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AREA MOTRICE PRIMARIA

Figure 2 The motor and
sensory homunculus: the first
map. Penfield and
Rasmussen, 1950. Reprinted
with permission of
Macmillan Publishing
Company from The cerebral
cortex of man by Wilder
Penfield and Theodore
Rasmussen. Copyright 1950
Macmillan Publishing
Company; copyright renewed
1978 Theodore Rasmussen.
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AREA MOTRICE PRIMARIA
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Fig.3 Proposed supplemental cortical motor homunculus includ-
ing the cortical somatotopy of intercostal muscles: a cortical motor
representation. b, ¢ Primary motor cortex reconstructed with Mesh-
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CONDUZIONE SALTATORIA
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Ml =) Fibra intrafusale https://www.projectinvictus.it/motoneurone/
——Zona contrattile del fuso — MYELIN (from Schwann cells or oligodendrocytes)
Fibra extrafusale
NODE OF RANVIER
| motoneuroni alfa (a) sono | piti grandi del corpo umano e per questo presentano la velocita di
conduzione del segnale nervoso pil elevata, con un valore medio di circa 90 metri al secondo; =l = = = — ————
essi sono specializzati nella conduzione del segnale nervoso alle cellule muscolari scheletriche. —+ -+ SALTATORY CONDUCTION + + -+
"., 44_7' "
| motoneuroni gamma (y) invece sono piu piccoli e per questo possiedono una velocita di \> == = = + —
ot NN
trasmissione del segnale nervoso inferiore, con un valore medio di circa 25 metri al
-+ + + g + +
secondo.Questi ultimi neuroni sono coinvolti nel riflesso miotatico generato dai fusi L B —
neuromuscolari (che analizzeremo a breve), in quanto svolgono una funzione di innervazione o — L - — -

delle fibre intrafusali di questo fondamentale recettore muscolare.
no ion channels

RIFLESSO DA STIRAMENTO O MIOTATICO -> FUSO NEUROMUSCOLARE
RIFLESSO MIOTATICO INVERSO -> ORGANO TENDINEO DEL GOLGI Figure 5015 Saltatory conduction through myelinated areas of an axon increases the speed of

signal conduction down the axon.



POTENZIALE D'AZIONE

ABSOLUTE RELATIVE
REFRACTORY REFRACTORY
period period

|

—_—

VOLTAGE (mV)
n
a

1
[
an

1. Resting membrane potential
Q. Threshold potential

3. Depolarization

Y. Repolarization

S. Hyperpolarization

Voltaga-gatad Na* @ \JOU W \EQ

hannel
B open inactivated closed

Voltage-gated k¥ m U U __m

channels closed open closed

Figure 50414 Graphical summary of the voltage changes that occur during a neuron action
potential and the accompanying states of voltage-gated sodium and potassium channels. The
action potential is initiated by a net influx of excitatory postsynaptic potentials (EPSPs). Not
shown above are sodium/potassium pumps, which help to maintain the resting membrane
potential, as well as help to return to that resting potential through repolarization.

https://www.osmosis.org/notes/Anatomy_and_Physiology of the Nervous_System
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Ex=7F [X]

Eq. 1
m

where, Ey = equilibrium or Nernst potential
for ion X: [X]ou = extracellular concentration
of X; [X];n = intracellular concentration of X;
R = universal gas constant; 7T = absolute
temperature; z = valency of ion; and F=
Faraday constant.

Table | Plasma and cytoplasmic concentrations of various
ions and the resulting Nernst potential (Ex)

Ion Plasma (mM) Cytoplasm (mM) Ey (mV)
Na” 145 12 +67
K 4 140 -95
Ca* 12 10-* +125
Mg** 15 0.8 +8
Cl 115 4 -9




GIUNZIONE NEURO-MUSCOLARE
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GIUNZIONE NEURO-MUSCOLARE
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MUSCOLO SCHELETRICO
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FIBROCELLULA MUSCOLARE
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SARCOMERO
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Skeletal muscles move or stabilize the position of the skeleton;
guard entrances and exits to the digestive, respiratory, and
urinary tracts; generate heat; and protect internal organs.



SARCOMERO

Z disc Actin Myosin head groups ~ Myaosin thick filament
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THE CELL, Third Edition, Figure 11.24 ASM Press and Sinauer Associates, Inc.
© 2003 All rights reserved.



SARCOMERO
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SARCOMERO - COMPLICATO
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COMPLESSO ACTINA-MIOSINA
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CONTRAZIONE MUSCOLARE
IMPULSO ELETTRICO
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CONTRAZIONE MUSCOLARE
POTENZIALE D'AZIONE
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CONTRAZIONE MUSCOLARE
LIBERAZIONE ACETICOLINA
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CONTRAZIONE MUSCOLARE
TRIADE
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CONTRAZIONE MUSCOLARE
LIBERAZIONE DEL CALCIO
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(b)

CONTRAZIONE MUSCOLARE
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CONTRAZIONE MUSCOLARE
SCIVOLAMENTO ACTINA - MIOSINA
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CONTRAZIONE MUSCOLARE
SCIVOLAMENTO ACTINA - MIOSINA
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CONTRAZIONE MUSCOLARE: ATP

FUNZIONI DELL’ATP
ENZIMI PER ECCITABILITA DI MEMBRANA (Na/K ATPasi)
GESTIONE DEL CALCIO NEL RETICOLO SARCOPLASMATICO (Ca ATPasi)

MIOFILAMENTI (Miosin ATPasi)

High-energy
;nd\sk
Adenosine 4El-/\f\/\— P HWM P | +H0
-y AT Pase " .
ATP —— ADP + Pi + energy — muscle contraction. Neyosin
) ATPase
vy
Adenosine —E]’NV‘— P | + energy + Pi+ H*
FIGURE 3-1 Hydrolysis of adenosine triphosphate (ATP) to adenos
ine diphosphate (ADP) by the enzyme myosin adenosine triphospha-
tase (ATPase), with the release of energy for use by working muscle

P Hll!aph.m

e; Pi nlﬂlnphi.\\]‘ll.ll(

RISERVE ATP INTRAMUSCOLARE

5/8 mmol/kg di massa muscolare

ESAURIMENTO RISERVE — 3.7 mmol ATP/kgxs IN ESERCIZIO MASSIMALE

— 0.4 mmol ATP/kgxs |

N ESERCIZIO SUBMASSIMALE



CONTRAZIONE MUSCOLARE: ATP

TRE SISTEMI ENERGETICI

1. SISTEMA FOSFAGENE o ANAEROBICO ALATTACIDO
2. SISTEMA GLICOLITICO o ANAEROBICO LATTACIDO
3. SISTEMA OSSIDATIVO o AEROBICO
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d_.-f . T T T T 1
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#
2 H:O«— O+ 2H" + 2e ATP turnover rate {mmol/kg/s)
L
Mitochondrial respiration : _ _ o )
Ficure 5: Maximal rates of ATP regeneration from the energy
FiGure 2: The three energy systems of muscle ATP regeneration. systems of skeletal muscle. Adapted from Sahlin et al. [25].



SISTEMA ANAEROBICO ALATTACIDO
(FOSFAGENE)



SISTEMA FOSFAGENE
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SISTEMA FOSFAGENE

SPORT IN CUI Sl UTILIZZA IL SISTEMA ANAEROBICO ALATTACIDO

-  SPORT CON LIMITATO NUMERO DI CONTRAZIONI MUSCOLARI MA INTENSE
- DURATA DI ESERCIZIO NON SUPERIORE Al 10-15 SECONDI
- IDROLISI DELLA FOSFOCREATINA NON DIPENDE DALLA DISPONIBILITA DI 02

DOPO 1.5 — 65+2.8%
S m DOPO 4.5 — 85.5+3.5%

Ficure 6: Representative kinetics of creatine phosphate {CrP)

ecovery in subjects with different end exercise CrP concentrations

and different proportions (bias) of slow or fast twitch muscle. Note

the more rapid recovery of CrP when there is less exercise-induced
N — T depletion (------) versus near complete depletion (- - - -). Based on

( 2 4 6 8 10 12 14 16 18 20 22 24 unpublished research observations of the authors.

