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Figure 6-1. Organization of skeletal muscle, from the gross to the molecular level. £ G, H, and / are cross sections at the levels indic
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General physiology
Second semester 20222023
Lecture 31
Excitation and Contraction in smooth muscle
and properties of smooth muscle contraction

Zuheir A Hasan
Professor of Physiology
Department of anatomy, physiology and biochemistry
College of medicine
HU
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* Explain the contraction process in smooth muscle and compare it to those of

Lecture objectives

skeletal and cardiac muscle.

Describe how smooth muscle can be activated to induce a contraction or to
change the strength of a contraction.

Explain the relationship between vascular smooth muscle membrane
potential, voltage-gated calcium channels, and strength of contraction.
Describe the difference between multiunit and unitary smooth muscle.
Explain the following terms and their role in smooth muscle function:
calmodulin, myosin light chain kinase, and myosin light chain phosphatase

Define the Stress relaxation and latch state and describe their physiological
importance.
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Smooth Muscle Anatomical features

Spindle shape

Cells are not striated

Fibers smaller than those in skeletal muscle 1 to micrometers in diameter
and only 20 to 500 micrometers in length.

single, centrally-placed nucleus central nucleus
More actin than myosin —>but they are not arranged in the typical as how we see it in the skeletal muscle

NO sarcomeres
* Not arranged as symmetrically as in skeletal muscle, thus no striations.

Dense bodies instead of Z disks Proteins but they are not like the z discs (orientation and structure)

Contraction is non-voluntary Either spontaneous or by the action of NS

Contraction is modulated in a neuroendocrine (neurotransmitter and

hormones) There is lots of hormones as well as neurotransmitters that will affect the

Types of smooth muscles activity and contraction of smooth muscles
* Unitary (single ) smooth muscles
e Multiunit unit smooth muscles

Cad A adladl 7 !
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1-unitary : when they contract, they are excited they
contract all together

&3:\3\ RY A é"‘"‘?ﬂé (;“ PEM
Exhibit spontaneous depolarization and their activity

is affected by hormones and neurotransmitters
e.g.(blood vessels , airways, uterus, Gl)

2-Multiunit : best example is retina the muscle
which don’t exhibit spontaneous activity
However, their activity is controlled by the actions
of the ANS either sympathetic or parasympathetic
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Multiunit Smooth Muscles & oaiail
ANS J' («input agdass 13 ¥) contract f“").'!*‘éud.’h

* Composed of discrete, separate smooth muscle fibers

* Each fiber operates and contract independently of the others, thus
iIndependent motor units No gap junctions , no coupling

* No coupling, no gap junctions.They are innervated by postganglionic of SANS,PSANS

* Muscle fibers are heavily innervated by postganglionic fibers of the
parasympathetic and sympathetic nervous systems, and it is these
Innervations that initiates their contraction and relaxation

* Contract only in response to its innervation and their control is exerted
mainly by nerve autonomic signals

It helps in isolate fibers

* The outer surfaces of these fibers, fibers, are covered by a thin layer of $om one another, so they

basement membrane—like substance, a mixture of fine collagen and :
glycoprotein that helps insulate the separate fibers from one another. €ontractindependently

* Examples of multi-unit smooth muscle
* are the ciliary muscle of the eye, the iris muscle of the eye

* Piloerector muscles that cause erection of the hairs when stimulated by
the sympathetic nervous system Smooth muscle present in the skin

Gigy Alal) e ) jedd) A,
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. _ _ Because they are present in visceral
Presence of Gap Junctions Unitary or Single Smooth Muscles A organs
A muscle sense to

us;fm‘yt;'m Smooth Muscle, Visceral Smooth Muscle) contract a bunch of them

« Single units means :a mass of hundreds to thousands of smooth muscle orlarge group of them to
fibers that contract together as a single unit. generate enough force

* The fibers usually are arranged in sheets or bundles, and their cell E.G (the food in the

membranes are adherent to one another at multiple points so that forceintestine the contraction
generated in one muscle fiber can be transmitted to the next. has to be strong enough

* Gap junctions: to move the the food
* Impulse (action potentials ) spreads through gap junctions from one place to

xx* Often muscle cells are autorhythmic and exhibit spontaneous another
s Cﬂmacemaker activity, or slow waves.

