PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
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LECTURE 4, PART (1)- SYMPATHETIC VERSUS PARASYMPATHETIC RESPONSES.




Objectives

1. Compare the-ssomatic and autenemic nervous
systems.

2. Discuss ANS neurotransmitters and receptors.

3. Distinguish sympathetic~versusparasympathetic
responses.

(Pages 524-540 of the reference).




General Overview




SOMATIC NERVOUS SYSTEM (SNS) (CONSCIOUSLY

CONTROLLED)

Lec . (3) :}fibb%;)\oam

. Sensory neurons that convey-information to CNS from
somatic receptors in the head, body wall, and limbs and from
receptors for the special senses of vision, hearing, taste, and

smell.

. Motor neurons that conduct impulses from the CNS to
skeletal muscles only.
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AUTONOMIC NERVOUS SYSTEM (ANS) (INVOLUNTARY)

1. Sensory neurons that convey-information to-CNS from
autonomic sensory receptors, located primarily igagl od
vessels, mu$tles, the n___ervous@_ystem, and the visceral

k

organs such as the stomach and lungs. 27554 % s < L2

2. Motor neurons that conduct| nerve impulses from the
© R :
CNS to smooth muscle, cardiac muscle, and glands.

Note:\The motor pgl;dof the ANS consists of two branches,

the sympathetic division and the parasympathetic
division. | ipe\ Tz (e o5 WAL




AUTONOMIC NERVOUS SYSTEM (ANS) (INVOLUNTARY)

Unlike skeletal muscle, tissues innervated by the ANS often

function to some extent even if their nerve supply is damaged.
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1- The heart continues to beat when it is removed for transplantation

into another person. w31 s B aeyy adly] ae (ol Sl yaza
2- Smooth muscle in the lining of the gastrointestinal tract contracts
rhythmically on its own. g 815y i (S aagl 3leadl By (B cludall OMLosll 2t
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3- Glands produce some secretions in tf'le absence of AN% control.




AUTONOMIC NERVOUS SYSTEM (ANS)

INVOLUNTARY

=" Myelinated somatic motor neuron extends from the
central nervous system (CNS) all the way to the
skeletal muscle fibers in its motor unit.
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= Unlike somatic output (motor), the output part of
the ANS has two divisions: the sympathetic
division and the parasympathetic division.
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AUTONOMIC NERVOUS SYSTEM (ANS)

INVOLUNTARY

= In some organs, nerve impulses from one division of the
ANS stimulate the organ to increase its activity
(excitation), and impulses from the other division

decrease the organ’s activity (inhibition). L |
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= For example, an 1ncree;}ed rate of nerve impulses from the
sympathetic division increases heart rate, and an
increased rate of nerve impulses from the
parasympathetic division decreases heart rate.



The first neuron (preganglionic neuron) has
its cell body in the CNS; its myelinated axon
extends from the CNS to an autonomic
ganglion. (Recall that a ganglion is a
collection of neuronal cell bodies in the

PNS.) s 95 box IS
g dax )i




2 135250 ol > 650 (preganglionic neuron gaésll 13 oouaall) ol auas)
sadie JI ¢3S sall eanll 3lgadl o pabslally cal2all oyge azayg ((CNS) 355l easll jlga]
.autonomic ganglion &3

(PNS 8kl canll 3lgdl 8 dasdl LS alunY gand L ganglion sxasll ol S1)

17yl

oo Syladl a5 8 dylag ceace Jol (autonomic nervous system) 511 eesll jledl 8
il L8 oygeanll Lau (Seadl Ll of §leal

(Sodl ool ol $laadl I31s 23) CNS Il S5 1 calsdl dams lSa

(G yw Bylandl 68T o) bl Balay Jade yome die sy

Jra 29 (PNS) skl easll jlgadl 8 8ag>g0 duvac Bade JI 5Ll Logy yooall i
uJLJ| a2l g J_g;)U )l o dawg dasa



The cell body of the second neuron (post
ganglionic neuron) is also in that same
autonomic ganglion; its unmyelinated axon
extends directly from the ganglion to the
effector (smooth muscle, cardiac muscle, or a
gland).
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Alternatively, in some autonomic
pathways, the first motor neuron
extends to specialized cells called
chromaffin cells in the adrenal medullae
(inner portions of the adrenal glands) rather
than an autonomic ganglion. Chromaffin
cells secrete the neurotransmitters
epinephrine and norepinephrine (NE).
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All somatic motor neurons
release only acetylcholine (ACh) as

their neurotransmitter, but
autonomic motor neurons
release either ACh or

norepinephrine (NE).
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Comparison of Somatic and Autonomic
Nervous Systems
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Somatic ACh
.- motor neuron ACh:
- (myelinated) Skeletal muscle—
% ‘ contraction
~ |
Spinal cord Effector

(a) Somatic nervous system
Copynght © 2005 John Wiley & Sons, Inc. All nghts reserved.

