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Muscular System

T
General Info

* Functions
- Movement
- Stability
- Control of body openings and
passages
- Heat Production
- Glycemic Control
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Characteristics of Muscle Cells

« All muscle cells have the following
characteristics:

- Excitability
- Conductivity
- Contractility
- Extensibility
- Elasticity

- ]
Skeletal Muscle Shapes

« Skeletal Muscle Shapes:
- Fusiform
- Parallel
- Triangular
- Pennate
- Circular

Parallel

Dettoid
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Muscle Compartments

* Muscle Compartments are a group of functionally
related muscles enclosed in connective tissue.

« Attachments

* Origin and Insertion

T
Muscle Actions

« A muscle action is the effect produced by the
muscle itself. Eii e

* Prime Mover

* Synergist

* Fixator

* Antagonist

mananatomy.com Extension of elbow
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Skeletal Muscle
Structure

* Muscle Structure
- Muscle
- Fascicles
- Muscle Fiber
* Connective Tissues
- Fascia
- Epimysium
- Perimysium
- Endomysium

Skeletal Muscle Cells

« Sarcolemma
* Transverse tubules (t-tubules)

« Sarcoplasm Sarcolemma \

« Sarcoplasm
| Transverse
- Glycogen tubules
- Myoglobin
- Sarcoplasmic reticulum
- Terminal cisternae

Terminal
cisternae

Sarcoplasmic
reticulum
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Muscle Muscle Cells

« Sarcoplasm, continued

Myofibrils

- Myofibrils
- Myofilaments

/
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Myofilaments%

Myofilaments
« Sarcoplasm, continued —
-Myofilaments e
» Thick filaments
« Thin filaments >/ e
+ Elastic filaments Poasars Dol 83




Skeletal Muscle Cells

« Sarcoplasm, continued T a—
- Sarcomere
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Nerve-Muscle Relationship

» Motor Neurons
* Motor Unit

neuron 1

Motor
neuron 2

Neuromuscular
junction

Skeletal
muscle
fibers

Nerve-Muscle Relationship

The Neuromuscular Junction
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Neuromuscular Junction Anatomy

Muscle Behavior

» Excitation

« Excitation-Contraction Coupling
« Contraction

« Relaxation
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Muscle Behavior

« Excitation
- 1. A nerve impulse is sent down the motor neuron and
arrives at the synaptic knob. This causes extracellular
calcium ions to move by facilitated diffusion into the
synaptic knob.

- 2. The entry of calcium causes synaptic vesicles in the
synaptic knob to release ACh into the synaptic cleft

- 3. Molecules of ACh diffuse across the synaptic cleft and
bind to receptors on the sarcolemma of the muscle cell.

- 4. The binding of ACh generates electrical signals on the

sarcolemma. The signals spread out on the sarcolemma in
all directions.

Behavior Excitation-Contraction Coupling

T tubule
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ED

M- Sarcoplasmic




Muscle Behavior

« Excitation-Contraction Coupling

- 1. Electrical signals travel from the cell surface down into
the sarcoplasm through transverse tubules

- 2. Impulses in the transverse tubules cause the terminal
cisternae of the sarcoplasmic reticulum to release stored
calcium

- 3. Release calcium ions diffuse through the sarcoplasm and
bind to troponin molecules on thin filaments

- 4. The binding of calcium to troponin causes tropomyosin
to shift away from myosin binding sites on actin

T tubue:

 reticuium
: 3 e 5. o=
(® Action potentials propagated (@ Calcium released from
down T tubules. torminal cisternas

Active sites

Troponin
- Tropomyosin  Adtlin  Thin flament

e —

= ‘____/
o m&%f

Binding of calcium (@) shifting of tropomyosin;
o troponin exposure of active sites
on actin

8/22/2017

10



Muscle Behavior

« Contraction
- Sliding filament theory

1. Myosin heads use the enzyme Adenosinetriphosphotase
(ATPase) to break down ATP and release energy

2. Myosin heads use ATP to extend to actin and attach to
the binding sites on actin (cross-bridge)

3. Myosin heads pull opposing thin filaments to the center
of the sarcomere (power stroke)

4. Additional ATP binds to myosin and they release the
original cross-bridge.

5. ATPase breaks down the new ATP and the process
repeats until the sarcomere shortens completely

Contraction (Sliding filament theory)
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Muscle Behavior

« Relaxation

- 1. The nerve impulse stops and ACh is no longer released
from synaptic vesicles

- 2. In the synaptic cleft, previously released ACh is broken
down by Acetylcholinesterase

- 3. The sarcolemma is no longer stimulated and calcium
ceases to be released from terminal cisternae

- 4. Active transport pumps return calcium from the
sarcoplasm back into the sarcoplasmic reticulum

- 5. Calcium leaves the binding sites on troponin and
tropomyosin returns to its original position.

- 6. When myosin can no longer bind to actin, the
myofilaments slide back into their original position and the
sarcomere returns to its normal length
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Muscle metabolism

« ATP
« Glycolysis

Anaerobic
Aerobic

Copyrght © The McGr Campanies, k. reproduction or dsplay.

Glycolysis Glucose
2G@B+2(F)
2 JATP!
Pyruvic acid
Anaerobic
fermentation
No oxygen
available
Lactic acid
Aerobic
respiration

Oxygen
available

™A GO, + H,0
Mitochondrion

ATP Sources for Contraction

 Immediate

- Aerobic respiration
- Phosphagen system

- Myokinase

- Creatine kinase

« Short term

- Glycogen-Lactic Acid System

* Long term

- Aerobic respiration
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Phosphogen System

Copyright © The McGraw-Hil Companies, Inc. Permission required for reproduction or dispiay.
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Myokinase

ATP:

Creatine

phosphate
~
Creatine
kinase
Creatine JATPL

Copyright © Tha McGraw-Hill Companias, Inc. Permission required for raproduction or display

3 3 3
™
(] =
1 1 =
0 10 seconds 40 seconds Repayment of
Duration of exercise oxygen debt
I - -
I | 1 I
Aerobic respiration Phosphagen Glycogen— Aerobic
using oxygen from system lactic acid respiration
myoglobin system supported by
(anaerobic cardiopulmonary
fermentation) function
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Types of Muscle Tissue

« Skeletal
« Cardiac
« Smooth

T
Skeletal Muscle

« Found in muscles that attach to bones
« Voluntary

« Striated

* Multinucleate
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Cardiac Muscle

 Found in wall of the heart

 Involuntary
Striated
« Intercalated discs

Striations

Nucleus

Intercalated discs

(@)

Striated myofibril

Glycogen Nucleus Mitochondria

Intercalated
discs
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Smooth Muscle

 Found in walls of blood vessels and

digestive organs
 Involuntary
« Non-striated
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