o Wl The frequency of slow waves sets the pattern of action potentials within
pdng an organ, which then determines the frequency of contractions

* |s innervated by autonomic nervous system (ANS).
* Muscle cells activity is modulated by ANS or hormones

* This type of smooth muscle is also known as syncytial smooth muscle
because of its syncytial interconnections among fibers.

e Also called visceral smooth muscle because it is found in the walls of

most viscera of the body, including the gastrointestinal tract, bile ducts, 4Ll Jsa
ureters, uterus, and many blood vessels , air ways and bladder
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J) AR aa QI8 ailad (e Aasad pa LgS LA *
mechanism
JI ¢ wdapacemaker activity
Is modulating by many Hormones and by ANS
e.g., The pacemaker activity in smooth muscle cells
of the Gl is increased by Ach where's their activity is
declines by the activation of sympathetic NS (which

release NE)
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Neuromuscular Junction at smooth muscles

Here is different from skeletal muscles NMJ

: _ Here is not well developed and less complex Visceral
Major points

* Less complex and less well
understood compared to Skeletal

Autonomic neuron
varicosity

qr ':: .8 ‘i:_\\‘:‘\
. e B - 'l. “ * :‘h---. -
muscles o e s ::eum:ransmltter
TR - A - _— eceptor
« Autonomic nerve fibers branch and R S r N ABER, i i
: : - S . unction
form “diffuse junctions™ with ® - o/ £
underlying smooth muscle fibers. = O )
B o : *x As vA|
* Varicosities in the terminal axons 1ok s L adlal) a2 ad ) dis 7L

contain neurotransmitter

» Neurotransmitter 1s secreted mto the
matrix coating and diffuses to the
muscle cells

« Excitation 1s transmitted by Ca

action potential or simple diffusion

of Ca into fiber Autonomic neuron
AP J) £ pa5a: is Sl s varicosity

5/5/2023 6



https://v3.camscanner.com/user/download

1** Autonomic neurons come to smooth muscle , within these neurons instead of
(making close contact)

They form dilation (varicosities ) which release neurotransmitter

Upon excitation by stretch or by electrical excitation when they activate ANS = the AP
will arrive this Autonomic nerves and it will cause the release of neurotransmitter from
varicosities = the neurotransmitter going to to diffuse and reach the muscle cells and
induce it whether it is excitatory

2***The same arrangement present in the multiunit smooth muscle

- fibers J) Jga 4d) Goa | ghaY L
They receive innervation (=% =2 A single fiber it will form like a motor unit structure but
again here the neuromuscular
Junctions is not very well developed and Again the autonomic fibers instead of causing
these nice presynaptic terminals they cause
(varicosities again) that will release neurotransmitter = that will go to the muscle cell
“receptor”
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Innervation of smooth muscle by autonomic postganglionic
nerve terminals.

P Brooks/Cole - Thomson Leaming

Axon of
postganglionic
autonomic

neuron

S/8/023
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Smooth Muscle Sarcoplasmic Reticulum

A few slightly developed

4
sarcoplasmic tubules that lie near the cell _
membrane in some larger smooth muscle cel 4’0 /
e |
No T tubule ¢ tubule function but not very well developed J! 4xd; 52 =
Caveolae : Small invaginations of the cell '_/;%fﬂ it
membrane, called caveolae, neighboring the P S-?'
surfaces of these SR tubules Y/ /
: / /
Ca *2 storage is supplemented by caveolae, / (@f’ o R
small vesicles that cluster close to the cell fég)ﬂ % T
membrane / b
The caveolae suggest a rudimentary analog o JU Ve Josd Lda
the transverse tubule system of skeletal /csf @E—l-—i*f’ R They help in
muscle. | p” roticulun )
y 4 accumulation of

L& Ca2+

When an action potential is transmitted into In SR

the caveolae, is believed to excite calcium ion
release from the adjacent sarcoplasmic
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DEPOLARIZATION OF MULTI-UNIT SMOOTH MUSCLE WITHOUT ACTION
POTENTIALS

Multi-unit smooth muscle (examples smooth muscle of iris such as the muscle of
the iris of the eye or the piloerector muscle of each hair)

Normally contract in response to nerve stimuli.

