104110 Fundamental Cell Biology Muscular Tissue and Muscle Contraction

asaanudnavaduiia (Relaxation of muscle)

+ uila ACh wauuandane axon Jufy receptor ¥ sarcolemma vinTuiifie action
potential uavvinlinauiilanad afinsaanosaasnauiia ACh asgagans
sine AChE (acetylcholinesterase) iunalluinisnsesuluiiie action potential
an

¢ Ca?* gndunaulaiAu1itu SR vialwladd Ca?* adusfu troponin

+ Troponin-tropomyosin complex fatfa myosin-binding sites uu actin vinlw
aa Ul liAanTuadT

Synaptic
terminal

T L
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104110 Fundamental Cell Biology Muscular Tissue and Muscle Contraction

Muscle metabolism during contraction
1. aerobic

2. phosphagen
3. glycogen-lactic acid

Tegymahi O The MoBrachil Compistins, . Pemtssnn soqued tof dpradieton of tisiay.

]
40 seconds Repayment of
‘orygen debt

Duration: of axercise

! 7 7
Agtobic respiralion Phosphagen Glycogan— Aerobic
using oxygen from sysiem laclic acid 1espiration
myeglebin system supported by
(enasrcbic cardiopuimenary
fermentation) Funclion
Ve ST T b
Phosphagen System @y 5

| .
+ Enzyme system viLAendas
o Myokinase
o Creatine kinase

i

{a} Direct phasphoryiation
of ADP by reaction with
creating phasphate (CP)

{b} Anaerobic mechanism
{glycolysis and lactic
acid formation}

{c}Aerobic mechanism
{oxidative phosphorylation)

reeiC
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104110 Fundamental Cell Biology Muscular Tissue and Muscle Contraction

nsAIsUaEH . ,

¢+ fugdszdioada Anaildlunais
UGG (contraction period) uag
Lamitdlumsaaiee
(relaxation period)

+ contraction period uag
relaxation period (duduan
ansfunsnauiiaiuiiu
2#fla slow fiber wia fast fiber

~, Maximum tenslon
development

Tenslon

o fmafmiiaateas = Stimulus
fast fiber .
o gwmefinaiusth = g Y
slow fiber 5 5 10 20 30 40
I_'_l
Latent Time {msec)
period
Copyrrl D07 Foaron e "

sannlssgmaiuaumsuadligasnaraiia
¢ asdns e 1 uRd awnausunsaLTanstsiunuy all or none response
ihuld enAuLtadlsean
. ‘suuuﬂivmmmumnmimanﬂuaamaaumnmmua2
1. e udunsmsnsseiu
o Single twitch — nmmuamanﬂuaamaLLsonsvmu aadien
o Tetanus — na‘:m.uamanamaatmnmsm (mia)'imz‘lunmmmum
wavnsiia 'Q’Iflﬂ']‘iﬂﬁumu‘ﬂ1‘itLa"ﬂ‘] atiosiatilay
. mnmmua‘lmmmﬁns Gu 2 afedaflasAunasiszavvinowamung auuselu
nsvadAion 2 auiudy (summatlon)
2. Fauflu motor units Taavd motor neuron 1 neuron mmmmwuaaan‘lﬂ
synapse namiiialiuanaaas maLmﬂ‘sss]ummﬂamqjaanmnLua::.,
R IWTDUAY
o musde cell ludadiinssgndunas 1 Laadasgnaiuauing motor
neuron 1 neuron vty
o W6 motor neuron axon WARYLUUIEIUNTAAIUANAITVINIULDY
muscle cell Tawanuaag
o 1 motor neuron wag musdle fibers Wouuad neuron aruANlTznay
iy 1 motor unit

L Synaplic terminaje at - -
2 nedrombscular functiohs

motor unit
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104110 Fundamental Cell Biolegy Muscular Tissue and Muscle Contraction

