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This book describes
Smooth Muscles, Functions,
Diseases, Diagnosis and Treatment and Related Diseases which is
seen in some of my patients in my Family Clinic.

 


(What You Need to
Treat Smooth Muscles, Functions, Diseases)

 


This eBook is licensed for your personal
enjoyment only. This eBook may not be re-sold or given away to
other people. If you would like to share this book with another
person, please purchase an additional copy for each reader.

 


If you’re reading this book and did not
purchase it, or it was not purchased for your use only, then please
return to Smashwords.com and purchase your own copy.

 


Thank you for respecting the hard work of
this author.

 


 



Introduction

 


I have been writing medical articles for my
blog: http://kennethkee.blogspot.com (A Simple Guide to Medical
Disorder) for the benefit of my patients since 2007.

 


My purpose in writing these simple guides was
for the health education of my patients.

 


Health Education was also my dissertation for
my Ph.D (Healthcare Administration).

 


I then wrote an autobiolographical account of
his journey as a medical student to family doctor on his other
blog: http://afamilydoctorstale.blogspot.com.

 


This autobiolographical account “A Family
Doctor’s Tale” was combined with my early “A Simple Guide to
Medical Disorders” into a new Wordpress Blog “A Family Doctor’s
Tale” on http://kenkee481.wordpress.com.

 


From which many free articles from the blog
was taken and put together into 800 eBooks.

 


Some people have complained that the simple
guides are too simple.

 


For their information they are made simple in
order to educate the patients.

 


The later books go into more details of
medical disorders.

 


The first chapter is always from my earlier
blogs which unfortunately tends to have typos and spelling
mistakes.

 


Since 2013, I have tried to improve my
spelling and writing.

 


As I tried to bring the patient the latest
information about a disorder or illness by reading the latest
journals both online and offline, I find that I am learning more
and improving on my own medical knowledge in diagnosis and
treatment for my patients.

 


Just by writing all these simple guides I
find that I have learned a lot from your reviews (good or bad),
criticism and advice.

 


I am sorry for the repetitions in these
simple guides as the second chapters onwards have new information
as compared to my first chapter taken from my blog.

 


I also find repetition definitely help me and
maybe some readers to remember the facts in the books more
easily.

 


I apologize if these repetitions are
irritating to some readers.

 



Chapter 1

 


Smooth Muscle Cell

 


Learning muscle contraction can be quite a
beast

Complex and detailed, to say the least

But with this poem, you are sure to learn

How the muscles work, why at times they
burn

 


Intimidating, I know, but it is not to
worry

Just keep on reading and you’ll learn in a
hurry

All is launched by an Action Potential

Traveling in a neuron to a voltage gated
channel

 


This tells the Calcium to move on in

And trigger the ACH that it’s ready to
begin

ACH crosses the cleft to enter the cell

And calls up the Sodium to come in as
well

 


This changes the charge inside the fiber

The charge is a key and the muscle the
driver

If threshold is reached, Action Potential is
sent

It moves down the membrane, straight and not
bent

 


T-tubules are next in the APs passage

And our hero calcium is back to send quite a
message

Calcium is a bouncer bumping troponin from
the club

Typtomysoin is troponin’s friend, also dubbed
a scrub

 


They are taken off actin so myosin can
bind

And begin the cross bridge cycling all in a
line

This is what causes the muscle
contraction

The heads moving quickly in concerted
action

 


But this cycle cannot continue forever

The muscle must relax or enter rigor

So to keep you from becoming a stiff

ATP comes along like a Christmas gift

 


The perfect amount to release myosin
heads

And let them return home to rest in their
beds

Now what I just detailed is only one type of
muscle

We have 3 different kinds all helping us
hustle

 


Skeletal, smooth, and cardiac are the 3. Each
make us move

They keep our hearts beating and let our legs
groove

Cardiac and smooth function differently then
described

They have unique physiologies by which they
abide

 


Smooth muscles does not use troponin to
go

Cardiac muscles do, but their rate of
potential is slow

This happens because their calcium channels
are left open

To keep the heart contracting and the muscles
not frozen

 


Smooth and Cardiac muscle cells both have gap
junctions

To call each other on the phone and invite
friends to functions

One says, “hey lets move. There’s a burrito
coming down.”