Time (min)

- CAPACITA RIGENERATIVA DELLE SCORTE DAI 5 Al 15 MINUTI DIPENDE DA:
— ACIDOSI METABOLICA
— UNITA MOTORIA E CARATTERISTICHE DELLE FIBRE MUSCOLARI
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SISTEMA FOSFAGENE

METABOLISMI ENERGETICI

Metabolismo
anaerobico alattacido

Metabolismo
anaerobico lattacido

Secondi Minuti

Circa 120”7

Nletaboﬁsmo Anaerobico Anaerobico

aerobico

. ¥ Aerobi
alattacido lattacido il

Tutti 1 metabolismi energetici
intervengono simultaneamente.
Chi solo in tracce, chi in modo
ponderale.




SISTEMI ENERGETICI

Fosfocreatina
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SISTEMI ENERGETICI

Fosfocreatina

F-CREATINA

( Sistema ATP-Fosfocreatina

15

' |
w M

ATP turnover rate
(mmol per kg dw per s)
(my]
1

0 6 15 30
Time (s)

Fig. 1| Muscle energy metabolism during intense exercise. Contributions
of PCr (light green), glycolysis (medium green) and oxidative
phosphorylation (dark green) to ATP turnover during maximal exercise.
Muscle samples were obtained before and during 30 s of all-out cycling
exercise. Dw, dry weight. Adapted with permission from ref. *, American

Physiological Society.



CREATINA

AMINO ACIDO NON PROTEICO sintetizzato nel fegato, rene e pancreas a partire
da ARGININA, GLICINA e METIONINA

50% dieta e 50 % endogeno

Integrazione sopprime la produzione endogena
95% viene immagazzinato nel muscolo scheletrico
(%3 PCr e Y4 libera)

5% in cervello e testicoli

120 gr in individuo di 70 kg

TURNOVER: 1-2,5 gr/die

Escreta per via renale

Creatina assunta con alimenti o integratori

AdoHcy + Cr

GAMT T
AdoMet + GAA

ornithine

. z Arg + Gly
Journal of the International Society O
of Sports Nutrition BioMed Cental
Commen tary

International Society of Sports Nutrition position stand: creatine
supplementation and exercise

Thomas W Buford, Richard B Kreider*, Jeffrey R Stout, Mike Greenwood,
Bill Campbell, Marie Spano, Tim Ziegenfuss, Hector Lopez, Jamie Landis and

Jose Antonio Escrezione urinaria di creatinina



CREATINA — FUNZIONI

FUNZIONI DELLA CREATINA:
* MASSA MUSCOLARE e CAPACITA ANAEROBICA
+* PERFORMANCE -> POTENZA/MASSIMA FORZA MUSCOLARE (5-15%)
-> VELOCITA (1-5%)

EFFETTI COLLATERALI:

NON CAUSA INSUFFICIENZA RENALE IN SOGGETTI SANI

Journal of the International Society )
of Sports Nutrition Bioted (cnid

supplementation and exercise



CREATINA — 1 IPERTROFIA

Creatine

IGF-1
Myostatin MRFS‘/ Py PCr and glycogen
\" SC activation €=
Akt
1 ROS
4 Myonuclei mTOR -
W v
Transcription .
4 Exercise
Protein translation Muscle Protein Sapachy
\ tj?akdown /
Muscle Muscle hypertrophy /

_| Inhibit
— Activate
Figure 2 Potential mechanisms by which creatine supplementation leads to muscle hypertrophy.

Abbreviations: |GF-1, insulin-like growth factor |; MRFs, myogenic regulatory factors; mTOR, mammalan target of rapamyain; PCr, phosphorylcreatine; ROS, reactive
oxygen species; 5C, satellite cells,



CREATINA — 1 ENDURANCE

T calcium kinetics

e
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[ T PCr and recovery of

ATP

® + —> lROS
/ Creatlne
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Review

Creatine supplementation and endurance performance:
surges and sprints to win the race

Scott C. Forbes, Darren G. Candow (2, Joao Henrique Falk Neto, Michael D. Kennedy, Jennifer L. Forbes, Marco Machado, ...showall
Article: 2204071 | Received 05 Jan 2023, Accepted 06 Apr 2023, Published online: 25 Apr 2023
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CREATINA — FONTI e DEPOSITI

Aringa 6,5-10,0
Maiale 5,0
Manzo 4.5
Salmone 4,5
Tonno 4.0

Merluzzo 3,0
Latte 0,1
Mirtilli 0,02
Gamberetti tracce

CONTENUTO DI CREATINA

Da: Incledon, 2000.

" (g/kg DI ALIMENTO)

20 100

Muscle Total Creatine Stores

mmol/kg DW
§ =
|

Vegetarian

Fig. 4 Approximate muscle total creatine levels in mmol/kg dry weight muscle reported in the literature for vegetarians, individuals following a
normal diet, and in response to creatine loading with or without carbohydrate (CHO) or CHO and protein (PRO). From Kreider and Jung [6]
\

155
140
120
Normal Creatine Loading Creatine Loading
with CHO or
CHO/PRO

In a normal diet that contains 1-2 g/day of creatine,
muscle creatine stores are about 60-80% saturated.
Therefore, dietary supplementation of creatine serves to
increase muscle creatine and PCr by 20-40% (see Fig. 4.)

Kreider et al. Journal of the International Society of Sports Nutrition (2017) 14:18



CREATINA — INTEGRAZIONE

PROTOCOLLI DI INTEGRAZIONE:

* PROTOCOLLO DI CARICO -> AUMENTA DEPOSITI DI PCr DEL 20-40%

- 0.3 g/kg/die x 5-7 gg

- OVVERO per soggetto di 70 kg sono 20 gr giornalieri (5 g x 4 volte al giorno)

- POI 3-5 g/die

* PROTOCOLLO NORMALE -> AUMENTA DEPOSITI DI PCr DEL 20%

- X 3-4 settimane

- 0.05->0.075 g/kg/die x 1 volta al giorno

- OVVERO 3-5 gr/die

Creatine and Phosphocreatine: A Review of

Their Use in Exercise and Sport
Joseph F. Clark, PhD, ATC

Harris et al*’*” have shown that feeding creatine at 2 to 5
g/day increases intracellular creatine and PCr in human mus-
cle.® Greenhaff and colleagues have extended these observa-
tions using 5 to 20 g/day creatine.®?®?° They fed volunteers 5 g
of creatine four times a day with a daily total of 20 g. This is
considered the loading dose and is decreased to 2 to 5 g/day
(maintenance dose) after 6 to 14 days, which is continued
throughout the period of training. If athletes are given lower
doses (2-3 g/day), without the loading dose, there is still
increased muscle creatine but with a slower rate of accumula-
tion. The current evidence is that the best loading of muscle
creatine occurs during normal training and occurs concomitant
with a low-fat, high-carbohydrate diet.””



CREATINA — INTEGRAZIONE

Relative Metabolite
Concentration

+Cr Supplementation ——

Control — —-

Creatine and Phosphocreatine: A Review of
Their Use in Exercise and Sport
Joseph F. Clark, PhD, ATC

Fig 2. A schematic representation of the relative concentration
changes that occur in muscle during two bouts of exercise. The
PCr concentration at the start of the anaerobic exercise is greater
in the muscle with creatine supplementation compared to control.
The PCr concentration falls rapidly in both groups as the PCr
molecule is used to buffer the ATP concentration. When exercise
stops and the muscle is allowed to recover, the rate of PCr
recovery is faster in the muscles with creatine supplementation
(this is explained in Fig 3). Furthermore, when the anaerobic
exercise is prolonged in the second bout of exercise, the ATP
concentration is better maintained with creatine supplementation.
The ATP buffering capacity of the muscle is enhanced due to the
increased PCr concentration in the muscle. Note: the rates of
concentration changes during exercise are dependent upon inten-
sity of the exercise. For maximal anaerobic exercise, such as a
sprint, the entire right hand box of this figure would take about 15
seconds.



