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Proteome analysis of human vastus lateralis muscle
(hVLM) from climbers after mountaineering
expedition to Himalayas

S. Angelucci, F. Di Giuseppe, S. Marilisa, E. Earj C. Di
Ilio

Department of Biomedical Sciences and Excellent Cante
Aging Studies (Biochemistry & Proteomics Laboratory)
University G. d’Annunzio, Chieti Italy.

E-mail: s.angelucci@dsb.unich.it

We have investigated the molecular mechanism uyidgrl
changes in hVLM structure and metabolism during its
adaptive response after exposure to extreme adtitnd LM
biopsies from six climbers, before and after trigere
grouped into a total number of six pools includsgjects
with the same age (for pre-expedition time 1st/32ars,
2nd/+44years,3rd/+55 years old and for post-expeditime
4th/+27 years,5th/+44years, 6th/+55 years old rethpely).
The total protein extract for each lysated tissas separated
using a broad pH range no linear IPG strips (3 12%
SDS gel. By MALDI-TOF MS analysis carried out oreth
common spots we identified several housekeepingeim®
which were classified into six categories i.e. skileton and
motility, mithocondrial activity, energy metabolisroellular
stress, transport and others. It is notable thatptfoteins of
the metabolism, cytoskeleton and mithocondrial
compartments were present in the highest numbés,(26%
and 33% respectively).To evaluate the changes pinesgion
level we have compare the houseskeeping proteitvgeba
the pre- and post- expedition time samples. After post-
exposure time, the major component of the hVLMi@ome
is represented by the mithocondrial protein mainiolved
in aerobic and anaerobic pathway. A significativewd-
regulation of the glycolitic enzymes was also found
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Red blood cell neocytolysis in humans after high
altitude de-acclimatization

G. Antonutto, A. Risso

M.A.T.I. (Microgravity, Aging, Training, Immobility Centre
of Excellence, University of Udine, P.le M. Kolbel433100
Udine, Italy. E-mailguglielmo.antonutto@uniud.it

A selective lysis of relatively young erythrocytes
(neocytolysis), together with a decrease of eryhbietin
(EPO) production, has been described in polycythehigh
altitude acclimatised people, after descent tolesezl, and in
astronauts, early after exposure to weightlessiessstudy
neocytolysis, we analysed blood samples drawn frbm
mountain climbers at sea level before (control) aftdr 53
days of high altitude dwelling (> 4500 m). Aftetum to sea
level, EPO’s plasma levels were lower than befoigh h
altitude dwelling (mean values: 2.5 + 3.3, verss+14.5
miU/ml, p < 0.05). Red blood cells (RBC) populationgave

separated into low, middle and high density subseisch,

by physical and phenotypical criteria were regaraegoung,
middle aged and old. The expression of membranecutds
CD55 and CD59, that are partially lost during RBCs aging
and phosphatydylserine and CDA47, involved in the
recognition and triggering or inhibiton of RBCs
phagocytosis by macrophages, was investigated by
immunofluorescence and flow cytometry analysis @che
subset. The comparative analysis of cell countealexd an
almost complete disappearance of young and midgés a
RBCs after descent from high altitude ( from 4.50 98 .(#0)

and 66 % (x 6.90) to 0.19 % (+ 0.07) and 1.90 %9 &E0),
respectively). A dramatic increase of the high dgns
population (from 29.50 % (£ 7) to 97.90 % (+ 2.0@)gs also
observed. Furthermore, in young and middle aged RBCs a
“senescent” like phenotype was observed, which may
account for their targeting to phagocytosis.
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Endocrine and metabolic response to extreme
altitude and physical exercise in “elite” climbers
A. Benso, S. Grottoli

Division of Endocrinology, Diabetes and Metabolism,
Department of Internal Medicine, University of TuriTurin,
Italy. E-mail: andrea.benso@unito.it

The physiological adaptative response to chronposure to
hypobaric hypoxia include variations in the homatest
steady-state of several endocrine and metabolictifurs. A
comprehensive description of the endocrine and bodita
effects of prolonged exposure to hypobaric hypoisa
however, lacking; particularly, the combined eféeof high
altitude and physical exercise have still to beiglated. Aim
of our study was to evaluate the endocrine pityifanction
as well as glucose and lipid metabolism during qnged
physical exercise at high altitude in hypoxia cdiods in
well-trained climbers. To this goal, we evaluatpdr#aneous
GH, ghrelin and leptin secretion (2-hour profild§zF-I,
IGFBP-3, ACTH, cortisol, DHEAS, progesterone,
testosterone, PRL, FT3, FT4, TSH, glucose, FFA asdlin
levels at the sea level before the expedition died a period
of 7 weeks of acclimatization and climbing at atitidle no
lower than the 5200 meters of the base camp in @bees
(age [meathSEM]: 40.2t1.4 years) of the Italian expedition
"K2-2004 50 anni dopo" at the north face of Mt. East.
Mean GH concentration over 2 hours recorded ituaé and
after climbing Mt. Everest was clearly higher (pD. than
that at the sea level (AUC: 75%830.5 vs 2842104.8
pg/I*min). Accordingly, mean total IGF-I and IGFBP-3
levels in altitude were higher (p<0.05) than thas¢he sea
level (219.631.1 vs 167.522.7 ug/l and 3.#0.3 vs 2.20.2
mg/l, respectively). Despite of a clear and impoirtaeight
loss (mean — 5 kg) any variation was observed irelgh
levels. PRL levels showed a trend toward increas&tQ78
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vs 6.:0.6 pg/l, p=0.051) while, conversely, testosterone
levels were significantly reduced (2®4 vs 5.50.6 ng/ml,
p<0.01). Progesterone levels showed a significaotease
(1.840.1 vs 1.4+0.1 ng/ml, p<0.05). Again, plasmacgse
levels were reduced in altitude after maximal ptaisi
exercise (7043.7 vs 80.@2.6 mg/dl, p<0.05) without any
significant change in insulin levels (1&®8 vs 10.10.8
muU/l) thus suggesting marked increase in insulimsiity.
FFA levels were significantly increased (0.53 +10vk 0.36

+ 0.05 mEqg/L, p<0.05) while a trend toward a redhrctin
leptin levels (AUC 60.1 +6.1 vs 90.5 + 11.0 ng/mltthivas
observed. HPA axis did not showed any significdranges
in altitude. An increase of free T4 levels (13.7&0/s
10.44+0.6 ng/l, p<0.05) and a concomitant reductibriree
T3 (2.0£0.1 vs 2.740.1 ng/l, p<0.01) were appa@nHA,
though TSH levels remained unchanged. The resitiltheo
present study from a unique experimental human mofle
maximal exposure to altitude and physical exersisav that
extreme high altitude and strenuous physical egeritiduce
a condition of hyperactivity of GH/IGF-1 axis togetr with
an apparent low T3 syndrome. At the same time wlendt
observed any variation in ghrelin secretion, despit
significant body weight loss, concomitantly with excrease
of lipolysis and a trend toward decrease of lepévels.
Moreover, an increase of PRL and a decrease instestme
levels coupled with an increase of progesteroneldewas
apparent. Though the experimental models adoptéar s@n
not provide an accurate description of the undgrlin
mechanisms, nevertheless these data represent tampor
information to better understand human endocrinel an
metabolic physiology in hypoxic conditions. Thisidy was
supported by IMONT and Novo Nordisk.
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Neuroregenerative effect of the anabolic steroids
V. Bianchi (1), A. Marbini (2)

(1) Laboratory of Physiology of Exercise and Human
Performance, SH Institute, Republic of San Marind) (
Laboratory of Neuromuscular Histopatholgy, Deparitmef
Neuroscience, University of Parma, Iltaly. E-mail:
dott.vbianchi@gmail.com

Oxandrolone is a potent anabolic steroid used ¢sqive or
restore muscle mass in different clinical condisioBeveral
studies have shown that gonadal steroids exertopnof
trophic influences on the brain and spinal corddewced
from the structural to the molecular level. The noas within
the brain and spinal cord, including most craniad apinal
motor neurons, contain gonadal steroid receptdterefore,
it is reasonable to expect that anabolic steroas ltave a
neuroregenerative effect due to increased protgithssis in
the peripheral nervous system. In this case refm#,patient
with a demyelinating disease was administrateceaafieutic
dose of oxandrolone (20 mg/day) during a 3 montipgdeof
concomitant isotonic muscular resistance trainkighe end
of 3 months it was observed a significant increafsmuscle
mass, strength and motor control. A repeat musiesly
revealed a type grouping of muscle fibers that estggan
expression of the reinnervation of the muscles esitype
grouping is evidence for an increase in myelinardns of
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the reinnervated muscle. The increase in strengthnauscle
mass is also related to axon regeneration. Thesealtse
support the concept that oxandrolone is a neunaasteroid
with potential neuroregenerative effect throughréased
protein synthesis in the peripheral nervous sydeading to
the activation of a remyelination process.
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Study of muscular activation during whole body
vibration training

P. Bifulco, M. Cesarelli, A. Fratini

Dept. of Biomedical, Electronic&Telecommunication
Engineering, University " Federico 11" of Napletal.

E-mail: pabifulc@unina.it

Whole body vibration (WBYV) training is more and more
utilized not only for fithess but also in physictderapy,
rehabilitation and sport medicine. WBYV training airts
mechanically activate muscles by eliciting stretefiexes.
Mechanical vibrations are usually delivered to tmatire
patient body. Effects depend on intensity, directiand
frequency of vibration. Training frequency is orfelee most
important factors involved and preliminary vibrataession
can be dedicated to optimize treatment estimatihg t
frequency that maximize the evoked EMG activity.isTh
work aims to highlight the relationship between uatt
muscle motion and electromyographic activity durimigole
body vibration treatment. Vibrations were delivered a
sinusoidal oscillating platform at different frequoges (10-45
Hz), with a constant amplitude (1.2 mm). Simultameo
recordings of quadriceps Rectus Femoris EMG and 3D
muscle accelerations were collected. Fifteen stbjeere
involved in the study. Large EMG motion artifactere
found to be superimposed on the raw EMG recordanys
filtered out. Muscle motion analysis revealed anest-like
mechanical behavior. RMS values of artifact-free EM&e
found well correlated to the actual muscle displeest. In
particular, the maximum of EMG activity was found i
correspondence to the muscle mechanical resonance,
accordance to the hypothesis of proprioceptive aesp to
stretch. Mechanical stimulation should provide Heraative
method to improve impaired biomechanical functidnttee
musculoskeletal system via the use of the neuro-
physiological pathways of patient.
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First experience of TES for difficult-to-stimulate
paraplegics

E. Bizzarini, A. Zampa, C. Malisan, C. Pinzini, P. Di
Benedetto

Spinal Unit, Department of Rehabilitation Medicine.
Gervasutta Hospital, ASS N° 4 “Medio Friuli”, Udinkaly.
E-mail: biomec.imfr@ass4.sanita.fvg.it

The Spinal Unit of the Department of Rehabilitation
Medicine of Udine admits patients with Spinal Comjuty
(SCI) after discharge from Neurosurgery or IntensBare
Divisions. Demographic data, etiology, duration of
hospitalization, bladder managements, and mobikty



admission and discharge were revisited from Jan2@@Q to
March 2008. From 490 SCI patients at their first sdion to
our Spinal Unit we treated with an intensive religtion
program 49 complete Spinal Cord Injury patients IGAS
Impairment Scale A). The patients have an average od
38.63 years (range 16 - 67 years). The ratio betwéale
and Female was 4 : 1, 40 men e 9 women. All theempiat
were classified complete respectively to the ASIA
Impairment Scale, when no motor or sensory functi@s
preserved in the sacral segment S4-S5. All patierdse
classified with the Ashworth scale (Ashworth, 196/)m
score 0 to 4. All SCI patients have been treatech wit
conventional rehabilitation strategies for enhagciower
limbs function. At the same time these patients hative
exercise for upper limbs and training for daily ritibjptasks
(transferring, bed mobility and sitting) and fuoctal
electrical stimulation. Using commercial stimulatee rather
found difficulties to electrically stimulate denated
muscles, but we believe this approach could giveremo
chances to patients in their recovery, if the dsid
stimulation parameters and the electrodes of nesiedare
applied to the denervated leg muscles. The hope dbtain
secondary benefits of the walking FES-assistedcéses or a
combination of this with treadmill and biofeedbatckining

in flaccid paraplegia at least in a clinical amfihis was a
good opportunity to engage a long and wide roatl ldzaled
us to be partners in the Rise2-Italy Project.
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Clues to the formation of cores in a mouse model of
malignant hyperthermia

S. Boncompagni (1,4), A.E. Rossi (2), M. Micaroni, S)L.
Hamilton (4), R.T. Dirksen (2), C. Franzini-Armstgp(b), F.
Protasi (1)

(1) IM Interuniversity Institute of Myology; Ce.S.t Dept.

of Basic and Applied Medical Sciences, University G.
d’Annunzio, Chieti Italy; (2) Dept. of Pharmacolognd
Physiology, University of Rochester Medical Center,
Rochester, NY, USA; (3) TeEMCoF - Telethon Electron
Microscopy Core Facility - Department of Cell Biolognd
Oncology, Consorzio Mario Negri Sud, Santa Maria dnb
(CH), Italy; (4) Dept. of Molecular Physiology and
Biophysics, Baylor College of Medicine, Houston, TXSA}

(5) Dept. of Cell and Developmental Biology, Univéysbf
Pennsylvania School of Medicine, Philadelphia, BSA.
E-mail: s.boncompagni@unich.it

Malignant hyperthermia (MH) and central core digeas
(CCD) are closely related skeletal muscle diseasésn of
linked to mutations in the ryanodine receptor (RYRB&he.
Knock-in mice harbouring the RYR1Y522S/WT mutation,
which in humans is associated to MH susceptib{lMHS)
with cores, exhibit MH-like episodes in response to
halogenated anesthetics and heat. Here we invietiga
whether or not RyR1Y522S/WT skeletal fibers also tgyve
cores and identified possible steps leading tha&imétion.
Starting at 2 months of age, we found clear evident
mitochondrial abnormalities (swelling and partiédrdption)
which are confined to some regions of the cell fpreptive
cores). Mitochondria disruption eventually leadsdamage
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of nearby sarcoplasmic reticulum (SR), T-tubulesd arf
some contractile elements (early cores). At latages (1
year of age) regions of delimited myofibril contiaes,
characterized by complete lack of mitochondria R
(contracture cores), or regions lacking also catite
elements (unstructured cores) becomes very freq@ther
various types of alterations were also detected li2
streaming, external membrane folding, etc.). Wegeagthat
the initial triggering event in core formation is lacal
imbalance in Ca2+ release due to increased RyR1fleak
mutated channels. Mitochondria are apparently tinst f
organelles damaged by the altered Ca2+homestadisthair
disruption eventually damages closely associatgdnelles,
such as the SR. Loss of Ca2+ sequestration by SRowand
mitochondria in these regions likely contributes tioe
formation of contractures initiated by calcium d#ing from
the SR in the adjacent regions. It is not clear thdre
unstructured cores derive from contracture cores.