. ACh or NE:
Autonomic Smooth muscle—
motor neurons ACh contraction or
or NE relaxation
l" ACh Cardiac muscle -
OQ increased or

. -e D decreased rate and
i Preganglionic | - Postganglionic oO force of contraction

ity o - jp TGN Glands—increased or
Spinal cord (myelinated) A;;zgzgnnrc (unmyelinated) Effectors Jecreased secretions

(b) Autonomic nervous system
Copynght © 2005 John Wiley & Sons, Inc. All nghts reserved.



ANS Motor Pathways

Autonomic
motor neurons

ACh

: Sympathetic Sympathetic
Spinal cord preganglionic  aAutonomic Postganglionic
neuron ganglion neuron

Adrenal cortex
Adrenal medulla 5§

Tﬁ/‘“‘ .

._’-

=
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AN o ¥

Effectors: glands, cardiac
muscle (in the heart), and
smooth muscle (e.g. in the

urinary bladder)

Epinephrine
and NE

: R
' - e ° Blood vessel
S e Sympathetic € = oo
pinal co preganglionic
NOLION Adrenal medulla

ACh

—— T

Spinal.cord Parasympathetic ©~ Autonomic ath
preganglionic ganglion postganglionic
neuron neuron

Autonomic nervous system

Parasympathetic

Effectors: glands, cardiac

muscle (in the heart), and

smooth muscle (e.qg.,

urinary bladder)

in the



SYMPATHETIC DIVISION
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Is often called the fight-or-flight division.
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Result in increased alertness and metabolic activities in
order to prepare the body for an emergency situation
(i.e. rapid heart rate, faster breathing rate, dilation of

the pupils). 1) «y1g0i s el dred G mmg il 5315 )] gos
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PARASYMPATHETIC DIVISION
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Is often referred to as the rest-and-digest division
because its activities conserve and restore body energy

during times of rest or digesting a meal.
Bl Lo Bdloy axrisl oY paglly dlyl pudy WIe ] slas
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Conserves energy and replenishes nutrient stores.
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- Although both the sympathetic and
parasympathetic divisions are
concerned with (maintaininé

lhomeost&s-is) they do so in dramatically
different ways.
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ANS NEUROTRANSMITTERS
AND RECEPTORS




CHOLINERGIC NEURONS AND RECEPTORS

- Cholinergic neurons release the neurotransmitter

acetylcholine (ACh). —
ik PR

= In the ANS, the cholinergic neurons include (1) all
sympathetic and parasympathetic preganglionic
neurons, (2) sympathetic postganglionic neurons
that innervate most sweat glands, and (3) all
parasympathetic postganglionic neurons.



CHOLINERGIC NEURONS AND
RECEPTORS
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Cholinergic neurons release
acetylcholine; adrenergic neurons release
norepinephrine. Cholinergic receptors
(nicotinic or muscarinic) and adrenergic
receptors are integral membrane proteins
located in the plasma membrane of a
postsynaptic neuron or an effector cell.



Effector cell

Cholinergic and

Sympathetic
postganglionic
neuron

Adrenergic Neurons _
in the Autonomic N ———————
Nervous System

/\/—\/\‘ Sympathetic T o A Cell of
preganglionic Ch postganglionic sweat
neuron neuron gland

(cholinergic) (cholinergic)
(b) Sympathetic division—innervation to most sweat glands

o Muscarinic Effector cell
Nicotinic receptors
receptors

N‘Iﬂ - ACh
Parasympathetic Parasympathetic
preganglionic postganglionic
neuron neuron
(cholinergic) (cholinergic)

(c) Parasympathetic division
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Cholinergic neurons release
acetylcholine; adrenergic
neurons release
.norepinephrine

Cholinergic receptors
(nicotinic or muscarinic)
and adrenergic receptors
are integral membrane
proteins located in the
plasma membrane of a
postsynaptic neuron or an
.effector cell
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Cholinergic and
Adrenergic Neurons in
the Autonomic Nervous
System
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CHOLINERGIC NEURONS AND RECEPTORS

Activation of nicotinic receptors by ACh
causes depolarization and thus excitation of
the postsynaptic cell, which can be a
postganglionic neuron, an autonomic

eftector, or a skeletal muscle fiber.
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CHOLINERGIC NEURONS AND RECEPTORS
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s Activation of muscarinic receptors by ACh
sometimes causes depolarization
(excitation) @ and  sometimes  causes

hyperpolarization (inhibition), depending
on which particular cell bears the
muscarinic receptors.



CHOLINERGIC NEURONS AND RECEPTORS
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Because acetylcholine 1S quickly
inactivated by the enzyme
acetylcholinesterase (AChE), effects
triggered by cholinergic neurons are brief.