Autonomic nerve endings secrete acetylcholine smooth muscles and norepinephrine in the
case of others.

Neurotransmitter depolarization of the smooth muscle membrane, and this
depolarization in turn elicits contraction.

Action potentials usually do not develop because the fibers are too small to
generate an action potential.

Thus local depolarization (called the junctional potential) caused by
neurotransmitter substance itself spreads “electrotonically” over the entire fiber

causing muscle.

/5/2023
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Contractile elements of smooth muscle

Contains both actin and myosin
filaments, similar to those of the actin
and myosin filaments in skeletal
muscle

No regulatory arrangements in skeletal

muscle
No striation
No troponin There is no troponin and tropomyosin

membrane associated and

cytoplasmic dense bodies containing a
actinin (similar to Z lines in skeletal

muscles )

Different mechanism of contraction,
however contraction involve

*Actin and myosin with no specific
arrangement which will lead to
formation of the sarcomere

*The contraction mechanism it is true
that is depends on the interaction of the
actin and myosin , but there it is still
occur in different mechanism

P i |

Here, no specific arrangement the

j*. | ol aments |
,'If.t_ | \\ 11
q A :fH’ —--— Denyne bodee s ‘w."
\F-» 'l.| ; .."||':' 1
.;J:-r lr" : ,I , I.f'. .
72 Dl 2
F . ;,g}! . \ Myosin Nlasmunts II =3 |
% 3 5
o _ 7 et | |/ [
-'F‘ / 1 I I'.I| 4
1\ I It is similar to the structure of the
|/ sarcomere, but it is not very well
P developed

actin and myosin are scattered all
over and that’s why we don’t see
the striations

interaction of actin and myosin Dense is different in the structure from Z line. Dense holds
actin filaments in place
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Smooth Muscle Cell

Here , when the actin and myosin it pulls over in different directions

~ZThick

filament

/

Thin

Dense bodies filament

contraction J 4des juai Ll Contraction

elongation W sxa: 4040 & J)
Due to the arrangement of actin and myosin

F
il

This type of contraction important
For example: (if you want to have a segment contraction in
the Gl)

Gua qualy ) (g Aalad) | g
Jaasily (5 ) (ina
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Contractile fibers are arranged in oblique bundles
rather than in parallel sarcomeres

(a) Relaxed smooth (b) Contracted
muscle fiber %gl;!ﬂth muscle
r

Filament bundles

Gl 55 098
Due to obliquely bundles (actin and myosin)
Elongated

(% CamScanner
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Myosin of Smooth Muscle contractile
elements

« Different isoform than that found in skeletal

mus Cl eHead of myosin is present, but the interaction doesn’t occur spontaneously in presence of calcium
ATPase Jlactivation Jaxiy (i ssall a5 structure J) (2 4ad (2 juas o Y

» Smooth muscle myosin ATPase activity is much
slower, contraction is longer =& dsk

Prolonged action

»—Myosin light chain in the myosin head regulates
contraction and relaxation !nthe skeletal muscles the ATPase activity is present and all

We need calcium to bind with a troponin to exposure of
(myosin active site)
cross bridge (e (e
43 2l 7 5 (A6 O A 79 zotroponin 4 Le aaiy Ll o gaadlsl) ASY (AliAS 6 gl dulaad) () 9
myosin light chain Jlactivation Jax g Oigusl) 138 pea oy y 7 ) o gaeallsll (g 5 (s
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Mechanisms for increasing intracellular [Ca2+] in smooth muscle. ATP, Adenosine There are multiple
triphosphate; G, GTP-binding protein (G protein); IP3, inositol 1,4,5-triphosphate; PIP2, ways to increase

phosphatidylinositol s
4, 5-diphosphate; PLC, phospholipase C; R, receptor for hormone or neurotransmitter S APV
either by

(activation of

S ligand gated
channels through
1 L —— - 2% hormones,
e — S St neurotransmitters
Or by protein

Fy-gated

Ca’* channels °

couple receptor
(IP3 gated ca+2
channel)

*And from SR o=

E.G(oxytocin which is
important in the uterus,
because it is the one of the
way by which oxtocin cause
contraction of the uterus