SISTEMA ANAEROBICO LATTACIDO
(GLICOLITICO)



SISTEMA GLICOLITICO

ENERGIA PER ESERCIZIO
DELLA DURATA DI PIU
SECONDI

GLUCOSIO EMATICO
GLICOGENO MUSCOLARE
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GLICOLISI - FASE 1

Glycogen Phiase

L= N FASE 1

Glucose-1-phosphate  Hexokind§

1|=‘ Glucose-6-pho¥

Phosphoglucomutase

isomerase

- E un costo di ATP

Phosphofructokina
(PFK)

s - Prepara la fase 2 (che rigenera ATP)
o i}lyccraldchydc‘.’»-phosphulc + dihydroxyacetone phosphate - G L U C O S I O d eve essere Fosfo rl | ato

Triose phosphate isomerase

(durante il riposo e nel post-
Glyceraldehyde-3-phosphate ] @m

prandiale) in G-6-P

1,3-bisphosphoglycerate  1,3-bisphosphoglycerate

:\/I‘l:\m’ Phosphoglycerate kinaseMI’:ﬂ_P G LI C O G E N O glé prese n t e G'1 /6_P

3-Phosphoglycerate 3-Phosphoglycerate

]Lphosphoglucose

NAD*
NADH + H*

“Phosphoglycerate mutase H'

2-Phosphoglycerate 2-Phosphoglycerate

]l)() 4[ Enolase A‘PH:()

Phosphoenolpyruvate Phosphoenolpyruvate
ADP ; ‘
Pyruvate kinase ADP
ATP ATP
Pyruvate Pyruvate

Ficure 8: The glycolytic pathway. Note the duplication of phase 2 3-carbon metabolite reactions to account for the 6 carbons of each
metabolite from phase 1.



GLICOLISI — FASE 2

Glycogen

= Phase 1
\h;hosphorylase Glucose F AS E 2

Glucose-1-phosphate Hexokinasem
ADP +H"

[E—

Glucose-6-phosphate

Phosphoglucomutase Phosphoghicose
u isomerase
Fructose-6-phosphate - P rt d d d H 4 AT P
Phosphofructokinase | — ATP O a a u n g u a ag n O I
(PFK) ADP + H*

- Produce ACIDO PIRUVICO

Glyceraldehyde-3-phosphate + dihydroxyacetone phosphate

Pi Triose phosphate isomerase
Glyceraldehyde-3-phosphate
Glyceraldehyde-3-phosphate Pi
dehydrogenase ] NAD*
Noglycerate  1,3-bisph

osphoglycerate kindge

RlseePhoglycerate

”Phosphoglycerate mutase ]l
2-Phosphoglycerate 2-Phosphoglycerate

Enolase

Phosphoenol]

Ficure 8: The glycolytic pathway. Note the duplication of phase 2 3-carbon metabolite reactions to account for the 6 carbons of each
metabolite from phase 1.



GLICOLISI INIBITA A RIPOSO

AT REST
(glycolysis inhibited)

DIPENDE DAL RAPPORTO ATP/AMP

GLICOGENOGENESI

Glucose

Hexokinase G)
Y
Glycogen <—— Glucose 6-phosphate

Y

Fructose 6-phosphate

Z
\
X
X
a3

y 4

y 4

Relaxed ATP
muscle
fiber

Figure 16.18 part 1
Biochemistry, Seventh Edition
© 2012 W. H. Freeman and Company
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GLICOLISI STIMOLATA SOTTO SFORZO

DURING EXERCISE
(glycolysis stimulated)

DIPENDE DAL RAPPORTO ATP/AMP

GLICOGENOLISI

Glucose

Hexokinase

Glycogen —> Glucose 6-phosphate

‘ Low energy
Fructose 6-phosMrge
¢ PFK
ATP v ® ATP/AMP
Fructose 1,6-bisphosphat
Y
I 4
\ lil ATP é/‘ Feedforward
stimulation
Y
it u"‘.‘ !‘.~. '
TN Phosphoenolpyruvate

Muscle- ATP <— Pyruvate kinase @
fiber v
contraction Pyruvate
CO, +H,0 Lactate

(long, slow run) (sprint)
Figure 16.18 part 2

Biochemistry, Seventh Edition

© 2012 W. H. Freeman and Company



SISTEMA GLICOLITICO - GLICOGENO
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aVA\=18=9-8I Body Stores of Fuels

and Associated Energy Availability

Location g kcal
CARBOHYDRATES
Liver glycogen 110 451
Muscle glycogen 500 2,050
Glucose in body fluids 15 62
FAT
Subcutaneous and visceral 7,800 73,320
Intramuscular 161 1513
Total 7,961 74,833

Note. These estimates are based on a body weight of 65 kg (143
Ib) with 12% body fat.

Glicegenolisi

kD

Glucosio [=energia)

Peak Week Carbohydrate Manipulation R
Practices in Physique Athletes: A Narrative
Review

Kai A. Homer"'®, Matt R. Cross'@® and Fric R Helms'2®



GLICOGENO - MUSCOLARE

iV:\=18=9-%l Body Stores of Fuels

and Associated Energy Availability

Sarcoplasmic

reticulum Location g kcal
. CARBOHYDRATES
fhcious Liver glycogen 110 451
S ———— Muscle glycogen 500 2,050
s 935;;:;::"0: ':Z:::;o"bms : X \ Glucose in body fluids 15 62
FAT
Subcutaneous and visceral 7,800 73,320
Intramuscular 161 1,513
Total 7,961 74,833

Note. These estimates are based on a body weight of 65 kg (143
Ib) with 12% body fat.

Figure 2 The intracellular locations of skeletal musde glycogen. Image © Human Kinetics. Used with permission. Values for glycogen dis-

tribution are from Schweitzer et al (2017).%®

o B Exhaustion
B Train-Low
o O Untrained Rest
800 | Tr_ained Re_zsl
3 B Highly Trained & CHO Loaded
Table 1 The glycogen content of liver and muscle ; 700
Tissue Average (g) Normal range (g) ié 600
Muscle 500 300-700 &
s Q
Liver 80 0-160 g
Adapted from Hargreaves (2012)." g 400 T
§ 300
s
200
GLICOGENO OCCUPA i _

1 '2 o/o VO L U M E M IO C ITA ° Population / Status

Figure 1. Variations in muscle glycogen storage according to fatigue status, training status and dietary
carbohydrate (CHO) intake (data are compiled from males only and from several studies including
Taylor et al. [30]; Bartlett et al. [31]; Arkinstall et al. [32]; Gollnick et al. [24]; Coyle et al. [8]).



GLICOGENO - EPATICO

Table 1 The glycogen content of liver and muscle

Tissue Average (g) Normal range (g)
Muscle 500 300-700
Liver 80 0-160

Adapted from Hargreaves (2012).™

GLICOGENO OCCUPA
5-6 % VOLUME EPATOCITA

AN =18=-%1 Body Stores of Fuels

and Associated Energy Availability

Location g kcal
CARBOHYDRATES
Liver glycogen 110 451
Muscle glycogen 500 2,050
Glucose in body fluids 15 62
FAT
Subcutaneous and visceral 7,800 73,320
Intramuscular 161 1,613
Total 7,961 74,833

Note. These estimates are based on a body weight of 65 kg (143
Ib) with 12% body fat.



SISTEMA GLICOLITICO - GLICOGENO
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GLICOGENO E ACQUA

4. Muscle Glycogen and Body Hydration Status

An increase in stored glycogen is believed to be accompanied by an increase in body

water content since glycogen is highly hydrophilic. Regarding the water bound to glycogen,

Zants et al. initially estimated that 1 g of liver glycogen binds 3 g of water using the data

D REHow provided by Pavy [34,35]. Subsequent studies showing the association between glycogen
BB REHg and body water are summarized in Table 1. Numerous animal studies assessing liver
i glycogen and water content indicated that 1 g of liver glycogen is bound to 1.6-3.8 g of

sono{ L . L T water [36-39].

&
g

1500 T Concerning muscle glycogen in humans, Olsson and Saltin initially suggested that 1 g
of muscle glvcogen is bound to 3-4 g of water, based on the results of the tritium dilution
method for detecting body water content and sampled using muscle biopsy for muscle
glycogen content under glycogen-depleted and loaded conditions [10]. Furthermore,
a study using magnetic resonance imaging presumed that intracellular water binding
2500 increases in glycogen-loaded muscles [47]. Our previous study using the deuterium
Fri emgrcies  Pokl esaicme R Coreay dilution method for measuring total body water content also showed that body water
content increased in glycogen-loaded conditions; the segmental BIA method indicated that

the main component of increased body water was intracellular water (Figure 3) [11].

