Ch 6: Muscle Physiology _

Objectives:

. Review 3 muscle types and how they are regulated.

. Review muscle anatomy.

. The neuromuscular junction

. The sarcomere

. Sliding filament theory of how muscles contract and relax.
. Energetics of muscle contraction (ATP & ADP)

. Types of muscle contraction.

. Factors that influence muscle contractile strength.
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. Energetics of muscle use
10. Muscle growth & repair
11. Common muscle injuries & disorders.
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2. Review Anatomy of Skeletal Muscle: Pg 10_

Structure of a Skeletal Muscle
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2. Review Anatomy of Skeletal Muscle: _

muscle organ = whole muscle group, made of muscle fascicles
(e.g. biceps brachii, triceps brachii)

fascicle = bundle of muscle fibers that make up muscle organ.

fiber = single muscle cell that a somatic motor neuron stimulates. Many fibers make
up a muscle fascicle. Each fiber made of many muscle myofibrils.

myofibril = A fiber is made of many myofibrils. Each myofibril contains thousands of
sarcomeres.

sarcomere = functional unit of muscle contraction. Has “myofilaments” actin and
myosin.
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Review of Neuromuscular Junction (review from Ch 4)

Neuromuscular junction = between a single motor neuron and the muscle
fiber it innervates.

If it’s a somatic motor neuron stimulating a skeletal muscle cell the
following happens:whcd, peutol T ans ke ¢ 7

e .
- released by presynaptic motor neuron crossed the synapse

receptors on skeletal

- binds to n;CQ‘H"\-PQ Chelin ecs L C
muscle fibers.

- Binding of receptor opens (\)t'a‘:r ion channels

r
- S\)C\ enters muscle cell & causes AP (or EPSP),
— = T zm—

Ca't

_ AP causes release from sarcoplasmic reticulum
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Transverse

@ Ach binds to nicotinic receptor | ©) @ormed, goes down transverse tubules

@ Opens Na+ channels | @ causes Ca+2 release from sarcoplasmic reticulum

4. Sarcomere containsi(myofilaments, Actin & Myosin:

A) Actin = thin filament with active sites, and proteins troponin & tropomyosin.
>active sites = zifes Bf myesid 4o biad

>troponin= Pﬁb“"ﬁ‘lf‘o 'H!\A‘i" b;’d’-; '){3 Ca+, and C—‘-UI‘-“S H"'h MmavC,

>tropomyosin = prétein Ha ) Blocks ackive sites oF acfin .
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5. Sliding Filament Theory of Muscle Contraction: the seq

1. Somehc modor Neocan releases fcl iafo Synapre.

2. Acrn binds 42 nicokinic chalinerg'c Ceeplel on moscle celf
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> AP +ravels dswn T-+ubules
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6. Muscle Energetics - How ATP and ADP is used during muscle contraction

Myosin heads“pulling” on actin involves:
“Grip & Re-grip” Action

myosin pulls on actin)

3)binds
-myosin breaks crossbridge

-ATP pumps Ca*? into sarcoplasmic retic.

4)‘onverted to ADP

= Ready to bind again.

Click HERE for
¥ YouTube video

11
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Review
* Contrast how 3 muscle types function
* Muscle anatomy
— organ, fascicles, fibers, myofibrils, and sarcomere
arrangement of myofilaments (actin and myosin)
* Neuromuscular junction
* The sarcomere
ESIiding filament theory of muscle contraction
* The use of ATP and ADP in muscle contraction
12


https://youtu.be/Ut-6pyIN7QE

7. Types of muscle contractions &( Jf

isometric isotonic

A) Isotonic contraction = rvecle
gl-\of'hzﬁ

Sa\mL mcagﬂ(c_
B) Isometric contraction = m~usclz \~&s
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8. Factors Influencing Muscle Contractile Stren

How is the motor unit arranged? / Spinal cord

'|
Motor unit = one meted nevan
‘5, Al e muscle Qhecs L“,\\';)

W (onnecY4 Ao

Axon branches
arve going to individual
muscle fibers

Motar neuron
cell body

- There can be as many a

muscle fibers innervated by 1 motor
neuron. It depends on the “Power
versus Precision” principle (see
later).

