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In vivo studies on muscle protein turnover in ageing
Paolo Tessari

CIR-Myo, Department of Medicine, Metabolism Unit,
University of Padova, Italy.

E-mail: paolo.tessari@unipd.it

Muscular Sarcopenia is a major clinical issue in ageing, and
decreased muscle mass and strength are associated with
physical frailty and risk of fall. Since the elderly population
is expected to increase dramatically in the near future,
knowledge of the underlying, causative processes leading to
sarcopenia in ageing are of great importance also to
understand how to counteract it. In this presentation, the most
recent kinetic studies of muscle protein turnover in human
ageing, using combinations of isotope infusions and muscle
biopsy, are reviewed. By these techniques, the two key
processes determining net protein muscle accretion, i.e.
synthesis and degradation, can be dissected and selectively
measured in vivo, both under basal conditions and following
anabolic simulations such as nutrition and/or exercise.
Although initial studies provided evidence of a decreased
basal skeletal muscle protein synthesis in aged individuals,*?
with changes being detectable even in middle age®
subsequent reports were not able to confirm them.* Also
basal muscle protein degradation, which is not easily
measurable, did not show major changes in aged people.® In
contrast, a defective, relentless and/or delayed response of
skeletal muscle protein synthesis following nutrition, has
been reported.® Skeletal muscle of aged individuals may
require a greater proportion of essential amino acids (mostly
leucine) to exhibit the same increase of muscle protein
synthesis as that of younger people’ Such an impaired
response can be at least in part attributed to an impaired
increase of muscle blood flow following amino acid
administration. Mainteinance of blood flow with nitric oxide
donors together with amino acid administration restored a
normal muscle protein synthesis in ageing® An increased
splanchnic sequestration of ingested proteins has also been
reported, suggesting a decreased peripheral delivery of
dietary-derived amino acids as a possible cause of the
reduced anabolic response in muscle.’® Ingestion of rapidly-
absorbed proteins may favour protein accretion in the
elderly’ Following physical exercise, a defective response of
muscle protein synthesis has been reported in aged
individuals, being both delayed and less responsive to
increasing workloads.'® As concerns the possible
interventions to counteract and/or to prevent sarcopenia, a
regular physical activity supported by adequate and balanced
nutrition appear as the most effective treatments. In contrast,
there is no clear-cut suggestion for an increased protein
requirements to sustain muscle protein anabolism in the
elderly. %2
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Multidisciplinary approach to myotonic dystrophy: clues
to treatment

Corrado Angelini, Paola Cudia, Francesco Piccione, Claudia
Ferrati

IRCCS San Camillo Hospital, Lido Venice, Italy
E-mail: corrado.angelini@unipd.it

Fatigue is a clinically and socially relevant problem,
interfering with physical and social functioning, mental and
general health perception. At present no effective treatment is
available for DM1. It is well known, instead, that physical
activity might optimise muscle and cardiorespiratory
function, prevent additional disuse atrophy and
deconditioning in people with muscle disease. Moreover,
there is scientific evidence that physical training is not
harmful for patients with neuromuscular disorders.
Unfortunately, due to the limited number of clinical studies,
it is not currently known whether the rehabilitation treatment
is really effective and which is the most appropriate exercise
program for each muscle disease. Five adult DM1 males
patients aged between 39 and 67 years have been admitted to
the IRCCS San Camillo Foundation for a 8-wk training
program. Clinical diagnosis was confirmed by molecular
analysis. All subjects performed aerobic training on a cycle



Eur J Trans Myol/Basic Appl Myol 2014; 1: 65-90

CIR-Myo News: Proceedings of the 2014 Spring Padua Muscle Days
Terme Euganee and Padova (ltaly), April 3 - 5, 2014

Abstracts

ergometer five times a week for 30-60 minutes a day at the
intensity range of 60-70% of the maximum heart rate. The
intensity of the exercise for patients on B-blockers was
prescribed using the Borg Scale (intensity of 11 to 13 of
perceived exertion corresponding to mild to moderate work).
A cardiological evaluation, standard 12 lead ECG,
echocardiography, overnight oximetry study and spirometry
were always completed before training. In the upper
extremities, all subjects carried out moderate strength
exercises with elastic bands three times a week for one hour a
day. In the lower limbs, two patients performed Functional
Electrical ~ Stimulation while the others moderate
conventional strength training. Patient 2, who had severe
right tibialis anterior muscle weakness (MRC 3), used FES
for foot drop three hours a day for only 4 sessions. NESS
L300 consists of three small components that all
communicate each other wirelessly. During deambulation,
when the patient lift his heel, a gait sensor, positioned on the
footwear, sends signals to a functional stimulation cuff
located just below the knee. The stimulation unit on the leg
cuff transmits electric stimuli to the common peroneal nerve
with consequent contraction of the tibialis anterior muscle
and foot dorsiflexion during walking. Rectangular pulses
with pulse width of 300 ps and stimulation frequency of 45
Hz were adopted. Patient 3, with severe proximal and distal
muscle weakness, performed a FES induced cycling training
5 times a week for a total of 15 sessions lasting 30 minutes.
Patient was seated on a chair in front of a motorized cycle
ergometer (RehaMove FES byke) . A current controlled 8
channel stimulator (Reha Stim 2) was used and surface
electrode were placed on quadriceps, harmstrings, tibialis
anterior and gastrocnemius of both legs. Before and after
training, all patients performed the six minutes walking test
(6MWT) that significantly increased. The outcome measures
considered have been the variation of muscle strength
assessed by MRC scale and the change from the baseline of
the walking distance covered in six minutes at the end of the
training program. The role of FES has never been
investigated in DM1. Our preliminary report, the first in this
area, might highlight the important role of FES in improving
the strength in those skeletal muscles with MRC<3 for which
no effective restorative treatment is otherwise possible. This
is of primary importance for patients because they could
improve their ability to perform activities of daily living and
reduce the risk of adverse events such as falls.
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Effects of two weeks of bed rest and subsequent
rehabilitation on size and function of single muscle fibres

Lina Cancellara, Luana Toniolo, Tatiana Moro, Katja Koren ,
Antonio Paoli, Carlo Reggiani

CIR-Myo, Dept. of Biomedical Sciences, University of
Padova, Italy, and Primorska University, Koper, Slovenia
E-mail: carlo.reggiani@unipd.it

Skeletal Muscle biopsies were obtained from the vastus
lateralis before and after 15 days of bed-rest from seven
young (age 20-30) and sixteen elderly (age 60-65) male
subjects. A third biopsy was taken after 15 days of
rehabilitation based on three sessions/week of exercise. All
subjects were healthy normally active sedentary people.
Single fibres were dissected, cross sectional area (CSA) and
isometric force (Fo) during maximal activation were
measured and myosin isoform determined with SDS_PAGE
to classify fibres as slow, fast 2A, 2X and hybrid. Before bed
rest, significant differences were present between young and
elderly subjects as the proportion of slow fibres and slow
myosin isoforms was greater in the elderly, while the average
CSA and isometric force of single muscle fibres were greater
in the young subjects. Average fibre CSA showed a decrease
in both groups, which was followed, during rehabilitation by
a recovery to initial values in the young but not in the elderly
group. Average isometric force underwent to a decrease
during the bed rest period without any increase during the
rehabilitation period. Taken together the results point to the
high sensitivity to disuse of muscle fibre function and size in
the elderly and to the slow and incomplete recovery during
the rehabilitation period.

1. Pietrangelo T1, Mancinelli R, Toniolo L, et al. Effects of
local vibrations on skeletal muscle trophism in elderly
people: mechanical, cellular, and molecular events. Int J
Mol Med 2009;24:503-12.
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pathways regulating muscle mass in ageing skeletal
muscle: the role of the IGF1-Akt-mTOR-FoxO pathway.
Biogerontology. 2013 Jun;14(3):303-23. doi:
10.1007/s10522-013-9432-9. Epub 2013 May 19.
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Molecular signalling response to short duration high
intensity/low volume resistance training in human
skeletal muscle

Tatiana Moro (1), Antonio Paoli (1), Luana Toniolo (1),
Lucia Monaco (2), Fabio Naro (2), Carlo Reggiani (1)

CIR-Myo, Dept. Biomedical Sciences, University of Padua,
Italy; 2: DAHFMO Unit of Histology and Medical
Embryology, Sapienza University, Roma Italy

E-mail: tatiana.moro@unipd.it

Resistance training (RT) is one of the most important stimuli
for muscle hypertrophy, but it may play also an important
role on weight loss and fat acid (FA) oxidation increase. It
has been largely demonstrated that RT affects anabolic
signalling molecule phosphorylation but, considering the
numerous variables of RT, the differences between training
modalities has been till now poorly investigated. The aim of
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this study was to assess Akt, 4EBP1, S6 and AMPK, ACC
signalling after a single bout of high-intensity resistance
training (HIRT) and of traditional resistance training (TRT).
12 healthy subjects performed in two different moments and
with different legs HIRT and TRT protocol. HIRT consisted
in 2 sets of 6/2/2 reps with incomplete rest between (20”) sets
while TRT consisted of 4 sets x15 reps with 1°15” of rest
between sets. Biopsies from the vastus lateralis were taken
one week before training sessions (pre), immediately after
(TO), 6 hours after (T6) and 24 hours after (T24) training.
We utilized immunoblotting methods to analysis Akt,
4EBP1, S6, AMPK and ACC activity. Gene expression was
measured by RT-gPCR. No significant differences were
found at any of time points after exercise in AKT and 4EBP1
phosphorylation. There was a significant increase in S6
phosphorylation at T6 both in HIRT and TRT. S6-P remained
at higher level even at T24. Exercise intensity does not seem
to influence the response of AMPK after a single bout of
training: pAMPK decreased after both kind of RT, with a
greater decrease at T6 during TRT. On the other hand, pACC
activity increased immediately after HIRT and decrease after
TRT, no significant differences were measured at T6 and
T24. mRNA analysis showed that HIRT seems to be more
related to mechanical deformation (MGF), while the TRT
seems to act on IGF-1 pathway. Our findings suggest that a
less time commitment resistance training technique is, at
least, equally effective to induce an increase of S6-P. The
increase of the phosphorylated form of S6 without a
concomitant increase of AKT-P could be explained by an
AKT-independent S6 phosphorylation. The increase of the
phosphorylated form of ACC in HIRT, but not in TRT, may
suggests a greater FA oxidation with high intensity/low
volume resistance training compared to traditional technique.
This data seems confirm that the manipulation of different
variables of RT induces different molecular and metabolic
responses related to the activation of specific muscle
signaling pathways..
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BMP-SMAD1/5/8-MUSAL axis is crucial for cancer
cachexia

Roberta Sartori (1), Marco Sandri (1,2)

(1) Dulbecco Telethon Institute, Venetian Institute of
Molecular Medicine, Padova; (2) CIR-Myo, Department of
Biomedical Sciences, University of Padova, Italy

E-mail: marco.sandri@unipd.it

Cell size is determined by the balance between protein
synthesis and degradation. This equilibrium is affected by
hormones, nutrients, energy levels, mechanical stress and
cytokines. Mutations that inactivate Myostatin lead to
important muscle growth in animals and humans. However,
the signals and pathways responsible for this hypertrophy
remain largely unknown. Here we find that BMP signaling,
acting through Smad1/5/8, is the fundamental hypertrophic
signal and counteracts cancer cahchexia. BMP-Smad1/5/8
negatively regulates MUSA1, a novel ubiquitin-ligase, that is
required for cancer-mediated muscle loss. These findings
highlight the importance of BMP pathway in the
development of novel therapeutic strategies for the control of
protein breakdown and for muscle wasting disorders

insult.
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Stricker S, Goldberg AL, Dupont S, Piccolo S, Amthor
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Genet. 2013 Nov;45(11):1309-18. doi: 10.1038/ng.2772.
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Myostatin Increases Muscle Mass Through Inhibiting
Proteolytic Pathways in Aged Mice. J Gerontol A Biol
Sci Med Sci. 2014 Jan 11. [Epub ahead of print].
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Use It or Lose It. A life-long-style of recreational sport
activities increases reinnervation of aging muscle

Simone Mosole (1,2), Sandra Zampieri (1,2), Helmut Kern
(2,3), Paolo Gava (1), Ugo Carraro (1,2)

(1) CIR-Myo, Dept. Biomedical Sciences, University of
Padova, ltaly; (2) Ludwig Boltzmann Institute of Electrical
Stimulation and Physical Rehabilitation, and (3) Department
of Physical Medicine and Rehabilitation, Wilhelminenspital
Vienna, Austria

E-mail: simone.mosole@studenti.unipd.it

Age-related changes in skeletal muscle innervation,
independent of patent peripheral neuropathies, are known to
contribute to the decline in quality of life often reported in
older population.* These changes and the mechanism(s) by
which they occur are not well understood.>” We had the
opportunity to examine the effects of lifelong high-level
physical activity comparing cohorts of young adults and
septuagenarians either sedentary or recreational sportsmen,
collecting what is, in our opinion, strong evidence that aging
atrophy is, at least in part, a result of progressive denervation
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that can be counteracted by lifelong high-level exercise. We
used immunolabeling methods to analyze the fiber type
composition of muscle biopsies harvested from two groups of
of ~70 years seniors, either recreational seniors, who
exercised regularly at high levels and had done so for the
previous 30 years or healthy, sedentary seniors — age-
matched subjects who limited their exercise to “everyday”
activities; and active young sportsmen.

Main results are: 1. biopsies from young men seldom contain
denervated, reinnervated or transformed muscle fibers; 2.
biopsies from sedentary seniors contain both denervated,
coexpressing myofibers and a few reinnervated clustered
myofibers of the fast type; and 3. senior sportsmen present
with a larger percentage of healthy, slow myofibers that
appear mainly clustered in slow fiber-type groupings. Further
analyses of the data reveal that there was no difference
between the athletic and sedentary senior groups in terms of
their (both very low) percentages of muscle fibers co-
expressing fast and slow MHCs, suggesting that lifelong
exercise does not simply induce motor unit transformation.®
10 The recreational sportsmen had both considerably higher
percentages of slow-type myofibers and greater numbers of
slow fiber-type groupings, than the sedentary group. These
data provide sound evidence that lifelong cycles of
denervation/reinnervation occurred. It appears, therefore, that
lifelong exercise allows the body to adapt to the
consequences of age-related denervation and to preserve
muscle function by saving otherwise lost muscle fibers
through reinnervation by different, mainly slow, motor
axons. We have to agree with the motto “Use It or Lose It...”,
as it is titled the presentation of our paper in the Journal of
Neuropathology and Experimental Neurology 2014, in
press® 1P,
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FES4SEF-Italy or EU? Multidimensional model of
prevention of falls in the elderly

Antonio Paoli

CIR-Myo, Dept. Biomedical Sciences, University of Padua,
Italy
E-mail: antonio.paoli@unipd.it

In elderly 70% of all falls occur during walking®. Indoor falls
occur mainly during stair climbing or caused by obstacles,
and outdoor falls while walking to the yard or on the road.?
Many researches shows that the frequency of falls is related
to the ability to anticipate and manage unexpected obstacles.
These tasks however are tangled in elderly due to age-related
deficits in postural control, balance, sensory input and the
central organization of compensatory control processes. For
mastering obstacles effectively, older adults need strength
and power, especially in the lower extremities, a good
balance performance and a fast reaction time.*® The optimal
training to reduce falling and to improve functional abilities
linked to stair negotiation ability and performance was not
still now well defined. Thus it is important to examine in
details the validated function ability tests to better understand
how to prevent falls and injuries and to better plan preventive
physical activity. In addition it would be interesting to catch
the early signals of falls tendency that might allow to design
a personalized intervention based on multidimensional
model. This model could enable to give more attention to one
or more specific critical component: biomechanical,
strength/power, postural or sensorial.

1. Chang MD, Sejdi¢ E, Wright V, Chau T. Measures of
dynamic stability: Detecting differences between walking
overground and on a compliant surface. Hum Mov Sci.
2010;29:977-86.

2. Bleijlevens MH, Diederiks JP, Hendriks MR, et al.
Relationship between location and activity in injurious
falls: an exploratory study. BMC Geriatr. 2010;10:40.

3. Bianco A, Patti A, Bellafiore M, et al. A. Group fitness
activities for the elderly: an innovative approach to
reduce falls and injuries. Aging Clin Exp Res. 2013 Sep
21. [Epub ahead of print]

4. Bellafiore M, Battaglia G, Bianco A, et al. Improved
postural control after dynamic balance training in older
overweight women. Aging Clin Exp Res. 2011;23:378-
85.