3000

Musche water content (g/kg dm ™) =

1 GR GLICOGENO RITIENE
3 GR DI ACQUA

Relationship between muscle water and Review . . .
glycogen recovery after prolonged exercise Muscle Glycogen Assessment and Relationship with Body

in the heat in humans Hydration Status: A Narrative Review

Original Article | Published: 25 April 2015

VBRSPS ROD) i Keisuke Shiose !+, Hideyuki Takahashi 2( and Yosuke Yamada 3




GLICOGENO E ACQUA

5. Change in Body Composition during Carbohydrate Loading

After a few days of a high-carbohydrate diet (carbohydrate 8-12 g/kg/day), an in-
crease in stored muscle glycogen of approximately 1.5-2.0-fold the normal level is observed.
In the classical carbohydrate loading procedure, muscle glycogen is initially depleted by
exercise and a high-carbohydrate diet is consumed for 3 days following 2-3 days of a
low-carbohydrate diet [51]. Interestingly, improved procedures have been described in
subsequent studies [52,53]. A review article by Burke et al. provides good details [54].

During carbohydrate loading, it is generally understood that body weight increases
by approximately 1.0-1.5 kg, mainly due to an increase in body water content, as men-
tioned in the previous section. However, changes in other body components are uncertain,

DURANTE UN PERIODO DI CARICO GLUCIDICO
IL PESO CORPOREO PUO AUMENTARE ANCHE DI 1 0 2 KG

Review
Muscle Glycogen Assessment and Relationship with Body
Hydration Status: A Narrative Review

Keisuke Shiose '*(, Hideyuki Takahashi 2’ and Yosuke Yamada 3



GLICOGENO E SUPERCOMPENSAZIONE

Rested, fed, supercompensated |

Train
Eat
Rest
Train

Train
Train

Average glycogen
concentration in mixed muscle
(mmol/kg wet weight)

® o Eat ‘ Contractile dysfunction
e °*  Rest
1 Eat |
| Rest
104
0 T T Two-ad T T T
1 P 3 wo-a-day 4 5 6

training sessions

Days
Muscle glycogen levels can vary widely during training, only reaching supercompensated levels
after a few days of rest and light training. In this example, muscle glycogen levels decline during
training sessions and are partially restored during subsequent rest and after adequate carbohydrate
intake. During hard 2-a-day training sessions (day 3), glycogen concentration can be lowered to the
point at which contractile dysfunction (fatigue) occurs. Athletes typically train with muscle glycogen
stores that are adequate to meet the demands of training (eg, between 75 and 150 mmol/kg wet
weight) even though those stores might be considered suboptimal. Illustration based on data from
Sherman and Wimer (1991).85



GLICOGENO E SUPERCOMPENSAZIONE

Manipulation of diet and training Effect on glycogen storage

Days to competition
-6 -5 4 -3 -2 -1 Fig. 1. Evolution of knowledge regarding

200% ~ . e o drate (C T
DIET protocols for carbohydrate (CHO) loading,
« . e . —g as shown by diet and training manipulations
Classical ’ Low CHO High CHO g g in the 7 days before an endurance cl'cm. The
EH_O_ It_)a_d!ng (<2 g/kg BM) | gCRFE ISR g’ c_=u “classical” loading protocol for glycogen su-
g > percompensation was developed by Berg-
“Modified” Moderate CHO High CHO D ® 100%- strom et al. (10) in untrained active individ-
CHO loading | (~ 5 g/kg BM) | E:EVPEJLCE:) L E uals and confirmed in well-trained individu-
3 g als by Sherman and colleagues (97). A
“Normal diet” | Moderate CHO | | Moderate CHO S & 50%- “modified” protocol of high-CHO intake and
(~ 5 g/kg BM) || (~ 5 g/kg BM) E < exercise taper, deleting the depletion phase,
was found to be similarly successful in ath-
“Updated” lcle:I in the ]lt[[L;[' .\.luydy (96). More recent
i WOrK \L["._':C\l\ that the supercompensation
CHOI?a'dlng 10 g,kg BW) Day -3 Day 0 occurs in 24—-48 h of i;u‘;E and high-CHO

intake in well-trained individuals (25). BM,
l body mass.

Training Load

BASTANO 2-3 GIORNI DI CARICO GLUCIDICO
PRE COMPETIZIONE

REVIEW | Recovery from Exercise

Postexercise muscle glycogen resynthesis in humans

Louise M. Burke,'? Luc J. C. van Loon,'* and John A. Hawley'*



CARBOIDRATI PRE ESERCIZIO - GIORNI

- DIETA IN PERIODO DI ALLENAMENTO:
-> HIGH-CHO 65% PER MANTENERE IL GLICOGENO MUSCOLARE
-> ATTIVITA LIEVE : 3-5 GR/KG/24H
-> ATTIVITA MODERATA : 5-7 GR/KG/24H
-> ATTIVITA VIGOROSA : 6-10 GR/KG/24H
-> ATTIVITA MOLTO VIGOROSA : 8-12 GR/KG/24H
- DIETA PRE COMPETIZIONE (3-5 GG PRIMA: FUELLING UP/CARICO GLUCIDICO):

-> HIGH-CHO 70% PER MASSIMIZZARE IL GLICOGENO MUSCOLARE ED EPATICO E MANTENERE LA GLICEMIA DURANTE
L’ESERCIZIO

-> PER ESERCIZIO > 90 MIN : 10-12 GR/KG/24H ““gu e .
-> PER ESERCIZIO <90 MIN : 7-12 GR/KG/24H

600 G Vs 100 GR (PER 6 GIORNI)

- PRE ES: 1 LIVELLI DI GLICOGENO MUSCOLARE
- DURANTE ES: 1 LIVELLI DI GLUCOSIO EMATICO
-  POST ES: 1 CONCENTRAZIONI MAGGIORI DI GLUCOSIO POST ESERCIZIO

Int J Sport Nutr Exerc ab 2004 Feb14(1).62-72

The influence of low versus high carbohydrate diet on a 45-min strenuous cycling exercise.

Kavouras SA!, Troup JP, Berning JR.




CARBOIDRATI PRE ESERCIZIO: 3-4 h

PERCHE? -> MIGLIORANO LA PERFORMANCE IN ESERCIZI DI ENDURANCE
SUPERIORI A 90 MINUTI INCREMENTANDO LE SCORTE DI GLICOGENO EPATICO E

MUSCOLARE Pre-exer.cise carbohydrate and fat ingestion: effects on
QUANDO? -> 3-4 h prima vk ir o e

QUANTO? -> 1-2 gr CHO/kg

QUALI? -> basso |G attenuano I'lperglicemia e I'lperinsulinemia post-
prandiale e riducono la soppressione dell'ossidazione degli acidi grassi liberi
(FFA)

PASTO RICCO DI CARBOIDRATI 4 H PRIMA DI UN ESERCIZIO FISICO INTENSO

- PASTO PRE ESERCIZIO: 1 LIVELLI DI INSULINA 1 LIVELLI DI GLUCOSIO EMATICO

-  POCO PRIMA DELLESERCIZIO: = NORMALI LIVELLI DI INSULINA 1 LIVELLI DI
GLICOGENO MUSCOLARE

- DURANTE ESERCIZIO: | CONCENTRAZIONE DI GLUCOSIO EMATICO | FFAE
GLIGEROLO L Aopl Physiol (1985), 1985 Aug.59(2)428-33,

Substrate usage during prolonged exercise following a preexercise meal.