Muscle
fibges in the
motor unit

Neuromuscular
junction

14
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Muscle Contractile Strength Depends On: How is the motor
unit arranged?

Tradeoff:
Muscle Precision Vs Muscle Power?
= One mo¥or Neuron =  Qne motor neucon +
¥ fews musae Rbecs. Many moscle fbers
\ess powes Good Poultr

aC fuimie PC edsion,

less preasSion

Large
motor unit

motor unit 15
ot

15

Muscle Contractile Strength Depends On: Strength of
stimulation at the motor unit Motor unit X

A. The number of fibers responding:

> If more fibers respond = __toare force

> If fewer fibers respond = \ess Socce i :
B. Strength of stimulus: (for 1 motor neuron) —
> If stimulus strong = tnoye Fovee ?
(a lot of ACh) 2
|- stibe 7 fibers
> If stimulus weak = Vess Force = 3 rs /
(a little ACh)
Stimuli
“Graded potential” =

Jltment
> If stimulus VERY strong — get “___Tecraitment-

- more than one motor neuron involved & all its muscle fibers.
- produced greater force than with 1 motor neuron. 16

16
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Muscle Contractile Strength Depends On:

Single muscle
twitch

C) Frequency of stimulus:

a) Nuscle tuwitceh =Single stimulus produces

single muscle fiber contraction \/_’?

b) _Musctie TTreppe = muscle “warm up”. After Muscle ey
L) . . —_—

repeated low frequency stimuli each muscle

contractile force increases until reaches max. force. v

Muscle can relax in between stimuli (force goes back

to baseline). e

{ T N L T O
l—

c)_Mosc\e Sommedisn =repeated high Muscle summation

frequency stimuli Result is each contraction has
cumulative increase in force, BUT so rapid muscle cannot

relax (don’t go to baseline).

d) Musche drerarY =repeated highest Muscle tetanus =" i

frequency stimuli E)roduces greatest

possible contractile force BUT comes at N\Nd ;m,.\

cost. Sustained muscle contraction leads

to muscle fatigue and failure. . 17
17

D) Muscle Contractile Strength Depends On: recruitment of
different types of muscle fibers.

If have a heavy demand placed on muscles: CNS stimulates
Recruitment
- more than one motor neuron involved & all its muscle fibers.
- recruit different types of muscle fibers depending on the need.
- produced greater force than with 1 motor unit alone.

12 fibers

7 fibers

v

stimaii 4 } A

X Y X+Y
Recruitment

Tension (g)

18
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Recruitment of different muscle
fiber types: § e e

[ ef
Type 1 = slow twitch (S). For
endurance aerobic activities

Muscle Fiber Types vpdate

Type 2K Qe»;w)
(Intermediate fast-twitch) (Fast-twitch)

Type 2 = fast twitch fatigue
reSiStant (FR . For more St—,r’@DU_OUS, Aerobic (oxidative) Aerobic (oxidative) aerobic (glycolytic)

metabolism & anaerobic (glycolytic) metabolism

endurance aerobic & anaerobic metabollsm

activities. (Intermediate between

type 1 & 2 for speed, strength and
Endurance Strength

stamina.)

Type 3 = fast twitch subject to
fatigue (FF). For maximum power
short bursts of activities. Muscles
fatigue when forced into anaerobic

]

metabolism Slow tdvitch mlscle fiber Fast twitch muscle fiber

@ Bodyworks Prime

19
/(\{eflz% Regardless of the load being
= moved, slow twitch muscle
;;" Fast fibers (Type 1) are recruited
5 R first.
: Z
L. F’\-‘{ft ] With increasing force needed,
3 i type 2 fibers are recruited.
:
¢
x
v The body does NOT waste
energy. Only recruit the motor
units needed to meet force
Percentage of Maximal Force needs.
20
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Review

* Types of muscle contraction contraction (isotonic vs
isometric)

* What influences the strength of muscle contraction
— How motor unit is arranged (Muscle precision Vs power)
— Strength of stimulation of motor units
* Graded response of neurotransmitter stimulation

* Frequency of neurotransmitter stimulation (muscle
twitch, treppe, summation, and tetany)

* Recruitment
— Multiple motor units
— Involves different muscle fiber types

21

21

9. The Energetics of Muscle Contraction (Muscle Fatigu_l

Muscle Fatigue

Depletion of: Accumulation of:
> 02 > coz”

> Glycogen £
> M¥og|obin (> Phosphate/(from using

QUES:
How is lactic acid removed from the bloodstream?