ADRENERGIC NEURONS AND RECEPTORS

Adrenergic neurons release norepinephrine (NE), also

. ale ISy, ool yedly psaralyes @il a8 ddlnyadll dasll LS
known as noradrenalin. ° N |
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Most sympathetic postganglionic neurons are adrenergic.

neuron that innervate sweat glands 48 )l sasll &sieall UMD e b

Like ACh, NE is stored in synaptic vesicles and released
by exocytosis. o35 syl 9030 acetylcholine
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Molecules of NE diffuse across the synaptic cleft and bind

to specific adrenergic receptors on the postsynaptic

membrane, causing either excitation or inhibition of the
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ADRENERGIC NEURONS AND RECEPTORS

- Adrenergic receptors bind both norepinephrine

and epinephrine.
ol cpybialyodl e JSU &I lu ol M wall oy

- The two main types of adrenergic receptors are
alpha () receptors and beta (B) receptors, which are
found on visceral effectors innervated by most
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ADRENERGIC NEURONS AND RECEPTORS
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- These receptors are further classitfied into subtypgs—
al, a2, 1, B2, and P3— based on the speciftic
responses they elicit and by their selective binding of
drugs that activate or block them. Although there are
some exceptions, activation of al and 1 receptors
generally produces excitation, and activation of and

a2 and [32 receptors causes inhibition of effector
tHissues (deeg¥l oLl ol all Oliys 8sL) Jae) gl 3ua>d a1 & B
' (Olead)l gugs ol dee gl elsdyl Ja) goell bawss . a2 & B2




ADRENERGIC NEURONS AND RECEPTORS

- Norepinephrine stimulates alpha receptors more strongly
than beta receptors; epinephrine is a potent stimulator of

both alpha and beta receptors.
»Slareceptors J=ad Jwu . Noradrenaline

B8y (B o a) wesdl MS iy, Adrenaline

- Compared to ACh, norepinephrine lingers in the synaptic
cleft for a longer time. Thus, effects triggered by adrenergic
“neurons typically are longer lasting than those triggered by

cholinergic neurons. AChE (3] dhaslss &Sall Synall a Gy 154 lsS Jazusl
wolazal sled ol JI33 ol 18 Jobl 838 LAa asainlyodll ler




RECEPTOR AGONISTS AND

ANTAGONISTS

A large variety of drugs and natural products can selectively activate or

block specific cholinergic or adrenergic receptors.
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An agonist is a substance that binds to and actlvates a receptor in the

process mimicking the effect of a natural neurotransmitter or hormone.
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An antagonist is a substance that binds to and blocks a receptor, thereby
preventing a natural neurotransmitter or hormone from exerting its
effect. Lol easll JBLII Uy Fnile oy Jdituay by 55lo 5o agzall
2350 duylas o g0 3gll o




SYMPATHETIC RESPONSES

»During physical or emotional stress and various
emotions, the sympathetic division dominates the

parasympathetic division.
parasympathetic e sympathetic e 3=l oy yg9dl LS5

» High sympathetic tone favors body functions that can

support vigorous physical activity and rapid
. Al Slbladll 301 a3y Jle sympathetic™de s aue
productlon of ATP. ATP a8l #lslg ddle)l dassyl aens
— pagl ddac Jre Bl 35y oV bladl Wiy el uai o
»At the same time, the sympathetic division reduces

body functions that favor the storage of energy.



FIGHT-OR-FLIGHT RESPONSE (SOME EXAMPLES)
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JHeart rate, force of heart contraction, and blood pressure increase.
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OThe airways dilate, allowing faster movement of air into and out of
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Blood vessels that supply organs involved in exercise or fighting oft
danger —skeletal muscles, cardiac muscle, liver, and adipose
tissue —dilate, allowing greater blood flow through these tissues.

JRelease of glucose by the liver increases blood glucose level.
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The effects of sympathetic stimulation are longer
lasting and more widespread than the effects of

parasympathetic stimulation for three reasons:
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1. Sympathetic postganglionic axons diverge more

extensively; as a result, many tissues are activated

simultaneously. oy ) dogig (S IS0 dadell amy dagll dasll yglowll acl
Aolg By (8 dauddl o spaall b

2. Acetylcholinesterase quickly inactivates acetylcholine,

but norepinephrine lingers in the synaptic cleft for a

longer period. i s 6y 58S Sl 31l S Szl s3] Y
Jobl 838l Seaall gadl b cpsaealyodl



The effects of sympathetic stimulation are longer
lasting and more widespread than the effects of
parasympathetic stimulation for three reasons:
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3. Epinephrine and norepinephrine secreted into the blood from the
adrenal medullae intensify and prolong the responses caused by
NE liberated from sympathetic postganglionic axons. These
blood-borne hormones circulate throughout the body, affecting all
tissues that have alpha and beta receptors. In time, blood-borne NE
and epinephrine are destroyed by enzymes in the liver.