Muscle fatigue {né’1uLﬁaLﬁau§1)
+ nauufdalusesauamInaIN1sYinARnNTsHUIUg

o central fatigue AasnuidanasarmmdaniatsinsnisuaavinAanssu
favvinad (sHuna’lnatsilasfuea)

o creatine phosphate vualy

o Ca2+ melu sarcoplasm anay

+  fapivinluiAea musde fatique

o ATP synthesis anav (glycogen "hitAnewa), dual Na*t-K* pump 2haq
(mtﬂumamﬁﬂm resting membrane potential)

o lactic acid mﬂmﬂu‘lﬂam pH zav sarcoplasm uagvinlvnisvinauuas
enzymes s uflusdanisuad, ATP synthesis dazasvineiudugzas
ﬂmmula AR

o lasuds acetylcholine aan motor neurons WtWeewa

Muscle cramps {(ara31)} uaz Rigor mortis
¢ Muscle cramps
o dnsarau lactic acid, ATP wuaial
o anulisazaglaanau (ion imbalance) .
+ un (massage) wia wmiflaa (stretching) 2heinnisiuatiou
+ Rigor mortis
o umsudeiuasndrutaiidadundonisans 3-4 dHTueuazeniu
dsvanal 24 9H1ug
o udemgena Ca*arfiaanann SR vinlW myosin heads whdudy actin 67
o Lf'xaa‘-nn ATP synthesis v»gaav, cross-bridges "l.ummsnuam:rm actin
qunT¥e proteolytic enzymes ana lysosomes MtiatRIOIUARVIANLLEI

Aanusuuilsaav skeletal muscle fibers
+ "mnunae myoglobin, mstochondrla way capillaries
o _Rﬂedn‘m______,__s_d_g_fjjge_r_s_ (nmmuaumc)
= i1 myoglobin (oxygen-storing reddish pigment) uannin
» 1 capillaries uag m[tochondﬂa na
o  White muscle fibers (nandaum)
* i myoglobin way capillaries Waunn3n vinlu fibers 1&danin
3 mmmwaommmmua ARG
o dufuaruiii myosin ATPase ay hydrolyzes ATP
¢ anwsuvusandassy
o uunum*mumnmwaa metabolic reactions ¥ildasg ATP

Hilnaag skeletai muscle fibers
+ Slow oxidative (slow twitch) musdie fi ber s (Type I)
o &uev (red muscle fibers ) - Jaualan
o #1 mitochondria, myoglobin uag blood vessels un
o wuesduazuu dluasieszaylng
+ Fast oxidative-glycolytic muscle fibers (Type 1lIa)
(Intermediate muscle fibers)
o #l mitochondria, myoglobin way blood vessels un
o  ATP uanih Wi wiunmnduuasaisaandaiv (walking uay sprinting)
¢ Fast glycolytic muscle fibers (Type IIb)
o &u (white muscle fibers ) — fiaunalna
o i mltochondria, myoglobin wag blood vessels dau_
o 1llumsiadauiuuy anaerobic Aeduqidiu nsanbumiin (weight-
lifting)
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104110 Fundamental Cell Biology Muscular Tissue and Muscle Contraction

Slow fibers
Smaler diameter,
darker color due to
myogiobin; fatigue
resistant

Slow L= 173

Fast fibers
Larger diameter, pater
color; easily fatigued

@) LM« 783 F {b) l

Characteristics of Muscle Fiber
Types

Fast Fibers Slow Fibers

Characteristic Typelib  Type lla Type |
Number of mitochondria low high/moderate  high
Resistance to faligue low high/moderate high
Predominant energy system  anaerobi  combination aerobic

¢
ATPase activity highest  high tow
Vmax {speed of shortening}  highest  intermediate  low
Efficiency fow moderate high
Specific tension high high moderate

Asuaaaay smooth muscle
+ Smoocth muscle { myosin daunitnsuiaria

“aidl troponin complex uag tropomyosin

asuasaznnatiaats usnmasfuatadtsununia

il T tubules warfl SR dwiuazan Ca?* luunn

Ca?* 1nann extraceilular fluid, Ca®* $ufiu calmoludin daaelalnsveiu enzyme

kinase uay ATPase Matjfu myosm filaments vinlvilAe crosshridge 4iu

Thick was thin myofilaments Faoauuiu usnauuas myofilaments a3y

suiey Sa'lidl sarcomeres

* Filaments gafu cell membrane w3a dense bodies

+ msidaudiuay thick way thin filaments mﬂw.nmmma (tension) salulvi
intermediate filaments uas dense bodies WAfiafu sarcolemma

