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Nervous System
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T Topics:
‘ ‘I. .Neurons and Targets
Il. Camparative Anatomy of Nervous System
I, Nervous System and Function

V. Sense Organs and Somatic Sensaticn

Nervous System

. wﬁﬁﬁi‘f\u‘lﬂ 3 gy fe
1. Sensaty input $3U334 infarmation 210 sensory
receptorlaansnszdunmaanadon
. Integratioh_ 3o analyze information 1w central
nervous system éq"l':-’fuﬁ brain uaz spinal cord
. Motor autput 183 command signals Tunaunauaz

coordinate fansdunatiania #i Efector cells 1tlu
PISABUTHBIFABNTINIZEN

Overview 184 Vertebrate Nervous system

SENSORY INPLT

reimm NG

1 4
ileiedszam Jiznoud
1-Neurons @ conduct messages T

communication: pathway 93 nervous syslem
2. Supﬁomng cells : structure, protection, insulaticn
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Human Nervous System
Fudau (complex)

e nuraddiagane

Nenrans and

Form and Function
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Nervous System

Neuron - Iadd ssem

L] ﬁ'.l‘.u Fungticnal unit Y99 nervous system waz iy
Specxallzed cell

o imau - message 1ui1]maa Impulse mapuitilam
tran5m|55|0n ling mummﬁ)ﬂﬂ

100 AT -,Fm Funi {225 miles / hr)
. 1ui'1aﬂ1£l‘ﬁn‘51 100 WuA W neurons
o nwdiafianune common Ap Usznoudiy 3 dauAT

Cell body

. mnmﬂu nucleus was organelies au

. u.ﬂumu“lmﬁwm {trophic part) 194 neuron

& $1-79 signal uaz fr"amﬂxﬁm‘i neurofransmitters

. Nerve cell bodies H5Muily functional cluster Tu brain
e Nucleus

& Nerve celi b0d|es mmﬂmﬂu funchona| cluster Tu

Tﬂ‘im‘:m peripheral nefvous system (an Ganglion
1. Cell body
2. Axon
3. Dendrite -
7 &
Dendrites
o dauwe3 cytoplasm 8onIIN cell body ¥I3dUq az )
S1uumin Al fibers ¥30 processes Typical Nerva
o $u signal aniad Mwd cell body mMiiu cell
— [

Axon ¥30 Nerve fiber

. de'(d‘l | d‘ -
& grvvpawadnaueantily ficer 187910 cell body Y31
AXon hillock

e Axon 131 nucleus umil mitochondria upz motile filaments

. ﬂﬂuﬂmﬂ axon mewmﬂaﬂmmumﬂma!ﬂu Synaptic
terminals: .

o lu vertebrétes axon 3l supporting cell ﬁﬁn axon iy
nlien (mielinihy Myelin sheath
. suppom‘ng cell Tu CNS A QOligodendrocyte
. suppor‘ling'\.cell 14 PNS fla Schwann cell

11

Functional Organization 483 Neuron
uuaily 4 Segments

1. Réc:fptive segment : segment i synaptic inputs 2814
T
o189

2. Initial segment trigger zone B4 neuron i convert
information 1¥tilu nerve impulse

3. Conductmg (conductile} segment : conduct neural
impulse Tl wgave neuron

4. Transmlsswe [effector) segment : axon terminal i

convert m‘sﬂ‘suqmjm action potential Ivitlase chemical
neurotransmitters i synapse Wldia effector cell

[ 2
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Nervous System

4 segments of

neurons

Basic Neuron Types
3 main patterns

S w . o
® 91015 0AUBI Axon & dendrties 1B cell body

# Muitiple neuron : dendrite §11431M1A8BNAIN cell body 1
interneuron, motor neuron

« Bipolar neurcn : dendrite 1fi87980910 cell body HazATINTH
axon 14W receptor neuron U949 sense argans

® Pseudo-unipokar neuron : dendrite & axon 891D ceall
body w¥ouim Taw fusion 1 stem 910 cell body #dMmen
pONUINTUM LW 1Y sensory neuron

14

15

Functional Organization of Neurons
nuailu 3 classes

i
; TR
L. Sensory. AL U W e (ﬁdsﬁ‘% .
neurons ', T\“’"" ¥ ﬁ) TR ==,
| Y el !
2. Interneurons 57 . - 1
3. Motor : / |
neurons L
s =
58 ,
lal Vertenrate o) Vortenzste e peumons. (&) Invenetrare

sensory neuron metor neuran -

1. Sensory neuron (Afferent neuron)
Yhdayasinmeauenuazmalu Tlds central nervous system
2. Intefﬁe‘uron {(Associated / connector / internuncial neurons)
Transmitimpulse 91nd3uniiauaa CNS TudaBaasunils %30
Integrate Hoyadianaiwdl CNS
3. Motor neurd_n (Efferent neurons)

Gonduct imptise agpam CNS Tlfasamaeiusing 9 W
InaMa stimulation %38 Inhibition

g . - .
+ muscleliil contraction ¥38 Y2413 contraction
) . =] §rt .
» glands 19l secretion w7a'lul¥ii secretion

Supporting Cells (Glia)

-

® Associated cells %93 CNS, ilu Noncanducting Tai
inszualizam

® Protect; nourish, support cells a1 CNS

o 1iluautliznauves structure UB4 nervous system
= 1 B 1

& 111N deuren ~ 10-50 1M

® 4 major types

$RIMNANTIN5E AT, NTNY DUNTIRLTY



Nervous System

“-® Astrocyles : structural & metabolic support, form Blood
Brain Barrier (BBB) AILRMMIHIMA-000 Yo 1Inl
524314 neurons 1Y blood capillary T CNS

] Oligodehdrocytes il myelin sheath, supporting
framework, supply nutrition ¥ neurons

® Microglial cells ; support RS strass iy WaNMa, Mia
vauTHved neurons

® Ependymal cells : ymawiiagoaiialu CNS, wina

cerebrospinal fluid

1

H

Glail Cells 4 Types

20

"~ membrane 2 aiuuanemady dluanumangnd (Potential

21

o Living cells Misvinaiiilszqldfisz=ving plasma

difference)

. mmginé’n?;mﬂﬂixq!,ﬂu anmadinglaalvidh
Eiectrical voltage gradient 5= 713d1un3 2 v03
membrane 330 ld5en1 anumadngiin Membrane
potential -

o 11 Animal-cell Ynéi dndiliian -50 84 - 100 mv
o Tap dwivalnnsznalvdi

3 3
» vollage Muuen membrane d gy (0) uaz
« voltage #1114 membrane radiily au =)

