —)ss=—

Preoptic area

Suprachiasmatic Mamillary body
nucleus

Medial eminence : Satiety
Center

{\' Posterior
\ S
N pituitar

Posterior part : Arousal
Center

Lateral eminence : Feeding
Center

Anterior part : Body
temperature (with posterior
part)



Thalamus

inhibitory area

Excitatory area
,‘ S5th Cranial nerve
’
a

//

Excitatory-activating system of the brain. Also shown is an
Inhibitory area in the medulla that can inhibit or depress the activating
system.




Cercbellum

= Brain siem
COraciory

reglon Sasal brain areas

e R Three neurohormonal systems
that have been mapped in the
rat
Fromal

coriex Cingulate
cortax

brain: a norepinephrine system,

Caudate nucicus

a dopamine system, and a
serotonin
system.

DOPAMINE

HH

\ S L

SEROTONIN

line NnuCc




TO giencephalon
and cevrebrum

Substanta rigra Meoesenoaphalon
AODAmMmINe)

Gigantoceiiuiar
newrons of
refouiar formason
(acetyicholine)

Locus cerulcus
norepinepnirine |

Nucic! of the raphe
(S ionin)

Multiple centers in the brain stem, the neurons of which secrete
different transmitter substances (specified in parentheses). These
neurons send control signals upward into the diencephalon and
cerebrum and downward into the spinal cord.