Coyle EF, Coggan AR, Hemmert MK, Lowe RC, Walters TJ




CARBOIDRATI PRE ESERCIZIO — 30/60 min

- BASSO INDICE GLICEMICO: LENTO E GRADUALE 1 DELLA GLICEMIA

- ALTO INDICE GLICEMICO: RAPIDO 1 DELLA GLICEMIA E RAPIDO RITORNO Al VALORI BASALI O INFERIORI (“REBOUND
HYPOGLYCEMIA”)

TUTTAVIA, IPOGLICEMIA E TRANSITORIA (SCOMPARE NEI PRIMI 10 MINUTI DI ESERCIZIO E NON HA GROSSI EFFETTI SULLA
PERFORMANCE)

CONSUMO DI CARBOIDRATI 30-60 MINUTI PRIMA DELL’ESERCIZIO COMPORTA:

- IPERGLICEMIA -> IPERINSULINEMIA -> IPOGLICEMIA REATTIVA (15-30’ DOPO PASTO) CHE AUMENTATA LA CAPTAZIONE DI
GLUCOSIO DA PARTE DEL MUSCOLO E LA RIDUZIONE DELLA PRODUZIONE DI GLUCOSIO EPATICO

- IPERISULINEMIA INIBISCE LA LIPOLISI E L’OSSIDAZIONE DEGLI ACIDI GRASSI CON CONSEGUENTE RAPIDA DEPLEZIONE DEL
GLICOGENO MUSCOLARE

8 cICcLISTI 75 GR GLUCOSIO: 15'- 45 — 75’ PRE-ESERCIZIO

- CHIASSUME 75 GR 75 MINUTI PRE-ES: 5 SU 7 SVILUPPANO IPOGLICEMIA
- CHIASSUME 75 GR 45 MINUTI PRE-ES: 3 SU 7 SVILUPPANO IPOC
- CHIASSUME 75 GR 15 MINUTI PRE-ES: 2 SU 7 SVILUPPANO IPOC

15-Fre

45-Pre

January s 56
Effec g of pre-exercise ingestion of

carbohydrate on subsequent metabolism and cycling 75-Pre
performance

>to >to >to
>to >0 >fo

>to >to
>to
>to




CARBOIDRATI DURANTE-ESERCIZIO

- DIETA DURANTE ESERCIZIO FISICO:

-> FORNISCE UN’ADDIZIONALE FONTE DI RICARICA DI GLUCOSIO QUANDO LE FONTI DI

GLICOGENO RISULTATO DEPLETE

-> PREVIENE LA RIDUZIONE DELLA CONCENTRAZIONE EMATICA DI GLUCOSIO

-> PREVIENE GLI EFFETTI DELLA CARENZA DI GLUCOSIO SUL SNC

- DIETA DURANTE ESERCIZIO FISICO:

-> PER ESERCIZI CHE DURANO < 60 MINUTI; CHO NON RICHIESTI

-> PER ESERCIZI CHE DURANO > 60 MINUTI (FINO A 150’): CHO 30-60 GR/H

-> PER ESERCIZI CHE DURANO > 150 MINUTI: > 90 GR/H

594 A. E. Jeukendrup

“Table 1. Recommendations for carbohydrate (CHO) intake during different endusance events.

Multiple
Single wramsportatic
carbobydrate carbobwdrates

Event (e plucose) (e.g. plucose: froctoss)

Note: », optimal; o, OK, but perhaps not optimal. These guidclines are intended for serious athletes, exercising at a reasonsble intensity (>4
kead - min "), 1If the (absolute) exercise intensity is below this, the figures for carbohydrate intake should be adjusted downwards.

0G Vs 37GR Vs 74 GR Vs 111 GR (MITCHELL 1989) o

- 74 gr di carboidrati per ora (in soluzione al 12%)
- AUMENTANO SIGNIFICATIVAMENTE LA PERFORMANCE IN ESERCIZIO DI 105

M I N UTI Influence of carbohydrate dosage on exercise performance and glycogen metabolism.




CARBOIDRATI DURANTE-ESERCIZIO

Table 3. Considerations for carbohydrate ingestion during intermitient sporis.

QUALI CARBOIDRATI UTILIZZARE? i, e

Amount; 30-60 g/h 0.5-1.0 L/h of a 6% carbohydrate solution

-> G LUCOS I O Bl diasst aisnted The sugars glucose, sucrose, and maltose, as well as
apidly digested, absorbed, .
> MALTODESTRI N E Type: P ):Iﬂdktllid'l}.cd the glucose polymer maltodextrin and the starch

amylopectin

Carbohydrate-electrolyte soluti 8%) or gel, chew,
-> FRUTTOS'O Form: Liquid, semisolid, or solid T I i e

or bar with sufficient water to aid absorption

X ) Preference for a certain Mavor andfor form of
Other Personal preference, experience, g i
; " ol carbohydrate may promote intake and limit
considerations; goals, and timing

gastrointestinal distress

-> SINGOLA FONTE DI CARBOIDRATI: saturazione dei trasportatori specifici
-> DIVERSE FONTI DI CARBOIDRATI: possono aumentare I'assorbimento del singolo carboidrato (Shi 1995)

GLucoslio Vs GLucosio + FRuTTOSIO (2:1)

- Glucosio (108 gr/h) da solo: non aumenta I'lndice di ossidazione
- Glucosio + Fruttosio (72+36 gr/h): aumentano I'Indice di ossidazione del

45%




CARBOIDRATI DURANTE-ESERCIZIO

TRASPORTATORI DEL GLUCOSIO:
1) SGLT (Na*-dependent glucose co-transporters): nell’intestino si saturano a 60 gr/h
2) GLUT (Na*-independent sugar transporters)

Table 1. The glucose transporter (GLUT) tamiy of facilitative sugar and polyol transponters (gene name SLC2A) H i Nutr | S
Present
Previous Insulin sen- Functional character- skeletal Present in white
lsolorm name Class Main tissue localization sitve? istics (ransport) muscle?* adipose tissue?* Primary references 3
rd
) L id @ /
\ W /
{ /
| boose (k tinity . N Fukumoto ¢ 1988. Gould ef &l 199 \ I o
p \ A
—— e X y:
I i ; X
1 K A F ~ s
GLUY
] te 1050 gh K 1
y low uT

wnykei] g pue poos S 1

Usando multipli trasportatori (SGLT1 per Glucosio e GLUTS per il fruttosio) avviene un
incremento dell'Indice di assorbimento dei Carboidrati con conseguente aumento dell’Indice di
Ossidazione dei Carboidrati)

Nel caso di prolungati esercizi (< 2.5 h) € raccomandato utilizzare 90 gr/h di Carboidrati in
rapporto di 2:1 in favore del Glucosio (Es. glucosio:fruttosio=2:1).

SGLT1: nell'intestino si saturano a 60 gr/h
Gli eccedenti 30 gr/h devono provenire da altre fonti di Carboidrati (Fruttosio, Galattosio...)

Horizons in Nutritional Science

Glucese transporters (GLUT and SGLT): expanded families of
sugar transport proteins

Curr Opin Clin Nutr Metab Care. 2010 Jul;13(4):452-7. doi: 10.1097/MCO.0001363283390e91

Carbohydrate and exercise performance: the role of multiple transportable carbohydrates.
kendrup AE"




CARBOIDRATI DURANTE-ESERCIZIO

Carbohydrate feeding during exercise 81

Carbohydrate mgestion and peak oxidation rates (g/min)

- QUALI CARBOIDRATI UTILIZZARE? j; j_jj“_fjjjj_j'
> GLUCOSIO ( ]
-> MALTODESTRINE B

Figure 1. Oxidation ufmaumd carbohydrate. This figure is compiled from a number of studics in owr ¥ i

of cxogenous (ingested) carbohydrate during exercise (Jentjens & Jeukendrup, 2005; Jentje al., 2004a, 2004b, 2005; Wallis et al.,
2005). The bars on the left indicaie the i of carbohydraie ingesied (g min ') and il he right the exogenous carbohydraice
oxidation rate, The shaded are mumn range of oxidation rates that cm from o single carbohydrate with o
maximum oxidation rate of about 1 g min ', When multipl portable o ydrates arc ingested at high rates, the oxidation rates can

casily exceed | g min ' and the highest oxidarion rates were found with a mixture of glucose and fructose (1.75 g min '),

-> SINGOLA FONTE DI CARBOIDRATI: saturazione dei trasportatori specifici (SGLT1)

-> DIVERSE FONTI DI CARBOIDRATI: possono aumentare I'assorbimento del singolo
carboidrato (Shi 1995)

GLucoslio Vs GLucosio + FRuTTOSIO (2:1)

- Glucosio (108 gr/h) da solo: non aumenta I'lndice di ossidazione
- Glucosio + Fruttosio (72+36 gr/h): aumentano I Indice di ossidazione del
45%




CARBOIDRATI POST-ESERCIZIO

PER AVERE UNA BUONA RISINTESI DEL GLICOGENO

- 1,5 gr CHO/kg 30 minuti dopo Ia fine de”’eserCiZio Mfusclzgrl\y((:jogenfsto;c_]geafterprolcngedexercise:effectofthe glycemic index
of carbohydrate feedings
- Si possono utilizzare sia forse solide che liquide
- Carboidrati con ELEVATO INDICE GLICEMICO incrementano maggiormente il glicogeno
muscolare