22

aungmsa Membrane potential

. sﬁsﬁ?ﬂ\mmmuﬂnﬂﬂwm ions vaqas lu
intraceilular fluids & extraceliular fluids
L Selective\'permeabillty ¥4 membrane 15u bartier 524119
fluids 2 A1 Sn1 anuaadndvaa ions mmitly
e Permeability:v93a membrane 194 nerve cell 1 selective
channels 2 types A
(1) Leak channels Has
(2) Gated channels

o ¢
o iularan

« ions szquan (+) vidin fie K uaz 3l Na " lindey
» ions alizqau (-) ndn Ap prelein, amino acid, sulfate,
phosphate silu A uaz Cf dmisn
5 ¥
® fuMBNIYAR
+ ions szquan (+) win Ae Na“ uaz 3 ' iiniioy
: 3 . 4
« ions Y3zgou () nin A CI' UAZ A” DU

o 1wadinfiay permeable Aia K' winndiee Na' 50 19
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Nervous System

H
O A—
= /_\‘."‘—p
e i

~ pomp

> Plasora
merozang

e [ (K ) ey o (A7) & il
i QSOmM oM 1w 100 mM e .’ e

= by

- b+ o+ =+ x4

Resting Membrane Potential

25

c_ s

o lons Wﬂﬂwaaﬂunmna waz @1 nerve impulse R 1w 2
¥in ﬂa K™ uaz Na
. oA 4 2@ e 1w
Potassium : Huinleas #11Rnannua1afing lnan 11
Wt 38171 Concentration gradient
e K* ions 9z diffuse BBNUBNIBAA 114 leak channel ﬁﬂn;h
Potassium efffux 1aaus39v94 concentration gradient

Le

'Yy magﬂmqﬁaﬁ ilumadilimelusanily ou () da
Electrical gradient Y132%i19 membrane 2 AT

[

- 1151 Electrical gradient Faudafiuusa Concentration gradient
Tsiii‘nggativity maluas attract W K ions Trandudhwad
1T PStassium influx WM UL Electrical gradient

. .!ffll‘a K inﬁux palance K' efflux - no net transfer 481
charge A1 membrane --> membrane potential stable Hio

ifin Resting membrane potential Fanseiumlszanm -85 myv
® Membrane patential i -85 mv 1ilu potential fiElectrical
gradient U84 A" 2z counterbalance fiv Concentration

. +
Va4
gradient K E

. 3
~-Sodjum : Mnnuenivan

& Nz’ (e Concentration gradient Auvemaad

® Electiical gradlent 211 negative Twsades attract Na®
T lurad

. Lm membrane permeable Aa Na* wiopsn waz Na™ lai
Y| Ieak channel

L] muu posmve charge ¥4 Na’ mwummﬂﬂmnuaﬂ -
Ml resnng membrane potential -85 mV AiRaDIn K+
g'naﬂmmnuaﬂ ey <70 mv

e iiufia Resting Potential 499 Neuron = -7¢ mV

: Urmysinaled neuron e
N [ P —— =¥ e e i .
. T
- 11@ Polassum pak

I Enlargad secton “ charnels Dpen

S of axan I N

— B¢ SODIM GATES —closed

PRI }:;w-
O 2k A charge toubads)

Action potential ¥38 n13ifa Nerve Impulse

® Nedron (uaz muscle cell) «ffu Excitable cell ifaonns
1/ Resting potential 484 membrane
® nse hervle impulse 1t All-or-None  event Ao
L =1 N =3 =5 o =t = =
doadinisnldvumlasauisszduisanatiozifia
138011 Threshold
A a oA .
& 1104 stimulation M resting neuron
« Na gate illal# Na* riwwad > malusadil au vosaa
wiellan electrical gradient 5:m31a A7 membrane 2
g1y Sonn’ Depolarization

E
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Nervous System

" “w-Na' Depolarize 9uilagn Threshold = fin nioludfia
. Ifiego!arize iFaRuBnansTdY threshold —> Na* lwanzin
udiad {inflow) —> malwihs van gade +50 mv
» u#1 Na-gate 1la ung
« K-gate ﬁi}ﬂ > K Inasanvonwad Wluadiiiu au 3ans
13w Repolarization

n1snlauu potential A Depolarization auE4
Repolarization Fanh Action_potential

31

oz ommmn [ a2
L.

184 Action potential

@ Na ™Ji inflow 1ihlad ez K~ 9 outfiow sanuan
wwan axgmimduliauganin resting Tay Active
transport
s Na-pump lag K-pump

+ : " . :q ¥ ¢ a
o K* 9 lvponinani=dy resting H1N meosadiduay
A A - Y + [
WINVH 1587 Hyperpolarization uda K faliu
11g 3zl resting

el stimulus SuH 2 IN521IAD neuron UBLIAA

h;}pe&rpolariza!ion a2 ldasada astion potential 1a
wnﬁ__nemon wnNAUFILHD resting potential
Bunszeiii Refractory period

o manfaenvoltage riipaornnTanazeu Bunm
Graded potential

wwilu depolarization w3 hyperpolarization

34

Action
paolential
\
,,,,,,,,,,, e
iy
£
 Ofmmm b ]
H
s
[
g
H
3 Repolarization Resting
3 membrane
i Hyperpolarization  potential
H !
Depolariration
i n L .
] 1 2 k] 4 S

fsadeui (Propagation) 484 Action Potential

Time fmsec} IE

e Action potential 1@ & gAY W neuron Aia 9A Spark
Favilvina nerve impulse

 Action potential & site wilsazFmile 1ia
Depolarization 1 site 113tRe Ha action potential &
Tnunalilisenq

e Action potential Jandenfiilu wave liluw axon uaziily
Self-propagating

[ ]
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Nervous System

Furdl

acton potentia
on poten . . .
e T T T

.. FTN, - e - segment

a artion potential = generansl as sodium wns law
awvacd adiaes ThE MR BTG AT 0N Inarinn

Tn A4
® MIARpHTIed

nszuatlszan

i
acr phasng iwembrane give rise o A nerve impulse
thal passes alang the axon,

o 31104 impulse YuiuwHAvYEd nerve fiber
« Myelinated nerve fibers : moter nerve
« Non-myelinated nerve fibers : sensory nerve
. ! A A o
e Motor nerve: action potentia! ﬂzmaaummnmﬂﬂﬂmu
Myelin sheath Tlsznd1a nodeg of Ranvier Sadlundia
51 sheath 13an msndoudiguil
T . - a
1 Saltatory conduction 3aMus7 ~ 120 lAs/msec

& Sensory nervellilu non-myelinated nerve s ey
impulse ane myelinated nerve 20 i

Saltatory Conduction

Schwann ceil

Depolarized region

&0

Neurotransmission

o Mmetasio impulse 4190 neuron i target cell w
viied 2 waddaiu 9580 Synapse

o Synapse 1ilu 2 ¥iinogdnfiu fo Electrical synapse
uaz Chemical synapse

o wadaa impulse (30N Presynaptic cell

» 1ad¥u impulse 13803 Postsynaptic cell

e ¥99I199:HAYAd 138071 Synaptic cleft T2H
20-40 nm
« Impulse Twlnuasdlila .

