
Contraction of smooth muscles 
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Intracellular calcium ion (Ca++) 
concentration increases
when Ca++ enters the cell through 
calcium channels in the cell
membrane or is released form the 
sarcoplasmic reticulum.  

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

The active MLCK phosphorylates  
the myosin light chain leading to 
attachment of the myosin head 
with the actin filament and 
contraction of the smooth muscle. 
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Relaxation of smooth muscle 
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Relaxation occurs when calcium
ion (Ca++) concentration 
decreases below a critical level
Ca++ is pumped out of the cell or 
into the sarcoplasmic reticulum. 

Ca++ is then released from 
calmodulin (CaM) and myosin 
phosphatase removes phosphate 
from the myosin light chain, 
causing detachment of the myosin 
head from the actin filament and 
relaxation of the
smooth muscle.
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Sequence of events in contraction and relaxation of smooth muscle.
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Acetylcholine is given 
as a sources of 
stimulus in this 
example



Properties of smooth muscle contraction
• Low Energy Requirement to sustain smooth muscle 

Contraction and low O2 consumption 
• 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 Ca2+ 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 Ions concentration , 
No recruitment, specially in  visceral smooth muscles 
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Characteristics of smooth muscle contraction

Slow muscle contraction 
• Slow contraction  due to slow cycling of cross bridges
• 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. 
• 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 (O.2 sec - 30 

sec )
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Properties of smooth muscle contraction

• Slow Cycling of the Myosin Cross-Bridge
• attachment to actin, then release from the actin, and 

reattachment for the next cycle—is much slower than in 
skeletal muscle

• The fraction of time that the cross-bridges remain attached 
to the actin filaments, which is a major factor that 
determines the force of contraction, is believed to be greatly 
increased in smooth muscle. 

• A possible reason for the slow cycling is that the cross-bridge 
heads have far less ATPase activity than in skeletal muscle; 
thus, degradation of the ATP that energizes the movements 
of the cross-bridge heads is greatly reduced, with 
corresponding slowing of the rate of cycling
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• Low Energy Requirement to Sustain Smooth Muscle Contraction
• Only 1/10 to 1/300 as much energy is required to sustain the same 

tension of contraction in smooth muscle as in skeletal muscle. This, 
too, is believed to result from the slow attachment and detachment 
cycling of the cross-bridges, and because only one molecule of ATP is 
required for each cycle, regardless of its duration

• This low energy utilization by smooth muscle is important to the 
overall energy economy of the body because organs such as the 
intestines, urinary bladder, gallbladder, and other viscera organs  

5/5/2024 28

89 On gis

-
③ Cenergyent)



• Slowness of Onset of Contraction and Relaxation of the Total Smooth 
Muscle Tissue

• Longer latency than that of skeletal muscle after it is excited, reaches 
full contraction about 0.5 second later, and then declines in 
contractile force in another 1 to 2 seconds, giving a total contraction 
time of 1 to 3 seconds. 

• This is about 30 times as long as a single contraction of an average 
skeletal muscle fiber. However, because there are so many types of 
smooth muscle, contraction of some types can be as short as 0.2 
second or as long as 30 seconds.

• The slow onset of contraction of smooth muscle, as well as its 
prolonged contraction, is caused by the slowness of attachment and 
detachment of the cross-bridges with the actin filaments. In addition, 
the initiation of contraction in response to calcium ions is much 
slower than in skeletal muscle,
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Comparison of muscle twitch in different 
types of muscle
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• Maximum Force of Contraction Is Often Greater in Smooth Muscle 
Than in Skeletal Muscle. 

• Despite the relatively few myosin filaments in smooth muscle, and 
despite the slow cycling time of the cross-bridges, the maximum 
force of contraction of smooth muscle is often greater than that of 
skeletal muscle, as much as 4 to 6 kg/ cm2 cross-sectional area for 
smooth muscle in comparison with 3 to 4 kilograms for skeletal 
muscle.

• This great force of smooth muscle contraction results from the 
prolonged period of attachment of the myosin cross-bridges to the 
actin filaments.  
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Latch Mechanism Facilitates Prolonged Holding of 
Contractions of Smooth Muscle

• Smooth muscle can maintain tension for long periods 
(Tonic contraction ) 

• The latch state seems to occur because the cross 
bridges do not dissociate very 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.
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Stress-Relaxation and reverse Relaxation  in Smooth Muscle

• Mainly occurs in visceral unitary type of smooth muscle of many hollow 
organs

• Stress relaxation 
• is its ability to return to nearly its original force of contraction seconds 

or minutes after it has been elongated or shortened. 
• Response to stretch  briefly, then return to their normal state of tension 

and adapt  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 increase 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.