¢ Musde fiber naduaziafniuindm (helix) TusaeAunaddud wazazaay
MIauMsARNaLAfLnaan

> > > 5

*>
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104110 Fundamental Cell Biology Muscular Tissue and Muscle Contraction

{a} Actin and myosin are iocsaly arranged around the (b} The arrangement of the fibers causes the
‘peripivery of the cell; held in place by protein dense bodies. cell to become globular when it contracis.
Coittfaciion |
PRRANN, g - Filament bundls
. Dénse bodies’ [ 0f actinand myosin
S Protei
atlachmsnt plagua.
" Confraction -

Icl M)fosln can side aiong actin for:
long distances wimout encountering
the end of a sarcomere,

 Actin thin flament Y

{d} Smicoth muscle myosin has hinged
he-acis all alohg s tength. .

MLCK is itself regulated by
association with the Ca?* -binding
protein calmodulin

Ca? fufyu
calmodulin Tu
cytosol (lailaiduy
thin filaments) e

lnsedu
Active calraodul enzyme kinase 7
MLCK complex: agjfiy myosin

filaments, s ndfy
AsEeU Myosin
ATPase siald

KEY: "
G = Catmodulin |
Pr - = Inorganic phospha!e ;

MLCK = n Hight.
e Kingen-
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104110 Fundamental Cell Biology Muscular Tissue and Muscle Contraction

Smooth muscle 2 7idim
¢ Single unit (Visceral muscle)
o wuluutisuasadmeniului
uvianawuaruaanidan
AUIALAN
o autorhythmic
o gap junctions AuTvinaey s
wWiaufu
+ Muitiple unit

Aulonomic
neuren

Nudlais -

o weiag fibers I motor neuron Mascl
ending :
o wulu large arteries, large _ _
airways, arrector pili MUsCles, " vieserl engienly -+ 15 Molkons smoeih

smocth muscle tissus - L mgche tssue

iris way ciliary body

Smooth muscle cells avavinvruthimhaéen (single unit) udaitiudas:
(muitiple unit)

{a} Single-unit smooth mesele cells are b} Muiti-unit smooth muscle cells are not
connested by gap junctions, and the cells electrcally linked, and each cefl must be
contraet as a single unit, stimulated independently.

Autonosmic neuran
varicosity

fratsmitler

Recepfor

- Smooth Muscle Innervation

. Mitochondrion ____
Vesicle containing

| -nedrotransmitter

Varicosity

CAxonof .
postganglionic
aufonomic
neuron :

Varicosities

" Neurptransmitter : S - S Pz
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104110 Fundamental Cell Biology Muscular Tissue and Muscle Contraction

asuaeaAav cardiac muscle
+ L»zjaa:un‘vsl,l,mmmuaua.,tﬁaunumaamamuaumm intercalated disc dedi gap
junction muau‘tmmsniumumummsuamuo“lﬂmaaﬂmaaumamaimm
+  misnszeusudun pacemaker cell
¢ msuedaiuuuy involuntary (wadaldiasatafiugonay)
¢ dnsdaisaosuas actin-myosin vizluiiuduane

wduuiau Cardiac muscle Au Skeletal muscle
¢ 1l sarcoplasm uag mitochondria mnn'n
¢ d transverse tubules Tuajaiwut Z discs ananiif A-l band junctions
¢ {i SR Aimaiammlagniy
¢ {iintracellular Ca?* reserves infimnin
o Ca¥ d&nunavihunhuaadunann extraceliular fluid sswitennsuas
o Tdiiaulumsuuss Ca?t Ml sarcoplasm vinlbhanluarsnam
gununlu skeletal muscle 10 -15 win
Autorhythmic cells ~ waaaldlaslaglisnonssau
+ i1 mitochondria aualugl dasnisaandiauunn

*»

Cardiac muscle cell Cardiac muscle cell.
{intact)

intercalated discs ;
—

intercalated
dise {gectioned)

~ Mitochondria
Nucleus

intercalated. Cardiac muscle cell
© o dise {sectioned)
Myofibrits ~
Entrance to T fubule
‘Sarcolémima
Witoshondrion.. .
Contact of sarcoplasmic
reticutum with
) : " Ttubuie
. e S Sarcoplasmic
‘Myaofibrils: e reficulum”

{c}

Desmosome {for greater strength between celis)

7 i )Y
Gap urtion Action
{Ear rapld communitation putential
batweet celis)

intercalated disc
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104110 Fundamental Cell Biology

Sarcomere

A Band

1Band !