5. Battaglia G, Bellafiore M, Bianco A, et al. Effects of a
dynamic balance training protocol on podalic support in
older women. Pilot Study. Aging Clin Exp Res
2010;22:406-11.
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RISE-3-Italy or EU? Further validation and new
approaches

Stefano Masiero (1,2), Andrea Marcante (1,2) Francesco
Piccione (2), Riccardo Zanato (3), Roberto Stramare
(3),Simone Mosole (4,5) Sandra Zampieri (4,5), Christia
Hofer (5), Ugo Carraro (4,5), Helmut Kern (5,6)
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Neurosciences, University of Padua; (2) L.R.R.C.S. San
Camilli, Venezia-Lido, (3) CIR-Myo, Radiology, Dept. of
Medicine, University of Padua; (4) CIR-Myo, Laboratory of
Translational Myology, Dept. Biomedical Sciences,
University of Padua, Italy; (5) Ludwig Boltzmann Institute of
Electrical Stimulation and Physical Rehabilitation; (6) Dept.
Physical Medicine and Rehabilitation, Wilhelminenspital
Wien, Austria;

E-mail: stef.masiero@unipd.it

The Rise-2-Italy started 7 years a go with the goal to test
extension of the successful Vienna Strategy of home-based
FES (h-b FES),** for complete and incomplete permanent
denervated muscles of legs in cronic Conus-Cauda Syndrom
to the apparently easier cases of partially denervated muscles
due to trauma of the peripheral nerves. Five conus cauda
were examined and enrolled. Peripheral nerves lesions in the
observed cases were due mainly to monolateral injury of the
sciatic nerve. One of the main results of the RISE-2-Italy has
been the design and implementation of echomyographic
approaches to repetibly follow evolution of the denervated
muscles before and during h-b FES training. Further, in
collaboration with Paolo Gargiulo of Reykjavik, Iceland 2D
and 3 D color TAC post-analyses were successful designed
and implemented making interpretation of the faint gry scales
of TAC that document worsening by denervation and
recovery by h-b FES, easy enough to be appreciated by
family doctors and patients. Permanent denervated muscles
were evaluated by ultrasound to monitor changes in
morphology, thickness, contraction-relaxation kinetics and
perfusion due to the electrical stimulation program of the
Rise2-Italy project. In a case of monolateral lesion,
morphology and ultrasonographic structure of the denervated
muscles changed during the period of stimulation from a
pattern typical of complete denervation-induced muscle
atrophy to a pattern which might be considered ‘“normal”
when detected in an old patient. Thickness improved
significantly more in the middle third of the denervated
muscle, reaching the same value as the contralateral
innervated muscle. Contraction-relaxation kinetics, measured
by recording the muscle movements during electrical
stimulation, showed an abnormal behavior of the chronically
denervated muscle during the relaxation phase, which
resulted to be significantly longer than in normal muscle. The
long-term denervated muscles analyzed with Echo Doppler
showed at rest a low resistance arterial flow that became
pulsed during and after electrical stimulation. As expected,
the ultra sound measured electrical stimulation-induced
hyperemia lasted longer than the stimulation period. Despite
the higher than normal energy of the delivered electrical
stimuli of the Vienna home-based Functional Electrical
Stimulation strategy (h-b FES) the explored muscle shown
electromyografic signs of re-innervation during the one-year
of training. In conclusion, this pilot study confirms the
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usefulness of US Functional myography (Dynamic
Echomyography) in the follow-up and the positive effects of
h-b FES on denervated muscles. The procedure will have
even higer impact if combibed with Stimulation needle
electromyography (SNMEG) to test the electrophysiological
properties of single muscle fibers. Despite the higher than
normal energy of the delivered electrical stimuli of h-b FES
the muscles shown electromyografic and dynamic
echomyografics evidence of re-innervation during the years
of training. Dynamic echomyografy confirm that fascicles of
the TA muscle respond with twitch contractions to the
electrical stimulation that elicit only contraction of
innervated muscles (Impulse Duration 1 msec, Amplitude 25
mAmps). Interestingly, the hyperechogenic denervated
component of the Tibialis Anterior activated by a protocol
for denervated muscle responded at the same current
amplitude to 150 msec long impulses every sec with twitch
contractions. After a few months of twitch training, the
impulse duration could be reduced to 50 msec, opening the
possibility to induced sustained foot dorsiflection by tetanic
contraction. This may be achieved by shortening to 10 msec
the inter-impulse pause. In conclusion, this pilot study
demonstrates the usefulness of US myography in the follow-
up and the positive effects of h-b FES of
denervated/reinnervating muscles.

Extending these experience to the new RISE-3 project by
enrolling a new group of Conus Cauda and peripheral nerve
lesions (either complete or incomplete) may open the
possibility to design and implement a proposal to be
submitted the a call of EU Horizon2020 that may have better
chances to be funded.

1. Kern H, Boncompagni S, Rossini K, et al. Long-term
denervation in humans causes degeneration of both
contractile and excitation-contraction coupling apparatus
that can be reversed by functional electrical stimulation
(FES). A role for myofiber regeneration? J Neuropath
Exp Neurol 2004; 63: 919-931.

2. Kern H, Carraro U, Adami N, et al. Home-based
Functional Electrical Stimulation (h-b FES) recovers
permanently denervated muscles in paraplegic patients
with complete lower motor neuron lesion. Neurorehab
Neur Rep 2010; 24: 709-721.

3. Kern H, Hofer C, Mayr W, Carraro U. European Project
RISE: Partners, protocols, demography. Basic Appl
Myol/ Eur J Trans Myol 2009; 19: 211-216.

5. Hofer C, Forstener C, Moedlin M, et al. In vivo
assessment of conduction velocity and refractory period
of denervatd muscle fibers. Artif Organs 2005;29:436-39.

4 Gava P, Kern H, Carraro U Age-associated power
decline from running, jumping & throwing male master
world-records. Exp Aging Res, 2014, In press.

5. Mosole S, Rossini K, Kern H, et al. Significant increase
of Vastus lateralis reinnervation in 70-year sportsmen
with a lifelong history of high-level exercise. Eur J Trans
Myol/Basic Appl Myol 2013; 23:117-22.

6. Mosole S, Carraro U, Kern H, et al. Long term high-level
exercise promotes muscle reinnervation with age. J
Neuropathol Exp Neurol 2014;73, in press.

7. Editors. In this Issue. J Neuropathol Exp Neurol
2014;73:103. doi: 10.1097/NEN.000000000000004.
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SAVe-ALS-lItaly or EU? and FES4ALL (in need): Joining
three weak options in a winning EU proposal

Ugo Carraro

CIR-Myo Translational Myology Lab, Dept. Biomedical
Sciences, University of Padova, Italy
E-mail: ugo.carraro@unipd.it

Adult and aged population provide the vast majority of
potential diseased people in Europe, the Americas and Japan.
Their needs of mobility support and rehabilitation may be
categorized as minimal (young light subjects during and after
light traumatic events), medium (old subjects with
impairments in the normal life activity and sarcopenia),
severe (advanced sarcopenia in older old subjects, oncology,
neuromuscular and skeletal disorders, subjects weaning from
long hospitalization for heavy surgery and/or intensive care)
and extreme (severe neuromuscular disorders, permanent
flaccid paraplegia due to lower motoneuron injury in the
spine, cachexia due to severe nutritional, metabolic,
oncologic and septic conditions). The two previous speakers
described either research proposals for a case of minimal
need of interventions (FES4SEF) and a case of extreme need
(RISE-3). I will here briefly describe a second case of
extreme need (SAVe-ALS), and finally a comprehensive
option to help people at large with purpose-designed
strategies by FES based on implantable neuromodulators,
like the heart or phrenic pace-makers, and embedded
telecomunication networkings for long distance settings and
monitoring: Functional Electrical Stimulation for all people
in need (FES4ALL). | hope, indeed, to convince at least part
of the audience that, after a short discussion of SAVe-ALS
(Support Approaches for Ventilation in ALS), it is a more
rational option to investigate the chances of success of a
fourth option: joining session’s three weak projects (and
others) in a winning EU proposal: FES4ALL.

SAVe-ALS . Research on ethio-pathogenesis of SLA, on
supports for survival of motoneurons, axonal regeneration
and sproutings, and on transfer of animal results to patients’
treatments are the main goals in ALS. Unfortunately, clinical
relevant results are waiting for new concepts and discoveries
to substantially influence the inexorable progression of the
disease. Riluzole is the only drug that has been shown to
(poorly) extend survival. Non-invasive ventilation prolongs
survival and improves quality of life. The management of
ALS is, thus, supportive, palliative and multidisciplinary.
Awaiting the most wanted final solution, we will test in
rodents and then in larger animal models of ALS a different
approach, namely: Support of trophism of the denervated
muscle fibers and evaluation of their potential contribution to
power output by implanted neurostimulators and electrodes
contacting the denervated muscle fibers, firstly in leg muscle
and finally in the diaphragm to support ventilation of
deteriorating animals. Based on the strong evidence of our
EU Project RISE? that proved recovery of ultrastructural
organization, tetanic contractility and power output of
degenerating myofibers in permanently denervated human
muscles, we would like to transfer to ALS patients those
results in collaboration with Antonio Musard of Rome
Sapienza  University, Helmut Kern of the LBI,
Wilhelminenspital, Wien, Austria, Winfried Mayr of the
Medical University of Vienna, Austria, Jonathan Jarvis of the
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John Moor University of Liverpool, UK and Tessa Gordon of
the Sick Children Hospital of Toronto, Canada. In the first
year of a 3-year project we would like to validate the concept
in ALS rodents3 comparing neuromodulation and direct
stimulation of denervated muscle fibers of unilaterally
sciatectomized posterior legs in wild and SOD-mutated mice.
CIR-Myo of University of Padova will contribute with
morphometry of immuno-fluorescence labelled experimental
muscles,4-8 before and during the follow-up and Dr.
Francesco Piccione, Dept. of Neurorehabilitation, 1.R.R.C.S.
San Camillo Hospital of Venezia-Lido,the clinical expertise
and in the future the settings and the ALS sufferers for
clinical experimentation. If the results of the rodent tests will
be, as we expect, positive, in the next years we will test
combined molecular and cellular approaches to support
muscle fibers and the nerve-muscle units in larger animals
and, then, in patients, hoping to substantially delay
tracheotomy and need of positive pressure ventilation
supports.

Our multidisciplinary group, supported by the European
Project RISE: Use of electrical stimulation to restore standing
in paraplegics with long-term denervated degenerated
muscles (Contract no. QLG5-CT-2001-02191)] is the only in
the world with the needed “evidence based” expertise 2*® to
design, implement and verify the hypothesis that permanent
denervated skeletal muscle fibers may be recovered from
severe atrophy, maintained in a trophic state that allow
tetanic contractility and thus external work to support long
term ventilation in ALS sufferers, before the critical phase of
tracheostomy and positive pressure ventilation became
mandatory.

Combined with commercial devices for activation of the
residual pool of phrenic axons, the long term goal of the
actual project may substantially prolong both a decent quality
of life and survival The relevance of the proposed
preliminary animal studies described for ALS patients is self-
evident.

FES4ALL. SAVe-ALS and RISE-3 are multidisciplinary
complex strategies, that when the goal of a total implantable
mini-neuromodulator will be reached, are addressed to
alleviate the burdens of rare patients. Combining these two
projects and others for severe needs, as extreme tests for
FES, with FES4SEF (Functional Electrical Stimulation for
Elderlies at Early Falls), that will extend to the global
population of elderlies (soon or later we will be all at risk)
may add to strong evidence of effectiveness of FES the bonus
of attracting interest of industries and European Granting
Agencies to provide funds to implement in 2015 the
fascinating working hypotheses of FES4ALL.

1. Wijesekera LC, Leigh NP. Amyotrophic lateral sclerosis.
Orphanet J Rare Dis. 2009; 4:3.

2. Kern H, Carraro U, Adami N, et al. Home-based
functional electrical stimulation rescues permanently
denervated muscles in paraplegic patients with complete
lower motor neuron lesion Neurorehabil Neural Repair.
2010; 24:709-721.

3. Dobrowolny G, Giacinti C, Pelosi L, et al., Muscle
expression of a local Igf-1 isoform protects motor
neurons in an ALS mouse model. J Cell Biol 2005;
168(2):193-199.
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4. Gava P, Kern H, Carraro U. Age-related decline of
muscle power in track and field master athletes indicates
a lifespan of 110 years. Eur J Trans Myol/Basic Appl
Myol 2013;23:45.

5. Gava P, Kern H, Carraro U Age-associated power
decline from running, jumping & throwing male master
world-records. Exp Aging Res, 2014, In press.

6. Mosole S, Rossini K, Kern H, et al. Significant increase
of Vastus lateralis reinnervation in 70-year sportsmen
with a lifelong history of high-level exercise.European
Journal Translational Myology/Basic Applied Myology
2013; 23:117-22.

7. Mosole S, Carraro U, Kern H, et al. Long term high-level
exercise promotes muscle reinnervation with age.. J
Neuropathol Exp Neurol 2014;73, in press.

8. Editors. In this Issue. J Neuropathol Exp Neurol
2014;73:103. doi: 10.1097/NEN.000000000000004.
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Development of tonic firing in rat muscles and control of
body temperature

Terje Lomo

Institute of Basic Medical Sciences, University of Oslo,
Norway
E-mail: terje.lomo@basalmed.uio.no

Adult rats were kept in a climate chamber at stable
temperatures near 26, 23, 20, or 17 °C. Continuous EMG
recordings from electrodes implanted in soleus muscles
displayed flat segments arising from single motor units firing
stably between 20-30Hz when the rats were immobile at rest
or sleep. The segments increased in duration and number
with decreasing ambient temperatures (P<0.001). Most
likely, plateau potentials in motor neurons, induced by
activity in cold-sensitive serotonergic neurons in the brain
stem, generated the tonic activity. The results point to an
unrecognized mechanism for fine-tuning the body
temperature around its set point. The mechanism involves
heat generating tonic activity in slow fatigue resistant motor
units. It operates independently of motor control mechanisms
and continually at common ambient temperatures.

1. Eken T, Elder GC, Lemo T. Development of tonic firing
behavior in rat soleus muscle. J Neurophysiol
2008;99:1899-905. doi: 10.1152/jn.00834.2007. Epub
2008 Feb 6
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Activity-dependent control of circadian gene expression
in skeletal muscle

Stefano Schiaffino

Venetian Institute of Molecular Medicine, Padua, Italy
E-mail: stefano.schiaffino@unipd.it

Gene expression in all tissues displays circadian fluctuations
under the control of an intrinsic clock and of extrinsic signals
coordinated by the suprachiasmatic nucleus of the
hypothalamus. However, the role of the local clock in muscle
cell physiology and the relative contribution of intrinsic and
extrinsic signals in orchestrating the circadian pattern of
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muscle gene expression are not known. To address these
questions, we first disrupted the muscle clock by inactivating
the essential clock gene, *Bmall*, specifically in skeletal
muscle. We found that insulin-dependent glucose uptake and
glucose oxidation are impaired in mice with muscle-specific
disruption of the muscle clock (Dyar et al, Mol Metab 2014).
This result suggests that a major physiological role of the
muscle clock is to prepare for the transition from the
rest/fasting phase to the active/feeding phase, when glucose
becomes the predominant fuel for skeletal muscle. Next, we
examined the contribution of two major extrinsic factors,
feeding and nerve activity, by time-restricted feeding and
denervation, respectively. While the circadian oscillation of
clock genes was drastically altered in *Bmall*mutant
muscles, a large fraction of circadian genes maintained their
normal oscillation in knockout mice in response to feeding
and/or nerve activity. Finally, we focused on activity-
dependent cycling genes and found that the calcineurin-
NFAT signaling pathway is a major mediator of nerve
activity on circadian gene expression in skeletal muscle.