Coev Cycle

Pg. 112 %

22
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PHOSPHOCREATINE

Phosphocreatine = e +c@
natural molecule stored g/ Carbohydrates
q q g £ Muscle Glucos«
in large supply in resting (ao2
muscle, is needed to
convert ADP back into 2

e ——

s *
AT
ATP. (donates a sl ?
= - gy

phosphate to ADP to ; Ener

L 2 | Conversion

make ATP)

Phosphate

3 = Pl
Creatine phosphokinase (¢[( ol CPK) = enzyme (in skeletal muscle, brain, and

heart), which is needed to convert creatine into phosphocreatine.
~_ 2
Phosphocreatine is needed to make ATP in tissues requiring high ATP.
—_— —_—

23
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Different isoforms of CPK for different organs can be elevated due
death of tissues:

1. CPE-pmMn = elevated form associated with diseased
skeletal muscle, like in muscular dystrophy. Clinical App ONLINE

2. CPL- &b = elevated form associated with damaged brain.

3. CPh - MBS =elevated form associated with damaged heart.

Damage and death to
heart tissue shown in purple!

Muscular Dystrophy

PL build up in th
Normal Biceps aquecoLrlonaqu! ;r[]'tgri
biceps with MD blocking blood flow
©Alila/bigstock.com and oxygen't

the heart

24
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http://people.fmarion.edu/tbarbeau/236%20Clinical%20App%20CPK.jpg

Muscle growth & repair: Myostatin
= gubstence Hat ;nL'I:L-L,'l}

Satellite cells = muscle stem cells Satelliye cellS

that are activated with muscle
injury. Makes new muscle fibers

satellite cell (& Elderly people with muscle atrophy
have high myostatin levels.

When myostatin is inhibited - get

Myoblast .
YORRES excessive muscle growthl__

Myotubes

The Belgian Blue has been bred to be
predisposed towards myostatin blocking.

Myofiber

o3

Wendy the whippet is the
C——
Schwarzenegger of dogs.

‘ 10. Muscle Growth & Repair _

25

Sleep Twitches

Sleep Twitch - myoclonus or myoclonic jerk
(a.k.a. hypnagogic massive jerk)

= involuntary muscle movement as enter REM
sleep.

Might be due to change in muscles as go from
conscious to unconscious — involves GABA
inhibition of muscles.

26

26

6/11/2025

13



6/11/2025

11. Muscle Disorders

Muscle atrophy = Slﬂr\‘«f\lcaﬁ).{_ ofF muscle nmass

Due to many possible factors:

» Lack of use (couch potatoes) ~
> Broken bone healing * o
> Injury or disease of muscle (e.g. MD, myasthenia gravis)
> Injury to neryes (e.g. ALS)

Pg112,116-117

27

11. Muscle Disorders

Pg 112-113

Muscle spasms = brie & oncon SealYed
muscle conteactions,

Muscle cramp= Systaine & ?c.Can“ muscle
Comtratiion .

— gbhey l«\a«.Vy wark syt y
— debydeated Clast eleckalybes

28
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‘ 11. Muscle Disorders — updated 6/10/25

Pg112-113

Muscle sprain= S}redcned o $orn
h'-sa.mo.r‘\-l—\

Tx for sprain = RICE
Rest

Ice
Compression
Elevate ACL tear (anterior cruciate ligament) - ’

—_—

Muscle strain = pulled tendon or muscle
MUSCLE STRAINS

V1

.Grade 1 Grade 2 Grade 3

29

Added slide: Muscle strain example - Biceps tendon rupture

Intact Biceps Tendon Torn Biceps Tendon Torn Biceps Tendon
7 Retracted

/

30
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‘ 11. Muscle Disorders — slide updated 6/11/2

Muscle clonus = when nerve cells that control the muscles are damaged,
causing involuntary muscle contractions or spasms.

Usually caused by lesions on upper motor neurons. Could also be problem in

CNS like multiple sclerosis, cerebral palsy, Huntington disease, brain and
spinal cord injuries, and stroke. Click HERE for video.