And the others join in immediately to churn
the lunch around

 


There are many more details and information
to describe

But this poem is enough to understand how
muscles work inside

 


By Anna Taylor

 


This is one of the best poems to learn about
muscles

 


All humans can move due to muscles.

 


Smooth Muscle
Definition:
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Smooth muscle is non-striated, uni-nucleate,
and under involuntary control (not conscious) regulated by the
autonomic nervous system.

 


Smooth muscles are muscle tissue present in
the walls of hollow organs, e.g. blood vessels, the digestive
tract, the uterus, etc.

 


Smooth muscles, which can not be voluntarily
regulated, normally happen in sheets or layers, one layer of muscle
behind another.

 


These muscles function all over the body

 


In the digestive system the smooth muscles
contract and relax moving food through the body

 


Smooth muscles are also present in the
bladder.

 


When they are relaxed, the opening in the
bladder is shut which permits urine to stay in the bladder.

 


When someone enters the bathroom to pass
urine, they contract pushing urine out of the bladder.

 


Smooth muscles in a woman's uterus, where a
baby develops and grows, push the baby out when it is time for
delivery.

 


Smooth muscles are even present in the irises
of the eyes where they assist to keep the eyes focused, and help
regulate the quantity of light that enters the eye.

 


The cardiovascular, gastrointestinal,
genitourinary, and respiratory systems are made mostly of hollow
organs (tubular or saccular) which carry and store fluids (liquids
or gases) within the body.

 


The walls of these organs have smooth muscle
a type of tissue which allows them to constrict or dilate in this
way halting or facilitating fluid movement as needed.

 


The shortening or lengthening of the
individual smooth muscle cells happens in a co-ordinated manner
because the cells are electrically coupled by intercellular
connections called gap
junctions.

 


Other structures in the body that have smooth
muscle are the piloerector
muscles which induce skin hair to stand up.

 


Smooth muscle thus sub-serves all internal,
involuntary functions other than the movements of breathing and the
beating of the heart.

 


Many directly acting chemical agents involve
its contraction but most smooth muscle is also under the regulation
of the autonomic nervous system.

 


In some areas such as most blood vessels it
is involved only by the sympathetic component and at others (in the
gut and the iris) by dual, and occasionally opposite, effects of
sympathetic and parasympathetic nerves.

 


Smooth muscle at different sites is much more
varied than skeletal or cardiac muscle.

 


By producing varied structural arrangements
of smooth muscle and other related cells, and at the same time
changing the mechanisms that regulate contraction, evolution has
reached a notable range of smooth muscle-containing organs, each
designed to fill a unique function.

 


Calcium and contraction

 


On a cellular level, all smooth muscles share
many features.

 


When relaxed, the cells take the shape of
long, narrow spindles or worms.

 


The cells are called smooth because they do
not have the regular bands or striations prominent in skeletal muscle fibers
and cardiac muscle cells.

 


Smooth muscle cells are able to contract very
rapidly to half or less of their relaxed length.

 


Contraction may be maintained as in the
smooth muscle cells found in the blood vessels or airways, or
rhythmic as in the cells of the myometrium and gastrointestinal
tract.

 


The main stimulus for contraction is an
increase in the cellular concentration of calcium.

 


This can be activated by a large collection
of chemical signals that vary depending on the smooth muscle type
affected including a range of neurotransmitters secreted at
autonomic nerve endings.

 


As in striated muscles, contraction happens
due to the increase in cellular calcium producing an interaction
between cellular action and myosin filaments even though the
arrangement of these filaments within the cells is not of a similar
constant pattern.

 


Also the mechanism where calcium activates
this interaction in smooth muscle varies from that in striated
muscle in that it entails activation of a different signaling
protein (calmodulin rather than
troponin).

 


Another important difference between smooth
and striated muscle is that smooth muscle never becomes tired
because it uses metabolic energy much more effectively than
striated muscle.