-

« uFNmTIAS Neurotransmitters 1flumenms

Neurotrans
mission /
o Fnd bulb
(cut)
Synaptic
vesicles

Synaptic cleft
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Nervous System

Mecrotransmitier
molecuies

Synaphe
vesicles

Presynaptic
membrane
Synaplic chelt
Postsynaplic
membrane

b — Neurct-ansmitier

L molecules
RECEpLOr Mlek— - -

Membrare chanrels
GOMC Thannels)

Neurotransmitters

o dumsiniiignadia ussqlu synaptic vesicle N
dane synaptic terminal (il knob) !m;ﬂi‘iﬂﬂaanmﬂ
pregynaptic neuron i synaptic cleft !ﬁﬂﬂﬁxﬁu 130
{Uff3 postsynaptic cel!

o iilo impulse wialae presynaptic membrane

o Ca?* flumnmlumsddes neurotransmitter aona1n
an

e Ca?* 1laww Electrical impulse --> Chemical signal

13 '71
& Depolarization T presynaptic membrane ~..._® Neurotransmitter T¥fia stimulation W38 inhibition
‘s iila Ca-channels 1 Ga® lvanit synaptic knob udwariinves receptor UU target call naz ion
. ﬂ‘i;ﬁj’u vesicle ﬁ‘llﬁq neurotransmitter 1553 (fuse) iy channels E receptar ﬂqufﬂugq'
presynaptic membrane : ] v
o - _ 4 _ « Stimulation : excile membrane potential 1911nd / Ba
o INA exocylosis 1lana neurotransmitter ®anaNA synaptic
: threshold
cleft
® neurotransmitter diffuse 914 gap Tildufiv Receptor &4 « [nhibition : hyperpolarize membrane W potential
il proteins U post-synaptic membrane 131 resting membrane potential
o @ 3/ = + + ) - .
— T = .
* rsceptor il lon chan.nels T ~ Na’, K', w3e Cl & neurotransmitter i}mgnﬂmé’f’m enzyme tWOTH action
Ay membrane (in action potential G v
- Tiifala e u
© a8 {4
:

47

hvie

;i}\\-f: E: =

BNy MR ¢ R por g ol

® i ooy protertid i e v v

Frery: poirnsl

48
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Nervous System

Major Types of Neurotransmitters - laaig1sLAd

. Acétylcholin:
. mdéi_ cammon b vertebrates Wax invertebrates,
. contr'd_ls muscle movement
e Biogenic amines:
. Lﬂuﬂqﬁ’us"mm amino acids
« dopamine and serotonin, lu in CNS

. 8 doparriine and serotonin hiﬁuﬁ‘m Ailifulsana
#ANB

Transmitters fuilu Signals Ttmavmeating - smorgashord

-... SOME NEUROTRANSMITTERS AND THEIR EFFECTS

gﬂwwﬂn« + or —*  Most Common Targer Cellr

Predominant Effect

Acetylcholice + Voluntary muscles Seienulates nyascle contracron.
- Fleart musch: Increases threshold of comractive,
Glytne Motor seurns to voluntary mus-  Ruses threshildd of eacitacon,
chex shreking uncontrolled muscle
conizaction
Doparmiee - Neurons that produce acerylehe.  Prevents overactivity of rearony
e that sctvate muscles, [Deficen-
ces result in wacontzolled musele
coatructions of Parkirsan's dlis-
ease ]
Norepineplizing + Meceons of ceniral nervous sys- Increases alertness and attention;

[noradrenirc]

tem responsible Ior arcusal, at-
seation, and mood; invoantary
muscles fe.g. hearth, glaods

heighteas readiness far muscular
actlvity.

. CABA - Motor neurons ta valuntary mus-  Freveats uneoitrolled wusele
® Neuropeptides: oles contraction.
+ short chains of amino acids {substance P for pain) oo - ﬁf;’I:i‘e‘E;flf;?'““ e :.’:iuf;m ey sl
1-“.-;9 ST exaatony: =T = iubibitury. ?
Excitatory and Inhibitory Synapses
. @ Excitatory synapse :
- o Receptor 18 postsynaptlc rnembrane = cantrol gated
channel fluail Na* 1uarad uay K™ sanvemarad
L Tﬂmuwn Na mnﬂ?n #3319 K™ --> net flow wa4 15z 4]
U (1) Hﬂ!.“hﬁlmnﬂﬂ'.n —> depolarization --> action
potential
e Electrical change # a0 Inmsaiiusznan
. i o 4 T .
neurotransmitter N receptor LB Excitatory
Postsynaptic Potential 1150 EPSP
51 52
- Inhibitory synapse :
b pn y C 4 s o EPSP uaz {PSP 1l Graded potentials
& neurptransmitter 1111 membrane permeable flia K™ tiTa S o .
Cl” iRy ® FTAUYBIANA (Mmagnitude) YUNY
‘ > '
« K" sanuonmadinniu mm‘u neurotransmitters malecules fduny
.oy g =
+ CI 1niamnannuy receptor UM postsynaptic membrane
® Membrane potential 1Ty au MM - : y ,
P 0 o Target cell 1fie7 9345y EPSP ad iR nSe
hyperpolarlzatlon > gnfazInA action potential L - v
o IPSP aend@e) win 9 EPSP uax IPSP Ald
* Voltage change “n's‘ruwuﬁm.l chemical signal :
(neurotransmitier) WuiSan ® Target 33843l Integration #az Summation
_ Inhibitory Postsynaptic Potential 1150 IPSP
54

53
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Nervous System

" @-A1557UHA Y3 graded potential 910 EPSP %38 IPSP 130
13 29819 1T Integration
e HaTHNYEINIT3IN graded potential 1 Summation

« No sumination <-- §1n91 threshold 910 1 excite (E1)
--> no action potential

« Temporal summation <-- 91 E1 --> acticn potential
« Spatial summation <— 2nHaY excites (E1 + E2)
~ --> action potential

« Spatial summation <-— 90 inhibit (1) + excite (E)
—> no-acticn petential

™ Dendriles of

55

Integration

Synaplic werminals
postsyraptic, cf presynaptic néurens
nauron

-~ Terorinal
%, branches of
> presymaptic

neurons
56
| S—

Summation

Recovery 194 Target #ae Excitation

e Chemicat excitation 9% lock target cell Neaeall

» Target cell Sagnileafiums response Me 2 7F
« Destruction : Enzyme #1a18l neurotransmitter Aufinds
react fiU receptor
« Reuplake - Enzyme ¥W neurotransmitter n@Ut neuron
TH
o o . t e
o wanili effect mag‘lmnu 2-3 mSaconds

Rl demaeng

Neuromodulator

Neurotransmitters
Neuromodulators

53

e Chemical agents AwlasumsaeuauaIves neurons #o
neurctransmitter
o il chemical change Tt neurons uelsiiming
1HidaW neurotransmitter Fagnilassn neuron senin
Ind target cells Lasil receptor
. Neuropeptiaes, histamine, prostaglandins, cortisot bax

esirogen

&0
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Nervous System

.J

I

Chemicals of Non-natural Components of Nervous System

-
3o Drugs

. Altef'normal functions 404 nervous system wio
. Correct.‘a_zbnorma\ functions B4 nervous system
o avuilu 4 ngulney