H Zone
 —

7.0 0t Thickflament M
Titin filament .~ L

intércalatad disc

\/ima'm;smd dise

mitechondria

F:gure 2, Canfraz: myoi‘ amﬁnts : Myosm {jh;ck f Eamen’t}
caniams two higads having ATPass aetivity. Thin T tamant] JS
made up of astin, irspsmyasm and rtponin (?N} 'EN-C
bznds oae reieas&ci by the samopiaamic raticuium’
%ﬁ} TN inhibits actind m;.fosm bandmg sl (‘}a bmds izs
.C -

ur.a7. M6 a3seudiing o0

wmvinmanmatulafdgaud

Muscular Tissue and Muscle Contraction

-
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A -
unii 4 laifiailszawm (Nervous Tissue)

andmnideaiiadalszav
¢ Irritability ummmmmmnawuavma:uaruao (respond) sianTildsuudasuag
Rauwnsauludiui
. onductlvﬁgy fianugrnsadasa (transmit) mmauauaa‘lﬂr}’owumuautﬂaa
Auq deinalviduiinanaaddun SufAsoneadnyauiunss

“Nervous Tissue” waz “Nervous System”
¢ Nervous tissue dsznaufuifiu Nervous system
+ Nervous system wtivaaniiiu 2 grulvaig
o Central nervous system (CNS) ilsznaudn
»  guav (brain) uay luduuds (spinal cord)
o Peripheral nervous system (PNS) atjuan CNS dssnavsiae

= Nerves (Wnuav fibers was sensory and motor neurons) —
cranial nerves, spinal nerves

* Ganglia (nduuas cell bodies way neurons) — dorsal root
ganglia

Copyright & 2007 Pearson Education, Inc., publishing as Benjamin Cummings
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104110 Fundamental Cell Biology Nervous Tissues & Impulse Formation

AT51ItYIUARY nervous system
Huarsvineudssanudunad 3 81u
¢ shuvisuausEniai (sensory input) — sensory receptor — sensory neuron
. ahm‘?’gnunmmmﬂswa (integration) — brain & spinal cord — interneuron
¢ shrundumuidnaan (motor output) — motor neuron — effector celis

Sensory recepior

Brain and spinal cord

I J
Effector sy A
Peripheral nervous Central nervous
system (PNS) system {CNS)

wiatfailssam
¢+ wuluagwad lafuvds uanlssannarudars (PNS)
+ sznaudimaad 2 Afla Aa
o Neuron {(nerve cell)
o Neuroglia (supporting cells, glia cells, glia)

Neuron: &nualzuas neuron
o i metabolic rate gv
o flahgditen (extreme fongevity)
o hifinsudsiziad (non-mitotic)

NEUROGE_JA;{#!J;JQQ:@?QQ';QHQ_' Vi R i

ducleolus Muclel of neuroglia

Q * Maintain physical structure T

[ of tissues

« Repalr issus framework -
after injury 1

» Perform phagocytosis 3

+ Provide nitrients to neurons i@

Axon + Regulate the composttion of the ¢ g{

intersiitial fiuid surrounding neurons

LM ~ 600 -

Dendrites

Axon [Gonducts

= infarmation to
“Zaa, Other cells)

™~ Microfibrits and
microtubules

Nucleus

Contact with
oiher celis

Cell body (contains nucleus A ropresentative neuron
and major organelles) tsizes and shapes vary widely)

NE.AT. W JTTilEng 52 wvinsnannalulafignns



104110 Fundamental Cell Biology Nervous Tissues & Impulse Formation

Neuron (Nerve cell, wiasudszann)
¢ Neuron dszaaueaa 2 Sruudn da
o Cell body — (fusiems vinmihiugueaiuay - 5 nerve impulse
(action potential) a1n dendrite uazgaaa'ludy axon
o Processes — unusuag cytoplasm viluaanann cell body tHusiuwag nerve
fibers (tduilsyan) wuaiiiu
= Dendrites tfuunusdug varouzug 5u nerve impulse arnizas
ﬂsvmmauq susialii cell body
*»  Axon mmummm 51 nerve impuise a1 cell body dusialiy

adl F.i’JuEI‘LI“]