1. Dyar KA, Ciciliot S, Wright LE, et al. Muscle insulin
sensitivity and glucose metabolism are controlled by the
intrinsic muscle clock. Mol Metab, in press (Jan 2014).
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Activity-dependent synaptic competition at developing
neuromuscular junctions

Alberto Cangiano

Department of Neurological and Motor Sciences, University
of Verona; National Institute of Neuroscience, Verona, Italy
E-mail: "Alberto Cangiano” <alberto.cangiano@univr.it>

| present experiments, performed by our research group in
Verona, demonstrating that nerve impulse activity is
important not only for the control of many properties of the
entire muscle fibre but also for a much more localized
regulation exerted at the neuromuscular junction. This relates
to a striking process of competition and elimination of motor
inputs, that denotes the physiology of development of the
neuromuscular connections. In fact when the innervation is
first established in the embryo, multiple inputs make synaptic
contact with each muscle fibre, contributed by the collaterals
of several motoneurons (poly-neuronal innervation). During
early postnatal life a rapid suppressive process occurs that
invariably eliminates all but one input, resulting in the mono-
neuronal innervation that is distinctive of the adult muscle
fibre. The same competitive process between redundant
inputs is recapitulated during muscle reinnervation after
nerve damage in adult life: in various experimental
investigations we exploited this feature to ask whether the
timing of nerve impulses in the competing inputs affects
synapse elimination. Thus, we tested the effects of two types
of firing in the competing inputs: synchronous or
asynchronous, while keeping constant the total number of
nerve impulses per day. This was achieved by chronic in vivo
electrical stimulation in adult rats, using a strain (AO) in
which the soleus muscle is innervated by two nerves, soleus
and aberrant. The stimulation of the two nerves lasted several
days, during reinnervation of the soleus muscle after their
crush. In a final acute electrophysiological experiment the
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degree of polyneuronal innervation from the two nerves was
determined in vitro. The results indicate that asynchronous
activity of the two nerves promotes competition and input
elimination; synchronous activity, in contrast, counteracts
competition, so that polyneuronal innervation persists. This
presynaptic spike-timing mechanism on muscle innervation
must be distinguished from the effects of overall muscle
activity, and their respective physiological role in
development will be presented. In another experimental line
performed in newborn rats, we have also shown that,
perinatally, spontaneous motoneuronal firing is well
synchronized in different motor units and that a few days
after birth a rapid desynchronization occurs. Taking together
these lines of evidence, we conclude that the timing of firing
in different motor units has an essential instructive role in the
development of neuromuscular innervation.

1. Busetto G, Buffelli M, Tognana E, et al. (). Hebbian
mechanisms revealed by electrical stimulation at
developing rat neuromuscular junctions. J. Neurosci
2000;20:685-95.

2. Buffelli M, Busetto G, Cangiano L, Cangiano A.
Perinatal switch from synchronous to asynchronous
activity of motoneurons: link with synapse elimination.
Proc Natl Acad Sci U S A 2002;99:13200-5.

3. Favero M, Buffelli M, Cangiano A, Busetto G. The
timing of impulse activity shapes the process of synaptic
competition at the neuromuscular junction. Neuroscience
2010;167:343-53.

4. Favero M, Busetto G, Cangiano A. Spike timing plays a
key role in synapse elimination at the neuromuscular
junction. Proc Natl Acad Sci U S A 2012;109:E1667-75.

5. Favero M, Cangiano A, Busetto G. Hebb-Based Rules of
Neural Plasticity: Are they ubiquitously important for the
refinement of synaptic connections in development? The
Neuroscientist, 2014;20:8-14.
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Structure-function relationships in skeletal muscles.
Lessons from ultrastructure

Clara Franzini-Armstrong

Dept. of Cell and Developmental Biology, University of
Pennsylvania School of Medicine. Philadelphia PA USA.
E-mail: armstroc@mail.med.upenn.edu

Muscle fibers have a stereotyped organization of contractile
myofibrils and membrane systems best defined by their
ultrastructure. The sliding filament model (in 1945)
established currently accepted principles of most cell
motility. The four contributors, H.E. Huxley, J. Hanson; A.F.
Huxley and R. Niedergerke are deceased and that era is
closed. Basic mechanisms of motile proteins action and the
signals that control maintenance of muscle integrity are
major current questions. The membrane systems were
introduced by the local stimulation experiments (A.F. Huxley
and coworkers,1956- 1964), and by the electron microscopy
of K.R. Porter (1967). Currently we deal with the key
molecular components.

Functional domains of T tubules and SR, triads and
peripheral couplings Transverse (T) tubules form a complete
network between the myofibrils and are composed of two
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alternating segments. Junctional segments (jT) are in the
shape of flat ribbons and are closely associated to SR
elements to form triads. Non-junctional or free segments (fT)
have a smaller, circular cross section. jT segments bear the
voltage dependent calcium channels CaV1.1 or DHPRs that
are essential in initiating e-c coupling and also probably in
ECCE, a calcium entry that follows e-c coupling and is
essential in overall calcium homeostasis. A component of
Store Operated Calcium Entry (SOCE) has also been
assigned to the jT segments, fT segments are the probable
location of other channels and exchangers. The T network is
of equal abundance in fast twitch and slow twitch fibers, but
the proportion of jT segments is significantly lower in the
latter (by ~40%). The SR is also separated into two sections:
the free SR (fSR) and the junctional SR (jSR): fSR comprises
the great majority of the SR surface area and it is dedicated to
pumping calcium back into the SR during relaxation. To that
effect jSR is very convoluted and more the 90% of the
protein in the membrane is the calcium pump ATPase. In
mammalian muscles fSR is composed of two segments
opposite either A band or I-Z-1 level. The two are not
equivalent and they respond differently to aging and
pathological stimuli. The jSR comprises a large protein
complex involved in calcium release and its control.

T-SR relationships and protein locations. RyR1, Cavl.1,
Junctional feet and tetrads. An obligatory relationship that
constitutes an essential link in skeletal type e-c coupling.
RyR3: parajunctional position. Recent experiments prove
that RyR3 enhances the fundamental Ca release event (S.
Perni, S. Hollingworth, S. Baylor, unpublished). The bets
subunit of DHPRs. Essential role in the stereospecific link
between RyR and DHPR? In mammalian muscle: essential
role in the expression of DHPR at dyad sites (Claudio Perez,
unpublished).

Structural relationships within jSR. Calsequestrin forms a 3
dimensional network.> CASQ alterations in aging and in a
central core model® Triadin and Junctin function in anchoring
CASQ to the junctional face of jSR.?

1. Franzini-Armstrong C. The Membrane Systems of
Muscle Cells in In Engel, A.G. and Franzini-Armstrong,
C. Eds. Myology Il Edition. McGrawHill NY, 2004 pp
232-56.

2. Dayal A, Bhat V, Franzini-Armstrong C, Grabner M.
Domain cooperativity in the pla subunit is essential for
dihydropyridine-receptor voltage sensing in skeletal
muscle Proc Natl Acad Sci U S A 2013;110:7488-93.

3. Perni S, Close M, Franzini-Armstrong C. Novel details of
calsequestrin gel conformation in situ. J Biol Chem
2013;288:31358-62.

4. Boncompagni S, Loy RE, Dirksen RT Franzini-
Armstrong C. The 14895T mutation in the type 1
ryanodine receptor induces fiber-type specific alterations
in skeletal muscle that mimic premature aging. Aging
Cell 2010;9:958-970.

5. Boncompagni S, Thomas M, Lopez JR, et al
Triadin/Junctin double null mouse reveals a differential
role for triadin and junctin in anchoring CASQ to the jSR
and regulating Ca?* homeostasis. PLoS ONE
2012;7:e39962.
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Sarcopenia: definition, diagnosis and
functional/metabolic implications

Marco Narici

University of Nottingham, MRC-ARUK Centre of
Excellence for Musculoskeletal Ageing Research, Derby
Royal Hospital, Uttoxeter Road, Derby, United Kingdom.
E-mail: marco.narici@nottingham.ac.uk

‘Sarcopenia’ is a term originally proposed by Rosenberg
(1989)* to describe the ‘loss of muscle mass associated with
ageing. More recently, sarcopenia has been clinically
described as ‘the loss of muscle mass and strength’ with
advancing age.? Whereas the first definition truly reflects the
meaning of this term, the second implies that muscle
weakness is a surrogate of the loss of muscle mass associated
with ageing. As a consequence different methods of clinical
diagnosis of this condition have been introduced. Sarcopenia,
in its traditional definition, is typically diagnosed from cut-
off values of appendicular skeletal muscle mass (ASM)
evaluated either by DEXA, MRI or bioelectrical impedance
(BIA). With this approach, individuals with an ASM below
1-SD of a young reference population mean are classified as
Type | sarcopenic and those below 2-SD are classified as
type 1l sarcopenic. Accordingly, upon reaching the seventh
decade, 47% of men and 59% of women have type |
sarcopenia, while 6% of men and 9% of women have Type Il
sarcopenia. Instead, sarcopenia associated with muscle
weakness is clinically diagnosed using an approach proposed
by a self-proclaimed ‘European Working Group on
Sarcopenia in Older People’ (EWGSOP)? According to this
group sarcopenia should be diagnosed by screening
participants for gait speed, and if this is < 0.8m/s, then ASM
is measured by DEXA. If gait speed is > 0.8m/s, handgrip
strength is measured and if above specific cut-off values,
they are classified as non-sarcopenic, if below, ASM is
measured by DEXA. If the DEXA ASM is below age-
specific cut-off values, participants are classified as
sarcopenic, if above, non-sarcopenic. These measurements
are complemented by an assessment of functional
performance through the Short Physical Performance Battery
(SPPB). The fundamental flaws of the diagnostic method
proposed by the EWGSOP are that, 1) it does not actually
diagnose sarcopenia but physical frailty instead, and 2) it
fails to recognize that sarcopenia starts before the age of 65
yr. Only frail people are in fact unable to walk at a speed
<0.8 m/s, and in addition, a decline in muscle mass can be
typically observed starting from the third decade of life.
Alternative, but highly accurate methods for diagnosing
sarcopenia are those based on the biochemical assessment of
muscle mass. The use of total body potassium (TBK) and 24-
h urinary creatinine are classical approaches. More recently
isotope tracer dilution (D3 creatine and 3-methylhistidine)
measurement in plasma, urine or muscle have shown great
promise as accurate measures of muscle mass.In addition to
the classical biochemical biomarkers (inflammatory,
hormonal, oxidative damage, AGEs) of sarcopenia, new
exciting ones have been proposed, these include: procollagen
type 1l N-terminal peptide (P3NP), Agrin c-terminal peptide
(CAF), neuronal cell adhesion molecule (N-CAM), Homer
proteins, Activivs/Bone morphogenic proteins (BMPs),
follistatin, noggin and others.
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Sarcopenia has important functional and metabolic
implications. Functional consequences are the loss of muscle
force, velocity and power, a slowing down of muscle
contractile speed and a decrease in muscle force per unit
area.* Metabolic consequences are related to the key-role of
skeletal muscle as main disposal site of circulating blood
sugar. The loss of skeletal muscle observed with sarcopenia
is thus an important cause of insulin resistance and risk of
onset of type 11 diabetes.®

1. Rosenberg IH. Sarcopenia: origins and clinical relevance.
J Nutr 1997;127:990S1

2. Morley JE, Baumgartner RN, Roubenoff R et al.
Sarcopenia. J Lab Clin Med 2001; 137: 231-43.

3. Cruz-Jentoft AJ, Baeyens JP, Bauer JM, et al. European
Working Group on Sarcopenia in Older People.
Sarcopenia: European consensus on definition and
diagnosis: Report of the European Working Group on
Sarcopenia in Older People. Age Ageing. 2010;39:412-
23.

4. Narici MV, Maffulli N. Sarcopenia: characteristics,
mechanisms and functional significance. Br Med Bull
2010;95:139-59.

5. Karakelides H, Nair KS. Sarcopenia of aging and its
metabolic impact. Curr Top Dev Biol. 2005;68:123-48.
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CBC SK-AT 2007-13 “Mobility in elderly”
Muscle rehabilitation and training in older adults

Helmut Kern

Ludwig Boltzmann Institute of Electrical Stimulation and
Physical Rehabilitation, Department of Physical Medicine
and Rehabilitation, Wilhelminenspital Wien, Austria

E-mail: wil.pys.kern-forschung@wienkav.at

During the last decade we contributed to rehabilitation in
aging studying physical exercise induced by Functional
Electrical Stimulation (FES) in the special case of Spinal
Cord Injury (SCI) patients affected by complete injury of the
Conus Cauda, a syndrome in which the denervated leg
muscles are fully disconnected from the nervous system .

Denervated human muscles become unexcitable with
commercial electrical stimulators and undergo ultra structural
disorganization within a few months from SCI, while severe
atrophy with nuclear clumping and fibro-fatty degeneration
appear within 3 and 6 years, respectively.?®. To counteract
these progressive changes a novel therapy concept for
paraplegic patients with complete lower motor neuron
denervation of the lower extremity was developed in Vienna:
home-based functional electrical stimulation of long-term
denervated muscles (h-b FES). New electrodes and a safe
stimulator for h-b FES have been designed to reverse severe
atrophy by delivering high-intensity (up to 2,4 J) and long-
duration impulses (up to 150 ms) able to elicit contractions of
denervated skeletal muscle fibers in absence of nerves.®’
Specific clinical assessments and trainings were developed at
the Wilhelminenspital Wien, Austria,® based on sound
evidence from animal experiments.® Main results'® *? of the
clinical study on patients which completed the 2-year h-b
FES training were: 1. significant increase of muscle mass and
of myofiber size, with striking improvements of the ultra-
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structural organization; 2. recovery of tetanic contractility
with significant increase in muscle force output during
electrical stimulation; 3. capacity to perform FES-assisted
stand-up and stepping-in-place exercise. The study
demonstrated that h-b FES of permanent denervated muscle
is an effective home therapy that results in rescue of muscle
mass, function and perfusion. Additional benefits are
improved leg cosmetic appearance and enhanced cushioning
effect for seating.™*

We are now extending our studies to application of h-b FES
to the larger cohort of elderly. In order to assess the effects of
exercise on aging rehabilitation, we are analyzing by
morphometric light and electron microscopy and molecular
biology quadriceps muscle biopsies from young (23 years)
and senior male subjects: sedentary elderly and senior
sportsmen (a peculiar group of subjects that performed life-
long sport activities) with a mean age of 70 years. The group
of sedentary seniors was also exercised for 10 weeks with
two different types of training (leg press or electrical
stimulation) and the analyses performed before and after the
training period. End-point results confirm the effectiveness of
h-b FES, ***5 Main results demonstrate that: 1. biopsies from
young men seldom contain denervated, reinnervated or
transformed muscle fibers; 2. biopsies from sedentary seniors
contain both denervated, coexpressing myofibers and a few
reinnervated clustered myofibers of the fast type; and 3.
senior sportsmen present with a larger percentage of healthy,
slow myofibers that appear mainly clustered in slow fiber-
type groupings. Further analyses of the data reveal that there
was no difference between the athletic and sedentary senior
groups in terms of their (both very low) percentages of
muscle fibers co-expressing fast and slow MHCs, suggesting
that lifelong exercise does not simply induce motor unit
transitions. On the other hand, the recreational sportsmen had
both considerably higher percentages of slow-type myofibers
and greater numbers of slow fiber-type groupings, than the
sedentary group. These data provide sound evidence that
lifelong cycles of denervation/reinnervation occurred. It
appears, therefore, that lifelong exercise allows the body to
adapt to the consequences of age-related denervation and to
preserve muscle function by saving otherwise lost muscle
fibers through reinnervation by different, mainly slow, motor
axons.t®8 We have to agree with the motto “Use It or Lose
It...”, as it is titled the presentation of our paper in the Journal
of Neuropathology and Experimental Neurology 2014, in
press®.

Based on our observations of the presence of a subclinical
myopathy in patients affected with newly diagnosed
colorectal cancer,?% we are now extending our approaches
to oncologic rehabilitation. The factors associated with the
subclinical myopathy at this stage of disease are unknown. A
comprehensive study on the potential molecular mechanisms
that are responsible for this cancer-associated myopathy
could possibly provide new diagnostic and prognostic
markers and new therapeutic and rehabilitation targets to
prevent the severe loss of muscle tissue which characterizes
late-onset cancer cachexia.???*

1. Radcliff KE, Kepler CK, Delasotta LA, et al. Current
management review of thoracolumbar cord syndromes.
Spine J. 2011;11:884-92. doi: 10.1016/j.spinee.-
2011.07.022. Epub 2011 Sep 1.
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2007;104:19339-44.
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Decline of skeletal muscle power with age: the world
records of Master athletes point to a human lifetime of
110 years

Paolo Gava (1), Helmut Kern (2,3), Ugo Carraro (1,2)
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The power developed by skeletal muscles is declining with
age. The rate of loss is a question analyzed in many clinical
research studies. Data useful to study the decline of the
skeletal muscles power are largely available from sources
other then medical tests, e.g. from world records of Master
athletes.’® Master competitions are carried out in many
sports: athletics, swimming, cycling, skating and others. In
our study we have collected the absolute world records of
most track and field events together with world records of all
relevant master categories, as certified by the international
athletic organizations at mid 2013. Masters are athletes
competing within age classes of 5 years (35 to 39; 40 to 44;
45 to 49 and so on). Their performances can be normalized
with respect to the absolute record: the normalized
performances are thus represented by numbers ranging from
one (world absolute records) to zero (null performance).