Disferlinopathies, pathogenesis and effects of
physical activity

C. Borsato, L. Bortolussi, V. Cima, C. Ferrati, M. Valpé
Fanin, E. Pegoraro, C. Angelini

Dipartimento di Neuroscienze, Via Giustiniani, 5adeva,
Italy. E-mail: carlo.borsato@unipd.it

Dysferlin is involved in the repair of sarcolemma.
Dysferlinopathy presents either as disto-proximgbpathy
or myalgia/hyperCkemia; progression is highly vaeagven
in the same family, implying epigenetic or envircemtal
factors. We evaluated whether strenuous exerciderébe
onset might influence the clinical progressiontof tlisease.
We have followed 20 adult patients with biochemicaind
molecularly proven LGMD2B. We conducted a retrosipect
study of the natural history, including muscle MRida
neuromuscular assessment using the modified Gardner
Medwin-Walton (GMW) scale. Our investigation was
focused on evaluating the role of sport activityfpened
before the onset of muscle weakness in the pragress the
disease. We have divided the patients into two ggouases
with past history of regular sport activity (at $ea3
hours/week for 2 years) and cases without physictvity.
Sportive patients presented a significant moredrafinical
progression than non-sportive patients. The timapsthg
from onset to loss of Gowers (grade 4 of the GM\&lec
was significantly lower (Cox test: p=0.11; Log rampk:0.09)
in sportive patients (5.75 years) than in non-spenpatients
(10 years). All LGMD2B patients showed a progressoss
of muscle function but patients which performedripantil
onset of the disease had a more rapid clinical utiooi.
Physical activity produces a regular mechanicalsstrwhich
could determine a more severe muscular injury &odlsl be
considered as a negative prognostic factor whiclghmi
anticipate the onset of disease and influencerdagrpssion.
The physician should suggest to limit competitiveygical
activity.
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Cell therapy for muscle dystrophies: delivery of
myogenic precursor cells in mdx mice via polymeric
scaffolds

S. Carnio (1-3), C.A. Rossi (2), E. Serena (3), MzZ&bon
(2), M. Flaibani (3,4), N. Elvassore (3,4), P. Dep@io(2), L
Vitiello (1)

(1) Department of Biology, University of Padova,yta(2)
Stem Cell Processing Lab, Department of Pediatrics,
University of Padova, Italy; (3) Department of Cheani
Engineering, University of Padova, lItaly; (4) Venet
Institute of Molecular Medicine, Padova, Italy.

E-mail: libero.vitiello@unipd.it

Our project is focused on the use of biomaterialniprove
the grafting efficiency of myogenic precursors ormal and
dystrophic skeletal muscle. We had previously shakat
implanting a long lasting, lactic acid-based polyrseeded
with myoblasts could improve the efficiency of cd#livery
in regenerating, non-dystrophic muscle. Here weiaily
used a collagen-based scaffold to deliver in vixpanded
muscle precursor cells in the muscles of mdx mier data
confirmed that scaffold-mediated cell delivery wiasleed
more efficient than direct intramuscular injectidmgth in
terms of cell survival and dissemination, and cqosetly of
number of dystrophin-positive fibers produced. Hoere the
overall efficiency did not reach clinical signifivee; for this
reason we decided to switch to a different celletype.,
satellite cells that had not been expanded in wttach have
been shown to hold very good potential for muscle
regeneration. In particular, we combined the implaf
single, isolated muscle fibers or satellite celieshly
dissociated from their parental myofibers, withimmovative
hyaluronic acid-based Hydrogel. This particular ypoér
holds great potential for clinical applications, &s is
injectable, it is photopolymerizable in situ withvid light
and forms a non-porous yet permeable scaffold. iGitial
data indicate that transplanted cells do contriiatenuscle
regeneration, albeit not as efficiently as whatokéained in
parallel experiments with wt animals. In conclusioar data
suggest that polymer-mediated delivery of a snmalbant of
freshly isolated satellite cells is feasible andficemt and
could be an interesting approach for clinical aggtlon.
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Aging strength ability: a “strenght condition”
program in over 60 years aged fall prevention

S. Corbianco, C. Ciappetta, P. Bongioanni, B. RossDi¥i.

Dipartimento Neuroscienze-U.O. Neuroriabilitazione
Universitaria - Universita di Pisa. E-ma#:corbianco@ao-

pisa.toscana.it

Strength clearly shows a moderate but regular dezme
from youth to 45 years of age. After this periodécomes
more and more relevant: it achieves the 25% at tabbu
years of age [1]. Strength decrement can be comsides the
main cause of disability prevalence in the eldefd].
Explosive strength is connected to daily movemehilitg,
effectiveness and velocity [3]. Lower limbs stréngt
decrement shows a 3,5% drop titre in the yearsgeffeom

-19¢-

IIM — Interuniversity Institute of Myology
University of Padua — cirMYO Interdepartmental Reseh Center of Myology
University of Chieti — BAMS Department of Basic agoplied Biomedical Sciences

2009Spring PaduaMuscleDays

Terme Euganee & Padova (ltaly), April 26 - 28, 200

65 to 84 [4]. The aim of the study was to evaluhteeffects
of adjusted rehabilitative motorial protocol (ASAh drop
prevention; we have recruited 25 over 65 yearsgaf, aot
institutionalised subjects according to Guidelif@sexercise
testing and prescription (ACSM, p. 126, 1991). Weehased
up to 80% [5] of maximum voluntary contraction deads
with DAPRE (daily adjusted progressive resistive reise)
methodology, which allows a rehabilitative plan iindual
progression [6+. We have evaluated Anterior Tikslal
Vastus Medialis, Rectus Femoris and Biceps Femoiiggus
EMG surface spectral statistics parameters. Thenalared
values rate of MDF (median frequency) and CF (cotidnc
velocity) referred to electrostimulated isometriatijue
plotter [7] showed an average values shift from IEu00
Hz) to high (1120 Hz) frequencies, thus demonstrating a FlI
type muscular fibres prominent intervention. Timsrement
(p<0,05) was proved by the jump test [8] as wekhiowed a
mechanical potency increment from the start (16\WWKde
the end (21WKg-1) of the protocol. Tinetti test wied a
drop risk decrement from high (22+1) to low [9]. \Wepose
our rehabilitation protocol as a useful mean to age
walking motorial control and to improve strength,prevent
drops in the elderly as first and firm aim.

[1] The ageing muscle. Grimby G, Saltin B. Clin Pbys
1983 Jun;3(3):209-18.

[2] Evans WJ, What is Sarcopenia?; J. of Gerongol,
Biol.Sci. Med. Sci, Nov. 50, 1995, p. 5-8.

[3] Bassey EJ, Fiatarone M., O Neill EF, Kelly M, dhs
WJ,Lipitz LA, Leg extensor power and functional
performance in very old men and women, Clinical
Science 82, 321-327, 1992.

[4] Young A, Skelton DA, Applied Physiology of strgth
and Power in old age - Int. J. of Sport Med. 1%9-54
1994.

[5] Fiatarone MA, Oneil EF, Marks EC, Ryan ND,
MeredithCN, Lipsitz LA, Evans WJ, High intensity
strength training in nonagerian, JAMA 263: 3029-803
1990.

[6] Knee rehabilitation by the daily adjustable gmessive
resistive exercise technique.Knight KL. Am J Sports
Med. 1979 Nov-Dec;7(6):336-7.

[7] Clarys, J.P., Cabri, J.: Electromyography andlytof
sports movements. Journal of S.Science,11;379-88,19

[8] Bosco,C., Komi , P.V., Mechanical power test difer
composition of human leg extensor muscle. Eur.pplA
Physiol. 51:129-135,1983.

[9] Tinetti M. Performance-oriented assessment obifity
problems in elderly patients. Journal of the Am.
Geriatrics Society 34:119-126, 1986.
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The expression of developmental markers in muscle
fibers in diagnostic biopsies

O. Danielsson, T. Betmark, |.Gati

Neuromuscular Unit, Department of Neurology, Linkiip
University, Linkdping, Sweden. E-malktvan.Gati@lio.se

We investigated the expression of several developahe
markers of myogenesis in diagnostic muscle biopsies
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Rehabilitation strategies from infrequent paraplegc
syndromes to common aging-related muscle
weaknesses

Helmut Kern

Ludwig Boltzmann Institute of Electrostimulation and
Physical Rehabilitation, Department of Physical Meus,
Wilhelminenspital Wien, Vienna, Austria. E-mail:
helmut.kern@wienkav.at

Human muscle in aging share with long-standing dexted
muscle similar impairments of the excitation codtian
(EC) apparatuses. On the other hand, long-term dateer
human muscles recover by FES even when at begitthéyg
hardly respond to electrical stimulation with twitc
contractions. We demonstrated that mid-term lowetom
neuron denervated muscles present less damaged EC-
Coupling apparatus, and respond with tetanic cotbrad¢o
direct electrical stimulation, while long-standiloyver motor
neuron denervated muscles need very long and mtens
impulses to perform twitch contractions, but everhie latter
case months of repeated daily training by twitchtcaction
restored tetanic contractility and improved synitheand
ultrastructural organization of myofibrils and CaRandling
membranes [1-3]. Experiments in a rat model of erent
denervation show by Electron Microscpy that the-EC
mechanisms are present and, in part, functiongpating
the hypothesis that, even in absence of ES-indegeztnal-
work (that is, visible contraction), ES-induced layal
Calcium concentration change may drive recovery haf t
long-term denervated muscles. Our aim is now tastede
these results in elderly to shorten recovery tirfter acast
immobilization and other muscle weakness.

[1] Kern H, Carraro U, Adami N, Biral D, Hofer C, $a
Loefler S, Vogelauer M, Mayr W, Rupp R, Zampieri S.
One Year of Home-based Functional Electrical
Stimulation (FES) in Complete Lower Motor Neuron
Paraplegia: Recovery of Tetanic Contractility Drivhe
Structural Improvements of Denervated Muscle.
Nerurological Research 2009, in press.

[2

—_—

Boncompagni S, Kern H, Rossini K, Mayr W, Carraip
Protasi F. Structural differentiation of skeletalsule
fibres in absence of innervation in humans. Pro¢ Na
Acad Sci USA 2007; 104: 19339-44.

