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Structure of a Skeletal Muscle
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MUSCLE FIBER TYPES AND RELEVANCE:

« Skeletal muscle fibers of humans are classified into three types: ( based on
physiological biochemical histological charactersitics)..

Typel
*Slow

*Red oxidative fibers

*Many mitochondria
*Abundant myoglobin { fe++
containing protein that binds
with 02 giving red color)
*Energy source: primarily from
aerobic oxidative
phosphorylation of fatty acids .

*Adapted for slow continuous
contractions over prolonged
periods.. As required in postural
muscles..

TYPE IIA
*Fast/intermediate
*Oxidative glycolytic fibers

*Many mitochondria

*Much myoglobin

*But also considerable glycogen
*Energy source —

-both oxidative phosphorylation
-And anaerobic glycolysis

*Adapted for rapid contractions
and short bursts of activity .. As
required for athletics..

TYPEIIB
*Fast , white

* glycolyic fibers

*Fewer mitochondria
*Less myoglobin
*Abundant glycogen
*Energy source : mainly

glycolysis

*Adapted for rapid contractions
but fatigue quickly.

‘Typical in small muscles with
large no of NMJ.

*Muscles that move eyes and
digits..







Compared elite vs trained vs untrained
ST fibers in gastroc: 79% vs 615 vs 57%

Maximal O2 uptake is more important



Factors that influence skeletal muscle
fiber type

Nerve stimulation of muscle

Exercise/Contraction/Hypoxia
z

ca

ROS
Calcineurin CaM kinase

PGC-1ax

NFAT

HIE-1 a PPAR o'
Glucose Uptake Fatty Acid Uptake &
& Utilization Oxidation

Fiber Type Transformation  Oxidative Phospherylation
& Mitochondrial Function

Diabetes, aging, physical inactivity
Oxidative/slow to glycolytic/fast shift



Mitochondrial abnormalities in SBMA models
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Glycolytic-to-oxidative fiber-type switch and mTOR signaling
activation are early-onset features of SBMA muscle modified
by high-fat diet
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Glycolytic to oxidative switch in SBMA muscle
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Glycolytic to oxidative switch in SBMA muscle
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Decreased glycolytic enzymes in AR113Q muscle
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in AR113Q muscle
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Mitochondrial abnormalities in SBMA muscle

ORIGINAL ARTICLE
Increased mitophagy in the skeletal muscle of spinal
and bulbar muscular atrophy patients
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AR113Q mice use more energy and consume more
oxygen to complete exercise
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A metabolic switch toward lipid use in glycolytic

muscle is an early pathologic event in a mouse
model of amyotrophic lateral sclerosis
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Antisense oligonucleotides rescue changes in
metabolic gene expression

113Q vs WT
AR113Q-ASO vs WT
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Effect of aerobic training in patients with spinal and bulbar muscular atrophy (Kennedy
disease).

ll
OBJECTIVE:
We examined the effect of aerobic exercise in patients with spinal and bulbar muscular
atrophy (SBMA). SBMA is caused by a defect androgen receptor. This defect causes motor
neuron death, but considering the important function of androgens in muscle, it is possible
that muscle damage in SBMA also occurs independently of motor neuron damage.
METHODS:

Eight patients with SBMA engaged in regular cycling exercise for 12 weeks. Maximum
oxygen uptake (Vo(2max)), maximal work capacity (W(max)), muscle morphology, citrate
synthase (CS) activity, body composition, EMG, static strength measurements, lung
function, plasma proteins, and hormones were evaluated before and after training.
Evaluation of improvements in activities of daily living (ADL) was conducted after training.
RESULTS:

W(max) increased by 18%, and CS activity increased by 35%. There was no significant
change in Vo(2max) or any of the other variables examined before and after training, and
the patients with SBMA did not feel improvements in ADL.

CONCLUSIONS:

Frequent, moderate-intensity aerobic conditioning is of little beneficial effect in patients
with spinal and bulbar muscular atrophy (SBMA). High levels of plasma creatine kinase and
muscle regeneration indicate a primary myopathic affection, which, in parallel with the
motor neuron deficiency, may attenuate the response to exercise training in patients with
SBMA.