(¢392 <le9) Vaso = Blood vessel
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Sympathetic Response

sympathetic response ub_ub

ncrease HR  Heart vake Al Slyo Jama 3ol
Increase RR  respi@®g rate il Jamo 5303
Increase metabolic rate o2l Juna 8Ly
Increase fat & glycogen breakdown e sSally ol Jlos 8l
Pupillary dilation esll 83 ¢ L
Smooth muscle vasoconstriction cludall O3kl (b dysadll deoll ol
Skeletal & cardiac muscle vasodilation s &5l &3kasll 3 ool fueodl gy
Decrease GI activity Langl el bl slasil
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PARASYMPATHETIC RESPONSES

»Parasympathetic responses support body functions that

conserve and restore body energy during times of rest and

s al » P ' - - . jT o
recovery. sle Bolbd dl qusdl u-n:!ng 3 oM b ot F.:,_u
lazadls dalyl Ol VS Loty auwed] Bl

»In the quiet intervals between periods of exercise,

parasympathetic impulses to the digestive glands and the

smooth muscle of the gastrointestinal tract predominate
over sympathetic impulses. /s otlimad sl s cpadl S o Soldl il S

Aaglian)l AL e cangl jleadl 8 clulall Olaselly diasyll el

»This allows energy-supplying food to be digested and
absorbed.
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REST-AND-DIGEST (SOME EXAMPLES)

dIncreasing SLUDD responses, which include:
salivation (S), lacrimation (L), wurination (U),
digestion (D), and detfecation (D).

SLUDd Ja=e 3543 le parasympathetic JI Jos

p2glly Joudly Zhisdl Oldac g ¢ gaullg Clalll 3138 Dildac ja8o
J“Three decreases”, which include: decreased heart
rate, decreased diameter of ailrways

(bronchoconstriction), and decreased diameter
(constriction) of the pupils. s e wlsal glaall il ol b5 s s



Table 8-5 | FUNCTIONS OF THE AUTONOMIC NERVOUS SYSTEM

Organ

Sympathetic Response

Parasympathetic Response

Heart (cardiac muscle)
Bronchioles (smooth muscle)
Iris (smooth muscle)

Salivary glands

Stomach and intestines (smooth muscle)

Stomach and intestines (glands)
Internal anal sphincter
Urinary bladder (smooth muscle)

Internal urethral sphincter
Liver

Pancreas
Sweat glands

Blood vessels in skin and viscera
(smooth muscle)

Blood vessels in skeletal muscle
(smooth muscle)

Adrenal glands

e Increase rate

e Dilate

e Pupil dilates

e Decrease secretion

e Decrease peristalsis

e Decrease secretion

e Contracts to prevent defecation
e Relaxes to prevent urination

e Contracts to prevent urination
¢ Changes glycogen to glucose
e Secretes glucagon

* Increase secretion

e Constrict

¢ Dilate

* Increase secretion of epineph-
rine and norepinephrine

Decrease rate (to normal)

Constrict (to normal)

Pupil constricts (to nogmal)

Increase secretion (to hormal)

Increase peristalsis for/normal digestion
Increase secretion forfnormal digestion
Relaxes to permit defecation

Contracts for norm urination

Relaxes to permit
None

Secretes insulin
None ‘

None r ‘

250 &S gae IS (yon
None ale dloczayl ¢ o
None




PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
DR. AMJAAD ZUHIER ALROSAN .

LECTURE 4, PART (2)- GENERATION AND CONDUCTION OF ACTION POTENTIAL.




Objectives

1. Discuss myelination.

2. Describe electrical signals in neurons.

(Pages 408-421 of the reference)




MYELINATION

- Axons surrounded by a multilayered lipid and protein covering,

called the myelin sheath. Slasaallly Olisig sl s Bssnia Olidey axonJ! sl sonall b
myelin sheath Waw! adasi (¢ s0.))

- i ‘ LM o CNS 8 Wbl e Jgguwall Sblglaudl cla & ke Wdye . S35
The myelln sheath: ¥ shewan L= PNS led! 35 oligodendrocyte

1. Insulates the axon of a neuron.
\_2-1-@-9“ seall 3 \_s-L“ Jas

2. Increases the speed of nerve impulse conduction.
ol Yl Yl gy e Jass




MYELINATION

- Two types of neuroglia produce myelin sheaths:
Schwann cells (in the PNS) and oligodendrocytes

(in the CNS).

L3 gl e Joguall Oblghundl clo &l Wl Ldye . S
LMs- PNS 3l 89 oligodendrocyte bMsdl . CNS
~ shewan
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ELECTRICAL SIGNALS IN NEURONS

o]l LSl 8 dL5b 4 ¢SII &l y L]
- Neurons communicate with one another using two types of

electrical signals:
4505 Shylasdl e e el plaseinly (ool lgasy go dasll LIS! Lol ol

1. Graded potentials (for short- distance communication only).

2. Action potentials (for communication over long distances
within the body). aucdl 1515 dygb Ollus ye JLoidl) Job soa>




- Graded potentials and nerve and muscle action potentials
are involved in the relay of sensory stimuli, integrative

functions such as perception, and motor activities.
gl Olgeall 185 8 598 dulaallg ducasll Joall sogmg/ doyazall sggad] el

FICETN | B S50 | P | R P P G IS LY

Example (for writing)

MS i el oS3 e o o8 Jlia JUI
LSl g2 9 (electrical signals) ¢!