The baseline of the data (from 35 years up to 100 years) is
very extended, especially in comparison with the age
extension of most clinical tests. Furthermore, the data are
associated with individuals with highly similar boundary
conditions: athletes physically gifted for the specific
performance at their best condition and top motivation. Such
uniform boundary conditions are not available in any
longitudinal or (even worse) cross-sectional study. The
decline of the normalized performances with age have been
analysed and compared.®’” Power decline of skeletal muscle
power in all track and field events starts at the age of 30 with
minor variance. The power developed by Master athletes
declines initially very slowly in the short running events
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(about 0.5 % per year) and then the decline rate increases
after the age of 70-80 years. In the long-lasting runs the
decline rate is only slightly steeper. In the jumping events the
decline rate is almost linear down to the age of 90 years and
beyond (1.2-1.3% per year). In the throwing events the power
developed by the Master athletes declines slightly quicker
(about 1.5% per year). During the initial 40 years of decline
(from 30 to 70) the power developed by the lower limbs
appears to fall with age slower that the power developed by
upper limbs. The situation is reversed in the second half of
the decline phase, after the age of 70. Regardless of the
decline trend, the power developed in all track and field
events tend to zero at the age of 110 years. This is
substantially in line with the actual survival of humans.

1. Baker AB, Tang YQ, Turner MJ. Percentage decline in
masters superathlete track and field per- formance with
aging. Exp. Aging Res. 2003;29:47-65.

2. Hill AV. The physiological basis of athletic records. Sci
Monthly 1925;21:409 - 28,

3. Mitchell W K, Williams J, Atherton P, et al. Sarcopenia,
dyapenia, and the impact of advancing age on human
skeletal muscle size and strength; a quantitative review.
Frontiers in Physiology 2012;3:260-78.

4. Rittweger J, di Prampero PE, Maffulli N, Narici MV, ()
Sprint and endurance power and aging: an analysis of
master athletic world records. Proc. R. Soc. B
2009;276:683-9

5. Runge M, Rittweger J, Russo CR, et al. Is muscle power
output a key factor in the age-related decline in physical
performance? A comparison of muscle cross section
chair-rising test and jumping power. Clin Physiol Funct
Imaging 2004;24:335-40.

6. Gava P, Kern H, Carraro U. Age-related decline of
muscle power in track and field master athletes indicates
a lifespan of 110 years. Eur J Trans Myol/Basic Appl
Myol 2013;23:45.

7. Gava P, Kern H, Carraro U Age-associated power
decline from running, jumping & throwing male master
world-records. Exp Aging Res, 2014, In press.
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Mitochondria association to Ca?* release units is
controlled by muscle activity
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At the most basic level, skeletal muscle contraction requires
Ca2" and ATP and, thus, is under direct control of two major
intracellular organelles: Ca®* release unit (CRU), and
mitochondria. CRUs are the sites of excitation-contraction
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(EC) coupling, the process responsible for triggering Ca2*
release from the sarcoplasmic reticulum (SR) in response to a
propagating action potentials in the T-tubule membrane.
Mitochondria are the powerhouse of the cell, being
responsible for aerobic production of ATP. CRUs and
mitochondria in skeletal fibers are functionally and
structurally coupled: a) entry of Ca2" into the mitochondrial
matrix is able to stimulate the respiratory chain; b) in adult
skeletal muscle fibers, mitochondria and CRUs are
structurally linked to one another by small stands, or tethers
(1). Here we tested the following hypothesis: muscle activity
improves/maintains the correct association of mitochondria
to CRUSs, which is challenged by ageing and inactivity. Using
electron and confocal microscopy, we studied: a) ageing
human/mouse muscle fibers and b) denervated rat muscle (by
nerve crush). Our quantitative analysis shows that ageing (in
humans and mice) and transient denervation (14 days, in rats)
results in decreased association between CRU and
mitochondria (2-to-3 folds decrease), whereas exercise and
re-innervation either maintains or rescues the association
between the two organelles (up to control levels). Functional
implication of maintained/rescued association between
mitochondria and CRUs is potentially large: indeed, Ca®
uptake into mitochondria and efficient ATP production likely
depend on the correct association between the two
organelles.

1. Boncompagni, S., A. E. Rossi, M. Micaroni, et al.
Mitochondria are linked to calcium stores in striated
muscle by developmentally regulated tethering
structures. Mol Biol Cell 2009;20:1058-1067.
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Delaying aging of skeletal muscle: use it or lose it
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Department of Biomedical Sciences, University of Padova,
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E-mail: sanzamp@unipd.it

Aging is a multifactorial process influenced by genetic
factors, nutrition, and lifestyle. In the last decades, the
extended human longevity resulted in increasing numbers of
senior individuals in the general population and in a
consequent dramatic increase of health care costs.'? A
greater understanding of the mechanisms leading to impaired
muscle function is of central importance for prevention of
disability and for optimization of independence of the
elderlies. Aging of skeletal muscle is characterized by a
reduction of mass, and force, also known as sarcopenia that
occurs at different degree in all individuals.® Beside severe
reduction in fiber size, sarcopenia is the result of loss of
motor neurons and motor units. Indeed, histological changes
seen in skeletal muscle from seniors indicate that denervation
contributes significantly to muscle wasting. Denervation
atrophy causes progressive accumulation and clustering of
small, angular fibers. These age related denervation events
are accompanied by reinnervation from the neighbor motor
units (motor unit remodeling) that increase in size, in
association with fiber type grouping.® Several longitudinal
studies have shown that regular physical exercise may extend
life expectancy, reduce morbidity such as frailty,
neurological disorders and reduce physical disability in
aging.*® Based on these findings, to determine the relative
contribution of inactivity and aging per se to this decay, we
compared muscle function and structure of a group of well-
trained seniors (average of 70 years) who exercised regularly
in their previous 30 years and to age-matched healthy
sedentary seniors with and active young men (average of 27
years). The results collected show that relative to their
sedentary cohorts, muscle from senior sportsmen have a
greater maximal isometric force and function, better
preserved fiber morphology and ultrastructure and preserved
muscle fibers size resulting from fiber rescue by
reinnervation. All together, our results indicate that skeletal
muscle of senior sportsmen is actually more similar to that of
adults than to that of age-matched sedentaries indicating that
long-term physical activity delays age-associated skeletal
muscle decline, also promoting reinnervation of muscle
fibers undergoing age-related denervation. Signaling
pathways controlling muscle mass and metabolism are
differently modulated in senior sportsmen to guarantee
maintenance of skeletal muscle structure, function,
bioenergetic characteristics, and phenotype. Thus, regular
physical activity”® is a good strategy to attenuate the rate® of
age-related general decay of muscle structure and function,
including the fraction related to sparse, but incremental
muscle fiber denervation.

1. Andersen JL. Muscle fibre type adaptation in the elderly
human muscle. Scand J Med Sci Sports. 2003; 13: 40-47.

2. Edstrém E, Altun M, Bergman E, Johnson H, Kullberg S,
Ramirez-Le6n V, Ulfhake B. Factors contributing to
neuromuscular impairment and sarcopenia during aging.
Physiol Behav. 2007; 92: 129-135.

3. Mitchell W K, Williams J, Atherton P, Larvin M, Lund J,
Narici M. Sarcopenia, dyapenia, and the impact of
advancing age on human skeletal muscle size and



Eur J Trans Myol/Basic Appl Myol 2014; 1: 65-90

CIR-Myo News: Proceedings of the 2014 Spring Padua Muscle Days
Terme Euganee and Padova (ltaly), April 3 - 5, 2014

Abstracts
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4. Vandervoort AA. Aging of the human neuromuscular
system. Muscle Nerve 2002; 25: 17-25.
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Vandervoort AA, Rice CL. Motor unit survival in
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Exerc 2012; 44: 1235-1242.
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a lifespan of 110 years. Eur J Trans Myol/Basic Appl
Myol 2013;23:45.

7. Mosole S, Rossini K, Kern H, et al. Significant increase
of Vastus lateralis reinnervation in 70-year sportsmen
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Neuropathol Exp Neurol 2014;73, in press.
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The influence of exercise program and functional
electrical stimulation on functional, histological and
molecular parameters in prostate cancer patients:
rationale and design
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Veronika Tirpakova (1), Eugen Laczo (1), Helmut Kern (3,4)
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E-mail: "Milan Sedliak" <milan.sedliak@fsport.uniba.sk>

Prostate cancer is one of the leading male cancer diseases in
incidence (2nd), mortality (6th), treatment costs (6th) and
survival (1st) worldwide rates. Among patients with prostate
cancer treated with androgen-deprivation therapy (ADT),
appropriately prescribed exercise may ameliorate a range of
treatment-induced adverse effects.! Especially resistance
training has been shown to be effective type of exercise in
prostate cancer patients when administered 6 month and later
after the initiation of ADT.? Also functional electrical
stimulation has been shown to have comparable effect to
resistance training on ageing muscle in healthy elderly.® It is
therefore plausible that electrical stimulation will be effective
also in prostate cancer patients. However, most of the
adverse effects of ADT take place in the initial weeks and
months of the therapy, and significant reductions in both
muscle size and muscle quality is observed during the first 16
weeks on ADT. Consequently, it could be expected that the
efficacy of the resistance training and electrical stimulation to
ameliorate ADT adverse effects in muscle is highest when
exercise intervention is started together with ADT. The
scientific evidence is, however, lacking and no one has so far
looked into the cellular changes in the muscle during this first
phase of ADT. Therefore, the main goal of the project is to
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study effects of resistance training and electrical stimulation
in newly diagnosed prostate cancer patients. Moreover, the
project design would allow examining currently poorly
understood mechanisms of the adverse effects of ADT at the
cellular level and whether exercise and electrical stimulation-
induced adaptations of skeletal muscle tissue under ADT.
Two groups of age-matched males (60-75 years old) will
undergo either a 16-week resistance training period or 16-
week of electrical stimulation. Both training groups will
consist of newly diagnosed prostate cancer patients, clinical
stage T2 and T3, receiving ADT (n=8). Both groups will be
tested before and after the intervention period for selected
physical performance parameters with focus on muscle
strength. Importantly, muscle biopsies from vastus lateralis
muscle will be harvested before and shortly after an acute
resistance exercise loading undertaken both at pre- and post-
training state in both training groups. Histological and
intracellular ~ parameters  related to  muscle cell
hypertrophy/atrophy, metabolism, and secretory activity
accompanied with blood parameters will be analyzed to
explain the possible differences in adaptation mechanisms.
Newly diagnosed cancer patients receiving standard
treatment (including ADT) but no exercise intervention will
serve as a control group (n=8). This will allow us to
investigate the cellular mechanisms behind the observed
adverse effects of ADT on muscle size and muscle quality.

1. Newton R, Taaffe D, Spry N., et. al. Can exercise
ameliorate treatment toxicity during the initial phase of
testosterone deprivation in prostate cancer patients? Is
this more effective than delayed rehabilitation? BMC
Cancer. 2012;12:432

2. Segal R, Reid R, Courneya K, et al. Resistance exercise
in men receiving androgen deprivation therapy for
prostate cancer. J Clin Oncol 2003;21:1653-9.

3. Kern H, Loefler S, Burggraf S, et al. Elektrostimulation
verhindert die altersbedingte Atrophie der Muskulatur
beim Menschen [Electrical stimulation counteracts
muscle atrophy associated with aging in humans]. Eur J
of Trans Myol 2013;23:105.
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Stability of the lumbo-pelvic region and its role for fall
prevention and healthy back
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Spinal stability, consequent biomechanical integrity of the
trunk as well as general balance of the human body largely
depend on well-timed and coordinated muscle activation of
the lumbo-pelvic region. It has been shown that these
functions can either decay (aging or injury) or improve
(specific training).1*® Moreover, balance deficits have been
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shown to increase the incidence of falls in elderly
population. On the other hand lower back pain is one of the
most common medical problem that associates with changes
in neuromuscular functions of the lower trunk. The aim of
this paper is to present two methodological studies focussing
on lumbo-pelvic stability and discuss the importance of this
field for healthy and active aging. Study 1: The aim of this
study was to assess the sensitivity of body sway while sitting
on an unstable surface by comparing: (1) specifically trained
subjects (kayakers) and controls and (2) three age groups of
subjects from general population. First part of the study
included 16 kayakers and 16 healthy controls, while 36
healthy subjects from general population (12 in each group)
were included in the age related part of the study. The three
age groups contained subjects of age 12, age 22-27 and age
56-76, respectively. The body sway was assessed while the
subject was sitting on a wobble board with hands across the
chest and eyes open. A force plate was used to measure the
centre-of-pressure movement during the task. Independent
samples t-test was used to assess differences between
kayakers and controls, while analysis of variance test with
post-hoc t-tests was used to tests differences among the three
age groups. The level of statistical significance was at p <
0.05. Statistically significant differences (p < 0.05) were
found between kayakers and controls for majority of the
parameters (centre-of-pressure velocity, amplitude and
frequency). Similarly, the differences among the three age
groups were observed for majority of body sway parameters.
Results of this study are supportive about the development
and aging related changes in the control of functional
stability of the lumbo-pelvic region. Moreover, the results
confirm our hypothesis about the trainability of the lumbo-
pelvic stability through specific training. Study 2: Bed rest
has been shown to have detrimental effects on structural and
functional characteristics of trunk muscles. In addition to
inactivity, aging has been shown to significantly affect trunk
musculature and possibly their function to stabilize the spine.
To assess the combined effect of bed rest and aging, this
study evaluated the effect of fourteen days bed rest on
anticipatory postural adjustments and postural reflex
responses of the abdominal wall and back muscles. Sixteen
men (59.6 + 3.4 years) participated in the study. Postural
activation of trunk muscles was measured using voluntary
quick arm movement (anticipatory postural adjustments) and
sudden loading of the arms (reactive responses).
Measurements were conducted prior to bed rest, immediately
after and fourteen days after bed rest. Immediately after bed
rest, latencies of anticipatory postural adjustments showed
significant shortening, for the lumbar erector and multifidus
muscles (p < 0.05). After fourteen day recuperation period,
anticipatory postural adjustments reached a near to complete
recovery. On the contrary, reactive response latencies
increased from pre-bed rest to both post-bed rest
measurement sessions (p < 0.05). Results indicate an
important effect of bed rest on neuro-muscular functions of
the trunk stabilizers in elderly adults. However the effect was
not uniform for the abdominal wall and back muscles.
Moreover, there proved to be a significant deterioration of
postural reactive responses that outlasted the 14-day post bed
rest rehabilitation.
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The cellular basis of age-related tissue deterioration remains
largely obscure. The ability to activate compensatory
mechanisms in response to environmental stress is an
important factor for survival and maintenance of cellular
functions. A system that is often activated both in short and
prolonged stress conditions is autophagy. Autophagy is
required to clear the cell from dysfunctional organelles and
altered proteins and is reported to decline during ageing. This
reduction might contribute to age-related organ dysfunction
and, in general, to ageing. Here we report that specific
autophagy inhibition in muscle has a major impact on neuro-
muscular synaptic function and, consequently, on muscle
strength that ultimately affects life span of animals.
Autophagy-deficient animals show precocious deterioration
of neuromuscular junction that leads to myofiber
denervation. Inhibition of autophagy also exacerbates the
aging-related features of muscle such as mitochondrial
dysfunction, oxidative stress and profound weakness.
Mitochondrial dysfunction and oxidative stress directly affect
acto-myosin interaction and force generation but show a
limited effect on stability of neuromuscular synapses.
Conversely, autophagy inhibition alters Acetylcholine
Receptor (AChR) recycling, MuSK clustering and expression
of FGFBP1, a neurotrophic factor, that is critical for
neuromuscular  junction maintenance.? These results
demonstrate that age-related deterioration of synaptic
structure and function is exacerbated by a failure of the
autophagy system.

1. Vainshtein A, Grumati P, Sandri M, Bonaldo P. Skeletal
muscle, autophagy, and physical activity: the ménage a
trois of metabolic regulation in health and disease. J Mol
Med (Berl). 2014;92:127-37. doi: 10.1007/s00109-013-
1096-z. Epub 2013 Nov 24.