[3] Kern H, Hofer C, Modlin M, Mayr W, Vindigni V,
Zampieri S, Boncompagni S, Protasi F, Carraro U.|8tab
muscle atrophy in long term paraplegics with corgple
upper motor neuron lesion from 3- to 20-year SCIn&lp
Cord 2008; 46(4): 293-304.
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Muscle design strategies
Clara Franzini-Armstrong

B1lAnatomy-Chemistry Bldg, Dept. of Cell and Dev.
Biology, University of Pennsylvania, Philadelphra, USA.
E-mail: armstroc@mail.med.upenn.edu

The lecture will cover all aspect of muscle struetand
function: from myofibril to molecules to membranasking
the question of how muscles have adapted to higluliable
functional demands through the animal kingdom.
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Sarcomeric myosin genes: evolution and
transcriptional control

Stefano Schiaffino

Department of Biomedical Sciences, University of e
Viale G. Colombo, 3 1-35121 Padova, Italy
E-mail: schiaffi@civ.bio.unipd.it

The first part of the lecture will focus on the mtiéication of
novel ancient myosins in mammalian striated muaclé on
evolutionary tinkering leading to functional diviication of
myosin genes. The second part deals with the méesrhan
that control the coordinated expression of myosinegs.
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Plasticity and adaptive change: lessons from a
paradigm shift

Stanley Salmons

Department of Human Anatomy & Cell Biology, Univeysit
of Liverpool, The Sherrington Buildings, Ashton Stre
Liverpool, UK

E-mail: s.salmons@liverpool.ac.uk

“Plasticity is the capacity of fully differentiatedells to
undergo, in response to a stimulus, a long-lastimgnge in
phenotype that modifies their properties or respamess to
the same or other stimuli.” [1]. | proposed thidiniéon of
plasticity in an attempt to discourage its use &bmost
everything, including regulation, modulation, aningle
cause-and-effect. “Plasticity” it seems, has becdneenew
fashion word of physiology. The scenario was veffecent
fifty years ago, when the notion of a terminallffelientiated
cell undergoing further change was by no means qfatte
general thinking. Even when Buller and his colleague
demonstrated the effects of cross-reinnervatingdad slow
muscle, the changes were thought of as a quandtati
response to some unidentified “trophic” factor e tmotor



nerves. The notion that muscle genes could actumlye-
expressed was sufficiently new to be strongly tedisin
many quarters. Various arguments were put forward t
explain the observations in terms of the existirgagigm.
But paradigms shift; attention has now moved frore th
phenomenon to the mechanism, with interest focumed
unravelling the intracellular signalling pathwahst underlie
the re-expression of muscle genes. All the samis, itorth
revisiting some of the old counter-arguments, faythave a
bearing on the experiments that we do today.
[1] Salmons S: What do we mean by plasticity? Rilggy
News 2002; No. 47: 7.
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Muscle transcriptional pathways with electrical
stimulation

Lauren M. Fisher, Andrew G. Fisher, Judy A. Coulson
(1), Jonathan C. Jarvis

Departments of Human Anatomy & Cell Biology and (1)
Physiology, School of Biomedical Sciences, The Ursig

of Liverpool, L69 3GE, UK

E-mail: jcj@liverpool.ac.uk

A large number of transcriptional pathways have nbee
implicated in the response of muscle to an altexetivity
pattern. This is not surprising in the sense thatsaie
plasticity involves changes in gene transcriptiond a
translation for multiple sub-cellular systems. The
transformation of muscle form a fast fatiguableetyp a
slower more fatigue-resistant type is a paradigmwtiich the
time course and sensitivity to stimulus can be stigated in

a systematic manner: by means of an implantableudting
device the activity dose can be closely controlldte are
searching for thresholds of activity that cause steanges in
transcription. The existence of such thresholds lévou
correspond with the observation that muscle fitfadlsnto a
number of classes rather than showing a continuenge of
phenotype in vertebrate muscles. We have measwyreg- b
RTPCR the transcript levels in rat muscle after perioél
muscle stimulation having designed QPCR primer pairs
monitor the expression of key transcripts invohiedthe
adaptive response. These include primers for thesmy
heavy chains 1, 2A and 2B, IGF-1, MGF, FOXO1A,
myostatin, PPARdelta and PGC1lalpha. Our first caiatu
is that transcript levels for transcription factdrange more
consistently after 3 hours of changed activity th@amscript
levels for contractile proteins. After one weekstimulation
however, the changes in transcript levels for e
proteins are also changed consistently. We wilkatigate
the time course of these responses within the fuestk to
identify the earliest time point at which a new béta
transcriptional state is achieved and at which duld be
appropriate to perform a comparative study of thadgd
effect on transcription of graded activity patterns
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Malignant Hyperthermia (MH) and
Exertional/environmental Heat Stroke (EHS) in
mice lacking Calsequestrin-1

Marco Dainese (1,2), Marco Quarta (1,3), Cecilia Rab
(1,2), Marta Canato (1,3), Carlo Reggiani (1,3), E&ino
Protasi (1,2)

(1) IIM Interuniversity Institute of Myology; (2) C8.I. —
Dept. of Basic and Applied Medical Sciences, UniirgrS.
d’Annunzio, Chieti ltaly; (3) Dept. of Anatomy and
Physiology, University of Padova, Italy.

E-mail: fprotasi@unich.it

Malignant hyperthermia (MH) and exertional/enviramtal
heat stroke (EHS) in humans present as similar life
threatening crises triggered by volatile anestketand
strenuous exercise and/or high temperature, raspbct
Many families (70-80%) diagnosed with MH suscetitypi
(MHS), and a few with EHS, are linked to mutationshe
ryanodine receptor type-1 gene (RYR1), the Ca2+ releas
channel of the sarcoplasmic reticulum (SR) of slktlet
muscle and key protein in excitation-contractionC)JE
coupling. However, mutations in the RYR1 gene are not
found in all MH families, suggesting that altermatigenes
remain to be identified. In our laboratory we hageently
characterized a novel knockout model lacking skélmuscle
calsequestrin (CASQ1), a SR Ca2+-binding protein that
modulates RYR1 function, and investigated whethesehe
mice present a MH/EHS-like phenotype. Ablation &S©Q1
results in remodelling of the EC coupling apparatunsl
functional changes, which in male mice causes ikirsgr
increase in the rate of spontaneous mortality and
susceptibility to trigger MH-like lethal episodeas iiesponse

to halothane- and heat-stress. The demonstratia t
ablation of CASQ1 result in MH- and EHS-like lethal
episodes validates CASQ1 as a viable candidate fmne
linkage analysis in MH and EHS families where miotat in
RYR1 are excluded.

*kkkk

Histological characteristics of cultured human
muscle tissue: Light- and electron microscopy

Istvan Géti (1), Olaf Danielsson (1), T. Betmark (1
K. Ollinger (2) , N. Dizdar (1)

(1) Neuromuscular Unit, Department of Neurology,) (2
Department of Molecular and Clinical Medicine/Clirlica
Immunology/Experimental Pathology, Linkdping Unisigy,
Linkdping, Sweden. E-mailstvan.Gati@lio.se

Morphological characteristics of muscle tissue waralyzed
by light — and electron microscopy, when culturegpamary
muscle tissue culture. Primary muscle tissue cedtuvere
established from diagnostic muscle biopsies. Thaliss
were performed on samples, where the routine loigyotlid



not discover pathological alterations. After onenthoculture
period, the histological investigations were catrigut on
paraffin -, frozen sections, and electron microgcbpe
cultured muscle tissues formed spheroid-like stmest. The
samples demonstrated myofiber destruction, whick mvare
pronounced in the centre of the spheroids. The ridagéng
fibers showed ragged-red like alterations, wheinsth by
Gomori-trichrom staining. Cell proliferation was fodiin the
outer layers of the spheroids. The proliferatingjscevere
able to grow and differentiate into myofibers, whiould be
demonstrated by immunological markers. The new ihgo$
formed ring like structures around the originalgeleerating
fibers. The ultrastructural investigation demortsiiadamage
of the sarcolemma, disarrangement of the myoféorill
structure, alterations of the mitochondria, as waslldividing
cells and growing new myofibers around the origifilaérs.
Conclusion: The small, 1-2 mm sized muscle tisswezqs
form spheroids in vitro, and survive. The physicalamaged
and denervated muscle fibers degenerate in thigerays
which degeneration is accompanied by regeneratiaages.
The pathomechanism of the morphological changastiser
discussed. These experiments demonstrate thapissible
to generate morphological changes in cultured mauscl
spheroids that are commonly found in diagnostigsies,
and could help us to understand the pathomechanism
muscle disorders.

MYH16: the masticatory myosin unveiled
Carlo Reggiani

University of Padova, Department of Anatomy and
Physiology , University of Padova, Italy.
E-mail: carlo.reggiani@unipd.it

In human genome, 16 distinct genes code for clasgdsin
heavy chain subunit (Berg et al . Molecular Biolodyttze
Cell Vol. 12, 780-794, April 2001). Among such gene
MYH16 has been identified as the gene coding for t
masticatory or M MyHC (Desjasrdins et al Mol. Biolvdt
19(4):375-393. 2002) and subsequently found tréretibut
not translated in human masseter and temporalisclesis
(Stedman et al Nature 428, 415-418, 2004). In séver
mammalian species, and among them in carnivoresgehe

is transcribed and translated in jaw closer muselbsre
myosin containing M-MyHC represents the most abuahda
isoform (Qin et al. J Mol Evol 55, 544-552, 2008)nce only
sparse information was available on the contraptitgerties
of muscle fibers expressing M-MyHC (M fibers), wecidked

to characterized M fibers isolated from the jaw seio
muscles (temporalis and masseter) of two specidsmestic
carnivores, the cat and the dog, in comparison withers
expressing slow or fast (2A, 2X and 2B) isoformstrimk
and limb skeletal muscles. In each fiber, during<imally
calcium-activated contractions at 12°C, we deterthine
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isometric specific tension (Po), unloaded shortgnialocity
(Vo) with the slack test protocol and the rate ¢ant of
tension redevelopment (KTR) after a fast shortening-
relengthening cycle. At the end of the mechanical
experiment, we identified MyHC isoform compositiori o
each fiber with gel electrophoresis. Electropharatigration
rate of M-MyHC was similar in both species. We fouhdt

in both species the kinetic parameters Vo and kTRViof
fibers were similar to those of 2A fibers, wher@as values
were significantly greater than in any other filhgpes. The
similarity between 2A and M fibers and the grea@rsion
development of M fibers were confirmed also in n@dbal
experiments performed at 24°C. Myosin concentrati@s
determined in single fibers and found not differémtM
fibers compared to slow and fast fibers, suggestiag the
higher tension developed by M fibers does not fed
explanation in a greater number of force generatbte
specific mechanical characteristics of M fibers whgen
attributed to a diversity in cross bridge kinetibstial study

on actin-myosin interaction kinetics showed tha thte of
ADP release which is a determinant of maximum smong
velocity (Vo), is a biphasic process with a fastagh
comparable to that of fast myosin and a slow phase
comparable to that of slow and cardiac myosin. sThi
suggests that ADP release might be strain deperahehthis
could in turn explain the high tension developmeand the
intermediate kinetics parameters observed in sifilgges.

*kkkk

Some features of the adaptation of man to hypoxia:
from the integrative to the molecular level

Paolo Cerretelli

Istituto di Bioimmagini e Fisiologia Molecolare d€LN.R.,
Segrate (Mi), Italy. E-mailpaolo.cerretelli@unimi.it

Over the last century, studies on humans exposed to
hypobaric hypoxia have been centered mainly on the
adjustments necessary to assure homeostasis otl®2ry,
both at rest and at high levels of energy turnofsra result,

a large body of information was collected on blood,
respiratory gas exchange, cardiovascular paramstets as
heart rate and cardiac output and, more recentiynascle
efficiency and maximum power. The available dataniga
refer to lowlanders (including second generatiotituale
populations) undergoing acute (from seconds to djour
subacute (up to a few days), subchronic (up toraéweeks)
and chronic (over years) low PO2 exposure, as alto
natives, mainly Himalayan and Andeans, born anihdiv
permanently at altitude or commuting to higher anttdwer
elevations. Such data appear to be often affecyed large
variability that is not justified by the characttits of the
research protocols and “state of the art” measuring
procedures. The appearance of a new player, the-geme
transcription protein Hypoxia Inducible Factor (HLF;, i.e.



the master regulator of cell hypoxic signaling aoé

hundreds of other genes whose products play a fargder
of metabolic and transport functions, opens a segnario
for an updated interpretation of earlier resultst thave been
often overlooked. Among the latter, the large scatif the

percentage loss of maximum aerobic power as aitmaif

altitude, the increase in metabolic efficiencyafdmotion in

chronic hypoxia, the origin and significance of swcalled
“lactate paradox” and the functional significancé the

muscle mitochondrial mass reduction in both al@tunhtives
and acclimatized lowlanders. This has been donedas

work on cell hypoxic signaling by Semenza’s grounal @n

metabolic players recently identified by muscle tpoone

analysis.
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Electrophysiological evaluation of denervated
skeletal muscle fibres

Fabio Francini, Roberta Squecco

Department of Physiological Sciences,
Florence, Italy. E-mailfabio.francini@unifi.it

University of

Skeletal muscle inactivity as a consequence of hausc
unloading, ageing or denervation, determines arpssive
muscle atrophy characterized by reduced i) fibearditer, ii)
T-tubule surface area, iii) plasma-membrane sti$nev)
expression of protein involved in the excitatiomtraction
coupling process, v) Ca2+ endingly and vi) loss lo¢ t
sarcomeric proteins. In isolated single fibres #teophic
state related to above points i-v can be evalubiedsing
microelectrodes and recording ionic current in entr and
voltage-clamp condition. In current-clamp conditidn is
possible to evaluate a) the resting membrane paténtex

of increased plasma-membrane leak current, b) the
excitability of the fibre as evaluated by the vghahreshold
of the action potential (AP) and c) the conductietocity of
the AP. In voltage-clamp condition it is possibieevaluate

1) the passive properties of the sarcolemma am#habrane
resistance, the overall surface area of the fisreell as that
of the T-tubule, 2) the active voltage-dependent
responsiveness of the fibre as the time coursevaitdge
dependence of intramembrane charge movement, aNd-of
and L-type Ca2+ channel, 3) the reciprocal contaiiveen
the orthograde action from L-type Ca2+ channel to Ry
the retrograde action from RyR to L-type Ca2+ charmel
blocking the ryanodine receptor with ruthenium red,
ryanodine or heptanol, 4) the stiffness and mechano
sensitivity of the plasma membrane can be evaluated
comparing the data related to points a-c and 1-Bwscle
stretched with muscle at resting length. The oleskeffects
on normal and denervated fibres could be usefevduated
the atrophic state of the fibre, and for theraphest use the
functional electrical stimulation and passive moeetof the
limbs to repair the damaged denervated human muscle
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The long-lasting denervated muscle: What we know
from experimental animal research?