) ) ) ) )
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Details

Observational study
12 wks on stationary bike, at a heart rate ~70% VO2 max

2x/wk in wks 1 -2
3x/wk in wks 3 -4
5x/wk in remaining wks

Primary outcomes: VO2 max and ADL

Result: No improvement in VO2 max or ADL



A randomized controlled trial of exercise in spinal and
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Abstract

Objective: To determine the safety and efficacy of a home-based functional
exercise program in spinal and bulbar muscular atrophy (SBMA). Methods:
Subjects were randomly assigned to participate in 12 weeks of either functional
exercises (intervention) or a stretching program (control) at the National Insti-
tutes of Health in Bethesda, MD. A total of 54 subjects enrolled, and 50 com-
pleted the study with 24 in the functional exercise group and 26 in the
stretching control group. The primary outcome measure was the Adult Myopa-
thy Assessment Tool (AMAT) total score, and secondary measures included
total activity by accelerometry, muscle strength, balance, timed up and go, sit-
to-stand test, health-related quality of life, creatine kinase, and insulin-like
growth factor-1. Results: Functional exercise was well tolerated but did not lead
to significant group differences in the primary outcome measure or any of the
secondary measures. The functional exercise did not produce significantly more
adverse events than stretching, and was not perceived to be difficult. To deter-
mine whether a subset of the subjects may have benefited, we divided them into
high and low functioning based on baseline AMAT scores and performed a post
hoc subgroup analysis. Low-functioning individuals receiving the intervention
increased AMAT functional subscale scores compared to the control group.
Interpretation: Although these trial results indicate that functional exercise had
no significant effect on total AMAT scores or on mobility, strength, balance,
and quality of life, post hoc findings indicate that low-functioning men with
SBMA may respond better to functional exercises, and this warrants further
investigation with appropriate exercise intensity.




Details

Randomized controlled trial

Functional exercises were designed to resemble activities typically performed in
daily life

54 pts were randomized to functional exercise program or stretching

Exercise started at one set performed on 2 consecutive days/wk at 50% baseline
number of repetitions

Increased to 3x/wk at 70% baseline
Primary outcome: Adult Myopathy Assessment Tool and endurance tests

Result:

Functional exercise well tolerated

No benefit in primary outcome measure

Post hoc subgroup analysis suggests benefit to subject with lower baseline
AMAT scores
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Non-neural phenotype of spinal and bulbar
muscular atrophy: results from a large cohort
of Italian patients
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Table 1 Biochemical profile of patients with spinal and bulbar muscular atrophy

Out of reference range

Mean£5SD (range; median) Reference range High Low
Biochemical analyses

Haematocrit (%) 0.43+0.02 (0.37-0.50; 0.43) 0.41-0.507 1173 0/73
Creatine kinase (UI/L) 1095.8+823 (119-4406; 823) 20-180 68173 0/73
Fasting glucose (nmol/L) 5.9+1.7 (3.7-14.1; 5.4) 3.7-5.6 29/73 0/73
Glycated haemoglobin (nmol/L) 38.9+8.2 (25-75; 37) 20-38 25173 0/73
Triglycerides (ma/dL) 1.94+1.26 (0.51-9.28; 1.66) <21 35/73 -
Total cholesterol (nmol/L/L) 5.3+1.0 (3.32-8; 5.33) <5.18 40173 -
High-density lipoprotein (nmoliL) 1.42+0.5 (0.32-2.86; 1.34) >1.55 - 50/73
Low-density lipoprotein (nmol/L) 3.3+0.87 (1.78-4.68; 3.2) <334 29173 -

Prostate-specific antigen (p.g/L) 1.17+£1.18 (0.11-21.7; 0.5) < 373 -




Summary

Metabolic changes in SBMA mouse model indicate diminished glycolysis and increased
utilization of fats as an energy source in muscle

Mitochondrial damage may lead to increased clearance of mitochondria, with functional
conseguences impairing exercise function

Similar changes involving glycolytic gene expression and mitochondria are seen in muscle
biopsies from SBMA patients

Significant benefits from exercise have not been demonstrated in SBMA patients...
But functional exercise is safe and well tolerated, may have improved performance in
individuals with low function at entering the trial, and importantly, may have many other

beneficial effects

Additional clinical experience is needed to understand the best exercise protocols for SBMA
subjects at different stages of disease



