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Properties of Skeletal Muscle Fber Types

Oxidative capacity
Glycolytic capacity
Speed of contraction
Myosin ATPase activity
Mitochondrial density
Capillary density
Myoglobin content
Resistance to fatigue
Fiber diameter

Motor unit size
Force-generating capacity
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mahmoud
Sticky Note
there are three main types of skeletal muscle fibers:
1- slow oxidative
2- fast oxidative
3- fast glycolytic 
how do we distinguish between them? MICROSCOPICALLY.

important things to know:
when we say oxidative this means that there is A LOT of mitochondria in this fiber, uses ATP as source of energy AND it goes by AEROBIC metabolism. so, OXYGEN is used to produce ATP.
aerobic = هوائي
BUT when we say glycolytic this means that the fiber goes by ANAEROBIC metabolism AND glucose is what is used to produce ATP.
anaerobic = لا هوائي
oxidative capacity ↑↑ mitochondrial density.



Types of muscle fibers

* Various muscles contract at different speed 2 composed of
different types of muscle fibers

Latent period

r
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Sticky Note
remember!! this graph shows something called "twitching" NOT action potential of a muscle.
twitching is the time needed for the muscle to contract and then relax.
in this graph we see three types of muscles:
1- extraocular muscle 
2- gastrocnemius
3- soleus 
in the X - axis, we see the time taken for the muscle to contract AND relax in milliseconds.
in the Y- axis, we see the tension of the muscle.
extraocular muscle, fast oxidative twitching.
gastrocnemius, fast glycolytic twitching.
soleus, slow oxidative twitching.


Recruitment

. .. . Motor unit X
Henneman’s size principle states that under load, motor units

are recruited from smallest to largest. In practice, this means
that slow-twitch, low-force, fatigue-resistant muscle fibers are
activated before fast-twitch, high-force, less fatigue-resistant
muscle fibers.

Motor unit Y
(a)

This has two very important physiological benefits. First, it 12 fibers
minimizes the amount of fatigue an organism experiences by
using fatigue-resistant muscle fibers first and only using
fatigable fibers when high forces are needed. Secondly, the 5 fibers
relative change in force produced by additional recruitment /_

f }

7 fibers

Tension (g)

remains relatively constant.
Stimuli A

(b) X Y X+Y
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Sticky Note
two things to distinguish for later on:
1- tension refers to the force IN the muscle fibers themselves.
2- force refers to an EXTERNAL force that is put on the muscle.

recruitment = تجنيد 
the muscles work by RECRUITING motor units in an organized way.
FOR YOUR INFORMATION!
MOTOR UNIT: is a bundle of muscle fibers that are innervated by a single neuron.
example! if one neuron innervates 5 muscle fibers and another neuron innervates 7 muscle fibers THEN the one that innervates MORE muscle fibers is called the BIGGER motor unit.
so, 
↑ fiber units innervated by ONE nerve ↑ bigger motor unit. 

how does recruitment work? there is a set of rules to recruit a motor unit. THE MAIN RULE IS motor units are recruited from SMALLEST to LARGEST. 
this principle is called the henneman's size principle.
عشان نفهمها بشكل أكبر ناخذ هالمثال.
بالجيش، بيتم أخذ الشباب بنسبة أكبر من الكبار بالسن. ليش؟ لأنهم أكثر تحملًا وهيك بيمشي هادا المبدأ.
if we get more precise we see the following: 
SMALL MOTOR UNITS ARE:
1- slow twitching.
2- low force.
3- fatigue-resistant.
fatigue-resistant = مقاوم للإجهاد
نرجع لمثالنا تبع الجيش، الشباب عندهم مزايا بتساعدهم
1- أقل غلبة، فيعني السيطرة عليهم بشكل أسهل
2- قوتهم بتكون ماشي حالها فبنقدر ندربهم بشكل أكثر
3- مقاومين للإجهاد بشكل أكبر
do not forget, SMALL motor units are found in SLOW OXIDATIVE muscles.
LARGE MOTOR UNITS ARE:
1- fast twitching.
2- high force.
3- less fatigue resistant.
do not forget, LARGE motor units are found in FAST GLYCOLYTIC muscles.
نرجع لمثالنا تبع الجيش، الكبار بالسن بيكون عندهم صعوبة 
1-ما عندهم طولة بال فالسيطرة أصعب
2- قوتهم بتصعب على المدربين إنه يتم تحسينها
3- مقاومتهم للإجهاد قليلة

to understand the graph that is in the bottom, when a muscle wants to recruit we FIRST recruit the smaller motor unit THEN recruit the larger motor unit. so, we can say that the recruitment goes GRADUALLY.
this MINIMIZES the amount of fatigue for these motor units.