2. Khan MM, Strack S, Wild F, et al. Role of autophagy,
SQSTM1, SH3GLB1, and TRIM63 in the turnover of
nicotinic acetylcholine receptors. Autophagy.
2014;10:123-36. doi: 10.4161/auto.26841. Epub 2013
Nov 8.
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Electrical stimulation counteracts muscle decline of
septuagenarians: Molecular mechanisms
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The loss in muscle mass, coupled with a decrease in strength
and force output, has been associated in aging with reduction
in muscle fiber size, shift in fiber composition, alterations in
physiologic and metabolic parameters and modulation in
gene expression. It is well documented that training and
regular exercise attenuate the signs of sarcopenia, increasing
muscle strength while decreasing fall risk. Nevertheless,
pathologic conditions limit the ability to perform physical
exercise and therefore the benefits from it. We addressed
whether electrical stimulation (ES) is an alternative
intervention to improve muscle recovery and have defined
the molecular mechanism associated with improvement in
muscle structure and function. Here we analyze, at
functional, structural, and molecular level, the effects of 12
weeks of ES training on healthy seniors with normal life
style, i.e., without routine sport activity. All subjects were
healthy and declared not to have any specific
physical/disease problem. We demonstrate that ES was able
to improves muscle power and functional performances of
seniors and stimulates an increase in size of fast type muscle
fibers. At molecular level, ES induces overexpression of
IGF-1 isoforms and modulation of MuRF1, a muscle-specific
atrophy-related gene. ES also induces an up-regulation of
relevant biomarkers of differentiating satellite cells, such as
miRNA 206 and miRNA- 1. Interestingly, we also observed
extracellular matrix (ECM) remodeling, which might
guarantee shape and mechanical forces of trained skeletal
muscle as well as maintenance of satellite cell function. Our
data provide evidence that ES is a safe method to counteract
muscle decline associated with aging by neurostimulating
septuagenarians seniors only 3 times a week.

Trial Registration: ClinicalTrials.gov: NCT01679977

1. Maddocks M, Gao W, Higginson 1J, Wilcock A.
Neuromuscular ~ electrical ~ stimulation for muscle
weakness in adults with advanced disease. Cochrane
Database Syst Rev 2013 Jan 31;1:CD009419.

2. Kern H, Carraro U, Adami N, et al. Home-based
functional electrical stimulation rescues permanently
denervated muscles in paraplegic patients with complete
lower motor neuron lesion. Neurorehabil Neural Repair.
2010;24:709-21.

3. Livak KJ, Schmittgen TD. Analysis of relative gene
expression data using real-time quantitative PCR and the
2(-Delta Delta C(T)) Method. Methods. 2001;25:402-8.

4. Zampieri S, Pietrangelo L, Loefler S, et al. Lifelong
physical exercise delays age-associated skeletal muscle
decline. J Gerontol A Biol Sci Med Sci. 2014 Feb 18.
[Epub ahead of print].

5. Kern H, Barberi L, Lofler S, et al., Electrical stimulation
(ES) counteracts muscle decline in seniors, Revision
submitted.
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An anti-oxidant treatment prevents/reduces formation of
cores in a mouse model of Central Core Disease

Alessandro De Marco (1), Antonio Michelucci (1), Cecilia
Paolini (1), Susan L Hamilton (2), Simona Boncompagni
(1)* and Feliciano Protasi (1)*

*equal contribute
(1) CeSl - Center for Research on Ageing & DNI - Dept.
Neuroscience, Imaging and Clinical Sciences, Univ. G.
d'Annunzio, Chieti, Italy; (2) Dept. of Molecular Physiology
and Biophysics, Baylor College of Medicine, Houston, TX,
USA
E-mail: s.boncompagni@phobos.unich.it

The Central Core Disease (CCD) and Malignant
Hyperthermia (MH) are related skeletal muscle disorders in
most cases linked to mutations in the ryanodine receptor
type-1 (RYR1) gene, encoding for the Ca?* release channel
of the sarcoplasmic reticulum. CCD is characterized by
hypotonia, proximal muscle weakness and presence of
amorphous regions of myofibrillar disorganization (cores)
lacking mitochondrial activity. In humans, the Y522S
mutation in RYR1 is associated with MH susceptibility with
cores. Knock-in heterozygous mice expressing this mutation
(RYR1Y522S/WT) are viable, suffers of MH, and develop
structural cores.™? Previous studies indicated that oxidative
stress likely represent a key event causing structural damage
of skeletal fibers.®

Here we tested the hypothesis that reducing oxidative stress
prevents/reduces structural damage and consequent
formation of cores. We treated RYR1Y522S/WT mice from
2-to-4 months of age with N-acetylcysteine (NAC, a potent
anti-oxidant) provided ad libitum in their drinking water (1%
wi/v) and analyzed skeletal muscle preparations by histology,
electron and confocal microscopy. Analysis of un-treated
RYR1Y522S/WT fibers from extensor digitorum longus
(EDL) muscle confirmed the presence of mitochondrial
damaged and severe structural alterations - previously
defined as un-structured and contracture cores® - in a high
percentage of fibers: respectively, 28% and 17% presented
un-structured and contracture cores (3 muscles; 298 fibers).
However, NAC treatment resulted in significant reduction of
a) average size of apparently normal mitochondria (24%
reduction); b) number of severely disrupted mitochondria;
and c) relative mitochondrial volume (20% reduction). More
importantly, although the fiber structure did not appear
completely normal, frequency of fibers presenting un-
structured and contracture cores, was also dramatically
reduced, dowen to only 2 and 5 %, respectively (3 muscles;
670 fibers). These results suggest that oxidative stress may
play an important role in the development of cores in
RYR1Y522S/WT mice and open to possible development of
therapeutic strategies aiming to protect diseased muscle from
damage.

1. Boncompagni S, Rossi AE, Micaroni M, et al.
Characterization and temporal development of cores in a
mouse model of malignant hyperthermia. Proc Natl Acad
Sci U S A 2009;106:21996-2001.

2. Chelu, MG, Goonasekera, SA, Durham, et al. Heat- and
anesthesia-induced malignant hyperthermia in an RyR1
knock-in mouse. Faseb J 2006;20:329-30.
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3. Durham WJ, Aracena-Parks P, Long C, et al. (2008).
RyR1 S-nitrosylation underlies environmental heat stroke
and sudden death in Y522S RyR1 knockin mice. Cell
133, 53-65.
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Coordination of energy demand and ATP production in
the mitochondria of working cardiomyocytes

Marcus C. Schaub

Institute of Pharmacology and Toxicology, University of
Zurich, Switzerland.
E-mail: schaub@pharma.uzh.ch

(i) The calcium ion (Ca*") signal coordinates the energy
demand and energy production in the working myocardium.
(ii) The adenine nucleotide translocase (ANT) in the inner
mitochondrial membrane (IMM) controls the traffic of ADP
into the mitochondrial matrix for re-phosphorylation to ATP
and its exit from the matrix. The IMM is impenetrable for
peptides, metabolites, and charged ions; it thus strictly
separates the mitochondrial matrix from the rest of the cell.
Specific transport and channel systems exist for the traffic
between cytoplasm and matrix. Ca®* functions as intracellular
second messenger regulating contraction, metabolism, energy
production by oxidative phosphorylation in the mitochondria,
sarcolemmal ion pump activities as well as protein
expression by affecting the gene activity profile [1]. In order
to fulfill its multifarious signaling tasks the Ca*" level in the
cytosol must be kept very low (~10-7 M) at rest, i.e. 20'000
times lower than outside the cell (extracellular Ca*
concentration ~2 mM). Any uncontrolled, excessive
Ca’*entry leads to cell death (cardiac infarction, brain
stroke). The Ca?" signal for a heart beat comprises a rapid
transient increase of Ca2" by about 100-fold up to 10-5 M in
the cytoplasm. This transient Ca?* increase results from a
combination of Ca?* entry through the sarcolemmal voltage-
gated L-type Ca?*-channel (also called dihydropyridine
receptor as the dihydropyridine drugs specifically inhibit
Ca®* entry through this channel) and the subsequent Ca-
induced-Ca-release (CICR) through the ryanodine receptor
(RYR), the Ca*'-release channel of the sarcoplasmic
reticulum (SR), where Ca?" can be stored up to millimolar
concentrations. Ca®* can only function as messenger (i)
against its low background level in the cytoplasm at rest, and
(i) by binding to Ca*'-sensor proteins that reversibly can
bind Ca®" with an affinity in the range of KD 10-5 to 10-6
M. This is just the cytoplasmic Ca*" level that may be
reached during excitation. TroponinC (~18 kDa molecular
mass) in striated muscle (skeletal and heart muscle) was the
first such CaZ*-sensor protein detected, and the ubiquitously
present calmodulin (~17 kDa) in the cytoplasm was the
second one [2,3]. Up to now over 200 genes coding for Ca*
signaling proteins have been found in the human genome.
These proteins all contain one or more specific Ca®* binding
motifs (helix-loop-helix, called EF-hands) developed early in
evolution [4]. The entire cardiac ATP pool just suffices for a
few heartbeats. It would be exhausted within one minute at
rest and in 10 seconds at high workload [1]. Thus ATP needs
to be furnished continuously. About one third of the cardiac
energy production is used for maintaining the sarcolemmal
Ca®" and Na+ gradients as well as the proton (H*) gradient at
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the IMM. The H* gradient at the IMM (130-180 mV,
electronegative on the matrix side) produced by the electron
transport chain (ETC) allows ATP production by the ATP-
synthase F1 in the complex-V (FoF1). The heart generates
anywhere from 6 up to 30 kg ATP per day (20-100 times its
own weight) depending on the energy demand. In addition to
the regulatory functions in the cytoplasm, Ca?* enters the
matrix through the recently described mitochondrial calcium
uniporter (MCU) [5]. In the mitochondrial matrix Ca®'
stimulates several dehydrogenases of the tricarboxylic acid
cycle (TCAC) as well as the rate-limiting enzyme of the
ETC, cytochrome-c oxidase (COX, complex-1V), and the
ATP synthase. Ca®" entry into the matrix is driven by the
membrane potential and reflects the Ca®* concentration in the
cytoplasm; it thus regulates mechanical contraction and
energy metabolism in unison. Only a slight mismatch
between energy demand and production might lead to
disaster. Heart failure, in fact, is due to a shortage of fuel [6].
The isolated contractile structures from failing hearts remain
perfectly functional when tested in vitro. The adenine
nucleotide transporter (ANT ~33 kDa) presents the most
abundant protein (5-10% of total protein) in the IMM. ANT
belongs to the mitochondrial SLC25 carrier family whose
members are nuclear-encoded and incorporated in the IMM.
Analysing the mitochondrial phosphoproteome of rat hearts
revealed only the ANT protein to vary in its degree of
phosphorylation in dependence of exposure to ischemia. In
particular, tyrosine residues Tyr186-Tyr190-Tyr194 display
reversible phosphorylation. These tyrosines are arranged in a
row running along the alpha-helix-4 at the inner side of the
channel cavity. Molecular dynamics simulation suggests that
the adenine rings of ADP successively interact non-
covalently with the tyrosine residues and that
phosphorylation of this tyrosine ladder facilitates the passage
of ADP from the cytoplasmic side through the channel to the
matrix [7,8]. As a corollary, the exit of the newly formed
ATP through the same channel might also be enhanced. De-
phosphorylation of the tyrosine ladder might reduce the
efficient re-phosphorylation of ADP to form ATP. Details of
structure and function of ANT will be discussed with regard
to the regulation of energy production in the mitochondria by
oxidative phosphorylation.

1. Balaban RS: The role of Ca? signaling in the
coordination of mitochondrial ATP production with
cardiac work Biochim Biophys Acta 2009:1787:1334-
41.

2. Schaub MC, Heizmann CW. Calcium, troponin,
calmodulin, S100 proteins: from basics new therapeutic
strategies. Biochim Biophys Acta 2008;369:247-64.

3. Schaub MC, Hefti MA, Zaugg M. Integration of calcium
with the signaling network in cardiac myocytes. J Molec
Cell Cardiol 2006;41:183-214.

4. Nakayama S, Kawasaki H, Kretsinger RH. Evolution of
EF-hand proteins. Top Biol Inorg Chem 2000;3:29-58.

5. Patron M, Raffaello A, Granatiero V, et al. The
mitochondrial calcium uniporter (MCU): molecular
identity and physiological roles. J Biol Chem
2013;288:10750-8.

6. Neubauer S. The failing heart — an engine out of fuel.
New Engl J Med 2007;356:1140-51.
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7. Feng J, Zhu M, Schaub MC, et al. Phosphoproteome
analysis of isuflurane-protected heart mitochondria:
phosphorlyation of adenine nucleotide translocater-1 on
Tyrl94 regulates mitochondrial function. Cardiovasc
Res 2008;80:20-9.

8. Feng J, Lucchinetti E, Enkavi G, et al. Tyrosine
phosphorylation by Src within the cavity of the adenine
nucleotide translocase-1 regulates ADP/ATP exchange
in mitochondria. Am J Physiol Cell Physiol
2010;298:C740-8.
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How to stimulate muscles regarding their inherent
adaptive capacity: Case reports

Jonathan C. Jarvis, Hazel Sutherland

School of Sport and Exercise Sciences, Tom Reilly Building,
Byrom St Campus, Liverpool John Moores University,
Liverpool,UK

E-mail: J.C.Jarvis@ljmu.ac.uk

The The amount of adaptation induced by electrical
stimulation depends on the duration of stimulation, the
frequency and pattern of stimulation, and the relationship
between the pattern of stimulation and the natural firing rates
(which vary significantly between species) routinely
delivered to the muscle by the motor cortex. It is likely that
the next phase of research into the relationships between
pattern of activity and phenotype will be performed in small
rodent species. The available technology has almost reached
the stage at which any pattern of activation can be delivered
to any motor nerve from a universal externally programmable
stimulator. As an example of the care needed in extrapolating
between rat and human, we emphasise with preliminary data
from two studies the remarkable ability of rat muscle to
‘absorb’ activity with rather little change in fibre type,
although fibre size seems to be more sensitive to the same
amount of activation. We have stimulated rat tibilalis anterior
with the pattern 200ms of 100Hz every 30 s, 24 hours per
day. This equates to an average frequency of 0.66Hz. Based
on continuous stimulation studies at similar average
frequencies, we would not expect much change of fibre type.
In fact we saw only about 10% in the volume percentage of
the type 2b and 2a types by Tunell and Hart staining. On the
other hand, this pattern of stimulation, though we had
thought it might produce some fibre hypertrophy, caused
approximately 16% reduction of wet weight. Presumably the
stimulus of high force was present, but the amount of
activity, or possibly the lack of long rest periods, caused any
activation of protein synthesis to be overcome by a greater
increase in protein degradation. As another example, we
compared the effects of short bursts of high intensity exercise
with longer bouts of lower intensity exercise in a simulation
of the sprint-interval versus endurance tests made in humans.
We used a sprint interval pattern of 100 Hz bursts, repeated
every second for one minute every five minutes over a 20
minute session. The sessions were repeated every 48 hours.
The equivalent constant frequency was 0.03 Hz. The
‘endurance’ regime was 20Hz continuous for one hour every
24 hours (equivalent constant frequency was 0.83Hz, or 28
times more impulses than the sprint interval pattern. There
was very little change at the histochemical fibre type level
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with either regime. We will measure transcriptional
responses to assess how the muscle interpreted these two
challenges, but it is clear that a pattern based on a feasible
human exercise programme must be intensified in order to
make comparisons between similar exercise strategies in
experiments in the rat. One significant problem is that
although the cycle times must be intensified in rat, their
circadian rhythms are determined by the same daily clock as
humans.

1. Wu Y, Collier L, Qin W, et al. Electrical stimulation
modulates Wnt signaling and regulates genes for the
motor endplate and calcium binding in muscle of rats
with spinal cord transection. BMC Neurosci 2013;14:81.
[Epub ahead of print]

2. Sutherland H, Salmons S, Ramnarine IR, et al. Adaptive
conditioning of skeletal muscle in a large animal model
(Sus domesticus). J Anat. 2006;209:165-77.

3. Jarvis JC. Power production and working capacity of
rabbit tibialis anterior muscles after chronic electrical
stimulation at 10 Hz. J Physiol 1993;470:157-69.
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Scar wars — A new hope
Markus Gugatschka

ENT University Hospital Graz, Medical University Graz,
Austria

E-mail:  "Gugatschka  Markus, Priv.Doz.Dr.,
<Markus.Gugatschka@klinikum-graz.at>
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Vocal fold (VF) scarring is the most frequent cause of poor
voice after vocal fold injury and results from a disruption of
the layered vocal fold lamina propria. It leads to a significant
impairment in vibration characteristics by altering the
viscoelastic properties and results in a hoarse, often breathy
and little sustainable voice. Reasons for scarring comprise
vocal abuse, chronic inflammation, radiation therapy,
external or internal trauma. The changes have a considerable
impact on quality of life and may professional speakers
(teachers, call centre agents, etc.) force to quit their jobs.*
Modern societies depend to a smaller degree on manual labor
but largely on communication skills. Today the success of a
person is defined in terms of her/his ability to communicate
effectively. Treatment of fibrotic and scarred VF is still an
unresolved chapter in laryngology. Big hopes are placed in
laryngeal tissue engineering, especially in the activation of
local stem cells.? This presentation is thought to give a
comprehensive overview about different aspects of stem cell
therapy for the larynx. Recent studies also by our group
proved the presence of stem cells in form of side population
cells (SP cells) in the VF. Under normal circumstances stem
cells rest inactive in the peripheral maculae flavae and
migrate after trauma to the region of the lesion with a peak
after 5 — 7 days. Various kinds of cells including stem cells
have been injected in VVF injury with promising results, but
so far only in animal trials and most of them with only little
distance from time of injury to time of injection. Kanemaru
reported enhanced wound healing by injection of autologous
bone marrow derived mesenchymal stem cells (MSC) prior
to injury in Beagle VF. Groups in Sweden used human
embryonic stem cells in injured canine VF. All trials showed
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promising healing tendencies, as well as superior outcome
parameters compared to control groups. Injection of stem
cells lead to elevation of anti-fibrotic parameters such as
HGF (hepatocyte growth factor) and HA (hyaluronic acid),
while collagen levels decreased.