1) Stimulants

2) Depressants /Analgesics

3) Antidepressants

4) Psychedelic & Halluginogenic drugs

—

1. Stimulants

2. Depressants

Amphetammes ﬂi“’ﬂu sympathetlc NS 150 synaptlc
fransm!ssmn TR GEELLT ﬂmﬂu AARILBETD IFL heart
rate

Caffeine: ﬂi“’ﬂu sympathehc NS 1253 synaptic
transmission lalaag uﬂmaﬂ WM heart rate

Cocalne ni“Fqlu CNS ﬂ‘ummﬁﬂ norepinephrine
fmﬁﬂ’mf.l Amphetamlnes AN

Nicotine: ﬂ‘izﬁ_lu sympathetic NS et synaptic
transmission gMER 1 Caffeine uAanuN

Ether, Chloreform, Benzene Anesthetics: it CNS Fudamsiu
norepinaphine HuRAITHETN

Barbitulate, Seconal: ff reticutar formation was CNS sunTumIain
noreptnephnne uaz serotonin 9311 Wil

Ethyl alcohol: ﬂummmnmmm Thalamus 11N acticn L
acetylcholme noreplnephrine oz sercotonin GARNHIASEA 'mnﬂ
¥iiaey motor coordmatlon uaz brain

Opium, Herom Morphlne, Codelne An Thalamus aaa an
ﬂ‘J'Iil!ﬂﬁUﬂ nmuﬂmnm d’N ﬂﬂﬁvuﬂﬁlﬂﬁlﬂ

Transquiljzars {equanil, thorazine, valium): AA reticular formation as
=) =
DINTAUAY ARIBATINIAGHA

3. Antidepressants

4, Psychedelics & Hallucinogens

Dibenzapines (tofranil, elavil): WY nerepinephrine Tuerng,

S o
DINTIAIINIMNY depressants

MOA (monamine oxidase) inhibitors (nardine, parnate): Lu

norepinephiine Tuauea, BINMIATIt UM depressants

Ritalin: 14 norepinephrine Tuauea, eimsasadiuiu

depressants |

b - - . v -
Cannabis (marijuana): UNIY percephon 1‘}1?1’1]11‘5?1’!151 U
LSD {Iyserglc acid diethylamide): mJEN serotonin ﬁnaummwum

!f!f.l@ ‘FIWFI'J

DMT [d:methyllryptamme), DET (diethyltryptamine), DOM
(dmmthroxymethy\amphetam|ne] Sernyl {phenylcyclidine): n'm
Havad bnogemc amines Ha0W F]uFI'J uaz dszamn (1J1)

| e
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Nervous System

A
b
i
5
i

Neural Circuits

iﬂﬂﬁﬂﬂjﬁ 4 patterns

& Divergent circuit : take information 910 single source, Ry
210 eye, 11} WA parts 199 brain

e Convergent:cireuit : information $1AHAN presynaptic

R }

naurans 14 210 vision, touch uaz hearing, T single
postsynaptic neuron --> identify object 1w environment

® Facilitating circuit : information i3 neuron an cell ¥imasy
" single postsynaptic cell

# Reverberating gircuit : information flow Tu circular pathway
JUE 1Y W memory process Lo pain

i 67 64
Prasléynapre
Pkl
Atanc bes of
messraptc | PR e <
e —
e —— ¢ won
Drcn .
o ot sl P
L] oy . . -
= et < Facilitating circuit
1A REerRGENCE Sunapses. = %C__)_@_( I g
— b PN
\ DE : A,
e —_ <
A
PR m B RARALLL FIRELS
—
: D P —
wPUT — - - - - ¢ . . -
i A wraary) e i = Reverberating circuit
— il renon
e -—
B CONYTREINCT el p— ouTEd . o .
[€) TWOLREURDA CRILAT . T"
! St am
- < -
a Adfermal tsgrary; e Fomoent lreaton)
b & efan v apinal coe  amunor
‘ it autet
Pl — — —
IC1 FEEDBALCK CROLIT IF} TH{REE WEUIRIM CICLI
49 L
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Nervous System

@ Organization of Nervous Systems
®Brain
® Reflex Arc

® Sense Organs

Organization 984 Nervous System

® Diversity of animal nervous systems :
o Lo ifluszy

S ® LIRANLAT (specialized cells)
& Organization 389 Nervous system &3y
\\\ \\
pody-symmetry
3

Radial Symmetry Nervous system

® Nervous system luuwaiall uaz

TNfguenana (uncentralization)

®Cnidarians

™~

@ Jsily fish : cluster 183 nerve cells ATHATUL ball

“

L B
Lo .

!

Radial Symmetry Nervous system

Bilateral Symmetry Nervous Systems

® Fchinoderms

® ;adial nerves Eueana N central nerve ring

R~

-,

™ -

® Nervous systems duanetg § peripheral WRL

fimugina 1 (centralization)
® Cephalization : antericr end, feeding anq 5ensor
® Nerve cord ; NEL cell bodies & nerves HUARNATN
brain
~. _®main pathway 18 impulse HTusE¥I ban & PNS
\:\“-\\imlggrate sensary information
\Cjormuliate commands sigrals to effectors
.5r\éin tﬂu‘ante!ior enlargernent 994 nerve cords

\ . s

%
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Nervous System ||

Bilateral Symmetry Nervous Systems

Invertebrate Nervous System

®Fiatworms : LﬁﬁLLﬁﬁﬁmﬁﬁ CNS

®brain &N LAz

;:\ . \02 Wi > 2 longitudinal nerve cords

\\
NN

SN

®[Degree 194 centralization & cephalization
UINTULAZ FT
®Annalids & Arthopds :

@ @brain Talau

“‘\Qne\rve cord # ganglion Feamusldag

Y .

®Mollusks : Chiton & Clam : sessile;

®little or no cephalization and simple senseg organs
®Cephaiopods 1 Nerveous system iu’i‘j'eu‘ﬁlqm ki
Janwiin
®btrainlunl; image-forming eye, a1M170 5815
welin visual patterns Wax perform compiex

T e lasks

“@axon Walun conduction 9HON
\j\‘

\‘

Evolution of Nervous System of Invertebrales
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Nervous System
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Nervous System

Human Brain

-~ Cerebrum : #aalwnj

1~ Forebrain : #aeagaunit
' .~ Diencephalon : AH2989U

- Midbrain : AN8987UNANY : ﬂﬁﬁﬂ‘u

~ Hincbrain : ANA4AIURRY |~ Brain Stem - NTUANSY

[—

» Cerebellum : gNaIlas

7

DI NCEPHALDN

[THalamis Hyphatames

CRREBKLIM Copus calloum

rvpoth alara————

Comau o usu
Thalaruy

vdieain
pons | BRAINSTEM,
wiedulia
CERERF, M Meddulls  Pom  Sidbeain
wbwngara

CERERZLLLM

IRAINSTEM

Cerebrum
Sophisticated Integrating Center

2 uﬁﬁﬁuﬁm :
«3Sensations (seeing & hearing)
«=Motar ability (movement)
«mCognitive functions (language