if the recruitment was the complete opposite the large motor units would not be able to handle for this long and it would be tired.



Summation and Effect of consecutive stimuli: Treppe

tetanus
5 Average
< V8 W Treppe (warm-up): gradual increase in
‘_ contraction intensity during sequential
Stimuli p 4 B EEREX MM stimulation
(D Twitch (2 Summation @) Incomplete tetanus (@ Complete tetanus
(unfused) (fused)
Time (msec)

 Summation: Rapid sequence of stimuli-» Plateau

muscle twitches fuse into each other, each R

subsequent one being stronger that its ‘g

precedent 2

-

Stimuli 1 ) A A A 4 A

Time (msec)

e Tetanus: very rapid sequence of stimuli: no
relaxation
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Muscle fatigue

* Muscle fatigue: a decline in the
ability of the muscle to sustain

the strength of contraction

* Causes:
- Rapid build-up of lactic acid
- Decrease in oxygen supply

- Decrease in energy supply
(glucose, glycogen, fatty-acids)

-Decreased neurotransmitter at the
synapse

Sed—> PRRRRRRR0000000 0000
(a)
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Sticky Note
when does fatigue happen? when the muscle reaches the tetanus.



Structure of Smooth Muscle

Fibers smaller than those in skeletal
muscle

Spindle-shaped; single, central smooth Muscle Cell |
nucleus |

More actin than myosin
No sarcomeres

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

Caveolae: indentations in
sarcolemma;

Amondshope | +200MDiometer | | CenfralNucleus

* May act like T tubules CapsT cogmma
Dense bodies instead of Z disks Dense Bodie Cogol:
* Have noncontractile intermediate Infemecite Flaments e

filaments




Types of smooth muscle

*  Multi-Unit Smooth Muscle. This type of smooth

muscle is composed of discrete, separate smooth
muscle fibers.. Some examples of multi-unit SINGLE UNIT MULTI UNIT
smooth muscle are the ciliary muscle of the eye, Motor Neuron , -~ Votor Neuron

the iris muscle of the eye, and the piloerector
muscles that cause erection of the hairs when
stimulated by the sympathetic nervous system.

e Unitary Smooth Muscle. The term “unitary” is
confusing because it does not mean the muscle
fibers. Instead, it means a mass of hundreds to i\
thousands of smooth muscle fibers that contract Connected via Gap Junctions \ Individually Innervated

together as a single unit. the cell membranes are . : :
joined by many gap junctions through which ions Co-ordinated Contracion Independent Contraction

can flow freely from one muscle cell.
| GrossContol | . fine Confol_|
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Sticky Note
there are two types of smooth muscles:
1- multi-unit smooth muscle. 
2- unitary smooth muscle.

multi-unit smooth muscles are NOT like what its name suggests. how? 
multi-unit smooth muscles work independently in contractions AND are individually innervated. they are found in places that need precision or "fine control".
fine control = تحكم دقيق
so, even though their name is "MULTI" but they work alone NOT together.
examples of multi-unit smooth muscles:
1- ciliary muscle of the eye.
2- iris muscle of the eye.
3- piloerector muscle that causes erection of the hair when stimulated by the sympathetic nervous system.
بالعربي، هاد النوع من العضلات بالرغم من إنه إسمه بيوحي إنها عبارة عن مجموعة من الألياف العضلية الي بتشتغل مع بعض بس هم بيساووا العكس.
يعني، هاد النوع هو عبارة عن مجموعة من العضلات بس كل وحدة منهم الها عصب لحالها، وكل عضلة بتنقبض كمان لحالها.
unitary smooth muscle:
unitary = كوحدة
from the name, we can know that this type of muscle works as a group. this means that a hundred to thousands of smooth muscles CONTRACT TOGETHER.
unitary smooth muscles work differently than multi-unit smooth muscles.
how do they contract at the same time? they have gap junctions and these gap junctions allow them to COMMUNICATE BETWEEN EACH OTHER so that they can contract "co-ordinated contraction" and relax together. because of this, they are NOT considered precise like the multi-unit smooth muscles so they have "gross control".
gross control = تحكم إجمالي
unitary smooth muscles produce STRONG contractions.
multi-unit smooth muscles produce FINE contractions.