Laryngeal tissue engineering has emerged in the last decade
and has enlarged our knowledge about the micro-physiology
and micro-pathophysiology of the VF. Cell therapy is
probably the most powerful tool in regenerative medicine.
The underlying concept is to inject multipotent regenerative
cells in a scarred or atrophied vocal fold, where they start
production of extracellular matrix proteins.®> The extremely
complex structure of the vocal fold, especially the delicate
layered structure of the lamina propria, makes this a
challenging field which can only be handled by a close
cooperation of physicists, molecular biologists and bio-
engineers.

1. Allen J. Cause of vocal fold scar. Curr Opin Otolaryngol
Head Neck Surg 2010;18:475-80.

2. Gugatschka M, Ohno S, Saxena A, Hirano S.
Regenerative Medicine of the Larynx. Where are we
Today? A Review. J Voice 2012;26:670.e7-13. doi:
10.1016/j.jvoice.2012.03.009. Epub 2012 Jul 13. Review.

3. Hertegard S, Cedervall J, Svensson B, et al. Viscoelastic
and histologic properties in scarred rabbit vocal folds
after mesenchymal stem cell injection. Laryngoscope
2006;116:1248-154.

*kkhkk

Chronic electrical muscle stimulation following nerve
injury and immediate repair enhances reinnervation

Michael P. Willand, Jennifer J. Zhang, Cameron Chiang,
Gregory Borschel, Tessa Gordon

Division of Plastic and Reconstructive Surgery, Department
of Surgery, The Hospital for Sick Children, Toronto, ON,
Canada.

E-mail: tessat.gordon@gmail.com

The use of chronic electrical muscle stimulation for treating
partially or completely denervated muscle has been met with
controversy. Our previous work demonstrated that a
moderate stimulation paradigm significantly increases the
numbers of reinnervated motor units following long term
muscle denervation and subsequent nerve repair.* More
recently, this same paradigm was used to investigate early
effects following 2 weeks of muscle stimulation after nerve
injury and immediate repair. The results from this study
showed that stimulation significantly increased the number of
reinnervated motor units as well as accelerating axon
outgrowth into the distal nerve stump.® Extending the
duration of muscle stimulation to a period longer than 2
weeks has not been previously explored. Research question:
Does a moderate electrical muscle stimulation paradigm
delivered chronically improve reinnervation and functional
outcome measures following nerve transection and
immediate repair? Six groups of Thyl-GFP transgenic male
rats were subjected to tibial nerve transection and immediate
repair using two epineurial sutures. One group of rats
underwent daily electrical stimulation of the denervated
gastrocnemius muscle with a paradigm comprising of 600
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equally separated contractions throughout one hour,
delivered 5 days per week. Rat gastrocnemius muscles were
electrically stimulated for either 1, 2, or 3 months and then
underwent terminal assessments which included evaluating
muscle force, contractile properties, motor unit numbers, and
wet weight. Rats in the 3 month group were serially assessed
for skilled locomotion with the tapered beam test. Behavior
in the same rats was also assessed with a walking track
analysis that measured gross changes in reinnervation using
the tibial functional index. Muscles were then harvested for
immunohistological examination of motor end plate
reinnervation. Muscles that received daily electrical
stimulation had a significantly greater number of motor units
for all three time points (1, 2, and 3 months) as characterized
using electromyographic methods. Mean motor unit sizes
were significantly smaller in stimulated muscles suggesting
that muscle stimulation may inhibit terminal sprouting as
reported by others.* This may allow for a more natural course
of reinnervation resulting in improved functional recovery.
Indeed, skilled location tests showed that stimulated muscles
enhanced and maintained recovery at levels no different from
those in normal functioning rats whereas non-stimulated
controls became progressively worse and did not recover to
baseline. The tibial function index showed no significant
differences between groups. Chronic treatment of denervated
muscle using electrical stimulation significantly enhances
muscle reinnervation and functional recovery. As the muscle
continues to become reinnervated, tailoring the stimulation
paradigm to improve muscle force and fatigability may lead
to shorter recovery times and reduce extensive physiotherapy
and rehabilitation requirements.

1. Willand MP, Lopez JP, de Bruin H, Fahnestock M,
Holmes M, Bain JR. A New System and Paradigm for
Chronic Stimulation of Denervated Rat Muscle. J Med
Biol Eng. 2011;31:87-92.

2. Willand MP, Holmes M, Bain JR, et al. Determining the
effects of electrical stimulation on functional recovery of
denervated rat gastrocnemius muscle using motor unit
number estimation. Conf Proc IEEE Eng Med Biol Soc
2011; 1977-80.

3. Willand MP, Chiang CD, Zhang JJ, et al. Conf Proc
IEEE Neural Eng 2013.

4. Love FM, Son Y-J, Thompson WJ. Activity alters muscle
reinnervation and terminal sprouting by reducing the
number of Schwann cell pathways that grow to link
synaptic sites. J Neurobiol 2003;54:566—76.

5. Willand MP, Holmes M, Bain JR, Fahnestock M, De
Bruin H. Electrical muscle stimulation after immediate
nerve repair reduces muscle atrophy without affecting
reinnervation. Muscle Nerve. 2013 Aug;48(2):219-25.
doi: 10.1002/mus.23726. Epub 2013 May 2.
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A new Liverpool/Vienna implantable neuromuscular
stimulator: update

Jonathan C Jarvis (1), Manfred Bijak (2), Evald Unger (2),
Morton Schmoll (2), Michael Haller (2), Werner
Lindenthaler (3), Herman Lanmueller (2)

(1) Liverpool John Moores University, UK, (2) Medical
University of Vienna, (3) Med-El, Innsbruck, Austria
E-mail: J.C.Jarvis@ljmu.ac.uk

The miniature programmable device presented in previous
Padua Muscle Days has been tested successfully in prototype
form and is nearing full testing in its intended radio-
frequency programmable form.! It will be small enough for
implantation in mice and rats, and will provide stimulation
both programmable in terms of daily pattern and adjustable
in amplitude non-invasively. We will give an update of
progress to date.

1. Jarvis J, Bijak M, Lanmueller H, et al. New
Vienna/Liverpool implantable stimulator. Eur J Trans
Myol 2013; 23:184.
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Muscle stimulation in a complex neuromuscular
pathology: recurrent laryngeal neuropathy in the horse

Jonathan C Jarvis (1), Norman Ducharme (2), Jon Cheetham
(2), Justin D Perkins (3), Richard J Piercy (3), Werner
Lindenthaler (4)

(1) John Moores University Liverpool UK, (2) Cornell
University Ithaca NY, (3) Royal Veterinary College Hatfield
UK, (4), Med-El, Innsbruck, Austria

E-mail: J.C.Jarvis@ljmu.ac.uk

The laryngeal muscles are concerned with protection of the
airway during swallowing, opening of the airway to allow
unrestricted inspiration (and therefore capacity for exercise)
and the production of the voice. Clinically important
reduction of these functions is surprisingly common, and
increases in the elderly. The causes of damage include
elective surgery (during ventral cervical fusion to address
spinal cord compression, and sometimes unavoidably in
cancer surgery), thoracic or cranial tumours that may
impinge on the laryngeal structures or their innervating
neurones, and trauma. There is an additional related problem
in horses, because of a relatively common recurrent laryngeal
neuropathy. This causes reduction in maximum exercise
potential, most obviously a problem in race horses, but also
affecting the usefulness and saleability of sport horses
because of abnormal respiratory noise. There is therefore an
opportunity for veterinary clinical research to address the
problem in the equine population that may also indicate
potential means of intervention in human clinical
laryngopathy. Equine RLN is a progressive neuropathy
interpreted at the histological level as a mix of denervation,
reinnervation indicated by type grouping, and fibrosis.
Cricoarytenoid dorsalis (CAD) muscles removed from
severely affected horses show, in the advanced stages of the
disease, near complete fibrosis and therefore inability to
provide an opening force on the arytenoid cartilages. Since
RLN is progressive, there is a mixture of fibres in affected
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laryngeal muscles, from at one extreme, normal muscle fibres
with a normal activity pattern and therefore normal exercise
capacity, through to affected but not fully denervated muscle
fibres that may have reduced efficacy of activation, and
therefore reduced exercise capacity, and at the other extreme,
fully denervated fibres that perform no useful work to open
the airway. Stimulation to improve function may address the
active but weak fibres, but also the denervated fibres if we
use intramuscular stimulation with sufficient current to
activate those denervated fibres.2 We have done experiments
to investigate whether the function of the laryngeal muscles
in equine RLN can be changed by electrical stimulation and
whether stimulation of the laryngeal muscles during a period
of denervation enhances or reduces the chance of re-
innervation (native or after surgical reinnervation) and long-
term function. In common with stimulation studies on
denervated human and rabbit muscles, we have noted a
normalisation of fibre size distribution in stimulated CAD.
We have also shown that muscle function measured by
videoendoscopy during treadmill exercise responds to
periods of training and periods of de-training although we are
aware that this is an indirect measure affected by the
coupling of muscle force to arytenoid movement and muscle
loading due to negative inspiratory pressures tending to close
the airway. Volumetric and functional ultrasound
measurements have also shown positive effects of muscle
stimulation, but it is clear that, just as with the studies on
human denervated limb muscles, the greatest benefits are on
innervated muscles fibres and those that are not in an
advanced state of degeneration at the onset of stimulation.®®
The choice of stimulation pattern has been based on the
desire to produce hypertrophy without excessive slowing in
the muscles, together with choices of stimulation frequency
based on function-frequency tests. In general, the amount of
stimulation needed to produce a worthwhile change in
muscle performance is higher than our initial estimates
suggested.

The work on equine larynx has been in parallel with pilot
clinical trials in human patients, in whom stimulation of the
opening muscles has in several cases shown striking benefit
in terms of quality of sleep and exercise capacity.®

1. Perkins JD, Salz RO, Schumacher J, et al. Variability of
resting endoscopic grading for assessment of recurrent
laryngeal neuropathy in horses. Equine Vet J 2009;4:342-
6.

2. Lopata GP, van Dijk JP, Pillen S, et al. Dynamic imaging
of skeletal muscle contraction in three orthogonal
directions. J Appl Physiol 2010;109:906-15.

3. Kern H, Carraro U, Adami N. One year of home-based
Functional Electrical Stimulation (FES) in complete
lower motor neuron paraplegia: Recovery of tetanic
contractility drives the structural improvements of
denervated muscle. Neurol Res 2010; 32: 5-12.

4, Kern H, Carraro U, Adami N, et al. S. Home-based
Functional Electrical Stimulation (h-b FES) recovers
permanently denervated muscles in paraplegic patients
with complete lower motor neuron lesion. Neurorehab
Neur Rep 2010;24:709-21.

5. Gargiulo P, Reynisson PJ, Helgason B, et al. Muscle,
tendons, and bone: structural changes during denervation
and FES treatment. Neurol Res. 2011;33:750-58.
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Correlations between muscle atrophy/degeneration in
aging associated to life style and comorbidities on a
preliminary set of data from the AGES-Reykjavik Study

Paolo Gargiulo (1,2), Magnus K Gislason (1), Sigurdur
Sigurdsson (3), Ugo Carraro (4), Vilmundur Gudnason (3)

(1) Institute of Biomedical and Neural Engineering (BNE),
Reykjavik University; (2) Research Department, Landspitali
University Hospital, Reykjavik; (3) Icelandic Heart
Association, Reykjavik, Iceland; (4)Translational Myology
Lab of the Interdepartmental Research Center of Myology ,
c/o Department of Biomedical Sciences, University of
Padova, Italy

E-mail: paologar@Ilandspitali.is

Amount and quality of skeletal muscle and heart failure are
dependent to life style, i.e, physical activity, and eventual
diseases.™ Further, there are mutual interactions among the
two apparatuses.>* Muscle atrophy is well established to
occur during malnutrition, bed rest, unloading, or partial
unloading model, spinal cord injury, stroke or tendon
reconstruction.>” Muscle atrophy, obviously, leads to
reduced levels of force and power development, with strong
dysfunction in mobility, balance and related additional risks
of falls. The literature offers a good knowledge base
concerning the progression of muscle atrophy in response to
upper motor neuron (UMN) lesions in human patients.
Muscle mass decreases significantly during the first few
months after UMN damage with ultrasound revealing a loss
of up to 40% of the mass in the first month post injury, but
after the first few months post injury, when a new life style is
stabilized, the atrophy process slows down, resulting in a
stable atrophy (50% of initial muscle mass) with the onset of
spastic incomplete paralysis for up to twenty years after SCI.
The atrophy is much more severe when the lower motor
neuron (LMN) is damaged. Two of the Authors contributed
to design and develop of the elegant strategy of the Vienna
home-based Functional Electrical Stimulation training for
muscle recovery in this second case (LMN lesions), where
muscle atrophy end in full degeneration of muscle tissue.”®
Our aim is to associate the muscle amount/quality as
percentage of atrophy or degeneration, primarily to heart
failure and secondly to other co-morbidities.

We propose to assess the muscle quality using the CT data,
and to evaluate the percentage of atrophy/degeneration
within the muscle volume based on Hounsfield values (HU).
CT data from healthy muscles can be displayed within an
interval of 40 and 90 HU, though within a normal muscle
volume there are other tissue elements such as water,
connective tissue and fat, which are coded with much lower
or higher HU value. The different tissue elements express
their specific HU value if such tissue completely occupies the
voxel volume; otherwise the HU number will be an average
of different values. This fact explains the wide range of
values present inside a dataset and suggests the definition of
various intervals to study muscle structural changes.
Therefore, to estimate the tissue composition in the muscle
volume, and assess the muscle atrophy within the volume we
will divide the HU distribution in four HU intervals: [min; —
10], [-9; 20], [21; 40] and [41; max] representing,
respectively, fat, connective tissue/ water, low/atrophic and
normal muscle tissue.®®
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On the other hand, less is known about the correlations
between muscle amount/quality, heart failure and life style.
During our experience with denervated muscle we found
indications of correlated effects between muscle recoveries
(increase of muscle density and decrease of atrophy in
quadriceps muscle) and increase of Bone Mineral Density in
patella bone. In that project we could assess muscle quality in
complete denervated and atrophied muscles and follow the
recovery process through electrical stimulation treatment and
associated bone structural changes.

Based on this work and potentials offered by the AGES-
Reykjavik Study we propose to investigate the amount and
quality of muscle tissue in the enrolled subjects.

An index of muscle tissue amount (muscle atrophy), whether
normal or degenerating is derived using imaging techniques
from the ratio between the bone volume of total body or of an
appendix and the related muscle tissue. The hypothesis is that
the degree of muscle amount (atrophy) or degeneration (as
index of muscle quality) within the muscle volume may be
related to physical conditions (life styles), heart failure and to
co-morbidities . The parameters needed for the execution of
the study are based on parameters extracted from the left and
the right femur, muscle parameters crossing the hip joint
extracted from the left and right side and finally information
about the subject from the AGES-Reykjavik Study.

1. Mosole S, Carraro U, Kern H, et al. Long term high-level
exercise promotes muscle reinnervation with age. J
Neuropathol Exp Neurol 2014;73, in press.

2. Batty GD. Physical activity and coronary heart disease in
older adults. A systematic review of epidemiological
studies. Eur J Public Health. 2002;12:171-6. Review.

3. Vescovo G, Serafini F, Facchin L, et al. Specific changes
in skeletal muscle myosin heavy chain composition in
cardiac failure: differences compared with disuse atrophy
as assessed on microbiopsies by high resolution
electrophoresis. Heart 1996;76:337-43.

4. Carraro U, Franceschi C. Apoptosis of skeletal and
cardiac muscles and physical exercise. Aging (Milano).
1997;9:19-34. Review.

5. LeBlanc AD, Schneider VS, Evans HJ, et al. Bone
mineral loss and recovery after 17 weeks of bed rest J
Bone Miner Res 1990;5:843-50.