Nissl Bodies:

~idendrite™

j N |
Nissl Nucleolus Nucleus Axon Axon S Collateral
bodies / hillock i

-~ Skeletal
muscle

Synaptic
terminals

Mitochendsion

~~ Cell body

Dendrite
Cobyright $© 2007 Feamson Ecusation, ng,, pusksting ac Bonemin Summngs

o

Neuron: Cell body (Soma, Perikaryon)
+ lsznaueie nucleus uas perikaryon (UStaausans nucleus)
+ nazag cell body ~ 5-140 ym
+ 1u cytoplasm isznaudan organelles uazlaseasriodug teun
o Nissl| bodies (Chromatophilic bodies) iflunguuaa RER uay free
ribosomes Gadiay
o Neurofibrils — ffa intermediate filaments Taa7dusouy unsasening
Nissi bodies
Mitochondria, Golgi bodies
* ucleus {Nuclei) tﬁunanﬁao cell bodies Asaranetu CNS Taudl skull uay
vertebral column zhedlasfiy
¢ Ganglion (Ganglia) — \flunguuay cell bodies Anudmauan CNS Bueeu
wuigudszam (nerves) Tu PNS
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104110 Fundamental Cell Biology Nervous Tissues & Impulse Formation

Cell body

Neuron: Processes - Dendrites

+

Nucleus
Large nucleolus
Nissl bodies (Nissl substances)

Wlunawnnadudunsnafiiu
aanan cell body
fivateunuy/1 neuron wiad 1
wawy/1 neuron (Lau unipolar
neuron)

ardanaaely synapse Au
axon u‘%aﬁ}l membrane 14
neuron sinau

5u nerve impulse annLas
dszamaug dosialv cell body

Neuron: Processes - Axons

*

+
*
*
+

fitfias 1 process/1 neuron aanain cell body Audtaou axon hillock
511 nerve impulse a7n cell body uazdasialldaainstug
fifinnsdaiasied protein Tu axon, laifi NIss| bodies
msusaLzuelidaswy usanafduueniiianit axon collaterals
shurlane axon azunnaantily
o Terminal branches (telodendria)
o Axon terminals (end bulbs w$a boutons) ~ dnulaagaviwaniuasyay

Neuroglia (suﬂ’pporting cells w32 neuroglia)

+

+
¢+
¢+

vinmiilaaAulasayu neurons
flaatdnnin neuron, wividadls
i1 6 «iia aglu CNS 4 ufle uazlu PNS 2 2ile
Tu CNS 4 ile 6un
o astrocytes
o oligodendrocytes
o microglia
o ependymal cells
1u PNS 2 zila ‘lsiun
o Schwann cells (neurolemmocytes)
o satellite cells

Re.e 7. W 15TilEnR 54 uinendmvaiulafigound



104110 Fundamental Celt Biology

Nervous Tissues & Impulse Formation

* Surrounci neuron |-
cell bodies in -
ganglia

Peripherat
Nervous System

« Regulate O,, CO,, |
rutrient, and i
neurotransmitier
levels around P
neurons in gangliag:;

« Surround axons
in PNS

» Asg rasponsible
for myelination of
peripheral axons

| * Participate in repair

process afier injury

Neuroglia Tu CNS: Astrocytes

iy neuroglia AdEwnnviae ﬁﬁﬂaﬂmuma
ﬂnmmmamnmamiu capillaries Lwa’tﬂtﬂuwaamu
Juuarlaaa ions Lwaﬁmmumuﬁommaamam heurons
emsiaseyuas neurons waznsiAn synapse tuiladadlssandidoiasey
iiluahuway blood-brain barrier

* S+ + &

Neuroglia Tu CNS: chroglla

Myelinate CNS

axons

Provide structural
framework

Central Nervous System

+ Maintain blood-brain
¢ bamigr
[} » Provide strugiural
4 support

and dissolved gas
concentrations
« Absorb and recycle
neurotransmitters
« Form scar lissue
after injury

| = Regulate ion, nutrient,

» Line vendricles (brain}
and central canal
{spinal cord)