Ugo Carraro

Laboratory of Translational Myology of the Univeysiof
Padova Interdepartmental Research Center of Myology,
Padova, Italy. E-mailugo.carraro@unipd.it

Human muscles that have undergone atrophy as & ofsu
persistent lower motor neuron lesion may experience
considerable restitution of excitability, force anhss from
home-based therapeutical electrical stimulation SJE
though initially they are unable to perform extérwark [1-

3]. For ethical reasons we studied time course adt-p
denervation effects on the Excitation-Contractionu@mg
(ECC), using a rat model as a substitute for humssudi
[Squecco R, Carraro U, Kern H, Pond A, Adami N, Bal
Vindigni V, Boncompagni S, Protasi F, Pietrange|dB®sco
G, Fand G, Marini M, Abruzzo PM, Germinario E, Dl
Betto D, Francini F, Zampieri S. Despite lost cociitiy, a
sub-population of rat muscle fibers maintains agessable
excitation-contraction coupling mechanism after glon
standing denervation. J Neuropath Exp Neurol 2009,
submitted.]. In this model, it is possible to demsinate that in
long term denervated muscle: i) muscle fibers hgvin
"voltage dependent Ca2+ channel activity" are twioese
able to contract, ii) isolated muscle, unable tatdiv by
electrical stimulation, presents slow caffeine cacture, iii)
the ECC mechanisms are still present and, in parttifunal;
and iv) ECC related gene expression is up-regulatéanig-
term denervated muscles. Importantly, we demoresthett at
any time-point there are muscle fibers that areemmesistant
than others to denervation atrophy and disorgapizaif the
ECC apparatuses. In summary, our experimental eséden
supports the hypothesis that, even in absence eatriglal
stimulation-induced external work, FES may indutteiinal
calcium concentration alterations in muscle fibtrat drive
the early recovery of the long-term denervated huma
muscle.

[1] Carraro U. Modulation of trophism and fiber type
expression of denervated muscle by different padterf
electrical stimulation. Basic Appl Myol 2002; 12: 26
272.

[2] Boncompagni S, Kern H, Rossini K, Hofer C, Mayr W,
Carraro U, Protasi F. Structural differentiations&€letal
muscle fibres in absence of innervation in hum#&rsc
Natl Acad Sci. USA 2007;104:19339-19344.

[3] Kern H, Carraro U, Adami N, Biral D, Hofer C, Liter
S, Vogelauer M, Mayr W, Rupp R, Zampieri S. One year
of home-based Functional Electrical Stimulation $ifh
complete lower motor neuron paraplegia: Recovery of
tetanic contractility drives the structural impravents of
denervated muscle. Nerurological Research 2009, in
press.
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Proteome analysis of human vastus lateralis muscle
(hVLM) from climbers after mountaineering
expedition to Himalayas

S. Angelucci, F. Di Giuseppe, S. Marilisa, E. Earj C. Di
Ilio

Department of Biomedical Sciences and Excellent Cante
Aging Studies (Biochemistry & Proteomics Laboratory)
University G. d’Annunzio, Chieti Italy.

E-mail: s.angelucci@dsb.unich.it

We have investigated the molecular mechanism uyidgrl
changes in hVLM structure and metabolism during its
adaptive response after exposure to extreme adtitnd LM
biopsies from six climbers, before and after trigere
grouped into a total number of six pools includsgjects
with the same age (for pre-expedition time 1st/32ars,
2nd/+44years,3rd/+55 years old and for post-expeditime
4th/+27 years,5th/+44years, 6th/+55 years old rethpely).
The total protein extract for each lysated tissas separated
using a broad pH range no linear IPG strips (3 12%
SDS gel. By MALDI-TOF MS analysis carried out oreth
common spots we identified several housekeepingeim®
which were classified into six categories i.e. skileton and
motility, mithocondrial activity, energy metabolisroellular
stress, transport and others. It is notable thatptfoteins of
the metabolism, cytoskeleton and mithocondrial
compartments were present in the highest numbés,(26%
and 33% respectively).To evaluate the changes pinesgion
level we have compare the houseskeeping proteitvgeba
the pre- and post- expedition time samples. After post-
exposure time, the major component of the hVLMi@ome
is represented by the mithocondrial protein mainiolved
in aerobic and anaerobic pathway. A significativewd-
regulation of the glycolitic enzymes was also found

*kkkk

Red blood cell neocytolysis in humans after high
altitude de-acclimatization

G. Antonutto, A. Risso

M.A.T.I. (Microgravity, Aging, Training, Immobility Centre
of Excellence, University of Udine, P.le M. Kolbel433100
Udine, Italy. E-mailguglielmo.antonutto@uniud.it

A selective lysis of relatively young erythrocytes
(neocytolysis), together with a decrease of eryhbietin
(EPO) production, has been described in polycythehigh
altitude acclimatised people, after descent tolesezl, and in
astronauts, early after exposure to weightlessiessstudy
neocytolysis, we analysed blood samples drawn frbm
mountain climbers at sea level before (control) aftdr 53
days of high altitude dwelling (> 4500 m). Aftetum to sea
level, EPO’s plasma levels were lower than befoigh h
altitude dwelling (mean values: 2.5 + 3.3, verss+14.5
miU/ml, p < 0.05). Red blood cells (RBC) populationgave

separated into low, middle and high density subseisch,

by physical and phenotypical criteria were regaraegoung,
middle aged and old. The expression of membranecutds
CD55 and CD59, that are partially lost during RBCs aging
and phosphatydylserine and CDA47, involved in the
recognition and triggering or inhibiton of RBCs
phagocytosis by macrophages, was investigated by
immunofluorescence and flow cytometry analysis @che
subset. The comparative analysis of cell countealexd an
almost complete disappearance of young and midgés a
RBCs after descent from high altitude ( from 4.50 98 .(#0)

and 66 % (x 6.90) to 0.19 % (+ 0.07) and 1.90 %9 &E0),
respectively). A dramatic increase of the high dgns
population (from 29.50 % (£ 7) to 97.90 % (+ 2.0@)gs also
observed. Furthermore, in young and middle aged RBCs a
“senescent” like phenotype was observed, which may
account for their targeting to phagocytosis.

*kkkk
Endocrine and metabolic response to extreme
altitude and physical exercise in “elite” climbers
A. Benso, S. Grottoli

Division of Endocrinology, Diabetes and Metabolism,
Department of Internal Medicine, University of TuriTurin,
Italy. E-mail: andrea.benso@unito.it

The physiological adaptative response to chronposure to
hypobaric hypoxia include variations in the homatest
steady-state of several endocrine and metabolictifurs. A
comprehensive description of the endocrine and bodita
effects of prolonged exposure to hypobaric hypoisa
however, lacking; particularly, the combined eféeof high
altitude and physical exercise have still to beiglated. Aim
of our study was to evaluate the endocrine pityifanction
as well as glucose and lipid metabolism during qnged
physical exercise at high altitude in hypoxia cdiods in
well-trained climbers. To this goal, we evaluatpdr#aneous
GH, ghrelin and leptin secretion (2-hour profild§zF-I,
IGFBP-3, ACTH, cortisol, DHEAS, progesterone,
testosterone, PRL, FT3, FT4, TSH, glucose, FFA asdlin
levels at the sea level before the expedition died a period
of 7 weeks of acclimatization and climbing at atitidle no
lower than the 5200 meters of the base camp in @bees
(age [meathSEM]: 40.2t1.4 years) of the Italian expedition
"K2-2004 50 anni dopo" at the north face of Mt. East.
Mean GH concentration over 2 hours recorded ituaé and
after climbing Mt. Everest was clearly higher (pD. than
that at the sea level (AUC: 75%830.5 vs 2842104.8
pg/I*min). Accordingly, mean total IGF-I and IGFBP-3
levels in altitude were higher (p<0.05) than thas¢he sea
level (219.631.1 vs 167.522.7 ug/l and 3.#0.3 vs 2.20.2
mg/l, respectively). Despite of a clear and impoirtaeight
loss (mean — 5 kg) any variation was observed irelgh
levels. PRL levels showed a trend toward increas&tQ78
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vs 6.:0.6 pg/l, p=0.051) while, conversely, testosterone
levels were significantly reduced (2®4 vs 5.50.6 ng/ml,
p<0.01). Progesterone levels showed a significaotease
(1.840.1 vs 1.4+0.1 ng/ml, p<0.05). Again, plasmacgse
levels were reduced in altitude after maximal ptaisi
exercise (7043.7 vs 80.@2.6 mg/dl, p<0.05) without any
significant change in insulin levels (1&®8 vs 10.10.8
muU/l) thus suggesting marked increase in insulimsiity.
FFA levels were significantly increased (0.53 +10vk 0.36

+ 0.05 mEqg/L, p<0.05) while a trend toward a redhrctin
leptin levels (AUC 60.1 +6.1 vs 90.5 + 11.0 ng/mltthivas
observed. HPA axis did not showed any significdranges
in altitude. An increase of free T4 levels (13.7&0/s
10.44+0.6 ng/l, p<0.05) and a concomitant reductibriree
T3 (2.0£0.1 vs 2.740.1 ng/l, p<0.01) were appa@nHA,
though TSH levels remained unchanged. The resitiltheo
present study from a unique experimental human mofle
maximal exposure to altitude and physical exersisav that
extreme high altitude and strenuous physical egeritiduce
a condition of hyperactivity of GH/IGF-1 axis togetr with
an apparent low T3 syndrome. At the same time wlendt
observed any variation in ghrelin secretion, despit
significant body weight loss, concomitantly with excrease
of lipolysis and a trend toward decrease of lepévels.
Moreover, an increase of PRL and a decrease instestme
levels coupled with an increase of progesteroneldewas
apparent. Though the experimental models adoptéar s@n
not provide an accurate description of the undgrlin
mechanisms, nevertheless these data represent tampor
information to better understand human endocrinel an
metabolic physiology in hypoxic conditions. Thisidy was
supported by IMONT and Novo Nordisk.
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Neuroregenerative effect of the anabolic steroids
V. Bianchi (1), A. Marbini (2)

(1) Laboratory of Physiology of Exercise and Human
Performance, SH Institute, Republic of San Marind) (
Laboratory of Neuromuscular Histopatholgy, Deparitmef
Neuroscience, University of Parma, Iltaly. E-mail:
dott.vbianchi@gmail.com

Oxandrolone is a potent anabolic steroid used ¢sqive or
restore muscle mass in different clinical condisioBeveral
studies have shown that gonadal steroids exertopnof
trophic influences on the brain and spinal corddewced
from the structural to the molecular level. The noas within
the brain and spinal cord, including most craniad apinal
motor neurons, contain gonadal steroid receptdterefore,
it is reasonable to expect that anabolic steroas ltave a
neuroregenerative effect due to increased protgithssis in
the peripheral nervous system. In this case refm#,patient
with a demyelinating disease was administrateceaafieutic
dose of oxandrolone (20 mg/day) during a 3 montipgdeof
concomitant isotonic muscular resistance trainkighe end
of 3 months it was observed a significant increafsmuscle
mass, strength and motor control. A repeat musiesly
revealed a type grouping of muscle fibers that estggan
expression of the reinnervation of the muscles esitype
grouping is evidence for an increase in myelinardns of
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the reinnervated muscle. The increase in strengthnauscle
mass is also related to axon regeneration. Thesealtse
support the concept that oxandrolone is a neunaasteroid
with potential neuroregenerative effect throughréased
protein synthesis in the peripheral nervous sydeading to
the activation of a remyelination process.
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Study of muscular activation during whole body
vibration training

P. Bifulco, M. Cesarelli, A. Fratini

Dept. of Biomedical, Electronic&Telecommunication
Engineering, University " Federico 11" of Napletal.

E-mail: pabifulc@unina.it

Whole body vibration (WBYV) training is more and more
utilized not only for fithess but also in physictderapy,
rehabilitation and sport medicine. WBYV training airts
mechanically activate muscles by eliciting stretefiexes.
Mechanical vibrations are usually delivered to tmatire
patient body. Effects depend on intensity, directiand
frequency of vibration. Training frequency is orfelee most
important factors involved and preliminary vibrataession
can be dedicated to optimize treatment estimatihg t
frequency that maximize the evoked EMG activity.isTh
work aims to highlight the relationship between uatt
muscle motion and electromyographic activity durimigole
body vibration treatment. Vibrations were delivered a
sinusoidal oscillating platform at different frequoges (10-45
Hz), with a constant amplitude (1.2 mm). Simultameo
recordings of quadriceps Rectus Femoris EMG and 3D
muscle accelerations were collected. Fifteen stbjeere
involved in the study. Large EMG motion artifactere
found to be superimposed on the raw EMG recordanys
filtered out. Muscle motion analysis revealed anest-like
mechanical behavior. RMS values of artifact-free EM&e
found well correlated to the actual muscle displeest. In
particular, the maximum of EMG activity was found i
correspondence to the muscle mechanical resonance,
accordance to the hypothesis of proprioceptive aesp to
stretch. Mechanical stimulation should provide Heraative
method to improve impaired biomechanical functidnttee
musculoskeletal system via the use of the neuro-
physiological pathways of patient.
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First experience of TES for difficult-to-stimulate
paraplegics

E. Bizzarini, A. Zampa, C. Malisan, C. Pinzini, P. Di
Benedetto

Spinal Unit, Department of Rehabilitation Medicine.
Gervasutta Hospital, ASS N° 4 “Medio Friuli”, Udinkaly.
E-mail: biomec.imfr@ass4.sanita.fvg.it