6. Kern H, Hofer C, Mddlin M, et al. Stable muscle atrophy
in long-term paraplegics with complete upper motor
neuron lesion from 3- to 20-year SCI. Spinal Cord.
2008;46:293-304. Epub 2007 Oct 23.

7. Kern H, Carraro U, Adami N, et al. S. Home-based
Functional Electrical Stimulation (h-b FES) recovers
permanently denervated muscles in paraplegic patients
with complete lower motor neuron lesion. Neurorehab
Neur Rep 2010;24:709-21.

8. Gargiulo P. 3D Modelling and monitoring of denervated
muscle under Functional Electrical Stimulation treatment
and associated bone structural changes. Eur J Trans Myol
2011;21,31-94.

9. Gargiulo P, Helgason T, Reynisson, PJ, et al. Monitoring
of Muscle and Bone Recovery in Spinal Cord Injury
Patients Treated With Electrical Stimulation Using
Three-Dimensional Imaging and  Segmentation
Techniques: Methodological Assessment. Artif organs
2011;35: 275-8.
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Estimation of signal strength in application of Acousto-
Electric-Interaction Effect to monitor denervated muscle
stimulation

Thordur Helgason (1,2), Bjérg Gudjonsdottir (2)

(1) Institute of Biomedical and Neural
University of Reykjavik, Iceland; (2)
University Hospital, Reykjavik, Iceland
E-mail:

Engineering,
Landspitali,

Electrical activity of muscles is commonly mapped with
surface electrodes placed on the skin or with fine wire or
needle electrodes placed inside the muscle.  Surface
electrodes are simple in use and can be used repeatedly
without any harm to the patient. But they do not give detailed
information on what muscles are active or what part is active
if the muscle is partly denervated. EMG form deep lying
muscles are difficult to reach or even out of range. Using
intramuscular electrodes increases selectivity and even
deeper lying muscles can be reached. Their disadvantage is
that each electrode pair is only capable of local EMG
registration. In order to map the EMG activity of a whole
muscle many stiches have to be made. They are therefore not
suitable for muscle monitoring on a daily basis. Additionally
people with paralysis and reduced blood flow and
metabolism, wound healing has slowed down making
frequent stiches unacceptable. Methods for registration of
muscle activity that are based on CT, MRI or PET scans or
incorporate radioactive materials are more complicated, not
suitable for bedside monitoring and costly.  Ultrasound
imaging gives information on the shape and movement of
muscles but does not give information on what muscles are
causing the movement. A novel technique to map electrical
current in muscles is the Ultrasound current source density
imaging (UCSDI).! It is based on the Acousto-Electric-
Interaction effect (AEI). An acoustic wave traveling through
material modulates its electric resistivity. Therefore when an
ultrasound wave crosses electrical current in the material a
high frequency voltage signal is generated. This signal is
termed AEI signal. By focusing the ultrasound wave to a
focus point inside the muscle or tissue will give the strongest
AEI signal from that location. Moving the ultrasound focus
in the tissue gives a way to map the electrical current
distribution in the tissue. As little as two electrodes can be
used to for the registration of the AEI signal. Groups working
on the UCSDI have been targeting the heart and brain
diseases.” We suggest the use of UCSDI to map the
electrical activity of denervated muscles to monitor electrical
stimulation therapy. ® That way the portion of the muscle
reached by the electrical stimulation can be detected. Also
the monitoring of denerveated muscle in the state of re-
innervation can be made given that the sensitivity of the
method is sufficient. That way the effectiveness of a therapy
can be monitored on a daily basis. The method is non-
invasive since the ultrasound source and electrodes can be
placed on the surface of the skin, again given that the AEI
signal strength is sufficient. In this work we examined in a
mathematical way the relation between the electrical current
intensity and ultrasound wave amplitude on one hand and the
AEI signal strength on the other hand. The results suggest
that the AEI voltage signal is strong enough for application
on the thigh muscles. Since the expected electrical current
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density used in stimulation therapy and the acoustic wave
amplitude can be adjusted in a wide range the associated AEI
signal strength is also varying in a wide range. In factitis in
order of two magnitudes higher than what is expected with
no injected current, as reported by Gudjonsdottir et al.®> The
conclusion is that UCSDI is a promising technology to
monitor both electrical stimulation therapy and electrical
activity of muscle fibres.

1. Qin Y, Wang Z, Ingram P, et al. Opitmizing Frequency
and Pulse Shape for Ultrasound Current Source Density
Imagning” IEEE Trans Ultrason Ferroelectr Freq Control
2012;59:2149-55.

2. Wang ZH, Olafsson R, Ingram P, et al. Four-dimensional
ultrasound current source density imaging of a dipole
field. Appl Physics Letters 2011;99:113701.

3. Gudjonsdottir B, Gargiulo P, Helgason T. Use of
ultrasound current source density imagning (UCSDI) to
monitor electrical stimulation of denervated muscles and
fiber activity, some theroretical considerations”.
Proceedings of the 10th Vienna International Workshop
on Functional Electrical Stimultion, 15th Annual
Conference of the International FES Society and
Neuromodulation, The Way Ahead 2010 pp. 384-5.
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Vagus nerve stimulation to limit aura of focal cerebral
ischemia: rodent model and implantable neuromodulator

Luca Denaro (1), Ugo Carraro (2), Jonathan C Jarvis (3),
Domenico D’ Avella (1)

(1) Neurosurgery, Dept. Neurosciences, and (2) CIR-Myo
Laboratory of Translational Myology, Dept. Biomedical
Sciences, University of Padua, Italy; (3) School of Sport and
Exercise Sciences, Byrom St Campus, Liverpool John
Moores University, Liverpool, UK

E-mail: luca.denaro@unipd.it

Considerable efforts have been devoted during recent years
to develop devices to stimulate the human autonomic nervous
system. In particular, techniques of vagus nerve stimulation
(VNS) to treat a number of neurodegenerative and vascular
central nervous system (CNS) dysfunctions, and
neuropsychiatric, pain, sleep, eating, cardiac, and endocrine
disorders. Our main goal is to extend published results of the
effects of short term neuromodulation of the vagus nerve on
the size of brain infarcts due to permanent or transitory
arterial occlusion by an intra-arterial thin wire.® The
Liverpool mini neruromodulator designed and developed by
Jonathan C Jarvis will be used to stimulate the vagus nerve in
the neck by implanting two loop electrodes sutured to the
sternocleidomastoidus muscle. More selective cuff electrodes
will be also tested. The encapsulated electronics, battery and
optical switch will be implanted in the peritoneal cavity and
the electrodes tunnelled to the neck. We are implementing
the experimental plan by acute trials to evaluate the different
components of the project in adult rats, that is: 1. the brain
ischemia model; 2. the implantation in the peritoneal cavity
of the mini neuromodulator, tunneling of the wires to the
neck, selection of the proper electrodes; 4. Neuromodulation
settings for acute and mid-term experiments. Prototype
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protocols of neuromodulation will be discussed and
preliminary results of acute experiments will be reported.

1. Ay I, Sorensen AG, Ay A. Vagus nerve stimulation
reduces infarct size in rat focal cerebral ischemia: An
unlikely role for cerebral blood flow. Brain Res
2011;1392:110-115.

2. Sun Z, Baker W, Hiraki T, Greenberg JH. The effect of
right vagus nerve stimulation on focal cerebral ischemia:
an experimental study in the rat. Brain Stimul 2012;5:1-
10. doi: 10.1016/j.brs.2011.01.009. Epub 2011 Feb 22.

3. Ay, Ay H. Ablation of the sphenopalatine ganglion does
not attenuate the infarct reducing effect of vagus nerve
stimulation. Auton Neurosci. 2013;174:31-35. doi:
10.1016/j.autneu.2012.12.001. Epub 2012 Dec 27.

4. Herrera-Rincon C, Torets C, Sanchez-Jimenez A, Abel
Sanchez-Jimenez A, Avendano C, Panetsos F. Chronic
electrical stimulation of transected peripheral nerves
preserves anatomy and function in the primary
somatosensory cortex. Eur J Neurosci. 2012;36:3679-
3690.
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Neuromodulation in motor nerve trauma: Accelerating
traumatic nerve repair and sustaining muscle trophism

Vincenzo Vindigni (1), Erika Dalla Venezia (1), Andrea
Marcante (2), Riccardo Zanato (3), Roberto Stramare (3),
Helmut Kern (4,5), Tessa Gordon (5), Stefano Masiero (2),
Ugo Carraro (6)

(1) CIR-Myo, Plastic Surgery, Department of Neuroscience,
University of Padova, Italy; (2) CIR-Myo, Rehabilitation and
Physical Unit, Department of Neurosciences, University of
Padova, Italy; (3) CIR-Myo, Radiology, Department of
Medicine, University of Padova, Italy; (6) Ludwig
Boltzmann Institute of Electrical Stimulation and Physical
Rehabilitation, Vienna, Austria; (7) Department of Physical
Medicine and Rehabilitation, Wilhelminenspital, Vienna,
Awustria; (5) Division of Plastic and Reconstructive Surgery,
Department of Surgery, The Hospital for Sick Children,
Toronto, ON, Canada; (6) CIR-Myo, Department of
Biomedical Sciences, University of Padova, Italy.

E-mail: vincenzo.vindigni@unipd.it

The process that follow an axonal injury is known as
Wallerian degeneration. It is characterized histologically by
axonal blebbing and fragmentation into ovoids.»? Its clinical
electrophysiology correlation is generally taken to be failure
of electrical conduction by the nerve distal to the site of
injury and the onset of muscle denervation potentials.>” In
turn, this information is used to prognosticate the time course
and extent of recovery in response to therapeutic
interventions. An example would be the case of a 47 year old
man with a complete right median nerve lesion at the wrist,
following a cutting injury of the right forearm. The complex
trauma also caused a lesion of the radial artery, a total cross-
section of the deep flexor tendon of the first toe and an injury
to the flexor carpi radialis tendon. Three hours after the
trauma, the patient underwent a surgical suture of artery,
tendons and neurorrhaphy of the median nerve. After 10 days
of healing, the patient was submitted to a neuromuscular
stimulation protocol 5 times a week, each session lasting 30
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minutes, using these parameters: pulse duration 0.3 msec,
current intensity < 25 mAmp (according to pain sensation),
stimulation frequency 50 Hz for 1 second and pause of 4
seconds. After 1 month of this training protocol, the patient
reported an improvement of subjective sensitivity of the
second and third fingers of the hand. At that time, we
performed a dynamic echomyographic scan of the abductor
pollicis brevis (ABP) that showed initial muscular atrophy
(innervated left hand 15 mm vs. denervated right hand 16.5
mm) and an increased echogenicity of the muscle, both
accepted evidence of denervation. Few days later, to avoid
muscular wasting, we decided to combine the neuromuscular
electrical stimulation protocol with direct stimulation of the
denervated tenar muscles, using the following parameters:
rectangular biphasic waves, pulse duration 150 msec and
pause of 2 seconds, applied every day for 30 minutes. Two
months after the trauma, the needle EMG exam of the ABP
muscle showed low level of spontaneous activity
(fibrillations) and no voluntary recruitment of motor units
(fasciculation). The nerve conduction studies showed no
sensitive response of the median nerve with orthodromic
stimulation of the first and third fingers.

After additional 4 months, the EMG showed minor
modifications of the spontaneous activity, further increase of
subjective sensitivity of the second and third fingers of the
hand, but absence of volitional activity of the tenar muscles.
On the other hand, under dynamic echomyography, all the
tenar muscles responded with clear contractions when
directly stimulated at 10 mAmps, a threshold far from pain
sensations. It is worth mentioning that electrical stimulation
achieved the goal of maintaining the left denervated tenar
muscles (14 mm) almost at the thickness of the contralateral
innervated left hand (16 mm) and without major worsening
during the period from 2 to 5 post-denervation months.
Taken together the results are evidence that combining
fibrillation analyses to monitor the denervation phase and
dynamic echomyography to look for fasciculation and follow
rate of atrophy and effectiveness of the electrostimulation
therapy, the last can be finely tuned to patients’ needs.

1. Fenrich K, Gordon T. Canadian Association of
Neuroscience review: axonal regeneration in the
peripheral and central nervous systems-current issues and
advances. Can J Neurol Sci 2004;31:142-56.

2. Koeppen AH. Wallerian degeneration: history and
clinical significance. J Neurol Sci 2004; 220: 115-17.

3. Dumitru D, Zwarts M. Needle electromyography. In:
Dumitru D, Amato AA, Zwarts M, editors.
Electrodiagnostic Medicine.Philadelphia: Hanley and
Belfus; 2001. pp 257-291.

4. Brown WF, Bolton CF. Pathophysiology of conduction
in peripheral neuropathies. In: Neuromusular function
and disease. Boston: Butterworth-Heinemann; 1993. pp
56-95.

5. Robinson LR. Traumatic injury to peripheral nerves.
Muscle Nerve 2000;23:863-73.

6. Preston DC, Shapiro BE. Clinical-electrophysiologic
correlations: overview and common patterns. In:
Electromyography and  neuromuscular  disorders.
Philadelphia: Elsevier; 2005. pp 233-251.

7. Kimura J. Anatomy and physiology of the peripheral
nerve. In: Electrodiagnosis in disease of nerve and
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muscle. New York: Oxford University Press; 2001. pp
63-91.
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Dynamic Echomyography combined with EMG analyses
of fibrillation/fasciculation increase sensitivity and
specificity in the follow-up of muscle denervation atrophy
and neuromodulation of denervation/reinnervation

Riccardo Zanato (1), Roberto Stramare (1), Andrea Marcante
(2), Amber Pond (3), Francesco Piccione (4), Vincenzo
Vindigni (5), Erika Dalla Venezia (5), Helmut Kern (6,7),
Tessa Gordon (8), Stefano Masiero (2), Ugo Carraro (9)

(1) CIR-Myo, Radiology, Department of Medicine,
University of Padova, Italy; (2) CIR-Myo, Rehabilitation and
Physical Medicine Unit, Department of Neurosciences,
University of Padova, Italy; (3) Anatomy Department,
Southern Illinois University School of Medicine, Carbondale,
IL USA; (4) I.R.C.S.S San Camillo Hospital, Venezia-Lido,
Italy; (5) CIR-Myo, Plastic Surgery, Department of
Neuroscience, University of Padova, Italy (6) Ludwig
Boltzmann Institute of Electrical Stimulation and Physical
Rehabilitation, Vienna, Austria; (7) Department of Physical
Medicine and Rehabilitation, Wilhelminenspital, Vienna,
Austria; (8) Division of Plastic and Reconstructive Surgery,
Department of Surgery, The Hospital for Sick Children,
Toronto, ON, Canada; (9) CIR-Myo, Department of
Biomedical Sciences, University of Padova, Italy.

E-mail: roberto.stramare@unipd.it

From 2008, in the Rise2-Italy project we have proposed and
implemented for patients suffering with permanent or
transitory Lower Motor Neuron denervation a new protocol
of quantitative ultrasonography (we named it Dynamic
Echomyography to stress the functional components of the
analyses) to evaluate changes in Tibialis Anterior, Deltoid,
and Quadriceps muscles undergoing home-based electric
stimulation, both neuromuscular stimulation or direct surface
stimulation of denervated/reinnervating muscles. Before and
during h-b FES training for periods lasting one year in the
case of a subject with lesion of the right sciatic nerve, 6
months for a subject suffering left brachial palsy and 8
months for a Spinal Cord Injury ASIA A subject suffering
incomplete Conus Cauda Syndrome, we analyzed the
denervated/reinnervating muscles comparing, when possible,
them to the contralateral normal muscles using ultrasound to
record information on: 1. Gross morphology and sonographic
structure; 2. Thickness; 3. Dynamic properties of voluntary
and electrical stimulation-induced contraction-relaxation
cycles. 4. Short-term and long-term modifications of the
arterial perfusion in response to volitional and electrical
stimulation-induced  contractions. Morphology  and
ultrasonographic structure of the denervated muscles changed
during the period of h-b FES training from a pattern typical
of muscle atrophy to a pattern which might be considered
“normal” when detected in an old patient. Thickness
improved significantly more in the middle than in the
proximal and distal thirds of the denervated muscles,
reaching in one year measurements in the first subject
approximately the same thickness of the contra lateral
innervated muscle. In all the measurements, arterial perfusion
of the denervated muscles showed a low resistance pattern

- 86 -

with Doppler ultrasonography at rest, and a pulsed pattern
after several months of home based electrical stimulation,
more similar to the trifasic high-resistance pattern of the
innervated muscles. Contraction-relaxation kinetic, measured
by recording the movements during electrical stimulation,
showed an abnormal behavior in the denervated muscles, in
particular during relaxation, which resulted significantly
longer than in the normal muscle, in agreements with many
experimental animal models and clinical human
observations. The very high current energy needed to activate
the denervated muscles according to the Vienna h-b FES
strategy are strong evidence that the explored muscles were
still denervated. If they recovered volitional function, the
energy of muscle activation went down to the values of
motor point stimulation of innervated/reinnervated muscles.
All together, these observations confirms both usefulness of
Dynamic Echomyography in the follow-up and the
effectiveness of h-b FES of denervated and reinnervating
muscles. In the latter case, Dynamic echomyography provide
information on the muscles or muscle parts that respond to
stimulation.We are confident that combining sound invasive
“time zero” and “end-point” analyses (tissue biopsy and 2D
and 3D Color CT macro-morphometry with noninvasive,
bed-side repeatable EMG (including fibrillation/fasciculation
recording) and ultrasound analyses,** some of the following
open questions will find final answer: 1. Reliable evaluation
of the extent of muscle denervation and reinnervation; 2.
Reliable quantification of the progression of atrophy to
degeneration in longstanding muscle denervation; 3.
Influence (positive or negative) of electrical stimulation on
muscle reinnervation (in well defined sub-groups of patients),
contributing to the much-needed evidence-based approaches
in Physical Medicine and Rehabilitation.