- Prediligere fonti miste di Carboidrati
- CHO associati a PROTEINE promuovono la ri-sintesi di glicogeno e I'attenuazione dei danni

muscolari - —— CHO ---- CHOPRO

e [ ] O Zawadzki et al. (1992)

Ea 40 ® Jentjens et al. (2001)

QE * van Loon et al. (2000)

-‘E-E;} i vy et al. (2002)

:1 o 30 v van Hall et al. (2000)

c 4 van Hall et al. (2000)

;:3'- = [ 3 Berardi et al. (2006)

£= 20 @ Betts et al. (2008)

: g * Howarth et al. (2009)

& g- 104

=g
E Figure 1. Reported rates of muscle ghycogen resynthesis across nine studics that have comparcd musde glhycogen storage over > 2-6 h posi-
= 0=~ exercise with varied rstes of carbohydrate (CHO) intake, with or withom oo-ingestion of protein {PRO). This provides cvidence thet when

0'4 ﬂ'ﬁ 08 ‘I'(] 12 14 16 CHO intake is below refuetling guidclincs (<1.2 g kg ~' "), the addition of protcin (=20g) enhances plycogen synthesis. (adspted from
Bens and Williams, 2010, with permibssion)
Carbohydrate ingestion rate (g.kg'.h")

IN ASSENZA DI SEVERI DANNI MUSCOLARI LE RISERVE DI GLICOGENO SI NORMALIZZANO IN 24H SE AVVIENE UN ADEGUATO INTROITO DI CHO

GLucosio Vs FRUTTOSIO DorPO 90 MINUTI DI ESERCIZIO

- Nel MUSCOLO: dopo 2h il GLUCOSIO migliora il ripristino di Glicogeno meglio rispetto al
Fruttosio

- Nel FEGATO: dopo 2h GLUCOSIO e FRUTTOSIO promuovono lo stesso rapido
accumulo di Glicogeno




CARBOIDRATI POST-ESERCIZIO

LA “"SUPERCOMPENSAZIONE POST - ESERCIZIO DI GLICOGENO” E IL MECCANISMO ATTRAVERSO IL
QUALE AVVIENE UN’IMPORTANTE AUMENTO DELLE CONCENTRAZIONI DI GLICOGENO MUSCOLARE IN RISPOSTA AL
CARICO DI CARBOIDRATI CONSEGUENTE ALLA DEPLEZIONE DI GLICOGENO POST-ESERCIZIO FISICO.

200

O Untrained
B Trained

(umolfg wet wi)
- —
= o
= =
1 1

Glycogen Concentration
wn
=
i

0 L o

Fasting | Oh ah 24h 48h
Control

Time Post-Exercise
Figure 6. Time course of epitrochlearis muscle glycogen accumulation in trained (solid bars) and untrained (open bars) rats after a glycogen-depleting bout of exercise. After an overnight fast,

animals performed a bout of swimming exercise, then were allowed to recover with free access to standard rodent chow and 5% sucrose in their drinking water. Muscles were harvested at the
indicated times. *P=0.001 versus untrained. From reference ( 186).

L’ESERCIZIO INDUCE UN AUMENTO DI GLUT4 NEL MUSCOLO SCHELETRICO CON
CONSEGUENTE AUMENTO DELLA CAPACITA DI TRASPORTO DEL GLUCOSIO.

Prevention of glycogen supercompensation prolongs the
increase in muscle GLUT4 after exercise




GLUCONEOGENESI

E LA FORMAZIONE DI GLUCOSIO A PARTIRE DA PRECURSORI NON CARBOIDRATI

Glycogen UDP-glucose
Glucose-1-phosphate

ATP ADP t uTpP prj;c
Glucose Glucose-6-phosphate =

- AVVIENE QUANDO CI SONO BASSI LIVELLI DI

-p; H—zg l T P, N
\——fﬁ"mﬂw’m’) v GLICEMIA E IL GLICOGENO EPATICO E DEPLETO
Fruct L}M.; P “29
4 ¥

- 7/10 REAZIONI DELLA GLICOLISI SONO

. Gly yde-3-phosphate ‘pe———= 0"'&;‘:{:;‘:'“030“‘ === Glycerol REVERSIB”_I
3 - 1 T (nao®

- ormanrs s O - 3/10 REAZIONI IRREVERSIBILI VENGONO
.- 2 @ BYPASSATE DA ALTRE REAZIONI
-
Al
9“1{""’“’9 - SUBSTRATI DELLA GLUCONEOGENESI:
T '\ ) 1) AMINO ACIDI GLUCOGENICI
o 3. E 2)ACIDO LATTICO (MuscoLo E GR)
wm@ : ) 3) GLICEROLO (METABOLISMO GRASSI)
el .

Carbohydrate Metabolism: Gluconeogenesis and Glycolysis



GLUCONEOGENESI - CICLO DI CORI

ACIDO LATTICO TRASPORTATO NEL FEGATO DOVE VIENE CONVERTITO IN ACIDO
PIRUVICO DALLA LATTATO DEIDROGENASI QUINDI IN GLUCOSIO.

Glucose

/

Glucose

"s B Pyruvate
Glucose-6-
phosphate

/

Bloodstream

Pyruvate

_—

Lactate

Lactate

Lactate



GLICOLISI

PRODUZIONE DI ATP DOPO 10-15" MA MANTENUTA PER PIU TEMPO

10’’’ ESERCIZIO MASSIMA INTENSITA: PCR 53% - GLicoLisl 44% - MITOCONDRI 3%

30’’ ESERCIZIO MASSIMA INTENSITA: PCR 23% - GLICOLISI 49% - MITOCONDRI 29%

40 4[| Phosphagen

ATP turnover (Kcals/kg/min)

T
10 20 30 40 50 60 70 80 90 100

Time (s)

FiGURE 9: Energy system interaction and the differences in rates of
ATP turnover during short term intense exercise to fatigue. The
data presented is original, theoretical, and based on the authors’
assessment of contemporary research evidence.



SISTEMI ENERGETICI
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SISTEMI ENERGETICI

154

'y
M3
1

w0

GLUCOSIO

3]

ATP turnover rate
(mmol per kg dw per s)

Sistema glicolitico

0 B 15 30
Time (s)

Fig. 1| Muscle energy metabolism during intense exercise. Contribution
of PCr (light green), glycolysis (medium green) and oxidative
phosphorylation (dark green) to ATP turnover during maximal exercise.
Muscle samples were obtained before and during 30 s of all-out cycling
exercise. Dw, dry weight. Adapted with permission from ref. “, American

Physiological Society.

econdi)



¥
=]
=]
o
N
(o]
=
-
=
(=]
Q
o
—
S
@
=¥
o
N
=
b
o
(=1

SISTEMA GLICOLITICO

METABOLISMI ENERGETICI

Metabolismo
anaerobico alattacido

[y

P

Metabolismo
anaerobico lattacido

Secondi Minuti

Circa 120”7

Nletaboﬁ;;lo Anaerobico Anaerobico

aerobico

. ¥ Aerobi
alattacido lattacido il

Tutti 1 metabolismi energetici
intervengono simultaneamente.
Chi solo in tracce, chi in modo
ponderale.




SISTEMA AEROBICO
(OSSIDATIVO)



RESPIRAZIONE MITOCONDRIALE

LA RESINTESI DI ATP NEI MITOCONDRI AVVIENE IN
PRESENZA DI SUFFICIENTE QUANTITA DI OSSIGENO

LE FONTI DI ENERGIA DERIVANO DA:
1) FONTI MUSCOLARI: GLICOGENO E ACIDI GRASSI LIBERI
2) FONTI EXTRAMUSCOLARI:

- ACIDI GRASSI LIBERI (TESSUTO ADIPOSO)

- GLucosIo EmMATICO (DIETA E FEGATO)



OSSIDAZIONE DI CARBOIDRATI

AVVIENE QUANDO PIRUVATO E | PRODOTTI DELLA GLicoLisi (NADH E
FADHZ2) VENGONO TRASFERITI ALL'INTERNO DEI MITOCONDRI

(ERRONEAMENTE CHIAMATA “GLICOLISI AEROBICA™)

Glycog
)cj;‘% Glucose
: ATP
2 NAD> ADP

2 NADH + H* kiiADP
J > 3ATP

1 / acetyl CoA
I ’
= ¥
: g g NADH + H }__) 2 citrate
= = e
1 S 13 NAD* —_—
P B 2 oxaloacetate \\S{ZH -
[ =V Fa \
\ £ | — FADH, £ N 2H,0
B, & aNapH \
i § 1 SFAD*
- : 2 NAD+ TCA .
! i