The Spinal Unit of the Department of Rehabilitation
Medicine of Udine admits patients with Spinal Comjuty
(SCI) after discharge from Neurosurgery or IntensBare
Divisions. Demographic data, etiology, duration of
hospitalization, bladder managements, and mobikty



admission and discharge were revisited from Jan2@@Q to
March 2008. From 490 SCI patients at their first sdion to
our Spinal Unit we treated with an intensive religtion
program 49 complete Spinal Cord Injury patients IGAS
Impairment Scale A). The patients have an average od
38.63 years (range 16 - 67 years). The ratio betwéale
and Female was 4 : 1, 40 men e 9 women. All theempiat
were classified complete respectively to the ASIA
Impairment Scale, when no motor or sensory functi@s
preserved in the sacral segment S4-S5. All patierdse
classified with the Ashworth scale (Ashworth, 196/)m
score 0 to 4. All SCI patients have been treatech wit
conventional rehabilitation strategies for enhagciower
limbs function. At the same time these patients hative
exercise for upper limbs and training for daily ritibjptasks
(transferring, bed mobility and sitting) and fuoctal
electrical stimulation. Using commercial stimulatee rather
found difficulties to electrically stimulate denated
muscles, but we believe this approach could giveremo
chances to patients in their recovery, if the dsid
stimulation parameters and the electrodes of nesiedare
applied to the denervated leg muscles. The hope dbtain
secondary benefits of the walking FES-assistedcéses or a
combination of this with treadmill and biofeedbatckining

in flaccid paraplegia at least in a clinical amfihis was a
good opportunity to engage a long and wide roatl ldzaled
us to be partners in the Rise2-Italy Project.
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Clues to the formation of cores in a mouse model of
malignant hyperthermia

S. Boncompagni (1,4), A.E. Rossi (2), M. Micaroni, S)L.
Hamilton (4), R.T. Dirksen (2), C. Franzini-Armstgp(b), F.
Protasi (1)

(1) IM Interuniversity Institute of Myology; Ce.S.t Dept.

of Basic and Applied Medical Sciences, University G.
d’Annunzio, Chieti Italy; (2) Dept. of Pharmacolognd
Physiology, University of Rochester Medical Center,
Rochester, NY, USA; (3) TeEMCoF - Telethon Electron
Microscopy Core Facility - Department of Cell Biolognd
Oncology, Consorzio Mario Negri Sud, Santa Maria dnb
(CH), Italy; (4) Dept. of Molecular Physiology and
Biophysics, Baylor College of Medicine, Houston, TXSA}

(5) Dept. of Cell and Developmental Biology, Univéysbf
Pennsylvania School of Medicine, Philadelphia, BSA.
E-mail: s.boncompagni@unich.it

Malignant hyperthermia (MH) and central core digeas
(CCD) are closely related skeletal muscle diseasésn of
linked to mutations in the ryanodine receptor (RYRB&he.
Knock-in mice harbouring the RYR1Y522S/WT mutation,
which in humans is associated to MH susceptib{lMHS)
with cores, exhibit MH-like episodes in response to
halogenated anesthetics and heat. Here we invietiga
whether or not RyR1Y522S/WT skeletal fibers also tgyve
cores and identified possible steps leading tha&imétion.
Starting at 2 months of age, we found clear evident
mitochondrial abnormalities (swelling and partiédrdption)
which are confined to some regions of the cell fpreptive
cores). Mitochondria disruption eventually leadsdamage
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of nearby sarcoplasmic reticulum (SR), T-tubulesd arf
some contractile elements (early cores). At latages (1
year of age) regions of delimited myofibril contiaes,
characterized by complete lack of mitochondria R
(contracture cores), or regions lacking also catite
elements (unstructured cores) becomes very freq@ther
various types of alterations were also detected li2
streaming, external membrane folding, etc.). Wegeagthat
the initial triggering event in core formation is lacal
imbalance in Ca2+ release due to increased RyR1fleak
mutated channels. Mitochondria are apparently tinst f
organelles damaged by the altered Ca2+homestadisthair
disruption eventually damages closely associatgdnelles,
such as the SR. Loss of Ca2+ sequestration by SRowand
mitochondria in these regions likely contributes tioe
formation of contractures initiated by calcium d#ing from
the SR in the adjacent regions. It is not clear thdre
unstructured cores derive from contracture cores.

Disferlinopathies, pathogenesis and effects of
physical activity

C. Borsato, L. Bortolussi, V. Cima, C. Ferrati, M. Valpé
Fanin, E. Pegoraro, C. Angelini

Dipartimento di Neuroscienze, Via Giustiniani, 5adeva,
Italy. E-mail: carlo.borsato@unipd.it

Dysferlin is involved in the repair of sarcolemma.
Dysferlinopathy presents either as disto-proximgbpathy
or myalgia/hyperCkemia; progression is highly vaeagven
in the same family, implying epigenetic or envircemtal
factors. We evaluated whether strenuous exerciderébe
onset might influence the clinical progressiontof tlisease.
We have followed 20 adult patients with biochemicaind
molecularly proven LGMD2B. We conducted a retrosipect
study of the natural history, including muscle MRida
neuromuscular assessment using the modified Gardner
Medwin-Walton (GMW) scale. Our investigation was
focused on evaluating the role of sport activityfpened
before the onset of muscle weakness in the pragress the
disease. We have divided the patients into two ggouases
with past history of regular sport activity (at $ea3
hours/week for 2 years) and cases without physictvity.
Sportive patients presented a significant moredrafinical
progression than non-sportive patients. The timapsthg
from onset to loss of Gowers (grade 4 of the GM\&lec
was significantly lower (Cox test: p=0.11; Log rampk:0.09)
in sportive patients (5.75 years) than in non-spenpatients
(10 years). All LGMD2B patients showed a progressoss
of muscle function but patients which performedripantil
onset of the disease had a more rapid clinical utiooi.
Physical activity produces a regular mechanicalsstrwhich
could determine a more severe muscular injury &odlsl be
considered as a negative prognostic factor whiclghmi
anticipate the onset of disease and influencerdagrpssion.
The physician should suggest to limit competitiveygical
activity.
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Cell therapy for muscle dystrophies: delivery of
myogenic precursor cells in mdx mice via polymeric
scaffolds

S. Carnio (1-3), C.A. Rossi (2), E. Serena (3), MzZ&bon
(2), M. Flaibani (3,4), N. Elvassore (3,4), P. Dep@io(2), L
Vitiello (1)

(1) Department of Biology, University of Padova,yta(2)
Stem Cell Processing Lab, Department of Pediatrics,
University of Padova, Italy; (3) Department of Cheani
Engineering, University of Padova, lItaly; (4) Venet
Institute of Molecular Medicine, Padova, Italy.

E-mail: libero.vitiello@unipd.it

Our project is focused on the use of biomaterialniprove
the grafting efficiency of myogenic precursors ormal and
dystrophic skeletal muscle. We had previously shakat
implanting a long lasting, lactic acid-based polyrseeded
with myoblasts could improve the efficiency of cd#livery
in regenerating, non-dystrophic muscle. Here weiaily
used a collagen-based scaffold to deliver in vixpanded
muscle precursor cells in the muscles of mdx mier data
confirmed that scaffold-mediated cell delivery wiasleed
more efficient than direct intramuscular injectidmgth in
terms of cell survival and dissemination, and cqosetly of
number of dystrophin-positive fibers produced. Hoere the
overall efficiency did not reach clinical signifivee; for this
reason we decided to switch to a different celletype.,
satellite cells that had not been expanded in wttach have
been shown to hold very good potential for muscle
regeneration. In particular, we combined the implaf
single, isolated muscle fibers or satellite celieshly
dissociated from their parental myofibers, withimmovative
hyaluronic acid-based Hydrogel. This particular ypoér
holds great potential for clinical applications, &s is
injectable, it is photopolymerizable in situ withvid light
and forms a non-porous yet permeable scaffold. iGitial
data indicate that transplanted cells do contriiatenuscle
regeneration, albeit not as efficiently as whatokéained in
parallel experiments with wt animals. In conclusioar data
suggest that polymer-mediated delivery of a snmalbant of
freshly isolated satellite cells is feasible andficemt and
could be an interesting approach for clinical aggtlon.
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Aging strength ability: a “strenght condition”
program in over 60 years aged fall prevention

S. Corbianco, C. Ciappetta, P. Bongioanni, B. RossDi¥i.

Dipartimento Neuroscienze-U.O. Neuroriabilitazione
Universitaria - Universita di Pisa. E-ma#:corbianco@ao-

pisa.toscana.it

Strength clearly shows a moderate but regular dezme
from youth to 45 years of age. After this periodécomes
more and more relevant: it achieves the 25% at tabbu
years of age [1]. Strength decrement can be comsides the
main cause of disability prevalence in the eldefd].
Explosive strength is connected to daily movemehilitg,
effectiveness and velocity [3]. Lower limbs stréngt
decrement shows a 3,5% drop titre in the yearsgeffeom
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65 to 84 [4]. The aim of the study was to evaluhteeffects
of adjusted rehabilitative motorial protocol (ASAh drop
prevention; we have recruited 25 over 65 yearsgaf, aot
institutionalised subjects according to Guidelif@sexercise
testing and prescription (ACSM, p. 126, 1991). Weehased
up to 80% [5] of maximum voluntary contraction deads
with DAPRE (daily adjusted progressive resistive reise)
methodology, which allows a rehabilitative plan iindual
progression [6+. We have evaluated Anterior Tikslal
Vastus Medialis, Rectus Femoris and Biceps Femoiiggus
EMG surface spectral statistics parameters. Thenalared
values rate of MDF (median frequency) and CF (cotidnc
velocity) referred to electrostimulated isometriatijue
plotter [7] showed an average values shift from IEu00
Hz) to high (1120 Hz) frequencies, thus demonstrating a FlI
type muscular fibres prominent intervention. Timsrement
(p<0,05) was proved by the jump test [8] as wekhiowed a
mechanical potency increment from the start (16\WWKde
the end (21WKg-1) of the protocol. Tinetti test wied a
drop risk decrement from high (22+1) to low [9]. \Wepose
our rehabilitation protocol as a useful mean to age
walking motorial control and to improve strength,prevent
drops in the elderly as first and firm aim.

[1] The ageing muscle. Grimby G, Saltin B. Clin Pbys
1983 Jun;3(3):209-18.

[2] Evans WJ, What is Sarcopenia?; J. of Gerongol,
Biol.Sci. Med. Sci, Nov. 50, 1995, p. 5-8.

[3] Bassey EJ, Fiatarone M., O Neill EF, Kelly M, dhs
WJ,Lipitz LA, Leg extensor power and functional
performance in very old men and women, Clinical
Science 82, 321-327, 1992.

[4] Young A, Skelton DA, Applied Physiology of strgth
and Power in old age - Int. J. of Sport Med. 1%9-54
1994.

[5] Fiatarone MA, Oneil EF, Marks EC, Ryan ND,
MeredithCN, Lipsitz LA, Evans WJ, High intensity
strength training in nonagerian, JAMA 263: 3029-803
1990.

[6] Knee rehabilitation by the daily adjustable gmessive
resistive exercise technique.Knight KL. Am J Sports
Med. 1979 Nov-Dec;7(6):336-7.

[7] Clarys, J.P., Cabri, J.: Electromyography andlytof
sports movements. Journal of S.Science,11;379-88,19

[8] Bosco,C., Komi , P.V., Mechanical power test difer
composition of human leg extensor muscle. Eur.pplA
Physiol. 51:129-135,1983.

[9] Tinetti M. Performance-oriented assessment obifity
problems in elderly patients. Journal of the Am.
Geriatrics Society 34:119-126, 1986.
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The expression of developmental markers in muscle
fibers in diagnostic biopsies

O. Danielsson, T. Betmark, |.Gati

Neuromuscular Unit, Department of Neurology, Linkiip
University, Linkdping, Sweden. E-malktvan.Gati@lio.se

We investigated the expression of several developahe
markers of myogenesis in diagnostic muscle biopsies



order to relate their expression to pathologicatlifigs, and
detect any obvious difference in expression paitémnthe
most common groups of neuromuscular disorders. efroz
sections of one adult and one child biopsy fromheaicthe
following pathologic groups were selected: 1)normailscle,

2) neuropathy, 3) dystrophy and 4) dermatomyoshiter
routine stainings, N-CAM, PAX7, MyoD1, myogenin,
desmin, neonatal myosin heavy chain (nMyHC),
developmental myosin heavy chain (dMyHC), utrophin,
MHC-I and FAS immunostainings were performed. The
frequency of positive muscle fibers and satelligdlscwas
calculated, and the expression of developmentakenawas
related to pathological signs of necrosis and regaion,
denervation and reinnervation. We found a relagivieigh
expression of resting satellite (PAX7 and N-CAM pius)
cells in the normal and neuropathic muscles, and in
dermatomyositis. The early developmental markergo®L
and myogenin) and nMyHC and N-CAM were more
frequently expressed in neuropathic muscle and
dermatomyosistis than in normal or dystrophic mescl
whereas the MHC-I, utrophin and FAS expression high

in dystrophies and dermatomyositis. The high exgioesof
the resting satellite cells and early developmematkers in
neuropathic and normal muscle suggest a restireneggting
potential. The higher MHC-I, utrophin and FAS e)gsien in
dystrophic muscle and dermatomyositis might suggest
process where muscle fibers are vulnerable to tsiralc
(necrotic) damage. The findings are further demared and
serial section with the above stainings will bewsho
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Anaerobic capacity and isometric contraction
strength in six Italian climbers selected for
Himalaya expedition

C. Doria, G. Bosco, G. Di Tano T. Pietrangelo

Istituto Interuniversitario di Miologia Dipartiment di
Scienze Mediche di Base ed Applicate, , Universi@a “
d’Annunzio” Chieti-Pescara, Italy. E-matlziana@unich.it