& perception)
<z Effective traits (emotion}
} == Character traits (friendliness, shyness & humanness)
4 aunalen | TumnanedSmunms
4 Wity 2 Gerebral hemispheres Banuaas
Corpus cailasum

|
Lo

Lateralization %849 Hemispheres

. = a s ol

-5 Hemisphere ILARXUINUAY cerebrum MIMURUIN

specialized #45U different functions 1Fgnd1
Lateralization

& Left hemisphere : speech, language, calculation
WAz rapid serial processing of detailed information

- Right hemisphere : overall context, spatial
perception, emational content (tone) of language,

WAL creative abilities

10

Cerebral cortex

& \asnasdaufindgmiuaau (convoluted)
~ utialu 4 v (lobes) lunjsail

1) Frontal lobe

2) Parietal lobe

3) Occipital lobe

4) Temporal lobe

Precentral Gyrus Posteentral Gyruz

Frontal Lobe

O ceipital Lobe

erebellum
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Nervous System

1} Frontal lobe : concentration, planning, problem
solving, language structure

2) Parietal lobe : programming actions, formulation of
speech, somatic sensation

3) Occipital lobe ; recognizing objects, primary visual

4) Temporal lobe : facial recognition, interpreting
experiences, primary hearing,
smelling, music, visual

patterns, language comprehension

PARIETALLUBE

OCCIPITAL LOBE

| —

Motar cortex & Sensory cortex

o , v d o a
Cortex 11 cerebrum VLaEn@TULATWU Q9T RIAY

2 Motor cortex : AUAN motor function Tae ATUANTN
AITINTBISIIN"E (FANTT Decussation
smcortex MUEIEALANMTIINTUIBIATUIN WAL
cHconex AMUIIAILANMIIUIBIRUT S

= Somatosensory cortex : §U LAY $9USIN sensations

AINAIUGN 4 TBITNNNE NSAIUANFAL Fre-17

Somatosensory Cortex & Motor Cortex

Corticospinal (pyramidal) tract

Corticopontine Iragt

= Thalamacortical fiberr

Ventral lateral
and intralaminar
thalamic nucki
oy Cerebellothalamic
Tlbers

Red nucheus
(nucleus nuberl
Deep cerebellar ruchi
Purkinje cell in conex

&
CEREBELLAR
PEDUNCLIS

Pontocerebeliar fibers

jal
E]
3
o

2
<
:
g
B
3
g
&
H
f
(]
-
B

Diencephalon

. Epithalamus :

<+Pineal gland W&z

«=Choroid plexus N@NTA4 capillaries
YUUNANAR cereprospinal fluid

. Thalamus : Sensaticns

“mmain input center P89 sensory inforﬂ'wation -~ sort
senses iaundlil high brain center MLRUZAN

<mmain output W24 motor infermation

. = .
«winput 41N cerebrum LAzAIUY brain ¥YIATUAN emotion &

arausal

T
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Nervous System

3. Hypothalamus . Homeostasis

- Basic survival mechanisms ~ body's thermostat,
centers Wa4 hunger, thirst,, sexual response & mating
behaviors, fight-ar-flight response Was pleasure

- Posterior Pituitary ~ AR hormone AIUANNSTUUNRA
NUILALLADA WAY MSURIUIUN

Circadian rhythms (strong internal component) or

Biological clock (with external environment)

«wzdaily, seasonal, light-dark cycles, time cycles WAz
mativate specific rhythmic behavior

- Suprachiasmatic nuclei ~ Repeated, rhythmic behavior:

BT

Human Brain

Supr.
Nucleus

Midbrain

- Lﬂudquwﬁwm Brainstem

# centers $UWAY integrate sensory information

4 projection center R1MTUAY sensory information
# coded waalil forebrain
<mInferior colliculus

=rSuperior coiliculus

21

4 Inferior colliculus :
smnucleus 1T auditory system
ssmammals 19 1u analysis 289 hearing information wia
dika
- Superior colliculus :
~mnucleus #1151 coordinate visual reflex
«sverlebrate Nn¥HA BNTU mammals ~ midbrain Wlud

Qﬂﬁ’lﬂumi analysis of visual information
(mammals Q:siwal"ﬂgm'lﬂ higher brain centers)

Cerebellum

-3 Convoluted bulb

4 Control movement & balance
‘14 smooth & equilibrium
Muscle Coordinator

A ULV LU learning &
remembering Y84 motor
response

e

JRIMANTINGG AT, NTNY BUNTIYY



Nervous System

Muscle coordinator Uad Cerebellum Brain Stem

[ o 3
» Taeflu Complex computer 1S uiAgutaya .
‘ . B NTUANDY 1Tl anterior end
«=Sensory information

. |
! \ - 284 spinal cord IWAIUIN
~ ATHEIUDY muscle, ATUWUIYDA joint LLAT tendon

Liﬁz'l‘l"agaﬁﬁn auditory & visual systems 4 Usznaumas

<3Motor input 7N mator pathway +&Midbrain

. oad <=Pans
~ uan action 19390 cerebrum Tee cerebrum 14 ®
a o Ay ova . . . il
ABUALUATU Twifim autonemic coordination A8 <=Medulla oblongata,

movement WAs balance

[ 25 26

¥ o )
#UINARA Brainstem
-~ Medulla oblongata (medulla) :

- Integration 5E1IM Sensory system & Motor system centers RTUAM visceral {autonomic

- Reguiation ﬁw;a’nméwmﬂ . Homeostasis homeostatic) functions

= Goordination large-scale body movement 1y ~ breathing, heart & blood vessel, swallowing
nngLAY

- d - vomiting, WAz digestion
4 Control MIUBUURD (sleep) WAE NI1TALAA

- Pons :
(arousal) ©

-] 1] r
- Carry instruction 423 movement 410 midbrain & VNIUSIHNY medulla

=5 1Y = '
forebrain 124 CNS sunitaladtdanmunils iy
medulta 11 spinal cord )

27 | 28
[y

Reticutar Formation

“nalsre Cerebral contex

Functional Centers T CNS

Vigual impulses
torougk s

- Reticular Formation

“ Limbic System

JOIMIANTINTS AT. ATNY DUNTINYG



Nervous System

Reticular formation

. s el ,
- functional system #2UNKNIU brainstem

-3 AMUAH Sleep & Arousal
. . . - =l

4 Reficular formation 11lu sensory filter magawm‘lﬂ
cerebrum
| <l

& RIUNATUAN sleep & arousal B reticular formation
A# Reticular activating system {RAS}
a al = [ ' =
i Rendayadaly cortex > dayaiivn >
alert & aware

- Ealectroencephalogram A4 sleep & arousal: waves
1w cycle ]