El
’_\’s—)___

2 NAD* |
HO 2 NADH + H* ¢
\ ; 12 GO,
2 NAD* 2
‘\:L / \R\ Z,diketoglutamte
g 2FADH; €%y 2NADH + H* g}
n1/2 Oz + ne™ + nH* YEADY ¥ &
¢ g 3
™ LGP . - 4
nH,0 2GDP + 2 Pi

Mitochondrial respiration



OSSIDAZIONE DI LIPIDI

TUTTI GLI ACIDI GRASSI CON + DI 15 CARBONI RICHIEDONO
ATTIVAZIONE PER ESSERE TRASPORTATI NEL MITOCONDRIO

Fatty Acid + CoA + ATP

acyl CoA synthetase

Fatty Acyl-CoA + PPi+ AMP

PER PASSARE LA MEMBRANA MITOCONDRIALE LE MOLECOLE
GRASSI ACYL-COA UTILIZZANO LA NAVETTA CARNITINA

Inner membrane

»
Fatty-acyl Co-A i //(')
//() ; CATII R—C~ Fatty-acyl Co-A
-c ) N

R (.\ 1 S yme A
S-c >
3

SH-coenzyme A

Intermembranous space

Figure 13: Transport of long chain (>15 carbons) fatty acyl CoA molecules into the mitochondria via the carnitine shuttle.
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OSSIDAZIONE DI LIPIDI
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Electron transport chain
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- Acetil CoOA
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- FADH



LIPIDI Vs CARBOIDRATI

Glycogen |
| Glucose
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33 3ATP
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OSSIDAZIONE DI AMINOACIDI

IN CASO DI ESERCIZIO INTENSO E PROLUNGATO ASSOCIATO
A INADEGUATE FONTI DI CARBOIDRATI AVVIENE UNA
MAGGIORE DEGRADAZIONE PROTEICA E OSSIDAZIONE DEGLI
AMINOACIDI.



FOSFORILAZIONE OSSIDATIVA
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La fosforilazione ossidativa é la via finale del metabolismo energetico, in cui gli elettroni (NADH
e FADH,) provenienti dalle molecole energetiche sono trasferiti all'ossigeno molecolare in

modo da alimentare la sintesi di ATP.

E la fonte principale di ATP negli animali (p.e., essa produce 26 delle 30 molecole di ATP
generate dalla ossidazione completa del glucosio).

La fosforilazione ossidativa & un processo che genera ATP tramite il trasferimento di elettroni
dai coenzimi redox ridotti fino all’ossigeno, mediante una serie di trasportatori.
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FOSFORILAZIONE OSSIDATIVA
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La fosforilazione ossidativa & |a via finale del metabolismo energetico, in cui gli elettroni (NADH Q o 0 @
e FADH,) provenienti dalle molecole energetiche sono trasferiti all'ossigeno molecolare in
modo da alimentare la sintesi di ATP.

E la fonte principale di ATP negli animali (p.e., essa produce 26 delle 30 molecole di ATP
generate dalla ossidazione completa del glucosio).

La fosforilazione ossidativa & un processo che genera ATP tramite il trasferimento di elettroni
dai coenzimi redox ridotti fino all’ossigeno, mediante una serie di trasportatori.



SISTEMI ENERGETICI
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SISTEMI ENERGETICI
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Fig. 1| Muscle energy metabolism during intense exercise. Contribution

of PCr (light green), glycolysis (medium green) and oxidative
phosphorylation (dark green) to ATP turnover during maximal exercise.
Muscle samples were obtained before and during 30 s of all-out cycling
exercise. Dw, dry weight. Adapted with permission from ref. *, American

Physiological Society.
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FOSFORILAZIONE OSSIDATIVA

METABOLISMI ENERGETICI

@
=]
=]
o
N
(o]
=
-
=
(=]
Q
o
—
S
@
=N
o
N
=
b
o
(=1

Metabolismo
anaerobico alattacido

Metabolismo
anaerobico lattacido

Secondi Minuti

Circa 120”7

Nletaboﬁ;lo Anaerobico Anaerobico

aerobico

. ¥ Aerobi
alattacido lattacido il

Tutti 1 metabolismi energetici
intervengono simultaneamente.
Chi solo in tracce, chi in modo
ponderale.




PERCENT OF TOTAL ENERGY

VISIONE D’INSIEME

SUBSTRATES LEGEND
CARBOHYDRATES, FATTY ACIDS, AMINO ACIDS &K Croatmarinase

O,  Oxygen
45 cP

FREE PHOSPHAGEN GLYCOLYSIS
ATP SYSTEM

10 SEC 30 SEC 60 SEC 120 SEC >240 SEC (TO HOURS)
TIME



VISIONE D’'INSIEME

Liver glycogen Muscle glycogen
(200—400 kcal) (1,000-3,000 kcal)

FFA /Muscle TG

(2,000-3,000 kcal)

Adipose tissue TG
(50,000-100,000 kcal)

Fig. 2 | Intramuscular and extramuscular fuel sources for exercise
metabolism. Major sources of carbohydrate in the muscle and liver and
of fat in the muscle and adipose tissue during exercise. The estimated
potential energy available from each fuel source is also provided. TG,
triglyceride; FFA, free fatty acids.



DISPENDIO ENERGETICO

Average Lipid Utilization by Trial

*,8

Grams of fat / min

Figure 2. Average lipid use by trial. Data represent mean = SD.
Statistical significance set at p = 0.05. Significant differences between
groups are represented as *, significantly different from HRS; a,
significantly different from weights.

Average Carbohydrate Utilization by Trial
4+

Grams of carbohydrate / min

Figure 3. Average carbohydrate use by trial. Data represent mean =
SD. Statistical significance set at p = 0.05. Significant differences
between groups are represented as *, significantly different from
treadmill, cycle, and weights.

CALORIC EXPENDITURE OF AEROBIC, RESISTANCE, OR
CoMBINED HIGH-INTENSITY INTERVAL TRAINING
UsING A HYDRAULIC RESISTANCE SYSTEM IN
HEeALTHY MEN




DISPENDIO ENERGETICO

Determinants
0 . 100 +
100A) E AT - - Intensity
- - Duration
90% TEF PA = gody weight
— NREE b - Genetics
80% S 7
= - Amount of food & composition
c - Hormones.
20% z DIT H /SNS
9 o
x
Ll .
% Of 60% 5 50 - ) ag?gh\t«felght
- Fat free mass
TDEE ., 8 (SMM + OM)
50% % REE - Fat mass
) - Age
o
40% ~ 254 - Gender
- Hormones
-— REE (thyroid, leptin, insulin etc.)
30% - SNS
20% 0 -
10% . :
Total daily energy expenditure (TDEE)
0% AKA How many calories do you need to maintain body weight

Components of total daily energy expenditure (TDEE). BMR = basal metabalic rate; NEAT = non-exercise activity Basal Metabolic Rate:

thermogenesis; TEF = thermic effect of food; EAT = exercise activity thermogenesis; REE = resting energy . e : : 3
expenditure; NREE = non-resting energy expenditure. Adapted from Maclean et al., 2011. Men: BMR = 66 + (13.7 x weugh’F (kg)) + (5 x height (_Gm)) (6.8 x age (vears))
Women: BMR = 655 + (9.6 x weight (kg)) + (1.8 x height (cm)) — (4.7 x age (years))

Multiply by Activity level

1.2 (sedentary) 14 (lightly active) 1.7 (moderately active) 2.0 (active all day)

Add on Estimated Exercise Energy Expenditure

. . Ben Turner
= Total Daily Energy Expenditure — High Performance, Nutrition and Fitness Consultant —



DISPENDIO ENERGETICO

Fig. 5 Energy balance (EB) of male endurance athletes during preparation and competition phase

Total Energy Expenditure, Energy Intake,
and Body Composition in Endurance
Athletes Across the Training Season: A
Systematic Review