The high altitude hypobaric hypoxic environmeriti®wn to
induce in humans several metabolic, ventilatory mxwdcular
adaptations depending on time and level of exposbine of
these possible deleterious effects: the modificatiof
anaerobic muscle capacity as possible consequéeelne

of muscle trophism, was analysed in six climtadter a 43-
day period of exposition to hypobaric hypoxia (>600). To
obtain this goal, previous analyzed alterationseoled in
such key variables as resting body mass indexes BMI
(kg/m2) and the waist-to-hip ratio (WHR), we measutiee
maximal anaerobic power, the total anaerobic capagithe
Wingate Anaerobic Test (WANT) carried out using a
mechanically braked cycle ergometer. Bilateral ismime
torque developed by the knee extensor muscles wasured
during maximal voluntary contractions using a Legeasion
machine equipped with a load cell. The highest e/adxd
torque attained was taken as the isometric coiract
strength. In addition we have tried to determineaify
relationship could exist between BMl/anaerobic power
Wingate test showed that peak and average poweiatigde
index recorded both pre- and post-expedition weot n
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significantly different. Peak blood lactate concatibn
measured after the WAnT were (mmol L-1): 11.0+%de)
and 8.6+2.3 (post). No significant differences ioda lactate
accumulation were found. Also the bilateral isorgetr
strength was not significantly different at bottepand post-
expedition. We report significance as per BMI (pueak
0.05). The fNRM reports obtained before and aftez th
expedition will be also discussed.
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Rise2-ltaly Trial. Structural and psychological
effects of home electrical stimulation at 6
months treatment in complete SCI

M. Ferraro (1,2), S. Masiero (1,3), E. Rossato R3),
Stramare (1,4), L. Martino (4), U. Carraro (1,5,B) Biral
(6), H. Kern (7)

(1) University of Padova Interdepartmental Rese&ehter
of Myology; (2) Rehabilitation Unit of the Univetgi
Hospital of Padova; (3) Physical Medicine and Relitation
Unit of the Dept. of Medical Specialties; (4) Depif
Medical-Diagnostic Science and Special Therapids) (
Laboratory of Translational Myology; (6) C.N.R. Insate of
Neuroscience, Padova, Italy; (7) Ludwig Boltzmanstitute
of Electrostimulation and Physical Rehabilitation,
Department of Physical Medicine, Wilhelminenspital,
Vienna, Austria. E-mailtehabmarco@gmail.com

Home-based electrical stimulation treatment wasopeed
on a Ll-complete-Spinal Cord Injury, 32-yrs old, enal
patient, starting within 1 year from SCI. Prelimipatinical
evaluation by a myologist and a physiatrist congdehis a
useful strategy to recover the atrophic gluteal qnadriceps
muscles, ameliorate respiratory and global resistaand
prevent pressure ulcers. Furthermore, a physigtisra
planned the treatment for the fibrotic component tioé
syndrome (hyperflexion of ischiocrural tendons)ngswater
exercises and stretching programs Electrical sttrn tests
were programmed. The RISE Project was explained to
patients and his family. The electrical stimulatiprogram
and the devices (large skin electrodes and a deceloped

in Vienna, Austria as part of the EU Project RISE9rev
provided to the patient after clinical and functbevaluation

in Vienna, Austria that confirmed denervation ot theg
muscles and effective muscle response to electrical
stimulation. The patient performed his treatmerdays for
week. A questionnaire was performed by the phystadfter
treatment and a quantitative analysis of musclel ba
performed by the radiologist. The questionnaireficored
the absence of collateral and side effect of thatinent and a
very good compliance of the patient. Clinical and
instrumental examination showed a bigger musclesegs
the absence of pressure ulcers, the absence ofultens.
From “patient perspective” a very better persohatly
image was obtained by this home treatment and saavi
analogue scale (VAS) about this was 8 (from 0 t@didts, O
was “no effect on body image”, 10 was “total amegitmn of
personal body image”). Personal value of this ggechange
on general depression scale was high and patiehaation
VAS was 8/10. We think that this approach and this
treatment is quite simple, low economic impactdezd and



safe for this patient. A scientific collaboratiormang
myologists and clinical professionals amelioratiee ¢uality
of life of this person with complete SCI. Most warlust be
done to eliminate the word “chronic patient” fromroold
and obsolete medical dictionary. Often personal dum
suffering after SCI is ignored: evidence based nieelic
seems not to take care of these “problems”.
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Injectable, photocuring biomaterial shaping 3d cell
delivery

M. Flaibani, N. Elvassore

Department of Chemical Engineering, University oti®za,
Padova, ltaly; Venetian Institute of Molecular Made,
Padova, Italy. E-mailmarina.flaibani@unipd.it

Cell delivery-based strategies in regenerative nieglioften
face low efficiency problems. Biomaterial-assistedll ¢
delivery was found as an attractive procedure terame
some of the major limitations of the simple celjeition.
Among different possibilities, the use of photoogri
biomaterials, and in particular hydrogels, possessginsic
properties related to the in vivo control of thell ce
microenvironment. The chemico-physical and the rapiial
properties, the morphology and the in vitro degtiadarate
of the cross-linked hydrogel can be specificallgigeed for
supporting cell delivery in vivo. All these paramest can be
tuned by adjusting the light exposure time, theypar
concentration and the media properties. An exaroplthe
feasible use of a photocurable hydrogel as cellievawas
investigated through in vivo experiments on musaeellite
cells. The results not only confirmed the hydrogel
biocompatibility and biodegradability but also shealvits
potential in highly improving tissue regeneration.

*kkkk
Direct and indirect effects on bone mineral density
in paraplegic patients due to TES
P. Gargiulo, T. Helgason, P. Ingvarsson, S. Yngvaso

Department of Research and Development, HTS, Latadispi
University Hospital, Reykjavik, Iceland.
E-mail: paologar@landspitali.is

3D modelling techniques are used to analyse deokidnges
due electrical stimulation treatment from differeagions of
interest on the femur and in the patella bone. Me¢hod is
based on the acquisition of high resolution Sp8&l scans
from patients who have long-term flaccid paraplegia the
use of special image processing tools allowing uéss
discriminations and segmentation. Three patientsewe
measured at different points of time during 4 yeafs
electrical stimulation treatment. The bone minetahsity is
measured in different regions on the femur to nwnihe
direct structural changes induced by the current.findirect
effects from the electrical stimulation treatmenttbe bone
density are also evaluated measuring the changdmrie
mineral density on the patella. Indeed an increds#ensity
in this region can only be assigned to the meclahriarce
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applied through the induced quadriceps contracfidrough

the evidences are not yet statistically relevankirad of

structural change in the femur is measured as slecgn
effect from the muscle stimulation. Beside, the éoapplied
on the patella through the elicited contractionnse@lso to
have a beneficial effect on bone density. Indeedntineral

loss in the patella is remarkably slowed down.
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Muscle density distribution of rectus femoris in
Electrical Stimulation Therapy

T. Helgason, P. Gargiulo, P. Ingvarsson, S. Yngvaso

Department of Research and Development, HTS, Latadispi
University  Hospital, Reykjavik, Iceland. E-mail:
thordur@landspitali.is

Spinal cord injured (SCI) patients with a lower nrateuron
lesion suffer from degeneration of muscles belogvitijury.
This is due to inactivity, as the muscles are newatracting.
This degeneration can lead in the end to a tots$ lof
contractile elements in the muscle turning him imactive
tissue. Additional consequences are thinner slomer
capillary density and lower bone mineral densitp. t0 now
there is no treatment for denervated and degemenatiscles
(DDM) that restores the muscle mass or bone stnengt
reverses the process of degeneration. The onitgplieaims
at the side effects of the paralysis like decubitleers and
others. In the European RISE project a new methscokan
developed for DDM patients based on electrical wltion.
This therapy has shown that a DDM can regain sopecasd
force. It consists of electrically stimulating theuscle fibres
directly in daily sessions for several months aarge In this
work we look at density distribution of a musclecttes
femoris of three subjects that participated inRASE project
and have been in electrical stimulation treatmemt dix
years. The density is measured in Hondsfield uiitg and
reflects the X-ray absorption of the tissue. Sieaeh thigh is
stimulated with one stimulation channel using twa b
electrodes placed on the skin the muscles beneatmat
activated in a physiological manner. Therefore destion
arises, is the growth of the muscle modified by the
physiological activation? Can we see the activatonthe
muscle tissue density? The hypothesis is that itldcde
higher where the muscle was activated and lowentlaer
places. We investigate the density distribution nafiscle
tissue. The mean density for each CT slice is cafedland
is plotted as a graph along the length of the neugldl The
results suggest that the therapy is modulating nluscles
density in the way that at locations where theramisre
frequent stimulation or higher stimulation integsithe
muscle tissue is denser.

[1] Gargiulo P, Vatnsdal B, Ingvarsson P, Knutsdots,
Gudmundsdéttir V, Yngvason S, Kern H, Carraro Ulgéson
T. Computational methods to analyze tissue comipasiand
structural changes in denervated muscle undergelectrical
stimulation. Basic Appl Myol 2009; 19: 157-161.
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Genomic analysis of skeletal muscle under severe
hypoxic conditions and physical activity

R. Mancinelli, T. Pietrangelo, R. La Rovere, S. Fulle

Dipartimento di Scienze Mediche di Base ed Applicate
Istituto Interuniversitario di Miologia, Universita“G.
d’Annunzio” Chieti-Pescara, Italy. E-mad:fulle@unich.it

The gene expression profiles is a powerful tookhtalyze
gene up- and down-regulation. Aim of this contréoug to
analyse the skeletal muscle transcriptoma afteznsbus
physical activity under hypoxia condition. Biopsié®m
vastus lateralis muscles were obtained from six emal
volunteers (40 * 14 years old) before and uponrétern
from the Himalayan Expedition during which they wer
chronically exposed to hypoxia living for about 88ys at
5000 m. Needle-biopsies (about 15 mg) were usedRFfbA
isolation followed by amplification and labeling. Aigh-
density oligonucleotide microarray technique wasdusThe
human oligonucleotide gene set consisting of 21,828
mer) oligonucleotides (Operon version 2.0), degigae the
basis of the Human Unigene clusters. Arrays weenrsed
and recorded fluorescence intensities were sultjette
LOWESS normalization. The expression of each geas w
defined as the log base-2 of the ratio betweerinteasity of
cyanine-coupled aaRNA from post-expedition and thiosa
pre-expedition samples. Differentially expressedegewere
selected using a permutation test procedure “Sagmite
Analysis of Microarrays” which defines genes with a
computed score larger than the threshold value. fatse
discovery rate associated with the given thresholks
additionally calculated from permutation data. Gerikat
appeared to be significantly affected were furtbealuated
to elucidate the mechanisms by which hypoxia aasedito
strenuous physical activity could influence the |sta
muscle transcriptome. Different genes with well4kmo
muscle function received particular attention an@rewn
classified as (i) genes of energy metabolism énes dealing
with muscle plasticity.
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Oxygen supply and oxygen utilization in muscles
after chronic exposure to hypobaric hypoxia

V. Marconi (1), A. Adami (1), C. Capelli (1), A. Ceae(1),
G. De Roia (1), G. Ferretti (2), S. Pogliaghi (1)S€hena
1.3)

(1) Department of Neurological and Vision Sciencgshool
of Exercise and Sport Science, University of Veroialy;
(2) Department of Biomedical Sciences, School of idied,
University of Brescia, Italy; (3) CEBISM, Rovereto,
University of Trento, Italy. E-maifederico.schena@univr.it

Six male subjects (40 yy + 14; 79.3 kg + 14.7; T74.10.0)
were studied before and upon the return from thadtiyan
Expedition Shisha Pangma 2008 during which theyewer
chronically exposed to hypoxia living for about @ays at
5000 m above sea level. Breath—by—breath (BbB) OZeapta
(02) was measured at sea level during: i) a maximal
incremental cycling test and; ii) a constant-loacreise
transition performed pedalling at 100 W on a cycle
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ergometer. Oxygen deficit (DefO2) accumulated atdhset
of the constant-load exercise was calculated asdliffexence
between the O2 that would have been consumed téalg
state had been attained immediately at the beginofrthe
exercise minus the volume of O2 actually consumeadngd
the exercise. The first quantity was calculatedrujtiplying
02 at steady state (O2ss) times the duration okRescise
set equal to 6 minutes. The volume of O2 consumethgl
exercise was calculated by summing progressively th
volume of O2 taken up during each breath from theebto
the end of exercise. Finally, mean response timBT{Mof
the O2 kinetics, i.e. the time taken to achieve 63%the
response at steady state, was calculated from dtie of
DefO2 to the corresponding O2ss. Body mass after the
expedition turned out to be significantly lower nhéhat
prevailing before (73.0 + 10.8, P < 0.05). Maxinoalygen
uptake (O2max) after prolonged exposure to hyp@4ixa8
ml O2 kg-1 min-1+ 6.2) was not significantly diféert from
that assessed in the control condition (38.2 mk@4 min-
1+ 8.0). This implied that the subjects exercise@ dower
percentage of O2max (55.0 % + 10) in the post dandi
than before (63.0 % * 18, P <0.05). DefO2 after the
expedition was significantly (425 ml O2 + 174) thdrat
found in the control condition (667 ml O2 + 231<F0.05).
MRT of O2 kinetics confirmed that gas exchange kaset
was accelerated after chronic exposure to hypdxéo(e:
38.0 s + 13.8; after: 25.2 s + 7.8, P < 0.05). Ehfasdings
indicate that the responses of gas exchanges amdisxfular
02 uptake were accelerated after prolonged expoBure
hypoxia. This may be likely the consequence of #ebe
fithess status achieved by the subjects duringstaging at
altitude in spite of the reduction of maximal aecobxercise
capacity due the lower partial pressure of O2.
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Ultrasonography of medium and small muscle
vessels