Lol aly Lo s Jiitus 5 73320 agx Ly @lall gl e
. As you touch the pen, a graded potential develops in a

sensory receptor in the skin of the fingers.
ool Sl Jl sl Job Lo iz eac Job agy LS sl yama 7 yazall agadl i jésg Y
ggduggm%odm;bw dhn.!_i_x_c.ux_@.:d_ql.! QBLLJT QJT ML@JTQB é._ﬁ_g_s_g @SJA”

. The graded potential triggers the axon of the sensory
neuron to form a nerve action potential, which travels
along the axon into the CNS and ultimately causes the
release of neurotransmitter at a synapse with an
interneuron.

il g ledd b zyase g LS (aeanll pasll 8L 3a
. The neurotransmitter stimulates the interneuron to form a
graded potential in its dendrites and cell bodly.




(S S s 20 aJ

4. In response to the graded potential, the axon of the
interneuron forms a nerve action potential. The nerve
action potential travels along the axon, which results in
neurotransmitter release at the next synapse with another
interneuron.

L 090 lguas i dwalsdl daddll

J2a) Lol 1y Ll el3aY1 8 a5l Slguas] bagiasi go ( pae Jod ag> @ z3a%0 38> 295w degen wleiall e puasll BN 3] dalac )55
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loylol juad
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5. This process of neurotransmitter release at a synapse
followed by the formation of a graded potential and then
a nerve action potential occurs over and over as
interneurons in higher parts of the brain (such as the
thalamus and cerebral cortex) are activated. Once
interneurons in the cerebral cortex, the outer part of the
brain, are activated, perception occurs and you are able to
teel the smooth surface of the pen touch your fingers.

Note: Perception, the conscious awareness of a sensation, is
primarily a function of the cerebral cortex.




6. A stimulus in the brain causes a graded potential to form
in the dendrites and cell body of an upper motor neuron,
a type of motor neuron that synapses with a lower motor
neuron farther down in the CNS in order to contract a
skeletal muscle. The graded potential subsequently causes
a nerve action potential to occur in the axon of the upper
motor neuron, followed by neurotransmitter release.

agdl e Caud Sl OMasll alid ¢3S sall easll jladl (B ddaw &S y> duac dds pa cblacs Al 45 4]l
s 185 EMb] ey Llall 8 o)l dxcosll ddsdl yoma B s Job agar Ogax Y ziaall




/. The neurotransmitter generates a graded potential in a
lower motor neuron, a type of motor neuron that directly
supplies skeletal muscle fibers. The graded potential
triggers the formation of a nerve action potential and then
release of the neurotransmitter at neuromuscular
junctions formed with skeletal muscle fibers that control

movements of the fingers.

LJMT&L‘JTLQJRJU_‘JT 4S yodl dwanll LML 40 § o 29 (sleudl &Syl Ll MTUBIQ-JMTJ.@}J@JTJBU
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. The neurotransmitter stimulates the muscle fibers that
control finger movements to form muscle action
potentials. The muscle action potentials cause these
muscle fibers to contract, which allows you to write with
the pen.

hae 198 agr s glo¥l OS> 8 @S Al Oilaall BUT uasll JBLI 34
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THE PRODUCTION OF POTENTIALS

The production of graded potentials and action potentials

depends on two basic features of the plasma membrane of

excitable cells: bl ereols e Joall sogag dxyazall sagadl zls] seusy
5,53 dlal Lsd) e3dl claal

1. The existence of a resting membrane potential.
gz g Ll 51 (o ag> 338 3929 glidly g s
2. The presence of specific types of ion channels.



RESTING MEMBRANE POTENTIAL

- The membrane potential, an electrical potential

difference

(voltage) across the membrane. This voltage is termed the

resting membrane potential.

sl dxly ag> 90 gy g ddsdl Iy o SbsgSIl agadl 358

- This looks like voltage stored in a battery; you connect the

positive and negative terminals of a battery with

a piece of

wire, electrons will flow along the wire. This flow of charged

particles is called current.

S e38 bo elluy corsally Ll siadl Jog wie dpladl 5 3oz sall agadl Jao agadl lia
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The types of ion channels:

M el 8 Slg sl Olgid ¢lgil
1. Leak channels.

2. Ligand-gated channel.
3. Mechanically-gated channel.
4. Voltage-gated channel.



ION CHANNEL

1Ill nm mn‘;fnmnm

Cytosol
Always open Voltage-gated

‘nm l uf fu

Neuro-
transmitter

Cytoso!