 


Some clear presentations of altered smooth
muscle activity are:

 


1. The widening of the pupils in the dark
when the radially arranged muscle of the iris contracts.

2. The asthmatic wheezing when the smooth
muscle in the walls of the bronchioles reduces airflow.

3. The phenomenon of erection, when blood
vessel relaxation permits engorgement.

 


Self-regulating pipes

 


The functioning of each type of smooth muscle
is intimately attached to the organ or system of which it is a part
(the blood vessels).

 


The arteries and veins are not only tubes
designed to carry blood passively to and from the capillaries.

 


In reality they are present in a dynamic
state of partial constriction controlled by the smooth muscle cells
which shape much of the vascular wall.

 


They are assembled in multiple layers
entrenched in a tough and elastic matrix of connective tissue.

 


The cells envelop around the vessel in a
low-pitch spiral so that when they shorten, the vascular lumen is
narrowed.

 


The layers of smooth muscle cells are
detached from the blood by a monolayer of flat polygonal
endothelial cells.

 


These extraordinary cells do multiple vital
tasks which are:

 


1. Regulating the clotting of blood and

2. Secreting substances which involve the
contraction and the growth of the smooth muscle cells.

 


The most noteworthy of these substances,
nitric oxide is a short-lived gas which responses with the protein
guanylyl cyclase in the smooth
muscle cells inducing them to relax and lengthen.

 


Nitric oxide release is regulated by many
factors such as the friction produced by the flowing blood and also
by hormones and other messenger molecules found in the blood.

 


The outer layer of blood vessels has nerves
of the sympathetic part of the autonomic nervous system the
activity of which is regulated by the brain.

 


The sympathetic nerve endings are
continuously releasing minute amounts of norepinephrine (noradrenaline), a
neurotransmitter which activates the smooth muscle cells to
shorten.

 


The length of the smooth muscle cells and
hence the diameter of the blood vessel are mainly determined by the
constant balance between the opposing effects on constriction of
nitric oxide and norepinephrine.

 


These factors are responsible for the dynamic
state of partial constriction of the blood vessels.

 


The overall result is to place a net
resistance to the flow of blood from the heart.

 


Together with cardiac output, this is an
important factor in blood pressure.

 


This resistance can be changed by adjustments
in the levels of norepinephrine release and nitric oxide
formation.

 


Other factors which can activate or restrict
smooth muscle cell shortening are:

1. Local tissue acidity,

2. Oxygen concentration in the blood,

3. Temperature;

4. Other hormones

 


Apart from changes in the overall net
resistance to blood flow, the degree of constriction or relaxation
differs from region to region in different physiological
situations.

 


During strenuous exercise the heart may raise
its pumping rate by about 5 times, the rate of delivery blood to
each organ does not rise by this amount.

 


The combined effects of stimulation of the
sympathetic nervous system and the secretion of substances produced
in the heart and working muscles induce the arteries in the heart
and muscles to dilate considerably.

 


At the same time the arteries in the
non-working muscle and the digestive organs narrow.

 


In this way the flow of blood and oxygen to
the muscles and to the heart may rise by 20 and 5-fold respectively
while the flow of blood to the rest of the body except the brain
actually drops.

 


Conversely at rest after a meal, it is the
vessels of the digestive organs which widen.

 


The smooth muscle is the humble workhorse

 


In the gut, the smooth muscle accounts
for:

 


1. The many types of motility
(peristalsis) which pushes the
contents along.

2. The
relaxation which provide accommodations for a meal in
the stomach

3. The different churning and mixing movements; and

4. Ultimately expulsion of feces helped by voluntary
action.

 


Analogous alterations in the working of the
smooth muscles entrenched in other organs are required to support a
huge range of involuntary activities varying from childbirth and
ejaculation of sperms to urination, digestion and visual adjustment
to darkness and light.

 


Smooth muscle is the cause for the
contractility of hollow organs such as blood vessels, the
gastrointestinal tract, the bladder or the uterus.

 


Its structure differs largely from that of
skeletal muscle even though it can generate isometric force per
cross-sectional area that is equal to that of skeletal muscle.

 


The speed of smooth muscle contraction is
only a small percentage of that of skeletal muscle.

 


The most striking feature of smooth muscle is
the lack of visible cross striations (hence smooth).

 


Smooth muscle fibers are much smaller (2-10mm
in diameter) than skeletal muscle fibers (10-100mm).