R. Martini (1), M. Ostrowski (1), G.M. Andreozzi (1R.
Stramare (2), U. Carraro (3)

(1) Unita Operativa Complessa di Angiologia Azienda
Ospedale-Universita di Padova; (2) Department oflivkd-
Diagnostic Science and Special Therapies, Universit
Padua, Italy; (3) Laboratory of Translational Mygyoof the
Interdepartmental Research Center of Myology, Unityeos
Padova, Italy. E-maikomeo.martini@sanita.padova.it

The perfusion of a denervated anterior tibialis ceishas
been assessed in a patient one-year after rigtbrédmerve
unilateral permanent lesion. Anterior tibialis ayteand
intramuscular arteries velocity curves were asskssith
echocolordoppler and compared with arterial vessélthe
unaffected controlateral muscle. The velocity caredé the
anterior tibialis artery and those examined in the
intramuscular arteries (1 mm) of the denervated cfeuat
rest showed the presence of continuous flow compuiotiet
was absent, as expected, in the anterior tibialsl a
intramuscular arteries of the unaffected contro#tanterior
tibialis muscle. In our opinion the finding of cantous flow
in the velocity curve by echocolordoppler assessngethe
typical expression of long-lasting denervationhe vascular



tree of a resting muscle, sustained mainly by #greelesion.
Voluntary contractions of the healthy muscle inseedhe
echodopler signals. Interestingly, electrical station-
induced contractions of the denervated muscle athrige
flow characteristics of the intramuscular flow theds more
similar to the high-resistance flow of the normalstle,
whether at rest or after a short series of volyntatanic
contractions (foot dorsiflection against a low s¢sice). The
method is easy to perform and may be repeated glurin
denervation/reinnervation periods or during progi@s of
permanent denervation atrophy to degeneration. hEurt
studies will assess if flow (at rest and after eism) and
muscle atrophy are related, a potential tool todystu
rehabilitation of denervated and immobilized muscle
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TES of denervated muscles after peripheral nerve
lesion

S. Masiero (1), R. Stramare (2), U. Carraro (3)R&ssato
(1), A. Marziali (1), D. Carniel (4), C. Ferraro (1)

(1) Physical Medicine and Rehabilitation Unit, and) (
Orthopedics Unit of the Department of Medical Sphigs,

(2) Department of Medical-Diagnostic Science anecsg
Therapies, (3) Laboratory of Translational Myologfy the
Interdepartmental Research Center of Myology, c/o
Department of Biomedical Sciences, University of irad
Italy. E-mail: stef.masiero@unipd.it

Aim of the Rise2-Italy Project is to identify subjgowith
incomplete permanent injuries of arm/leg skeletakafes to
extend results of the EU Project RISE. An high-power
electrical stimulator associated with large surfatectrodes
induces, indeed, single or sustained contractiéhsng-term
denervated human muscles, thus promising troptdcsame
functional recovery of denervated muscle in pasiewith
peripheral nerve lesions. Our cohort of patientffesed
traumatic injuries to plexus or single nerve (e.g.,
circonflessus or femoral nerve). At enrolment, stieuor leg
muscles did not respond to the clinical stimulatotocols
for innervated muscle (twitch stimulation with Grisec long
impulse at 5-20 V or mAmp). Using an electricahstlator
for denervated muscle (i.e., with an adequate poweat
discharges triangular or bidirectional waves 150-2@sec
long at 20-80 mAmp to large surface wet electrodes
(20x40cm, in lap case) the denervated muscle pexiuc
repeatedly single contractions (twitch trainingatients were
revaluated monthly to verify if the denervated niesc
partially recovered their excitability to a sufgcitly short
stimulations (duration < 50msec), to be able tqpaoed to
short trains of impulse at 10-20 Hz frequency (tEta
contractions 2-3 sec long). Therapeutic electritimhulation

(5 times a week) will not replace, but complemeasgive
and active rehabilitation. Change in thickness aisdué
composition are measured by ultrasound scan befack
every three months during the 12 months of prograchm
home treatment. Our first observations suggestttiigtpilot
study of the Padua Rehabilitation Unit could be reoés
with clinically significant results.
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The cellular basis of muscle regenerative capacity
after physical activity under severe hypoxic
conditions

T. Pietrangelo, R. Mancinelli, R. La Rovere, S. Fulle

Istituto Interuniversitario di Miologia, Dipartimém di
Scienze Mediche di Base ed Applicate, Universita “G.
d’Annunzio” Chieti-Pescara, Italy. E-maflziana@unich.it

The skeletal muscle plastic process is associaitiu tive
ability to regenerate following injury or overuseedto the
intervening satellite cells, undifferentiated quiest
mononucleated cells present in muscle (Charge andi&lad
2004; Mauro, 1961), which have properties of stefis@and
are activated as a consequence of strenuous muscle
and/or injury. In response to muscle damage, #atalklls
are activated to proliferate as myogenic precurselts.
Proliferating myoblasts migrate to the damagedoregif the
fiber, where they differentiate and fuse to formatupes via
a similar process to that of myogenesis. Aim ofs thi
contribute is to define the role of oxygen lack dodypoxia
on the muscle capacity to regenerate after strenpbysical
activity. Biopsies from vastus lateralis (VL) muslevere
obtained from six male volunteers (40 + 14 yedd$ before
and upon the return from the Himalayan Expeditiomirdy
which they were chronically exposed to hypoxiargyifor
about 30 days at 5000 m. Biopsies (muscle piece6.@dlin
weight) were performed using the procedure of E0@d4),
and immediately treated to obtain explants, asrdest by
Decary (1996) and processed according to the puweealf
Fulle et al. (2005). Myogenic purity was monitoréy
immunocytochemistry using desmin. The efficiency of
differentiation process was determined by Fusiodeinby
staining fast and slow myosin heavy chains using th
procedure described by Edom et al. (1994). Resudie h
surprisingly pointed out that, with the exceptiofi ane
subject, none of the observed volunteers were mbkhow
regenerative activity after the expedition. Causes@ossible
explanations of this phenomenon will be discussed.
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Enhanced myogenic potential of CD44+ low bone
marrow murine cells and Pax7+ cells formation
after their injection in mdx mice

M. Piccoli (1), P. De Gaspari (1), C.A. Rossi (1),T&schin
(1), F.G. Zanon (3), L. Vitiello (2), P. De Copfi,4), M.
Pozzobon (1)

(1) Stem Cell Processing Lab, Pediatric Dept., Uisitge of
Padova, Italy; (2) Gene Therapy Lab, Biology Dept,
University of Padova, Italy; (3) Pediatric Surgedniversity

of Padova, Italy; (4) Surgery Unit, UCL Institute Ghild
Health and Great Ormond Street Hospital, London, BK
mail: michela.pozzobon@unipd.it

Our work focused on murine MSCs both in vitro andiirp.

In vitro: we isolated by plastic adhesion mouse M$Gm
bone marrow of C57BL/6J mice and we cultivated them
considering different medium, serum concentratiomd a
presence or absence of leukemia inhibitory factdF)(
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secondly, through cytofluorimetric analysis we cuaerized
the cells’ phenotype. We confirmed the self-renesegdacity
by limiting dilution assay and we proved the mes$gnaal
potential by means of adipogenic, osteogenic andgeyic
differentiations. Mdx mice were used to study mescl
engraftment. Fresh BM GFP+ cells were selected girou
FACS sorter; mice were injected with fresh with
GFP+CD44+, GFP+CD44+ low, GFP+CD44+ high cells in
left tibialis anterioris (TAL) muscles, only mediuar MEF

as control were injected in right tibialis anteiso(TAR)
muscles. Animals were sacrificed after 10 days 4nebeks.
We compared in vivo myogenic potential of CD44+ sédl
CD44+ high and CD44+ low cells all from male GFP
transgenic mice. The exclusive use of female renipmice
and male mBM-MSCs donors allow to further demonstrate
the origin of fibers by performing FISH analysis tieated
muscles. In particular, CD44+ low shaped an incrbase
number of myofibers dystrophin positive in respec€D44+
high. Furthermore, although both groups developed
GFP/Pax7+ cells (CD44+ low 35.640.31; CD44+ high,
only the CD44+ low population generated greater lmemof
dystrophin/GFP+ fibers. In conclusion, CD44+ low bon
marrow murine cells possess enhanced myogenic faten
and are able to generate Pax7+ cells when injecteddx
mice. Ideally, subpopulations of human bone marcsis
could be relevant for transplantation and musctgafiment.
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FES-induced recovery of skeletal fibers lacking
innervation

F. Protasi (1), S. Boncompagni (1), W. Mayr (2),Garraro
(3), H. Kern (4)

(1) 1IM - Interuniversitary Institute of Miology, (& - Center
for Research on Ageing, University G. d’Annunzio,i€@h
Pescara, ltaly; (2) Department of Biomedical Engimee
and Physics, University of Vienna, Austria; (3) badtory of
Translational Myology of the Interdepartmental Resea
Center of Myology, c/o Department of Experimental
Biomedical Science, University of Padova, Italy; (4)dwig

Boltzmann Institute of Electro-stimulation and Plogsi
Rehabilitation, Department of Physical Medicine,
Wilhelminenspital Wien, Vienna, Austria. E-mail:

fprotasi@unich.it

The relative importance of muscle activity versus
neurotrophic factors in the maintenance of muscssrhas
been greatly debated. Five spinal cord injury (Sttlients
lacking any peripheral nerves in the lower extremitwere
trained for prolonged periods of time (2.4 to 9¢ang) with
an innovative rehabilitation protocol of functionelectrical
stimulation (FES). Biopsies from these patientugpiive
controls) offered the unique opportunity of studyin
structural recovery of human muscle fibers from esev
atrophy in the total absence of motor and sensorgrivation
and of nerve-derived trophic factors. FES treatnietuced
surprising recovery of muscle structure mass ancefm the
patients that were effectively stimulated, eveergfirolonged
denervation (up to 2 years). 90% (or more) of fibers
analyzed show a striking recovery of the ultragtread
organization of myofibrils and Ca2+ handling memiesan
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Thus, despite the almost complete loss of musdaeifip
structure, the long-term denervated fibers maintdie
capability of a full differentiation program. Imtsstingly, this
almost complete recovery follows a pattern that iwénin
many aspects normal muscle differentiation and, tmos
importantly, it occurs in complete absence of nexmdings,
solely under the influence of muscle activity inddcby
electrical stimulation.
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Different muscle stem cell sources delivered
through photopolymerizable Hydrogel scaffold
improve muscle regeneration

C.A. Rossi (1), N. Elvassore (2), M. Flaibani (2), M.
Pozzobon (1), A. Repele (1), C. Reggiani (3), L. alit (4),
P. De Coppi (1)

(1) Stem Cell Processing Lab, Department of Ped&at(2)
Department of Chemical Engineering; (3) Departmeht o
Human Anatomy and Physiology; (4) Department of
Biology, University of Padua Italy.

E-mail: andrea.repele@unipd.it

In our work we combined the regeneration potentél
different muscle stem cell sources with an innaaati
hyaluronic  acid-based Hydrogel, injectable  and
photopolymerizable in situ with UVA light. We isotal
single fibers from C57BL-GFP midéexor digitorum brevis
(FDB), extensor digitorum longu€EDL) andsoleusmuscles
through digestion with type-l collagenase . Isalateuscle
fibres, disaggregated satellite cells and exparideculture
satellite cells were resuspended in a solution yafuronic
acid-based photopolymerizable Hydrogel. They wérent
delivered into damaged mice muscles. Experimentse we
performed on C57BL/6J mice. Part of TA muscle were
surgically removed and injected with Hydrogel camtzy
cells. We performed hystochemical, immunofluoreseesnd
physiological analyses of the engrafted muscleer aé
weeks. Samples were compared to muscles engraftgd o
with Hydrogel and sham controls. TA muscles engahftith
fibers and dissociated satellite cells presentedreased
muscle mass and significantly higher number of GREP+
fibers and GFP+ve satellite cells under the basalrla when
compared to the ones injected with saline. Isoléitests and
stripped satellite cells delivered through photgpwrizable
Hydrogel are able to greatly regenerate musclels severe
injury after 6 weeks. Newly regenerated fibres are
hypertrophic than fibres from TA muscles of controice.
Future perspective is the use of isolated sinddeed and
stripped satellite cells combined with the hyalucon
Hydrogel in mouse model of muscle diseases, as &uth
muscular dystrophy to promote regeneration.
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A defective SERCAL protein is responsible for
Congenital Pseudomyotonia in Chianina cattle

R. Sacchetto (1), S. Testoni (2), A. Gentile (3)PBEmiani
(4), F. Mascarello (1)

Departments of (1) Experimental Veterinary Sciend@3
Veterinary Clinical Sciences, and (4) Experimental
Biomedical Sciences, University of Padova, ltaly;) (3
Department of Veterinary Clinical, University of Bgiaa,

Italy. E-mail: masca@unipd.it

Recently a muscular disorder defined as *“congenital
pseudomyotonia” has been described in Chianinéecathe

of the most important Italian breed for meat qyakind
leather. The clinical picture is characterized Iyexercise-
induced muscle contracture which prevents animedsn f
performing muscular activities. On the basis ofmickl
symptoms Chianina pseudomyotonia was related to huma
Brody's disease. Brody’s disease is a rare inhedtedrder

of skeletal muscle function, due to a sarcoplasmiiculum
Ca2+-ATPase (SERCAL1) deficiency, resulting from a clefe
of ATP2A1 gene coding for SERCAL. The SERCAL is
involved in transporting calcium from cytosol irttee lumen

of sarcoplasmic reticulum. We have fully charaetedi the
genetic defect underlying Chianina cattle pseudoonjat A
missense mutation in exon 6 of the ATP2A1 gendliteato

a Arg 164 His substitution in the SERCAL protein fizamd.