Leak channels:

Blaallg Zoutall (ool f Wlgdie Jaud
* Randomly alternate between open and closed positions.

5253 5351 pgpaliod! SUgal yus Dl e Epapldl desedl gguns
pgsagall Oligsl Cyad Olgd e
* The plasma membranes have many more potassium ion

leak channels than sodium ion leak channels.

Cnaynal
Na < K™

* Leak channels are found in nearly all cells, including the

dendrites, cell bodies, and axons of all types of neurons.
Agpasll IS ¢19il guand dpaall jolmallg LSl plucrls (Oluatdl i3 5 lay diyas LS paas S Dy Ol gid ax i



Ligand-gated channel:

* Opens and closes in response to the binding of a ligand
(chemical) stimulus (a ligand can be including
neurotransmitters (i.e. acetylcholine), hormones, and

particular ions). a8 S ligand s by &l s
Olisaly «Dligasag (elsS Jezwdl J20) dvac 815 Ligand eyl

_(Ei._a._m-.ﬁ

* Ligand-gated channels are located in the dendrites of
some sensory neurons, such as pain receptors, and in
dendrites and cell bodies of interneurons and motor

”u_J.c.-a.'D.Jr‘_J.ﬂ'dcu ﬂ.'l“ '-_JMJ.A.Q -..u.u::e.”-._a.:..a.ﬂ.”'_}}a'l::-e.r\_',czﬂ.(.-._a.:.-a.ﬂ.”L_J'.:.-a.ﬂ.a.”3L|gandgatedchanne|5@j'4 ul.ag.a“-._ﬁrg.:.ﬂ,”ﬁ_.ﬁ.'i
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Mechanically-gated channel: ras JBU gl

* It opens or closes in response to mechanical stimulation
in the form of vibration (such as sound waves), touch,

pressure, or tissue stretching.
(isall Olrsall J20) 31zl I e (S5l jabondl Gloial 35 ol raas
Aoy sad ol (o ol ¢ yual o
* They are found in auditory receptors in the ears, in
receptors that monitor stretching of internal organs, and
in touch receptors and pressure receptors in the skin.

9 sl claedl saad LBy Q_._H OMdwall B9 (o 3 S ol VB twall = Ol gdll 0 i g
Al = bl OMdiwag  jualll OME 20



Voltage-gated channel:

* It opens in response to a change in membrane potential
(Voltage)_ a5l b agadl 30 L b dylonsaal nty L

* They participate in the generation and conduction of
action potentials in the axons of all types of neurons.
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Resting Membrane Potential -70 de bl ddsdl a1l g

cl..‘llﬂ_x.a_u.;d LaJL.u.C- 1_\_@.’.‘3-).@&1! Jz.” cl.x.l_")-r_” ‘}.;..J_?J Aehon Potentisl yaiai Ty .__,..n'n.T.l.-.:..u-h E.:a:..h.\‘._._,
* A cell that exhibits a membrane potential is (Cell membrane)

said to be polarized. @ @ @

sl o e 3355 Jolge O
* Three factors that contribute to the

resting membrane potential:
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1. Unequal distribution of ions in the ECF O = @
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Resting Membrane Potential

2. Inability of most anions to leave the cell: They cannot
follow the potassium cations out of the cell because they
are attached to nonditfusible molecules such as ATP and

large proteins.

daud u@-g A3l Byslea Je Slig Yl olaa 8348 sac
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70- 529 ddsl]

3. Electrogenic nature of the Na—-K ions ATPases: The small inward
Na ions leak, and outward K ions leak are offset by the Na—K ions
AlPases (sodium—potassium pumps). However, they expel three
Na ions each two K ions imported electrogenic, which means they
contribute to the negativity of the resting membrane potential (it is
very small: only -3 mV of the total -70 mV resting membrane
potential in a typical neuron).

Bl wag.‘_ﬂ L_Jbgﬂ TR C S KV | - FVC P23 | REVYRT-W=Y) L_Jbgﬂ Syl 1o guwligdlg pgssgall L_Jbg,i‘i ATPases Olieaal d5LaSq 3¢Sl da Al
L_Jbg.ﬂ G syl @ (el 2ag o guwligdls sgusgall Sligsd ATPases Olsuans dawlgy 2y 31 Il 2 gualigl '-._.11..1-9..11 SEWI @.ng aug gl
cladll ag> Jlax] 4o hiasd elgd o 3:lax> 320 529) oSladl clasll ag> dodu 8 palud Lgﬂ s Lo LSl yeS a9y giiana & gunligy mgﬂ BLUPE YRS
(dedgadl dppasll ddsdl B edgd e 70- oSl