Bupsric colicuur
Infanior colicug

Electroencephalogram (EEG) 484 Sleep & Awake

(P Al s e v

(b) Awake bt quiet (alpha waves)

o W A A

Ic} Awake during intense mental activity (beta waves)

Delta wives REM skeep TDelta waves

< Sleep cycle :
20 waves : sztzusnlaimdivana

Hoae Apa
S A i
HIN

»:'1,8 waves : deep sleep, mental activity WUWW\M‘MWW
ATuaz visual field Un {synchronized)  w.,
REM : rapid eye movement, deep sleep 77" K rmmpim ,qu\

wa visual field 18a (i) rMMM\iMLMmﬂ v
ki

O waves | WAMWNWRL 4, closed eyes,

i

a
El

slow mental activity, synchroenized P‘M ﬂ"\n‘ M }\ h‘ ’
B waves : irasunilywidudaus ¢ #\/ fw el J’””" W w/f
opened eyes, fast mental activity, Pl - r P
T e .
Lo 4| X -
P ‘ ]
i 1 REM 1\ REM Gt REML N
L3

(d} Ash
- (]

Limbic System

4 Usznaunis
<5 @7UM8B4 thalamus, hypothalamus (Diencephalon)
=AU cerebral cortex (Amygdala W&t Hippocampus)

~ Limbic System ¥utin# tink areas a4 cerebral
cortex ﬁkﬁ‘mﬁ'u complex learning, reasoning,
personality Was emotions

-~ Limbic System consult N higher brain --> WRNg
ASeRNTHOI (Emotions - feeling)

E

Limbic System

Cavdate wuleus

J i -
ir —» Thalarmus

Corpus
calighun®

Olfactory bk

5? ! ! Amngdala ,
; 2 q
! I 4 huamilling oy Hizpocamp.s
¢ / familqry oty | Ollaziary bk
° Amgdata

[ 3]
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Nervous System

“ Frontal lobotomy : YA limbic system )
connection Vil#asuniALlnADENIgUUse
1@# concentration. N1FIMUEULARENIFHN1WY
ot uune

<& Amygdala Vi1 center aa9 convergence AU
sensory data WAz organize emotional information
Tmﬂ%'u‘ﬂ'fas.a_m'm thalamus, brainstem, olfactory
bulb WAt areas 48N cerebral cortex ﬁl.ﬁm'fl"m

7]

[

= Neural signals 3991n amygdala 8
hypothalamus Wag reticular fiber 404
brainstem —> 11 autonomic & somatic motor

systems (PNS) --> Emotional expression

" 38

Memory and Learning

» guaaiiu sophisticated piece of multimedia
technology Un@ldlunisduaznisiGeug

- =3 o
2 Memory A m’mmm'm’lun'ﬁl.nmm:tsﬂn &
= o e e - .
Bundayafduiusiudszaunisaliiniusnanas
- Human memory:
“#Short-term memory : immediate sensory perception 9184
- ] wd
object or idea LNANBUWY image axQN stored
<wlLong-term memory | memory ﬁmmsngn retrieve 16
wasandayagn stored Livanedilam
39

Long-term memory

Short-term memory

Behavioural change

Motory memory

Brain stem

g [~
- nelaugayaaIn shortterm memory lalitly long-
term memory vim Tme
«;;m‘nlﬂm'i"au - rehearsal (practice makes perfect)
>

SENIEANSNILAEAL - favarable emotional state {learn

best when alert and motivated)

o ar o ' £y | e s ol o

;q;anwuﬁ?:wmwmdﬂuunum’agmmm‘a‘ﬂum LAY

a a

nulilu long-term memary

IE

- Ability to learn and remember 4849 human brain

amrsouemiu Fact memory LAz Skill memory

«mFact memory © conscious & specific remember 7
relrieve 97N long-term memary L84 41H3UAN ¢ 184
ﬂu'ﬂﬂﬁ\iﬂqwuﬂ‘-ﬁ%@

<s3Skil memory : learned Tmgl ¥indn 4 wasdl motor
activities tRigadas 1if conscious & specific remember

"oy ' ' - o < o
uaFeulusien wdu NTLAY, PINTEU, Vimuuada

FOMAATINITI AT. ATAY DUNTINHY




Nervous System

UPFE‘; Lef ebeai b Thinking Processes UpperDRjum
" Logicy Halistic: o
E Avalidical Irtuitive g
g Facl Based Integeating = - .

2 Quartitative Synthesizsing g ~
2 Ed
£ =
4 ES
3 Organised ‘nterpersonal 3
z Sequertisl Feeling Based 4
5 Planned Kinesthelic g

Delailed Emutional i
LDWEBF Left Limbic Mode Thinking Processes Loweé Rigitt
[ 43 T a4
Whale Braio Model L
Pasteromedian septum
Sp'nal Cord Posterinkermediate sulcus.
al sule
' =l
4 @184 CNS aan’1n skull | Foramen magnum L
a st i j
g1711die 1° fumbar vertebra Spinal e grgion
MERVE

-5 Central canal 1i59q Cerebrospinal fluid Cord (i nee

3 Gray matter : H-shapes / butterfly-shaped UFLITY
nerve cell bodies, dendrite LLaz efferent neurcns

- White Eatter - Myelinated nerve fibers LTIy tracts
s Aul brain waz@4aIN brain
=
- Spinal nerves @an¥ Dorsal root WAL Ventral root

Spinal Nerves

e e Ry T . e e B

e

Cranial Nerves

Spinal Nerves
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Nervous System

Peripheral Nervous System

- Cranial nerves:
- | v, . as
SSNNURAR brain, ﬂ@m?]u@, innervate organs #9119
WAz upper body, mammals 31 12 g
' =)
~HATUNTIN LT sensory neurons LWAT motor neurons
2inLIu Olfactory nerve & Optic nerve ANFUVIHBILLL
-a Spinal nerves:
<HMmLeh spinal cord, ?J‘éml,ﬂug]', innervate entire bady,
mammals 31 31 #

v
& &
HNINNA AN sensory neurons LAY motor neurens

ug

Origins &
Innervation of
Cranial

Nerves

4 Peripheral Nervous System Wilatilu
- v = o
2 divisicns MTHBUTY AD

Sensory division LAY

Motor division

Sensory division

= Usznaumqe sensory (afferent) neurons
< Un information 4N senscry receptor A7n
- External environment LRz
- Internal environment

+'ld cNs

Motor division

v
+ tlsznaumie motor (efferent} neurons
- U1 signals 47N CNS 14 effector cells > 2 systems

<= Somatic nervous system :
1in signaisTyl skeletal muscle \W@ response Aa
external stimuli --> voluntary, conscious cantrol
HAutonomic nervous system
: < . )
i signals NAYLAN internal envirenment 1s# contral
smooth muscle, cardiac muscle, gastreintestinal
systemn, cardiovascular system, excretory system, W&y
endocrine system --> invoiuntary
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Nervous System