We have provided also biochemical evidence of actiek
deficiency of SERCA1 protein expression in sarcaplas
reticulum membranes from affected muscles, althotigh
mRNA levels result unchanged. The reduction of SERCAL
levels accounts for the reduced Ca2+-ATPase activity
without any significant change in Ca2+-dependentwe bss

of SERCA1 is not compensated by the expression of the
SERCA2 isoform. We believe that Chianina cattle
pseudomyotonia might be the true counterpart of drum
Brody's disease and that bovine species might beé asea
suitable animal model.
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Joint stability and balance training in injury
prevention and rehabilitation protocols

N. Sarabon (1), H Kern (2)

(1) Science and Research Centre, University of Rekeo
Koper, Slovenia; (2) Ludwig Boltzmann Institute of
Electrostimulation and Physical Rehabilitation,
Wilheminenspital Wien, Vienna, Austria.

E-mail: nejc.sarabon@wise-t.com

Proprioception, the combined functions of joint ifioa
sense and kinesthesia, has been identified as partiamt
component for optimal joint function. Proprioceptio
obviously involves different sensory systems of ohes
ligaments, tendons, joints and skin, and organgsién and
balance. Joint injury can affect proprioceptiorsrdpting the
normal neuromuscular function such as affectedeptiun
reflexes, impaired joint reposition sense, and rmthe
proprioceptive deficits. The contents of propricosp
training are very effective, relatively safe, demhalittle
energy and are at the same time very entertaibfiegns of
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such exercise include balance exercises on tilt vaolble
boards and other unstable supporting surfaces,wtacise
dynamically unstable positions of joints or joilystems. As

in motor abilities, it is reasonable to adherehi® principle of
gradual progression in proprioceptive training. Hedmsic
exercise can be performed in many different waysd & we
want to make a basic exercise more demanding, weirca
addition perform a coordination exercise, or préaiemily
disturb the balance organ, or eliminate the ordasight, etc.
According to the chosen exercise and corresponding
geometry of the facility we can determine mostahli load
for each individual. The effects of proprioceptivaning are:
the increase of muscular activation after the injuthe
reduction of reflex-reaction times on stretchinghe t
improvement  of inter-muscular coordination, the
improvement of poise and balance, the improveménhe
awareness of one’s body in space and time andfterehe
reduced susceptibility to injuries.We are firmlyneiced
that health prevention contents like joint stapilitaining
should be a part of every physical conditioning and
rehabilitation program.
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Closing remarks from Manaslu project:
perspectives for an interdisciplinary approach in
hypoxic studies

F. Schena

Center for Bioengineering and Sport Sciences (CeBiSM)
Rovereto (Tn); Department of Neurological and Vision
Sciences, School of Exercise and Sport Scienceyedsity

of Verona, Italy. E-mailfederico.schena@univr.it

The tradition of scientific expedition has been Iwel
established in Italy from the middle of last cegtand the
Manaslu 2008 project offered a new opportunity uaHer
emphasize the advantages coming from mountainestudi
the comprehension of the working capacity of hummuscle
apparatus. The outcomes obtained in this inteqlisairy
research overcomes the scientific results to dootintiee
possibility of a positive collaboration among selefifferent
groups each of those contributing to the final fresi
conclusion. This coordination could advance by aatgr
extent with the actual availability of a new laktorg that in
now operating n Rovereto at CeBiSM. In a large roloene
will be the possibility to re-create an artificiahountain
environment with a level of oxygen from the sedesto
7000 msl and with a temperature ranging from 4020
degrees. The room could also be equipped by any &fn
ergometers as well as bio-physiological measurertwis
and it can host some persons for hours or days. v lab
could represent a stimulating opportunity for awne
development in the special environment study asttongly
support interdisciplinary studies.
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Functional EchoMyography of denervated muscle.
Preliminary results

R. Stramare (1,4), L. Martino (1), S. Masiero (2H4)Kern
(3), U. Carraro (4)

(1) Department of Medical-Diagnostic Science anecsg
Therapies; (2) Physical Medicine and Rehabilitatldnit,
Unit of the Department of Medical Specialties; (3)dwig
Boltzmann Institute of Electrostimulation and Phgsic
Rehabilitation, Department of Physical Medicine,
Wilhelminenspital Wien, Vienna, Austria; (4) Labtoey of
Translational Myology of the Interdepartmental Resea
Center of Myology, c/o Department of Biomedical Scies)
University of Padua, Italy. E-maitoberto.stramare@unipd.it

The first goal of the Rise2-Italy Project is to itilBnamong

the clinical cases of the Physical Medicine and Riitation

Unit of the University of Padua a group of subjeuatith
permanent injuries (complete or incomplete) of &g/
skeletal muscles aimed at extending the resultsthef
European Project RISE [1-3]. Demonstration that ghhi
power electrical stimulator associated with largeface
electrodes induces single (twitch) or sustainedarigs)
contractions in long-term denervated human musdés
paraplegics, open the opportunity to obtain tropffect and
some functional recovery of denervated muscle itiepts
with severe muscle atrophy secondary to lower mogoron
lesions. To monitor changes in thickness and tissue
composition of trained muscles ultrasound scan are
performed before and every three months during 1Be
months of programmed treatment.

The figure show in the left panel the left normébialis
Anterior (TA), and the right panel the right TA eftone
year of permanent denerevation.

Here we show that thickness of skeletal muscleasily and
reliably measured by Echomyography. Extent and ayos

of the contraction-relaxation response to eledtrica
stimulation is also consistently analyzed (see io@-I
materials to activate the movies). Combined with d=ch
doppler of intramuscular arteries (see in thisésddartini R,
Ostrowski M, Andreozzi GM, Stramare R, Carraro U.
Ultrasonography of medium and small muscle vessels)
Functional Echo-Myography is an ultrasound approthet
allows non-invasive, repeated analyses of the rmauscl
response to rehabilitation treatments. These mataibmred

to the personal needs of each patient, the desidiming
based, beside expert clinical evaluations, on unséntal
results. This pilot study was performed as parthef Rise2-
Italy Project, an institutional research activityf ¢he
University of Padova Interdepartmental Research Cesfte
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Myology. We are confident that it will extended it
clinically significant results the sound outcomdstiee EU
Project RISE.

[1] Kern H, Boncompagni S, Rossini, K., Mayr, W., Ban
G., Zanin, M. E., Podhorska-Okolow, M., Protasi,&F.

Carraro, U. Long-term denervation in humans causes

degeneration of both contractile and excitation-
contraction coupling apparatus that can be revelsed
functional electrical stimulation (FES). A role for
myofiber regeneration? J Neuropath Exp Neurol 2004;
63:919-931.

[2] Boncompagni S, Kern H, Rossini K, Hofer C, Mayr W,
Carraro U, Protasi F. Structural differentiations&€letal
muscle fibers in absence of innervation in hum&hec
Natl Acad Sci USA. 2007; 104(49): 19339-19344.

[3] Kern H, Carraro U, Adami N, Biral D, Hofer C, $a
Loefler S, Vogelauer M, Mayr W, Rupp R, Zampieri S.
One Year of Home-based Functional Electrical
Stimulation (FES) in Complete Lower Motor Neuron
Paraplegia: Recovery of Tetanic Contractility Drivke
Structural Improvements of Denervated Muscle.
Nerurological Research 2009, in press.
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Molecular and cellular muscle adaptations to
physical activity in hypobaric hypoxia

L. Toniolo, P. Cancellara, M. Canato, L. Dal SantoPAoli,
C. Reggiani

Department of Human Anatomy and Physiology, Unitgrs
of Padua, Italy. E-maikarlo.reggiani@unipd.it

Skeletal muscle is a very plastic tissue, abled@paito new
functional demands, such as determined by increaskdty
during training and by changed environmental coolit as
reduced oxygen supply. A stay at high altitude rmyra
climbing expeditions offers a good chance to stsdgh
adaptations. In this study we examined single neufibres
taken from biopsy of vastus lateralis of five matdunteers
(40 + 14 years old) before and upon the return fribm
Himalayan Expedition (INTERAMNIA 8000 - MANASLU
2008) during which they were chronically exposed to
hypoxia living for about 30 days above 5000 m. r&itype
distribution was changed in the second samplingpeoed to
the first one as slow fibre proportion was increlasgross
sectional area was not significantly modified aral open
sign of atrophy was detectable. In one subjectra@meecross
sectional area was significantly increased. Meatani
parameters of muscle contraction did not show any
significant variations. We can conclude that thaysin
hypoxic conditions did not cause any adverse change
muscle fibre structure and function in substardigdeement
with data obtained by testing the physical perforceaof the
subjects as reported in other presentations attbeting.
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Manaslu Expedition 2008: physiological adaptations
to chronic altitude hypoxia

V. Verratti (1) , C. Di Giulio (1,2), F. Schena (B,&. Fano
1.2)

(1) Interuniversity Institute of Miology; (2) Depment of
Basic and Applied Medical Sciences, University “G.
D’Annunzio” Chieti-Pescara; (3) Department of Ndogical
and Vision Sciences, School of Exercise and Spodnge,
University of Verona, ltaly; (4) Center for Bioengaerang
and Sport Sciences (CeBiSM) Rovereto (Tn), Italy. &km

fano@unich.it

High-altitude hypoxia is a condition characterizdyy
reduction of partial O2 pressure as a direct camsece of
barometric pressure reduction. Cellular PO2 is raaied
within a narrow range and the oxygen-gradient udifin of

the capillary tissues level is essential for thdlutar
survival. High altitude hypoxia has been knownrtfuence
metabolic, ventilatory and muscular adaptationsel&hl
muscle intracellular PO2 is important, oxygen puessin
maximally exercising muscle is close to zero deiees a
condition of intracellular hypoxia. In altitude $&&l muscle
undergoes mass reduction with reduction of mitodhniah
volume density. The decrease in maximum oxygen
consumption with altitude is related to the lowl ¢&D2 and

to the increase level of ROS and HIF (Hypoxic Indlec
Factor) levels. Involvement of HIF on the regulatiof
adaptation processes in skeletal muscle tissuetediging is
under studies. Six members of the Manaslu (8163 m)
Expedition in 2008 were examined before and aftstag of

43 days at an altitude ranging from 0 to 5800 mvabsea
level. Before and after the scientific expedition Wwave
performed functional assessment measure, blood lsamp
semen samples collected, muscle biopsy, nucleanatiag
resonance of leg muscle, test, interviews and pdggical
profiles. The aim of the present study is to evauhe effect

of chronic altitude hypoxia on human metabolic, tilatory,
muscular, nervous and blood adaptations and in male
reproductive functions.
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Identification of cachexia predictive biomarkers in
serum and muscle biopsies from patients bearing
colon rectal cancer

S. Zampieri (1), N. Adami (1), U. Carraro (1), M. d6hiato
(2), S. Savastano (2), S. Merigliano (2)

(1) Laboratory of Translational Myology of the
Interdepartmental Research Center of Myology, clo,
Department of Biomedical Science, University of Rado
Italy; (2) Department of Medical and Surgical Sces, 3rd
General Surgery Clinic, Coloproctological Unit, 'Saténio’

Hospital, Padova, Italy. E-maBanzamp@unipd.it

Cachexia is a severe debilitating condition whicleuss in
association to several diseases such as cancerS,AlD
diabetes, renal or heart failure and aging. Thlagy of
this syndrome has been extensively studied, bothumans
and in animal models, and several humoral andrimfiatory
markers have been identified so far mediating ¢bisdition.

In cancer cachexia factors of tumor origin can gcelmuscle
wasting, either alone or in combination with hostided
factors and cytokines. In particular, pro-inflamorgt
cytokines (such as TN&; IL-1(3, and IL-6) play a direct role
in eliciting cachexia. Within the skeletal musckeveral
signal transduction pathways are activated in nespoto
secreted cytokines, primarily to TNE- which in turn
mediate muscle atrophy and wasting. Muscle atrojshy
characterized by reduced protein synthesis and needa
protein catabolism. Ubiquitination of target prowi
represents one of the main pathways activated for
degradation, but also factors involved in signasduction or
gene transcription are involved. Interestingly,hés been
reported that the myogenic transcription factor Eyés
negatively regulated in many experimental model of
cachexia, such as in C26 mice bearing colorectateran
Induction of MyoD transcription is a hallmark of sule
precursor cell activation after muscle damage, ahe
blockade of this factor may result in the inhibitiof muscle
regeneration, but turnover of muscle nuclei (in sbhecalled
apoptotic muscle changes) may be also relevant thus
facilitating muscle atrophy and wasting. The ainoof study

is to verify whether in patients affected with a@ctal cancer
at disease onset and beyond, it is possible tact@eteboth
locally within muscle tissue as well as circulating the
serum, the upregulation of early biomarkers whichym
predict the progression of the disease towards etich
syndrome. Data obtained from theses analyses withér
elucidate molecular mechanism underlying cachexia,
particular during early cancer phases, providingepial
specific targets for therapeutic intervention.
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