» Assist in produging,
sirculating, and

momionng of

bros

Rermove celf debris,
wastes, and
pathogens by
phagooylesis

Astrocytes

¢ 1ilu neurogha Adnnaidnfiae wasinuianiae

¢ vty phagocytes daiiiu macrophages 2ag CNS
+ fu mlcroorgamsms 7Nty CNS 1Iufs neurons Asouas
¢ Winunlaanannuaadaidan monocytes

rA.a7. W8 ITTaliEna

Neuren

Astrocyte

(a} Astrocytes: processes extend between neurons and
capilfaries. Nourlsh neurons; maintaln fonic concentration
surrounding neutons; take up neurotransmitier; aid neuronal
growth and synapse formatlon in developing reural lissue,

55 wirhvenamvnaTulafdgsu’



104110 Fundamental Cell Biology Nervous Tissues & Impulse Formation

Microgtial cell

{b) Microglia: phagocytes that engulf and remove
invading organisms and dead or tamaged neural tissue.

Neuroglia 11 CNS: Ependymal cells ua: Oligodendrocytes
+ Ependymal cells
o usaun central cavity aasladfunasiarauag
o 1 dlia thumslualisunag cerebrospinal fluid

+ Oligodendrocytes —fiunugiamiae viwiging myelin sheaths (Yaantudsu)
1u CNS TaalduausWiusans axons

27— Nerve fiber

: Ependymal cells

(c) Ependymal ceEIS' Ilne the centraf hollow portions of the ; g
~ CHNS: ventricles of the braln, central canal of splna! cord {d) Oligodendrocytes: form the myelin sheath
" CHia ald cireulation of carébral sbinal fluld. - B surraunding neuronal processes in white matter of CNS,

Neuroglia Tu PNS
+ Satellite cells — agsauq neurcon cell bodies meatu ganglia
¢ Schwann cells — atlsanq axons Tu PNS
o @39 myelin sheath dausau axons Tu PNS

afinuaviaiastssamudveniiasaddne : 3 Aiia (Structural cdasses of neurons)
+ Unipolar neuron .
o 11 process uauantfiu 2 Av 1y sensory (afferent) neurons

¢ Multipolar neuron ]
o fluae dendrites wsidl 1 axon ddnnumnnnga

¢ Bipolar neuron
o {1 dendrite, 1 axon
o fhiaaun iy sensory neurons
o wulawsluaimsiuanusdafee 1y Tutu retina umaa, ity way
olfactory

wA.A5WE ITTaliEng 56 wwinedaniviauladgsni



104110 Fundamentatl Cell Biology Nervous Tissues & Impulse Formation

. Assotlstion nedred

Adauaviafaglsyavunsatamnin : 3 Afie (Functional classification of neurons)
+ Sensory (Afferent) neurons — &g impulses s CNS
+ Motor (Efferent) neurons — un impulses aanain CNS
+ Interneurons {Association neurons) — \iauseming sensory wag motor
neurons

Functional classification of neurons
+ Sensory (Afferent) neurons
o & impulses Wl&s CNS &uunniilu unipolar neurons
o Cell bodies atlu ganglia uan CNS if 1 process duqueniilu 2 A
= central process — uul.m&* CNS
= peripheral process — dutlal s receptors
+ Motor (Efferent) neurons
o W1 impulses aanaa CNS Ju'luds effector organs
o a&nuunnulu multipolar neurons
o Cell bodies aglu CNS
o flusidlandaniu effector cells
¢ Interneurens (Association neurons)
o @nunmilu multipolar neurons
o WuUAHT¥INE motor uag sensory neurons Tu CNS

. Ganglién — Cell body:T;
- process Ll PR S 'cBn!ralprocess

L Receptive 1
endings

Efferen{ transmission

Splnat cerd_
(central ner ot
R .Wﬁﬂ )i

o effoclors:. S
- (museles and glands)

wet.aswel JsTiiEna 57 wIned e Tulaigrund



104110 Fundamental Cell Biology Nervous Tissues & Impulse Formation

Nerve fiber (Axon)
+ Nerve fiber (Axon } 31 2 uuu
o Myelinated nerve fibers - § myelin sheath viu
o Unmyelinated nerve fibers - 1iii myelin sheath iu