. 
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Stress-Relaxation and reverse Relaxation  in Smooth 
Muscle

• Reverse stress-relaxation 
• When the volume is suddenly decreased, the pressure falls drastically 

at first but then rises in another few seconds or minutes to or near 
the original level. 

• These phenomena are called stress-relaxation and and reverse 
stretch relaxation , they allow a hollow organ to maintain about the 
same amount of pressure inside its lumen despite sustained large 
changes in volume.
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Effects of Local Tissue Factors on smooth muscle contraction

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

• Excess carbon dioxide causes vasodilation. 3. Increased 
hygen ion concentration causes vasodilation.

• Adenosine, lactic acid, increased potassium ions, nitric 
oxide, and increased body temperature can all cause local 
vasodilation. 

• Decreased blood pressure, by causing decreased stretch 
of the vascular smooth muscle, also causes these small 
blood vessels to dilate.
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Effects of Hormones on Smooth Muscle Contraction

• Many circulating hormones in the blood affect smooth muscle 
contraction to some degree, and some have profound effects. 

• Among the more important of these hormones are norepinephrine, 
epinephrine, angiotensin II, endothelin, vasopressin, oxytocin, 
serotonin, and histamine. 

• A hormone causes contraction of a smooth muscle when the muscle 
cell membrane contains hormone-gated excitatory receptors for the 
respective hormone. Conversely, the hormone causes inhibition if the 
membrane contains inhibitory receptors for the hormone rather than 
excitatory receptors. 

5/6/2024 36



Mechanisms of Smooth Muscle Excitation or 
Inhibition by Hormones or Local Tissue Factor

• Excitation 
• Some hormone receptors in the smooth muscle membrane open 

sodium or calcium ion channels and depolarize the membrane, the 
same as after nerve stimulation. 

• Depolarization allows for calcium ion entry into the cell, which 
promotes the contraction. 

• Inhibition
• Occurs  when the hormone (or other tissue factor) closes the sodium 

and calcium channels to prevent entry of these positive ions; 
inhibition also occurs if the normally closed potassium channels are 
opened, allowing positive potassium ions to diffuse out of the cell. 
Both these actions increase the degree of negativity inside the 
muscle cell, a state called hyperpolarization, which strongly inhibits 
muscle contraction
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Other mechanism of hormones affecting smooth 
muscle contraction : Role of cAMP and  cGMP  

• To inhibit contraction, other receptor mechanisms are known to 
activate the enzyme adenylate cyclase or guanylate cyclase in the cell 
membrane. The portions of the receptors that protrude to the 
interior of the cells are coupled to these enzymes, causing the 
formation of cyclic adenosine monophosphate (cAMP) or cyclic 
guanosine monophosphate (cGMP), so-called second messengers. 

• cAMP or cGMP has many effects, one of which is to change the 
degree of phosphorylation of several enzymes that indirectly inhibit 
contraction. The pump that moves calcium ions from the sarcoplasm 
into the sarcoplasmic reticulum is activated, as well as the cell 
membrane pump that moves calcium ions out of the cell; these 
effects reduce the calcium ion concentration in the sarcoplasm, 
thereby inhibiting contraction.
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MEMBRANE POTENTIALS AND ACTION POTENTIALS IN  
VISCERAL SMOOTH  MUSCLE

• In 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 plateau

• Such action potentials can be elicited in many ways
• Electrical stimulation. 
• Spontaneous generation in the muscle fiber 
• Hormones 
• transmitter substances from nerve fibers 
• Stretch
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Spike potentials
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• 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 
transmitter substances from nerve fibers, by stretch, or 
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 fiber is 
mainly responsible for the action potential

• Depolarization phase is mainly due  to activation of L type 
Ca channel

• Receptive spike potentials generated by slow wave 
depolarization
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Action potential with a plateau, recorded 
from a smooth muscle fiber of the uterus
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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. 
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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. Another suggestion is that the conductances of the ion 
channels increase and decrease rhythmically

• 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 
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