Is through this mechanism by
stimulation of IP3 gated Ca+2
channels '
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Contraction of smooth muscles —

1#
Ca—

Exitracellular Hud

Intracellular calcium ion (Ca++)
concentration increases

LK e N W TA N E LN AL LR N LN C N N NN N NN RN )

I * Sarcoplasmic reticulum
b when Ca++ enters the cell through 2% ey ~
calcium channeils in the cell Ca— - E s
membrane or is released form the [ __ CaM

sarcoplasmic reticulum. troponin Ui AU O g

Jaxy

Cat @ Activation

The Ca++ binds to calmodulin (CaM)
to form a Ca++-CaM complex, which
then activates myosin light chain

1-Ca+bindings with CaM
2-Activation of MLCK—-> that will lead to phosphorylation of myosin |

= 3 3
S L RN O

Inactive MLCK @L@ ey

kinase (MLCK). ADP h ®® Phosphorylation
The active MLCK phosphorylates the inactive myosin Phosphenyaiod myosin

myosin light chain leading to e

attachment of the myosin head with

the actin filament and contraction of ASuncie

the smooth muscle SRR S —

Here, the attachment between myosin and actin will lead by two steps actin J) s Ol Jok i
contraction J 4ules Us alyg

CamScanner
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Relaxation of smooth muscle FEEEEEE

Relaxation occurs when calcium
ion (Ca++) concentration decreases | arpl T W

belov\f a critical level | Sarcoplasmic reticulum Counter transport
Ca++ is pumped out of the cell or into _l—g | Na*
the sarcoplasmic reticulum. Ca*+=— ATP Ca**

Extracellular fluid t

Ca++ is then released from calmodulin ) Gk s

(CaM) and myosin phosphatase i Na-K pump

removes phosphate from the myosin

light chain, causing detachment @ ®;@

of the myosin head from the actin ®

filament and relaxation of the ) __» ) 1 H®

smooth muscle. Inactive myosin Phosphorylated myosin
docu;msus

1*Dephosphorylation = myosin phosphatase J! a3 @k &
L 4
o Muscle
rolaxation

5/5/2023 16
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Sequence of events in contraction and relaxation of smooth muscle.

Acetylcholine is given
as a sources of
stimulus in this
example

5/5/2023

Jl) Cadhadl padli ¢ 8

muscarninic receptors

l

| Increased Nflux of Ca<* into the cell I

Activation of calimodulin-dependent I
myosin ight cham kinase

| Phosphorylation of myosin I

Increased myosin ATPase activity

i

Contraction ]

[ Binding of acetyicholine to ]

Dephosphorylation of myosin by
myosin ight chain phosphatase

Relaxation, or sustained comtraction
due 10 the latch bridge and
other mechanisms

17


https://v3.camscanner.com/user/download

Comparison of muscle twitch in different

types of muscle

Fastest

Skeletal

/ Cardiac

Tension

s

Smooth

(prolonged contraction)

o 1

J) (A5 gy G ga AEAY)
ATPase activity

Time (sec)

(% CamScanner
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Characteristics of smooth muscle contraction

The time between the electrical stimulus and the appearance of twitch of mechanical response

Slow muscle contraction Slow ATPase activity =

* Slow contraction due to slow cycling of cross bridges ALL Laliagy JIATP J) Aas

* degradation of the ATP that energizes the movements of the cross-bridge
heads is greatly reduced, with corresponding slowing of the rate of cycling.

* longer latency to respond to stimulus
* Latency : begins to contract 50 to 100 milliseconds after it is excited

* initiation of contraction in response to calcium ions is much slower than in
skeletal muscle

* Reaches full contraction about 0.5 second later, and then declines in
contractile force in another 1 to 2 seconds

* Total contraction time of 1 to 3 seconds.prglonged is due to (slow ATPase , Poor SR, slow entry of Ca+2)

* This is about 30 times as long as a single contraction of an average skeletal
muscle fiber.