Myelin Sheaths (Uaanludau)
+ myelin sheath Li’juimoanomﬁsunaumu lipoprotein myelin
+ myelin sheath Yusauq axons vinmihidluanu (insulating layer), flaafiu
asuasnsena Wi, inanuilunnnh impulse
+ Nodes of Ranvier — Lﬂuﬁamwomnmuumuum axon the impulse u
myelmated nerve fibers Titsdiu

Myelin sheaths 7u PNS
¢ FNiee Schwann cells {neurolemmacytes)
+ Lnsmwu‘svm‘wwﬂumaauua"'luﬁ‘mmuﬂ WyNKAIARAA
¢ Schwann cells wusam axon athauiumun
¢ Neurilemma - iHavinauaiuuanuastiu myelin
+ cytoplasm uag nucleus 2av Schwann cell asagiuuangauad
neurilemma uazfidulu iy myelin sheath

} Transverss saclion

unmyatina!ed %9

Sehw:
eeil nualeus

{b)} Unmyelinated axo
putlisting as Benjamin Cuminings ',

HA.a5.W06l 39saeiiena 58 viamdtvaluladgmund



104110 Fundamental Cell Biology Nervous Tissues & Impuise Formation

Myelin sheaths Tu CNS
+ a¥9lew oligodendrocytes
+ oligodendrocyte 1 wias §i processes snuruNn
¢ processes wWUTaL axon Uatg axons
+ ‘Lifi neurilemma

Sl Ty . 'Node of Hanvier-
: Myelin gheath : R R
{b) CNS L
Unmyelinated axon
¢+ ndifanadnndy wasd impulse ‘landy myelinated axon
+ ddavindosdiudendwdasiuaasuae Schwann cell

CT COVERING OF NERVE

Peripheral nerve il
9 myelinated uag
unmyelinated nerve
fibers

LINATED AXONS

Nerves (tduilszann)
+ Nerves ~ 1flusfa (bundle) 2as axons 1iii connective tissue viu atilu PNS (g1
agTu CNS 3an1n tract)

o &nilu sensory axons 3unin sensory nerves
o iy motor axons Funin motor nerves
o ufluvia sensory uag motor axons anii mixed nerves

+ Connective Tissue v nerve wiuiflu 3 7y
o Endoneurium — flugulugainsauusay axon

= Nerve fascidles — nauuas axons fisauAwdly bundles

o Perineurium ~ Jluifunaneviusauusias nerve fascicle
o  Epineurium — tHudfuuaniusavusas nerve bundle

wA.aT.w 1ssuliEng 59 wivdumaiulafdgrund



104110 Fundamental Cell Biology Nervous Tissues & Impulse Formation

Spinal nerve
e ERPIN EURIUM around
enlira nervea
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Nerve Signals and Their Transmission

Resting potential formation
+ Neuron finsmausuassia&ai (stimulus) ledathanah Waleunisnsesiu
WRenwaanfin electrical impulse J9'lianuaneuas axon Bunit action
potential u3a nerve impulse
 Resting neuron flu neuron M'i'tsiintseatWiiusdser i Aulugs
¢ Membrane potential Smmshoﬁnu‘) = anusvuasdsertuihssuivmalulas
meuan membrane Mianlasanily deasAannudsundastawiaddesun
ATYE
+ Resting potential = membrane potential 2av resting neuron Aaufiarfinsgs
nerve impulse aanly UnéifiArszwineg -60 A -80 mV (millivolts)
o Muuantefadiilsyaurninn (Nat uas C- unn)
o mulura&dd Kt wae protein ions 1nn

Resting potential formation
¢ K*uay Na* dlusrddaylunisaie resting potential .
+ spwhensuanursaelu neuron membrane f Na* wag K* gradient dai
sodium-potassium pump Ty membrane funalnthadnen gradient 15
+ Na*, K* uas CI' shutdhann membrane v ion channels 1u membrane
+ ila membrane atluszasin
o Sodium channels (voltage-gated sodium ion channels) fla
o Potassium channels (voltage-gated potassium ion channels) finufen
ey ganl CF sldaenedn

Resting potential formation

Sodium-
potassium
pump

Pigsma
membrane

{a)
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