1. Dumitru D, Zwarts M. Needle electromyography. In:
Dumitru D, Amato AA, Zwarts M, editors.
Electrodiagnostic Medicine.Philadelphia: Hanley and
Belfus; 2001. pp 257-291.

2. Preston DC, Shapiro BE. Clinical-electrophysiologic
correlations: overview and common patterns. In:
Electromyography and  neuromuscular  disorders.
Philadelphia: Elsevier; 2005. pp 233-251.

3. Marcante A, Zanato R, Ferrero M, et al. Recovery of
Tetanic Contractility of Denervated Muscle: A Step
Toward a Walking Aid for Foot Drop. Biomed Tech
(Berl). 2013 Sep 7. pii: /j/bmte.2013.58.issue-s1-A/bmt-
2013-4016/bmt-2013-4016.xml. doi: 10.1515/bmt-2013-
4016. [Epub ahead of print]

4. Zanato R, Stramare R, Boato N, et al. Dynamic
Echomyography Shows That FES in Peripheral
Denervation does not Hamper Muscle Reinnervation.
Biomed Tech  (Berl). 2013 Sep 7. pii
/j/bmte.2013.58.issue-s1-A/bmt-2013-4034/bmt-2013-
4034.xml. doi: 10.1515/bmt-2013-4034. [Epub ahead of
print].
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Myofiber-motoneuron interactions in ALS
Antonio Musaro

Institute Pasteur Cenci Bolognetti, Unit of Histology and
Medical Embryology, 1IM, Sapienza University of Rome,
Italy

E-mail: "Antonio Musaro" <antonio.musaro@uniromal.it>

One of the crucial systems severely affected in several
neuromuscular diseases is the loss of effective connection
between muscle and nerve, leading to a pathological non-
communication between the two tissues. One of the best
examples of impaired interplay between the two tissues is the
disease Amyotrophic Lateral Sclerosis (ALS).

Whereas the steps leading to the pathological state are well
defined, several fundamental issues are still controversial: are
the motor neurons the first direct targets of ALS? What is the
contribution of muscle, if any, to the pathogenesis of ALS?
These questions raised from the following considerations: i)
ALS is a genetic disease in which the contribution of
different cells and tissues - either neuronal or non-neuronal -
cannot been excluded; ii) skeletal muscle is a relatively
unexamined tissue that potentially contributes to ALS; and
iii) the retrograde-talk muscle-to-nerve is extremely
important to determine if and to what degree muscle plays a
role in the progression of the pathology and to develop
alternative  therapeutic  approaches. We accumulated
evidences demonstrating that muscle selective expression of
SOD1 mutation caused pathological alterations in skeletal
muscle, including mitochondrial impairment and alteration in
the functional interplay between muscle and nerve, inducing
pre-symptomatic sign of ALS. The pathogenic mechanisms
associated with ALS will be discussed.

1. Musaro A. Understanding ALS: new therapeutic
approaches. FEBS J. 2013 Sep;280(17):4315-22. doi:
10.1111/febs.12087. Epub 2013 Jan 3. Review.

2. Bucci L, Yani SL, Fabbri C, et al. Circulating levels of
adipokines and IGF-1 are associated with skeletal muscle
strength of young and old healthy subjects.
Biogerontology. 2013 Jun;14(3):261-72. doi:
10.1007/s10522-013-9428-5. Epub 2013 May 12.

3. Dobrowolny G, Aucello M, Musard A. Muscle atrophy
induced by SOD1G93A expression does not involve the
activation of caspase in the absence of denervation.
Skelet Muscle. 2011 Jan 24;1(1):3. doi: 10.1186/2044-
5040-1-3.

4. Dobrowolny G, Aucello M, Rizzuto E, Beccafico S,
Mammucari C, Boncompagni S, Belia S, Wannenes F,
Nicoletti C, Del Prete Z, Rosenthal N, Molinaro M,
Protasi F, Fand G, Sandri M, Musaro A. Skeletal muscle
is a primary target of SOD1G93A-mediated toxicity. Cell
Metab. 2008;425-36. doi: 10.1016/j.cmet.2008.09.002.
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SAVe-ALS - Ventilation by total implantable options
recruiting denervated myofibers

Ugo Carraro (1,2)

(1) CIR-Myo Translational Myology Lab, Deapartment of
Biomedical Sciences, Padua University, and (2) I1.R.C.S.S.
San Camillo Hospital, Venezia Lido, Italy

E-mail: ugo.carraro@unipd.it

Research on etio-pathogenesis of SLA, on supports for
survival of motoneurons, axonal regeneration and sproutings,
and on transfer of animal results to patients’ treatments are
the main goals in ALS, but clinically relevant results are
waiting for new concepts and discoveries to substantially
influence the inexorable progression of the disease. Riluzole
is the only drug that has been shown to extend survival. Non-
invasive ventilation prolongs survival and improves quality
of life. The management of ALS is thus, supportive,
palliative, and multidisciplinary.*

Awaiting the most wanted final solution, we will test in
rodent models of ALS a different approach, namely: support
of trophism of the denervated muscle fibers and evaluation of
their potential contribution to power output (and therefore
mobility) by implanted neurostimulators with electrodes
contacting the denervated muscle fibers, firstly in leg muscle
and finally in the diaphragm to support ventilation of
deteriorating animals. Based on the strong evidence of our
EU Project RISE,>® showing recovery of ultrastructural
organization, tetanic contractility and power output of
degenerating myofibers in permanently denervated human
muscles, we would like to transfer to ALS patients those
results to support by direct stimulation of the denervated
muscle fibers ventilation in patients,* in collaboration with
Antonio Musard of Rome Sapienza University, Helmut Kern
of the LBI, Wilhelminenspital, Wien, Austria, Winfried Mayr
of the Medical University of Vienna, Austria and Jonathan C.
Jarvis of Liverpool John Moores University, UK, Tessa
Gordon of the Child Hospital of Toronto, Canada. In the first
year of a 5-year planned research we would like to test these
concepst in ALS rodents comparing neuromodulation and
direct stimulation of denervated muscle fibers of unilaterally
sciatectomized hind limbs in wild and SOD mice. I.R.C.S.S.
of San Camillo Hospital of Venezia-Lido Italy will contribute
with  morphometry of immuno-fluorescence labelled
experimental muscles before and during the follow-up. If the
results will be, as we expect, positive, in the next few years
we will test combined molecular and cellular approaches to
support muscle fibers and the nerve-muscle units in larger
animals and, then, in patients, hoping to substantially delay
tracheostomy and the need for positive pressure ventilation.*
The Italian, Vienna and the Liverpool John Moores
University groups have a longstanding collaboration on
functional reactivation and repair of denervated muscles.?
Under expert supervision of Antonio Musard,®> mutated mice
will be divided in two groups: the control-untreated mice and
treated mice (i.e., with or without neuromodulation).
Morphological, morphometric, molecular and functional
analysis will be performed at different ages both at the onset
of the disease and at paralysis stage both in Venice-Lido and
Rome. We will evaluate whether the progressive training
developed in Vienna and the devices developed in Vienna
and Liverpool, adapted to ALS needs from existing
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prototypes will delay the progression of the disease. The
denervated muscle will be chronically stimulated to sustain
trophism and contractility of permanently denervated muscle
fibers, both prexisting or regenerated,®® in particular in the
diaphragm to support ventilation.

Novelty and Relevance for patients: During the last decade
our international group contributed to rehabilitation in
neuromuscular disorders by studying exercise training for
patients affected with traumatic complete injury of the Conus
Cauda, a syndrom that fully disconnect leg muscles from the
spinal cord.?® A novel strategy was developed in Vienna.
New electrodes and a safe stimulator for home based FES
have been designed to reverse muscle atrophy by delivering
high-intensity and long-duration impulses able to elicit
contractions of denervated skeletal muscle fibres in the
absence of nerves. Specific clinical assessments and training
programmes were developed at the Wilhelminenspital Wien,
Austria. Total implantable neurostimulator for rabbit and rat
experiments were developed in collaboration with the Vienna
Bioengineers in the Jonathan C. Jarvis Lab in Liverpool.
These are now down-sized to mini-implants for mouse
experiments. The EU RISE longitudinal human trial
demonstrated that home-based FES of permanent denervated
muscle is an effective therapy that results in rescue of muscle
perfusion, mass and function.?®

Our multidisciplinary group, supported by the European
Project RISE: Use of electrical stimulation to restore standing
in paraplegics with long-term denervated degenerated
muscles (Contract no. QLG5-CT-2001-02191)] is the only
consortium in the world with the required “proven”
expertise>® to design, implement and verify the hypothesis
that permanent denervated skeletal muscle fibers may be
recovered from severe atrophy and maintained in a trophic
state that allows recovery of tetanic contractility and thus of
external work to support long term ventilation in ALS
sufferers, before the critical phase of tracheostomy and
positive pressure ventilation becomes mandatory.*
Combined with commercial devices for activation of the
residual pool of phrenic axons, the long term goal of the
actual project may substantially prolong both a decent quality
of life and survival. The Relevance of the proposed
preliminary animal studies here described for ALS patients is
self-evident.
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Excitation-Contraction Coupling is affected in Ankyrin
1.5 Null Mice
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Excitation-contraction coupling (ECC) is the process
whereby depolarization of the T-tubular membrane (TT)
triggers the Ca?* release from the sarcoplasmic reticulum
(SR) into the sarcomeric space that leads to muscle
contraction. The first step in ECC is a voltage-sensing
process that is the change of orientation of charged molecules
within the dihydropyridine receptors/L-type Ca?" channels
(L-CaC) of the TT. This is detected as intramembrane charge
movement (ICM) and in normally polarized skeletal muscle
fibres of frog as well as mammal it shows three components
(QB, Qy and Qh). Qy is the charge related to L-Ca*" channel
and RyR opening.* Therefore, DHPR is thought to have two
actions: it is a voltage-operated L-CaC and a voltage sensor
for RyR opening. Notably, the L-CaC current (ICa,L)
activation and inactivation are multistep mechanisms with
slow and fast kinetics.? Remarkably, the skeletal muscle
machinery involves a reciprocal interaction between
sarcoplasmic and ECC proteins mediated by cytoskeleton.
Moreover, sarcomeric proteins are bound, by intermediate
filaments (as desmin), to costameric proteins. Ankyrins are
anchoring proteins localized in the Dystrophin Glycoprotein
Complex at the costameric region. Thus, Ankyrins may play
a role in ECC. The aim of this work was to evaluate the
involvement of ankyrin 1.5 in the ECC in extensor digitorum
longus, EDL, and diaphragm, DIA, muscle by using Ank 1.5
null mice. Membrane potential was recorded in current-
clamp condition by a microelectrode inserted into a single
muscle fibre, whereas the passive properties of the fibres and
both ICM and ICalL were evaluated in voltage-clamp
condition in isolated fibre segments using the double
Vaseline-gap method.® No significant changes of the above
parameters were observed in EDL and DIA fibres of young
Ank 1.5 null mice but these were reduced in DIA muscle
from old mice. So, DIA from Ank 1.5 null fibres had affected
ECC since showed a reduced Qy charge paralleled by a
decrease in size of ICa,L and a faster inactivation kinetics. In
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conclusion, Ankyrin 1.5 inhibitory action on ECC of DIA is
muscle- and age-specific since it was observed only in DIA
muscle from old mice. Interestingly, the results observed in
DIA muscle from Ankyrin 1.5 null mice are observed in
atrophic muscles with altered cytoskeleton as in old,
dystrophic and denervated muscles.

1. Francini F, Bencini C, Squecco R, Piperio C. Separation
of charge movement components in mammalian skeletal
muscle fibres. J Physiol 2001;537:45-56.

2. Francini F, Bencini C, Squecco R. Activation of L-type
calcium channel in twitch skeletal muscle fibres of the
frog. J Physiol 1996;494:121-40.

3. Squecco R., C. Bencini, C. Piperio, F. Francini F. L-type
Ca®* channel and ryanodine receptor cross-talk in frog
skeletal muscle. J Physiol 2004;555:137-52.

*kkkk

The role of myopalladin and associated myopathies in
mammalian skeletal muscle
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The half-sarcomere, the functional unit of skeletal muscle, is
able to produce power at high efficiency or resist a sudden
increase in load with low metabolic cost, due to the
integrated function of myosin 1l motors cross-bridging the
thick and the thin filament and cytoskeleton proteins acting
as a scaffold. While the relation between structure and
function of the actomyosin motor has been extensively
studied both in vitro and in situ,"® much less is known about
the other sarcomeric proteins. The importance of
cytoskeleton proteins is illustrated by the identification of
mutations in many of the corresponding human genes in
patients with skeletal myopathies. Here we report a study on
the role of myopalladin (MYPN), a protein located in the Z-
line and the I-band. MYPN gene mutations have been
identified in patients with limb-girdle dystrophy as well as
dilated, hypertrophic and restrictive cardiomyopathy.*® To
provide insights into the physiological role of this protein and
the mechanisms leading to myopathy, the mechanical
performances of skeletal muscles and/or single fibres from wt
and knockout (KO) mice were determined. In EDL muscle,
in which the motor is mostly the 2B isoform, the absence of
MYPN (i) decreases the isometric force (T0) by 48% and the
cross-sectional area (CSA), calculated by the muscle wet
weight, by 21%; (ii) decreases the shortening velocity and
thus the power at any load < TO and (iii) does not affect the
curvature of the force-velocity relation. In skinned fibers
from the same muscles TO is reduced in proportion to CSA,
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indicating that the CSA of EDL muscle is overestimated in
KO mice with respect to control.* Thus the reduced muscle
performance in KO mice is due to the reduction in fibre
dimension while the kinetics of actin-myosin interaction is
unaffected. Injection of an adeno-associated virus (AAV)
vector expressing the wt form of MYPN results in a
substantial rescue of muscle performance.

Supported by Ministero della Salute, Telethon and MIUR

(ltaly).
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Ventricular torsion and cardiac suction effect. The
electrophysiological analysis of the cardiac band muscle
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The Torre: nt Guasp concept postulates that the ventricles are
formed by a continuous muscle band that begins at the level
of the pulmonary valve and extends to the aortic root,
limiting in this way the two ventricular chambers. This
specific anatomical arrangement would support the
interpretation of two fundamental aspects of left ventricular
dynamics: 1) the torsion mechanism and 2) the physiology of
rapid diastolic filling by the suction effect.

To investigate the electrophysiological basis of this
mechanism, the left ventricular activation sequence was
studied by 3D electroanatomical mapping (EAM) in five
patients, during radiofrequency ablation of arrhythmias
associated to probable abnormal epicardial pathways. As the
descending band segment is endocardial and the ascending
band segment is epicardial, two approaches were used to
perform the mapping.

Conclusions: 1) 3D endo-epicardial mapping shows electrical
activation of the apical loop concurrent with synchronic
contraction of the ascending and descending band segments;
2) The simultaneous and opposing activation of the
ascending band segment to the starting point of its radial
activation from the descending band segment, at the point
where both band segments cross, is consistent with the
clockwise and anticlockwise ventricular torsion of apical and
basal areas; 3) Late activation of the ascending band
segment, compatible with persistent contraction of the
ascending band segment during early isovolumic diastole
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(basis of the suction mechanism) is produced without need to Moreover, this work demonstrates that activation of the
postulate electrical activation beyond the QRS. ascending band segment completes the QRS. This finding
The novel activation sequence of the Torrent Guasp band explains the persistent contraction of this muscle segment
found in this study would explain the previous process during early diastole, rejecting the traditional concept of
triggering the ventricular torsion and suction mechanism. passive relaxation.
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