* Other types of muscle contraction could be as short as (0.2 sec - 30 sec)

skeletal muscles Jb 45 e Jghi g A3 5oy Lgd) i jad G al8 Y1 J28at o1 B3 La
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Properties of smooth muscle contraction
* Low Energy Requirement to sustain smooth muscle
Contraction

* Is very energy efficient (O, consumption is ~ 1 % of same
weight of skeletal muscle at same tension

* Can operate over large range of lengths (60 - 75% shortening
possible)

* /length tension relation ship is over a wide range
» Can be myogenic (spontaneously active)

* Has Ca** action potentials. Ca entering through channels is
a very important source of calcium for contraction

* Smooth muscles exhibits sustained prolonged tonic
contraction which may last for hours or even days

* Grading of muscle contraction
Depends on intracellular Ca lons concentration,
No recruitment, specially in visceral smooth muscles

(% CamScanner
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Properties of smooth muscle contraction

* Can operate over large range of lengths (60 - 75% shortening
possible)

» length tension relation ship is over a wide range

* Is very energy etfficient (O, consumption is —~ 1 % of same
weight of skeletal muscle at same tension!)

* Can maimntain force for long periods (hours. days, weeks)
* Can be myogenic (spontaneously active)

* Has Ca“*" action potentials. Ca entering through channels 1s
a very unportant source of calcium

* Ca *? storage is supplemented by caveolae , small vesicles
that cluster close to the cell membrane.

(% CamScanner
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Once the muscle contracts in the sense , it remains in long contracticle state without needing further excitation,

Without additional stimulation

Characteristics of smooth muscle contraction.

/—9 relaxation ( W mas Lo Ji8 Al gh 5 yi8 duadiia Juad 5 a8l Lgd) (alilil L ey (s (An

*« Latch state and Latch mechanism in smooth muscles Dependon 1,2,3
1 °* Higley dependent on oxidative for ATP availability

* Glucose and fatty acids are provided in the blood and mitochondrial oxidative

2 processes produce adequate energy for the slower contractions that occur in
smooth muscle

* This is due to the lower rate of the myosin ATPase enzyme the lower rate of the
3 myosin ATPase enzyme.

Contraction: The “Latch” Mechanism Facilitates Prolonged Holding of Contractions of
L J:2 8 8 Jay Smooth Muscle (Smooth muscle can maintain tension for long periods)

<« The latch state seems to occur because the cross bridges do not dissociate very
Relaxation rapidly in spite of the fact that the myosin light chain is dephosphorylated ;

* Accordingly energy expenditure is minimal

* This is thought to be important in sphincter muscles where tension development
must occur for long periods of time. Sigh b g &l jSna yliay
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Stress-Relaxation in Smooth Muscle Bladder J! Jba (al
* Mainly occurs in visceral unitary type of smooth muscle of many hollow organs

* isits ability to return to nearly its original force of contraction seconds or_

minutes after it has been elongated or shortened.

* Response to stress briefly, then return to their normal state of tension and daapt
to new length

* For example, a sudden increase in fluid volume in the urinary bladder, thus
stretching the smooth muscle in the bladder wall, causes an immediate large
iIncrease in pressure in the bladder.

* However, during the next 15 seconds to a minute or so, despite continued
stretch of the bladder wall, the pressure returns almost exactly back to the

original level.
* Then, when the volume is increased by another step, the same effect occurs
again.

* Conversely, when the volume is suddenly decreased, the pressure falls drastically
at first but then rises in another few seconds or minutes to or near to the

original level.

* These phenomena are importance in that they allow a hollow organ to maintain
about the same amount of pressure inside its lumen despite sustained, large

changes in volume.

5/5/2023 23
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It is important on the visceral organs particularly on the bladder

If you take the bladder wall (which has smooth muscle ) the contraction of these smooth muscles will empty
the bladder

Usually, the maturation (which is an autonomic reflex ) is caused by stretching of the bladder wall

The stretching somehow causes excitation of the muscles in the bladder wall = entry of Ca+2 = contraction of
the smooth

Muscle in the bladder wall = (Emptying of the bladder)

Human urinary bladder tolerate around (400ml ) of urine , bladder tolerate this amount of urine before
urination this is basically

Due to (stress relaxation mechanism)

Urine increased=> stretch increased—> excitation and contraction increased = Tension will increase