Comparison of Graded Potentials = v\lb
and Action Potentials

_ _ S L-b\'(jw\
**’.3\‘-')‘.’ 2»)*’ 5\'05)1: all of we-all /C-m&c J
el Graded m distence  Action Potential” —e —=(-55
sl ca aa)l bau ¥ 1 :
Al gy el L2209 Stimulus does\rﬁt_reasﬂ 1. Stimulus reaches threshold Thresho?
myww1m2 threshold level. SR AR PPN level therefore causes AP.
sl 25 stimulus causes local T (e — dppaall 42l Jedll ag

By Blua le Lotz 3 changg in membrane depolarization to threshold “LgP oy
potential e.g. -70 to -60mv 500 el cgman ) avall Loy T

anax Sar 4 _ level. ol "

3. It dies down over short 2 il . Jodll sz e s
el IS el gasa Y 5 : . ltis eragaIedJ S
R > distance. Ao o P 3] apiall G 2
4. Can be mate‘jr - 4. Can not be summated. gl atun Ll oz
5. Does not obey all or none 5. Obeys all or none law. L 3
law. |
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GRADED POTENTIALS ™o

fekion  Peodevwiisly.

- The graded potential is a small deviation from the resting
membrane potential that makes the membrane either more
polarized (hyperpolarizing graded potential, inside more
negative) or less polarized (depolarizing graded potential,

inside less negative).

BECLRYEY Glaizw! 3551 Lol cladl Jos laa A1yl db&;wl;@}d&wﬁle;}meI VS|
(4l J.gl asly olbadiwsdl Liye 7y ag>) Gladw] JBT ol (ddls JS1 sty wladzwdl byao

- The graded potential occurs when a stimulus causes
mechanically- gated or ligand-gated channels to open or

close in an excitable cell’s plasma membrane.

33530 el adsl) o3l sladll 3 dlayy Sllg O3



GRADED POTENTIALS

- The graded potentials are useful for short-distance communication
only (localized and dies after this distance). However, it can
become stronger and last longer by summating with other graded

potentials (summatlon is the process by which graded potentials
Pl ol oSy (U3 Rag (d0luall 0l a2y Cigalg dMga) hidd cuall 3yuad Lol UB doyazall Dggad| al
add together). (ool 35l Loy g )l Fasll 5 ganll) o] 2yt snger 0 pasd] M5 o Jobl 3 psis ol

dvasll L3 auws 51 Oleagdl 5 7 yasall agadl Sasa
eall sy b 13> auds (uae B dylovil

- The graded potential occurs in the dendrites or cell body of a
neuron in response to a neurotransmitter, it is called a postsynaptic
potential.

)l EMEzisal | 8 Sand A s yazall sgeadl Laud
Sl gall 39429 OMdwall 394> dewndl dasll LML
- The graded potentials that occur in sensory receptors and sensory

neurons are termed receptor potentials and generator potentials.



GENERATION OF ACTION POTENTIALS

- An action potential (AP) or impulse is a sequence of rapidly occurring
events that decrease and reverse the membrane potential.

il o 1 pprtpandy el 30 o Jedll agar HeSi Sladl o Al s Lol ol (AP) Jill ag>
izl slel dsyag olhzasdl d3] osgshy cladll ags JaS ) dayyd]
ﬁAn action potential has two main phases: a depolarizing phase and a

repolarizing phase. |
g aled olbdad] Bale] ds o DS Lo gs el o sl J Lasg ddle 181 LIl el ol (oladaad] dll ds e D
. J & | LU 2l s M Tl o Jaea )
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- During - the depolarizing phase, the negative membrane potential
becomes less negative, reaches zero, and then becomes positive. During
the repolarizing phase, the membrane potential is restored to the resting
state of -70 mV. Following the repolarizing phase there may be an after-
hyperpolarizing phase, during which the membrane potential
temporarily becomes more negative than the resting level.



ACTION POTENTIALS

- An action potential occurs in the membrane of the axon of a neuron
when depolarization reaches a certain level termed the threshold.

Loy lanse dyponll @5l yomn clid B Juall agy Sas

55- aiasd . duall Gawd pame gt Sl olhdasd

- An action potential will not occur in response to a subthreshold

stimulus. However, an action potential will occur in response to a

threshold stimulus, a stimulus that is just strong enough to

depolarize the membrane to threshold. In other words, an action

potential either occurs completely or it does not occur at all. This

characteristic of an action potential is known as the

uﬂ;Lu.@ﬂu_JLim_uﬁdjh‘ﬁunSJLmugstmg dere doa) Lloczwl 108 ags S (3 gog . dunll ygu dial dilocwl 28 ags Sasx
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ACTION POTENTIALS

- Several action potentials will form in response to a
suprathreshold stimulus. Each of the action
potentials caused by a suprathreshold stimulus has
the same amplitude (size) as an action potential
caused by a threshold stimulus.

L)l 38 asie e il Jab agy IS . duzall 398 el Bylural Job soer Bac JS0
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Action Potentials
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€D Resting state - All gated ion channels close

€D Depolarization - Na+ channels open, K+ channels closed
€D Repolarization - Na+ channels inactivated, K+ channels open
@D Hyperpolarization - Na+ channels reset and closed, K+ channels@ open



DEPOLARIZING PHASE

- Inward movement of Na ions, the depolarizing phase
of the action potential.