Varicosities

Axons of neurons in the Autonomic
nervous system do not form the
highly organized NMJs with smooth
muscle, as seen between motor
neurons and skeletal muscle fibers.
Instead, there is a series of
neurotransmitter-filled bulges called
varicosities as an axon courses
through smooth muscle, loosely
forming motor units . A varicosity
releases neurotransmitters into the
synaptic cleft.

Vesicles

Many Different
Neurotransmitters

Can Cause
Excitation or

Motor Neuron

Varicosities




Mixing segmentation
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Small intestine

nV Colon
o Acetylcholine
Stretch,  Spikes with contractions
' Propulsive peristalsis
= Qesophagus
— |Stomach
allale Small intestine
NAN Hyperpola Receptive relaxation
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0 30 60  Seconds

Occur automatically in
response to
endogenous pacemaker
activity.
Rhythm of contractions
is paced by graded
depolarizations called
slow waves.
= Slow waves produced by
interstitial cells of Cajal.
* Slow waves spread from 1
smooth musclie cell to
another through nexuses.

Slow waves
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Sticky Note
pacemaker activity basically organizes, regulates and generates action potential BUT it is not considered an action potential.
in the graph you can see the small waves that the pacemaker activity makes which are produced by the interstitial cells of cajal. they REGULATE THE ACTION POTENTIAL.
how? you can see that the spikes are ONLY on the top part of the slow waves and not on the lower part of the slow waves. 
بالعربي، هاي الموجات بتنظم موضوع توليد الحركة وما بتصير إلا إذا الموجة كانت بالقمة. كيف يعني؟ الحركة الي بتعملها خلايا "كاجال" الي بتساويلنا رسمة الموجات البطيئة فأول ما تصير عملية الانقباض أو وصول الموجة للقمة بتحدث عملية توليد الطاقة الي هي الخطوط الي بالأحمر.
this makes the action potential organized. we can see this in the gastrointestinal smooth muscle to have a synchronized contraction and potential.


Smooth muscle contraction: mechanism
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Intracellular Ca2+ concentrations increase
* when Ca2+ enters cell and is released from
Lsarcoplasmic reticulum.

9 Ca?+ binds to calmodulin (CaM).
e

Ca2+-calmodulin activates myosin light
chain kinase (MLCK).

O MLCK phosphorylates light chains in myosin
i heads and increases myosin ATPase activity.

e Active myosin crossbridges slide along actin
| and create muscle tension.
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Sticky Note
the difference between smooth muscle contraction and skeletal muscle contraction is the following:
the Ca++ binds in the smooth muscles with a protein called calmodulin (CaM) which activates the myosin light chain kinase (MLCK) that phosphorylates the light chains in myosin heads and increases the ATPase activity which in turn cross-bridges with actin to produce a contraction.


Smooth muscle relaxation: mechanism
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Free Ca2+ in cytosol decreases when Ca2+
is pumped out of the cell or back into the
sarcoplasmic reticulum.

Ca2+ unbinds from calmodulin (CaM).

Myosin phosphatase removes phosphate
from myosin, which decreases myosin
ATPase activity.

Less myosin ATPase results in decreased
muscle tension.
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Sticky Note
the difference between smooth muscle relaxation and skeletal muscle relaxation is the following:
there is an enzyme in the smooth muscles called "myosin phosphatase" which removes the phosphate group from the myosin head, which decreases the myosin ATPase activity and the muscle would get relaxed.