If tension increased and still, 2 we will have an emergency to go to bathroom

To make us capable to store more and more urine in the bladder
tension J) L) L

Due to the contraction = suddenly tension will drop

alaal) Ao 7 95 00 (5 9 JS 2a) o) juay JSUiia (B juas 7 B2 g2 ge Cle alaal) gla gl
alaall Ao 7 g5 La (9 Clolur G g) uad dal gl Juay Sas W2 92 53 uaead) Aalaad) (sla g

CamScanner


https://v3.camscanner.com/user/download

Effect of Local Tissue Factors and Hormones on
smooth muscle

e |[ocal tissue chemical factors effects on arteriole smooth
muscles

* Lack of oxygen in the local tissues causes smooth muscle
relaxation and, therefore, vasodilation.

e Excess CO2 causes vasodilations.

. Increased hydrogen ion concentration causes
vasodilation.

* Adenosine, lactic acid, increased potassium ions,
diminished calcium ion concentration

e various hormones

* norepinephrine, epinephrine, angiotensin Il, endothelin,
vasopressin, oxytocin, serotonin, and histamine.

(% CamScanner
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MEMBRANE POTENTIALS AND ACTION POTENTIALS IN
VISCERALSMOOTH MUSCLE

* I[n the normal resting state, the intracellular potential is
usually about =50 to —60 millivolts

* The action potentials of visceral smooth muscle occur in one
of two forms
* spike potentials
* action potentials with plateaus.
* Such action potentials can be elicited in many ways
* Electrical stimulation.
* Spontaneous generation in the muscle fiber
* Hormones
* transmitter substances from nerve fibers
e Stretch

(% CamScanner
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Spike potentials

Typical smooth muscle action potential (spike potential)
elicited by an external stimulus.

Observed in GT and in most types of unitary smooth

muscle.

The duration of this type of action potential is 10 to 50
milliseconds,

Such action potentials can be elicited in many ways—for
example, by electrical stimulation, by the action of .
hormones on the smooth muscle, by the action of g
transmitter substances from nerve fibers, by stretch, or 3
slow waves depolarization

Sodium participates little in the generation of the action
potential in most smooth muscle.

Instead, flow of calcium ions to the interior of the fiberis
mainly responsible for the action potential A
Depolarization phase is mainly due to activation of L type

Ca channel

Receptive spike potentials generated by slow wave
depolarization

5/5/2023
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Action potential with a plateau, recorded
from a smooth muscle fiber of the uterus

The onset of this action potential is similar
to that of the typical spike potential.

However, instead of rapid repolarization of
the muscle fiber membrane, the
repolarization is delayed for several

hundred to as much as 1000 milliseconds
(1 second).

The importance of the plateau is that it can
account for the prolonged contraction that
occurs in some types of smooth muscle,
such as the ureter, the uterus under some

conditions, and certain types of vascular
smooth muscle.

Millivolts
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Slow Wave Potentials
( pacemaker waves ) in Unitary Smooth Muscle Can

» action potentials arise within the smooth muscle cells without an
extrinsic stimulus

* action potentials arise within the smooth muscle cells without an
extrinsic stimulus

» Slow wave depolarization Leads to Spontaneous Generation of Action
Potentials.

* the slow waves are caused by waxing and waning of the pumping of Na
pump.

* This type of pacemaker activity for example in the gut
* Controls the rhythmical contractions of the gut.

 Slope of depolarization is influenced by ANS
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Slow wave and spikes potentials in visceral smooth muscles
Effects of sympathetic and parasympathetic stimulation

Some how if you stretch smooth muscle or activate of parasympathetics
The rate of rise and the activity of these slow waves

will be

increased and once the

cell membrane

potential goes from like
-60 to -40 we will reach the
threshold

and generate AP

Spikes
N

o

Depolanzation

Stimulation by
1. Norepinephrine
D ————— Sympathetrcs

Causes

—60 - Hesting Stimulation by ’ \
~70 1. Stretch Hype _Er;larizat'oﬂ
2. Acetylcholine e |
3. Parasympathetics There will not be AP

Membrane potential (millivolts)

0O 6 12 18 24 30 36 42 48 54 Andthat’swhy the Gl of
Seconds Parasympathetic is 2

excitatory
The effect of the sympathetic
Is = inhibitory
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