31

11. Muscle Disorders

Dermatomyositis = (pronounce “dur-muh-tow-mai-uh-sai-tuhs “
— sk musde  ~; \ .. .
= S50 N Flammat on = Chroae mFlamamadion oF

Sk )—T muscle ,
>1/100,000

> women predominantly
Presentation: -
» Muscle weakness that progresses
> Affects muscles close to trunk (hip, shoulder, neck)
» Skin rashes

non- Srero dal anti- ?nFlaMMQ"‘v(/’

TX:
» anti-inflammatory
- steroids (prednisone)
- NSAIDs
- sunscreen to protect
rashes.
Pg 116

32
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https://www.google.com/search?client=firefox-b-1-d&sca_esv=5c42990244f538cb&sxsrf=AE3TifMaGyTX-Yc3Evc76E1NxOJdFQRz_A:1749649311088&q=muscular+clonus&udm=7&fbs=AIIjpHxCtmkhHKu27CW9pNYJlh4RoZZ_y8scaivnpjp3a9aEstvyzM9WArA0Q4B52rAVe2TXJggIwyaW31uTPtBzX6kPngOSNtsKuL28NB1wseOZoDrt9tNkNx15eZu61L8DmQZRXRRitzvndMEAwK6IsdBhj3Bhl1I7J5ODpnS2HilTFpLyDpP7THU8sfgmewxQRzp3fInWgnfZPWydJQcF3bUKcAhc7LMz4IDOMAdIdxs89qtpm-8&sa=X&ved=2ahUKEwjp2qzNv-mNAxX2L1kFHbwtIbkQtKgLegQIEBAB&biw=1280&bih=559&dpr=1.5#fpstate=ive&vld=cid:ab31e4a3,vid:UX75k8s5QUE,st:0

‘ 11. Muscle Disorders

2) Muscular Dystrophy (Duchenne’s)

- Most common form of MD (1 / 3500 male births)

Duchenne
muscular
dystrophy
affects
these
areas.

= Sew -linked Disectec of Progressve
muscle weakXness, Stadts at Frunl&
muscle s,
- Early onset in children = walking & balance
problems. Muscle atrophy leads to loss of muscle
function.

- Loss of dystrophin thought to influence. aalth® Al righiz i

8 “dystrophin” = protein needed for muscle function.

| 11. Muscle Disorders

3)_#_\_I_.§ (Amyotrophic Lateral Sclerosis)
9-10/ 100,00 people
a.k.a. Lou Gherig’s disease
= pe [455 of Samacg~p motor Nevrons

Sd %a‘}" muscles are wneot S#ﬂquq-f-ec“

oy

Steven Hawking

Foph
Muscle a Dp)/ 7\

> Tends to start in motor neurons to hands and feet

> Eventually affects respiratory muscles.

> Life expectancy after diagnosis < 5 yrs.

> Reason?

- Loss of superoxide dismutase (an antioxidant that prevents cell death)

- Glutamate toxicity = excess brain stimulation
> glutamate supposed to be taken up by astrocytes. (astrocyte problem?)
> excess glutamate also thought to play role in Parkinson’s &
Alzheimers disease)

34

34
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11. Muscle Disorders

REVIEW!

BLOCKING AUTO-ANTIBODIES (Myasthenia gravis)

°
o &
Auto-antibody
/ to AChR
Muscle cell
X
Muscle activation Muscle activation inhibited

> Loss of motor neuron stimulation = muscle atrophy. 37 / 100,000 people

4) Myasthenia gravis = auds immone  adacl en ACK Ceceplors,

35

Review

* Energetics of muscle contraction

— Phosphocreatine & Creatine phosphokinase
— CPK (CPK-BB, CPK-MB, CPK-MM)
* Muscle Growth & Repair
— Satellite cells vs Myostatin
* Muscle Disorders:
> muscle atrophy, spasm, cramp, sprain, strain, clonus
> Dermatomyositis
> Duchenne’s MD
> ALS
> Myasthenia gravis

Musele disordord e g b EMG-& FES

End of Exam 3 material

— Muscle fatigue and depletion vs accumulations of metabolic products

36

36
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