Autonomic Nervous System

4 Usznaunisg 2 subdivision ATNAIHLANANN
anatomy, physiclogy W&z chemicat
<= Sympathetic division :
L";“i&I energy consumption wazwrsauaaAauly action 1y
n‘;zt{t’u heart rate, L‘ﬁw metabaolic rate, uﬁzuﬁ'ﬁﬁﬁ

-+ ANS:

Innervate organs WREANU WAZ J9UNIN
Sympathic & Parasympathic divisions ¥i147u
y e vl o . —
msetune Tganan antagenistic effects

HHIIUSINNY Somatic nervous systems  LWa

Innervation of
Sympathetic

Nerves

wieatag o Fatand
TNHEHNRNARWDA organ system DILFUNIT
«=Parasympathetic division : °

A ) o s o Homeostasis

RIUATH activity VILWHUTDRYITNY energy LTU digestion,

slow heart rate
{55 &
i 5] 5

Origins & Origins &

Innervation of
Parasympathetic

Nerves

Nerves 41hLUARTNANN

1. General somatic afferent fibers :

11 sensory information 41N skin, voluntary
muscles, joints, Waz connective tissue 1l CNS

2. General visceral afferent fibers :
1i1 information 41N visceral organs 1 CNS
3, General somatic efferent fibers :
11 nerve impulse a7n CNS 1u voluntary muscles

B

4, General visceral efferent fibers :
1§71 impulse @a1n CNS 11l heart, smooth muscles,
Uaz glands (ANS)

5. Special afferent fibers :
1" information A1N receptor 184 olfactory, optic,
auditory, vestibular WAz gustatory systemns 14
CNS

6. Special visceral efferent fibers :
oy impulse 41N brain 14 voluntary muscles
@91 N91N WU pharynx wag larynx
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Nervous System

61

Reflex Arc : Basic Type of Nerve Circuit

~ 1§l Neural loop kuUd18 W ausiaszudng @anszeu
{stimulus) TUMSABELALEE (response) Tunnansy vinlw
iawgBnssunisagsen (3in)

~ MEAAUAUDS sam1$9, involuntary waz \Retullauny
ﬂnﬁﬂmnm'ﬁﬁ

» lifansddaainauas

s Ruinldud s iisudungs asfanuivudineu
'azha'hii"ﬁ"z funcanscious) L?Ju reflex arc

- mnuuﬂmuaﬁmnmw F9UTIN memswﬁum Wl

perception ‘mm ) (§he conscious

B2

erary e s e

1he posirrion

vprJ Mtad

n191AA Reflex arc AR4ANT neuron 3 FiMA

~ Sensory neuron: FUTAYAIINAUDN waze |y
e

-~ Inlerneurons: Wi Dorsal root ganglion $U impulse 41N
sensory neuron dare sousanLssdrAudayasEuing
neurens mw’um.xaﬂn {114 reflex arc 13 interneuron)

A UTAWTUAIRY interneuron H4 signals 1 segment 'au'niu spinal cord
al -
WAL brain WA LWAR complex response

;o s 0 o Y £ w
~ Matar neuron: BaA @R N laduuasllnaalia T
AELAUBLDEIINURYLA
& P °
- Neuron mmu-dumﬁ'anuumtlgﬂwumm networks %1
IiArngAnssumauauarng s fu i

Knee Jerk Reflex

~ Knee jerk reflex 299384 spinal cord waz Yl
Wi reflex actions B9 souAvlifiang
RALAUEY HIMNATBI51INE

= 2414 Knee jerk reflex lunsasaagann igdu
VANMSSNEYINNAY, N19EUATY, NMsBENNUAS

' 4
nelsisainsla

85

Cell body of
sensory nearon n
dorsal root ganghan

© Maokor neuron
rerving quarricepe

@ Sensury neuron

— @ Semary oy
' receptar

, Cruadriceps muscles
/ {rxtehrors)

Knee Jerk

Reflex
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Nervous System

Sensory Reception

ar  Las Boay S // I q \ e N
* ARNIFUT ﬁ«.mma‘aunwuanua“n”lﬂlu ‘W'a'a‘nm

. mﬂ°1.u"|m ﬂumaﬂ %78 Homeosta,sls T ‘iww'lm\\

ur mauﬂmnmﬂuan iuiﬁl"lﬁl 6N jvi ayn 1n uez
Hava J

© ¥NBIMNT UANDUATE ‘H‘i"ﬂ‘a@ﬂq‘iﬂﬂﬂ’ﬂu

&
» gayaniglu Sufate Sensor Wagﬂu na1uLie da
o Buuadluaiearaely N\

2 Ry fu gaeaung wie Lﬁﬂuﬂmqw}qé'ﬁmg

w Action potentials 'vﬂﬂm brain T,ﬂtlmu ensory‘

. i
Sensation . ‘

d .o [
« (38 brain 7U sensations Ltﬁﬂ'ﬁz interpret LAz
1953 Perception A stimulj |

Types 284 Sensations

neuran I.?ﬂn{l"] Uszavgan . .”ﬂ’"‘l"l‘.i‘i fvisa S — fume— .

I. Somatic Sensations: Sense ﬂwmﬂmw'um \\
4 ..\\
J'\v L, - J 23 h
e # receptors FUTayaalARIWEY nauLaATE LAY
uwazdara 1y pressure, streth. temperatyire, LR
pain udadall NS T
\

¢ (Wasnw1 Homeostasis k@t Moyement 18453418

T

Il Vision N

ill, Hearing & Balance AN

e 4

msIsuaElays - Coding for Message

;;-.,._ \\V

-
= Process aman4idaeu information 91r|gd LL‘].I\H\
ATudngduuunila Lwiﬂsg#’imm?ﬂn':h
Code ) /
+ Ao@1g (message) mli\mz:mﬁm?amm qzgn
wilanddeuliilu Defined Code

o Code Rl interactions 4124 mum'mfﬁn lai
vl dsingnneel

oy -
Sho e

@ Process M3\ Code TUN9INU message

7 :
@ A1n from { medium uuwatﬂu Tran/sﬂatlon b
Transforms / Rewritten versions ‘ll'awl origing \\
_messages___ / ™

"' - ,
\‘

& Wiiluan form £ medium uuvacy

w Coding azqn motlvated Tm;l te#hnlcal necessities /
convenience LEU \‘
@ Communication processes U8y cplor body [balance &

orientation lu gravity, geography Ll.ﬂ“' Ianguage

# Coded message M‘amﬂ Decoded ‘ﬁ\bratr

\
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Nervous System

Sensory Receptors

e - E /- -
o \TJu specialized cell \TRALAEM (recéptor neuran
& ' '3 T = .
~Hunguaasadsrunintiuiieie wie \
I s “‘\_ al ! I [ y o
= 1 Juadeaz (sensory-organ) wgnri:ﬁ;u'lmmwawm
o o = i
lwinantsidfeuulas |
@ Exteroreceptors: detect stimu'li“ua‘f.]i"mmal v light,

Y

pressure, chemicals

@ Interoreceptors: detect stimuli mﬂ'l,u%‘mmﬂ Ly blood
\.