 


It is normal to classify smooth muscle as
single-unit and multi-unit smooth muscle.

 


The muscle fibers making up the single-unit
muscle are bundled into dense sheets or bands.

 


Though the fibers go roughly parallel, they
are densely and irregularly bundled together, most often so that
the narrower portion of one fiber remains against the wider portion
of its neighbor.

 


These fibers have connections.

 


The plasma membranes of 2 neighboring fibers
form gap junctions that function as low resistance pathway for the
fast spread of electrical signals throughout the tissue.

 


The multi-unit smooth muscle fibers have no
interconnecting links.

 


They are combined with connective tissue
fibers.

 


Innervation and stimulation:

 


Smooth muscle is mainly under the control of
autonomic nervous system while skeletal muscle is under the control
of the somatic nervous system.

 


The single-unit smooth muscle has pacemaker
regions where contractions are naturally and rhythmically
produced.

 


The fibers tighten together that is the
single unit of smooth muscle is syncytial.

 


The fibers of multi-unit smooth muscle are
innervated by sympathetic and parasympathetic nerve fibers and
react independently from each other upon nerve stimulation.

 


Nerve stimulation in smooth muscle induces
membrane depolarization like in skeletal muscle.

 


Excitation the electrochemical event
happening at the membrane is accompanied by the mechanical event
contraction.

 


 In the case of smooth muscle, this
excitation-contraction coupling is called electromechanical
coupling.

 


The connection for the coupling is Ca2+ that
pervades from the extra-cellular space into the intracellular water
of smooth muscle.

 


There is another excitation mechanism in
smooth muscle which is not dependent of the membrane potential
change.

 


It is based on receptor stimulation by drugs
or hormones accompanied by muscle contraction.

 


This is called pharmaco-mechanical
coupling.

 


The connection is Ca2+ that is secreted from
an internal source, the sarcoplasmic reticulum.

 


The part of mechanical events of smooth
muscle in the wall of hollow organs is 2-fold:

1. Its tonic contraction sustains organ
dimensions against imposed load.

2. Force development and muscle shortening
like in skeletal muscle.

 


Smooth muscle has much less protein (110 mg/g
muscle) than skeletal muscle (200 mg/g).

 


Outstanding is the reduced myosin content 20
mg/g in smooth muscle vs. 80 mg/g in skeletal muscle.

 


On the other hand, the quantities of actin
and tropomyosin are the same in both types of muscle.

 


Smooth muscle does not have troponin.

 


Instead of it there are 2 other thin filament
proteins: caldesmon and calponin.

 


The amino acid progression of smooth muscle
actin is the same as that of its skeletal muscle counterpart.

 


It appears likely that their 3-dimensional
structures are also the same.

 


Smooth muscle actin merges with either smooth
or skeletal muscle myosin.

 


There is a major difference in the activation
of myosin ATPase by actin.

 


Smooth muscle myosin has to be phosphorylated
for actin-activation to happen.

 


The size and shape of the smooth muscle
myosin molecule is the same as that of the skeletal muscle
myosin.

 


Thick (myosin-based) and thin (actin-based)
filaments work together to cause smooth muscle contraction based on
the sliding filament theory.

 


Calcium Ions have major regulatory parts in
the contraction of smooth muscle
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Cytosolic Ca2+ derives from extracellular
fluid.

 


The calcium that goes into the cytosol of
stimulated smooth muscles binds with Calmodulin (instead of Tn-C
protein like skeletal muscle)

 


When calcium goes into cytosol and joins to
calmodulin it produces a complex that stimulates the enzyme that
phosphorylates myosin.
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allow binding interactions with
actin.

 


Inputs to smooth muscle are:

1. Spontaneous excitation through
pacemaker

2. Neurotransmitters (Ach) on muscarinic
receptors

3. Hormones

4. Alterations in local chemicals such as
oxygen, acids, carbon dioxide, ions.

5. Mechanical stretch (such as in gut after
eating big meal or bladder when full)

 


There is no true resting potential in smooth
muscle.

 


Pacemaker potentials in smooth muscle always
depolarize slowly up to threshold, and then fire an action
potential.
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