- This changes the membrane potential from -55 mV to
_|_30 mv. dgd e 304 J] wdgd e 55- (se AR IRVESSVE ] § REJPXL.Y

LMoot dilgyg o cuT Sliladias Lol gy daagad! SLlgdl OIS s giagall Slasl Olgid ope BLE IS
- BEach voltage-gated Na ions channel has two separate

gates, an activation gate and an inactivation gate.



== DEPOLARIZING PHASE

- In the resting state of a voltage-gated Na ions channel, the
inactivation gate is open, but the activation gate is closed (Na ions

cannot move into the cell through these channels).
S) (d>gua0 (inactivation gate) Jebed! dilgs o658 cagal) dwluadl posssall 3Lal (resting state) Loyl AN 8
Olgadll o3 IS e ddsdl I8l JI dyses o] passgall Oligy¥d (Say ¥ Uil (ddleo (activation gate) tasdudl &lg;

- At threshold, voltage-gated Na ions channels are activated, both the
activation and inactivation gates in the channel are open and Na ions
inflow begins (more channels open, Na ions inflow increases, the

membrane depolarizes further). |
x5 «Jabmdlly bopaadl alsy 5 IS 2 o agal bl popssall Olgid Jash (threshold) desll s s

sl sl Jl o3 all sguagall Sligy
(dedles J81) Colazzadl D3] 38T L)l Yoo las (pgaagall 3843 813 (o gusall Olgadll sae o15 LSy

- However, the concentration of Na ions hardly changes because of the

millions of Na ions present in the extracellular fluid.
extracellular fluid) &d=dl zls Bl 8 ag1554] OlUgal o Mo 3938 s g gonla ISy yu ¥ agaagall Oligyl 1.845 .3 24



= REPOLARIZING PHASE

>3 Layl (depolarization) Uizl &Ml o6 denll ag> cotun suc
Ag>d) daslusdl 5 gnligd] Ol gd

- At threshold level, depolarization also opens voltage-gated K
ions channels.

Sl edgd \_,J.a30+ o eliall ags ypny o3l J agnliadl ¢ |J9.1|?' 33 alaisg Al Jl sgusgall & |J_g..1| 880 14y lasue
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- Slower opening of voltage-gated K ions ‘channels and closing of
previously open voltage-gated Na ions channels produce the
repolarizing phase of the action potential (Na ions inflow slows
and accelerating K ions outflow, the membrane potential to
change from +30 mV to -70 mV, inactivated Na ions channels to
revert to the resting state).



AFTER-HYPERPOLARIZING PHASE

- During this phase, the voltage-gated K ions channels
remain open and the membrane potential becomes

even more negative (about -90 mV).
14> ety do-guan Agad)l dwluadl rgnligdl Olgd 80 > yall aitm s
(edgd Lo 90— Jla>) dedus ST clusll

- As the voltage-gated K ions channels close, the

membrane potential returns to the resting level of -

70 mV A8z S92 (gl dwlusdl pornligdl Olgid 3185 loaucg
.(MV 70-) =2l >yl gouwall I clas)l



REFRACTORY PERIOD

- The period of time after an action potential begins
during which an excitable cell cannot generate another
action potential in response to a normal threshold

stimulus is called the refractory period.

Jgi o 8yleall ddsdl lgd adnzas ¥ g (Jeall aga eay G 2 a__g.ﬂmﬁayw g
Refractory Period) zsaxl 85 Laudy (gole aial dlonaal s 198 s

- In contrast to action potentials, graded potentials do not

exhibit a refractory period. o N
graded) dsyazall sggadl 16 (J=all sgga OV

Zoax> 8328 clluad ¥ (potentials



PROPAGATION OF ACTION POTENTIALS

- In contrast to the graded potential, an action potential is not
decremental (it does not die out, action potentials function in
communication over long distances.). Instead, an action potential keeps
its strength as it spreads along the membrane. This mode of conduction

is called propagation.
ilygl olblual Olyladl J&5 3 Jasy y o ause ol ooy (f) o8l ¥ (action potential) Jeall 1> o8 (graded potential) zosuall sg2dl (uSe e
(Propagation) slaci¥l jawd Jldsil e badl ia g clasll Jsbo e ojlacl 5 aigd Lle Badloy leall ags o8 (3 o S

- The action potential regenerates over and over at adjacent regions of
membrane from the trigger zone to the axon terminals. However, it
cannot propagate back toward the cell body because any region of
membrane that has just undergone an action potential is temporarily in
the refr actory periOd. s Sasd 5o (axon terminals) L)l ysmal SLlg Lims (trigger zone) SUsil s o lass el oo 8yobmall Fbliall 3 151,555 15 Joill g sami
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