pressure, body position . \

S
\W T

/s N,
/ .
N

stimuft™ T ’ o7

RS a v of
+ Sensory receptor-¥INUuN convert energy a4
N . & i i .
stimuli 1uiumsidArny membrane potentials
e
WAz transmit signals 1l hepvous system
RN

= Sensory reception vWunns detg’é:t energy 2424,

N13Y1N91UAY stimulation WA receptor

-<}-Sensory-transd qétion »\
\_‘\‘ ’F ~
2. Amplification !
3. Transmission |

4. Integration "\, i

"1, Sensory transduction :
conversion of stimulus energy T

2. Ampllflcatlon S /

strengthening str‘mui‘i‘is\energy aouia
= NTLRY signal Braiiml. |
. \,

o TAsesd 1982893 sense organ-18u amplify| L &89

(20 fold) Nawda receptars LU innérears |,

@ Transduction process 184 19y amp\fy uaa 100,{}00

fold) A eye b brain

ilReuuilag action potential %84 recepto l?ﬂlnﬁj
~,

= 3 Transmissior : : —

S —
3,

R

- =l =l f

Receptor potential ¥Maguntaz m/m S~
= . ™, =

Transmission W@ Conduction of impulse 14 CNS

) receptopulu sensory neuran L’HEJ.L pain cel N

@ receptor Lait3l sensory neuron,'l:mﬂ receptor 9
neurotransmlﬂer Tiﬂ;ﬁ Sensory peuron w Synapsis
LS n‘imu reoeptor potentiat. ENTENL frequency 184 actio
potentials'@aitlu sensaticn wﬂﬂﬂ CNS - f5uinaaq
transmitter
# sensory neuron 217%974 signal 1IQL'EN Tpelsisas
4 action potential 31 onfoff --» CNS sensitive #i9
stimulus intensity L
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Nervous System

o
. Ny

4. Integration : processing of information
- si i Fu O

Een SenSar%fdaptatlon WY ‘decrease
response fe sti ull #1185 W1 [contmuous stimuli)
L heart beat

< sensitivity 184 receptor\ threshpld ﬁ'\g‘iu
transduction 184 receptor ﬂ‘]\#ﬁﬂﬁﬂl.ﬁ]ﬂ’l‘ll 1y
threshold 189 glucose receptor 'lu din mm'ﬂu
579N

< complex receptor H§zAL |n&3ratidq—mmn 547}
A1 LW5T2 signals converse sSens

Sensory Receptors 184 Somatic Sensations

@ gignals /70 receptor A¥QnN integrat doo—
summation of graded potentials  / AN
+ rgceptar 4 select {integration) ln'formatlm \_

\ - 13

1. Chemorecep_to;é ~

2:\Me\chanore0e¢tors
3. Thernﬁoreceptprs
4. Photoreceptor \3\ ‘

5. Pain receptor

'\ —

"1, Chemoreceptors : activate LagLAHLaWINGY
taste, smell, nutrients WA respiratory ga
a / N
LAY COQ) / \
2. Mechanereoeptors respend—ﬂa pressure,
motion, touch, l.la" sound ;’

3. Thermoreceptors : detect temperature Lar react
ma heat WAz cold \

i
\

4. Photoreceplor : respond 59 light.
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Nervous System
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Nervous System
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Nervous System

Thermoreceptors

ogludiuls

1. Ruffini corpuscles ©

FupHTau
2. Krause's end bulbs

SuanuEy

Pain Receptor

L epithelium L‘i‘EIf'IQ’] Nouoceptor

w51 stimulation ﬂmnmu‘lﬂqum’lmwﬂw

@ Aprin WAL ibuprofen 4/ pain

- @hmwuatmm'\ Free-Nerve Endmgs H

pressure, damage, mm‘:mu I.LQ\» chemica

«Receptor laifitfania ﬁmmzﬂm@ﬂszéw:ﬁuqm |

LU heat,

S

2 Histamine, acids LAk postaglandmé\'\ix\trlgger pain
’ \

Specialized Electromagnetic Receptors

+ [Detect electromagnetic energy :
rad|at|on {visible I|ght} electricity /

nas mag nehsm /

= Locate objects L“Iiu mﬂ’e)

Tmelaan electrical current, [

Waq detect ﬂ“l‘ilﬂﬂﬁluuﬂﬂd‘ﬂ‘ﬂ\i‘

current magnetic field line maa‘ﬂaﬁ

+ §11§U migration 1w Un AY He
waz Uaunesila wdulan

Photoreceptor
a
ol a = » o/ \
= Sense NAUUNULAIVIAES Wﬂummmnmﬂuam "IGN
- ‘h‘lLnﬂﬂﬂ‘i’tﬂﬁ\(SIth)T‘a‘Em’]"l Vigion AN

|

= Sense 184 Sight Lﬂunamn ArhnTUTaLYa Eve
LLA% Brain tissue mmm’lum |‘

= Light detector 8 pigment uaﬂu.‘u'u AL

& Simple cluster 184 cells detect dII’é()UDn Wag intensity
HBDIEY "‘uﬂﬂ N

A
\\

N

= )
¢ Complex organs ¥ form image

5OIPNANTINTY AT, ATNY DUNTINBY




Nervous System
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Nervous System

o o e ! 3
@ FULAIYIH Fi']’lut“f‘liuﬂd, AR WARTIIEAZE LAY

AN i

o 11 3 gualWAun g Tae- |

\
\

Trichromatic theory \\
+blue cone SULAIRUILTY (4'2Q ]

+green cone FULAARLURDY (5 [18:}
«red cone TUMAIRLAY 564—nm) o

IR
SICMLNT

[E=N3

- —— Granplaime
e cuum

e M s

—
Rod cells -~
- - T . _\\\\\ \

@ Rod shape e pigment %'a Rhodopsin "h;d al; orb\\ga - Rod cell e \ N
uan Lﬂﬁﬂu‘iﬂ‘;‘nﬁ --> frigger 5|gna4 transduction ,
pathway --> receptor potential ;’ T e A

= Rod cells umnmum&mm retin

- ﬁ‘uummwwumuiﬂiuﬂuﬂ # ,wave Ien?th 498 nm, .

ATRAN-AN Y e
= WA inactivate pigment 2484 rod Eﬁﬁﬂ"lmfam
pigment reactivate qqu‘aatuu1ﬁ‘luw a
Cone cells
ff:,l Opsin Lawz gRAmNU retinal 1@1 Vlsual pi\n\em ] Cone Cell g
G Photopsms / . N
- < TMAFUMYITEIN Fovea A N ™

;—SpectfaI*Sensﬁivity—euwes'oFRodﬁ%e\é’@Hs—

Normalized absorbance -

300 =500 500

Wavelength (nm)
\’\ j'?

After Bowmaker & Dartnall, 1980

P)
$)
/

G
(L

‘-'\E

7
2

5OFNANTINTE AT, NTNT DUNT LY




Nervous System
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Nervous System
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Nervous System
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Nervous System
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