Juane Heydenreich <, Bengt Kayser, Yoes Schuz and Kararna Melzer

=
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(EI: n=546 (El: n=171 (EI: n=407 (EI: n=124
TEE: n=41) FEE: n=25) TEE: n=41) I'EE: n=16)
Preparation phase Competition Phase
Fig. 3 Energy intake (El) and total energy expenditure (TEE) in kcal/day of endurance athletes, Data are shown in weighted mean and standard
deviation of the weighted mean (X, + SD,,). n=number of cumulative subjects
\. S
2
Energy intake (keal/d) Total enﬁﬁ";ﬁ:‘;mdlmm Mean difference Mean difference
g = P
Study or subgroup Mean SD Total Mean SD Total Weight R e o i
1.1.1 Preparation phase
Sjodin et al. 1994 7218 1,099 4 7.218 1,004 4 2.4% 0 [-1,459, 1,459] Y
Boulay et al. 1994 3872 382 7 4,063 936 7 8.9% -191 [-954, 572] -
Fudge et al. 2006 3.165 318 9 3492 249 9 74.1% -327 [-591, -63] =
Subtotal (95% CI) 20 20 B5.4% -304 [-549, -58] ‘
Heterogenity: Chi® = 0.28, df=2 (p=0.87); ' = 0%
Test for overall effect: Z=2.42 (p=0.02)
1.1.2 Competition phase -
Bescos et al. 2012 5549 2,127 & 10,253 1,625 & 1.5% -4.704 [-6,559, -2,849] ‘
Costa et al. 2014 5497 2,868 19 13,862 2,390 19 1.8% -8.365 [-10,044, -6,686]
Rehrer et al. 2010 6,525 908 4 6,549 478 4 5.1% -24 [-1,030, 982]
Hulton et al. 2010 4918 10 4 6,420 470 4 6.1% -1,502 [-2,420, 584] -
Subtotal (95% CI) . s 3s 14.6% -2,177 |-2,772, -1,582) "
Heterogenity: Chi™ = 79.02, df= 3 (p < 0.00001): T’ = 96%
Test for overall effect: Z=7.17 (p < 0.00001 )
Total (95% CI) 2 55 55 100% =577 [-804, -349] ’
Heterogenity: Chi™ = 111.80, df= 6 (p < 0.00001); I"=95% o some )
Test for overall effect: Z = 4.97 (p < 0.00001 ) 8000 4,000 0 4000 8.000 Sportsedine - Open
Test for subgroup differences: Chi® = 32,50, df= 1 (p < 0.00001); I' = 96.9% 3 g . J 4
Favours negative EB Favours positive EB S o



DISPENDIO ENERGETICO

Table 4 Energy intake in kcal/day and kcal/kg/day of endurance athletes in preparation and competition phase

Preparation Competition
Endurance discipline  n Energy intake [keal/day]  Energy intake [kcal/kgday] n Energy intake [kcal/day]  Energy intake [kcalfkg-day]
Cyclists
Total 46 3780 7647 523+133% 133 3600+ 1102° 469177V
Male 46 3780 + 7645 523+133% 125 380311137 459+ 180
Female - - - - - -
Runners
Total 278 2480 1+ 425° 382+78° 272 3042+ 788 427+ 47
Male 207 2640 £ 366 38386 203 3298+713° 43832
Female 7 2046 + 2307 3BOL 46 &9 2201 + 443 3094+ 64
Swimmers
Total 3 3366 + 90229 487 +95%° 55 2769 + 6817 401 +77
Male 32 3963 + 7624 532+ 953has 24 3462 + 341" 462 + 657
Fernale 34 2683 + 4507 43669 Ed 2234 + 256 54+47
Rowers
Total 70 2426 +4487 339+45° 15 3633+ 1097 458+ 109
Male 24 2921 £326% 360+01° - - -
Femnale 46 2168 £330 28+ 52 = - -
Cross-country skiers
Total 138 3224 +917%989 483+ 1274 i3 2051 + 532944 27425
Male 124 3287 £876' 483+ 116% = = =
Female 14 2663 + 11074 491+ 203 = = =
Triathletes
Total 16 3162 £159° 457+26° = “ =
Male 16 3162 + 15949 457+ 26 = = =
Female - - - - - -
Cther endurance athletes
Total 96 3261 2823489 465+ 5134 14 4656+ 1070 =
Male 90 3274 £285"4 463+ 5% 14 dheh -
Female - - - - 4656 + 1070° -
Total
Total 7 2Ns5x761° 428+ 105 531 3156+ 967 435+113
Male 546 3N ETNTE 440+ 108" 407 3405+ 940" 448+ 119°
Female 171 2201 £525 390+91 124 23371483 393+79

Total Energy Expenditure, Energy Intake, ®
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DISPENDIO CALORICO

Tab. | - Fabbisogno energetico in Kcalfminuto per alcuni
tipi di attivita fisica o sport.

Camminare lentamente 2,6| Ginnastica 59
Camminare 5 km/h 3,7 | Basket 14,3
Corsa campestre ricreativa| 10,4| Pallavolo 85
Corsa 100 m gara 280,0] Tennis singolo 1,1
Balle ritmo lento 4,3 | Tennis doppic 9,1
Ballo ritmo veloce 11,3] Calcio 1,7
Ciclismo ricreativo 5.9\ Sci di fondo ricreativo 12,0
Ciclismo gara 26,0 Sci di fondo gara 21,5
Canottaggio ricreativo 9,1 | Sci alpino ricreativo 12,0
Canottaggio gara 25,5 Sci alpino gara 21,5
Nuoto ricreativo 9,1 | Judo 22,8
Nuoto gara 25,01 Rugby 10,0
Sport CE(kcalkgh) [ 50kg | [ 70kg
Pallavolo 3-5 150 | 250 210 | 350
|Ginnastica 4-6 200 | 300 280 | 420
Equitazione 3-6 150 | 300 210 ] 420
Aerobica 3-7 150 | 350 210 | 490
Golf 4-7 200 | 350 280 | 490
!Valking 5-8 250 | 400 350 | 560
 Tennis tavolo 5-8 250 | 400 350 | 560
| Trekking 2-10 250 | 500 | [ 350 ] 700
Basket 5-10 250 | 500 350 | 700
Nuoto 7-10 350 | 500 490 | 700
Calcio 6-10 300 | 500 420 | 700
Ciclismo 5-12 250 | 600 350 | 840
Spinning 10-12 500 | 600 700 | 840
Judo 10-12 500 | 600 700 | 840
Corsa 6-12 300 | 600 420 | 840
Sci di fondo 8-12 400 | 600 560 | 840
Squash 8-12 400 | 600 560 | 840

Average Caloric Expenditure by Trial
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Figure 1. Average caloric expenditure by trial. Data represent mean =
SD. Statistical significance set at p = 0.05. Significant differences
between groups are represented as *, significantly different from
treadmill, cycle, and weights.

CALoRIC EXPENDITURE OF AEROBIC, RESISTANCE, OR
ComBINED HiGH-INTENSITY INTERVAL TRAINING
UsING A HYDRAULIC RESISTANCE SYSTEM IN
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RELAZIONE ATTIVITA FISICA - MORTALITA

Figure 2-1. Relationship of Moderate-to-Vigorous Physical Activity
to All-Cause Mortality

equivalenti metabolici (MET).

Il consumo energetico in equivalenti metabolici

Nella tabella sono illustrati alcuni esempi di consumi energetici espressi in

11 s
.
. Camminare a ritmo lento in pianura 20
1 ¢ No lower threshold for benefit Camniinare & fimo velocs in piantra 40
\ Camminare a ritmo veloce in salita 6.0
3. Correre a ritmo lento (jogging) 7.0
= Steep early slope Correre a ritmo veloce (running) 14,0-15,0
2 09 Correre a ritmo molto veloce 18,0
‘6 Corsa campestre 9,0
= Salire le scale di corsa 150
s + Andare in bicicletta in pianura 4,0
0.8 ) iclsmo i pi :
2 About 70% of benefit reached Clcksmo p'?"um' valoce 10,0120
*5 + Danza, aerobica 6.0
& by 8.25 MET-hours per week Nidistsa diralonts 40
o 0.7 Nuotare a ritmo veloce a stile libero 10,0
‘5 = + g Attivita di palestra con pesi e macchine 8.0
g Pattinare sul ghiaccio 7.0
. No obvious best amount Pattinare sul ghiaccio, veloce (gara) 15,0
06 + p Sciare 6,0-7,0
. ) + Sclare su sci di fondo, velocemente (gara) 14,0
150-300 minutes of Sciare, discesa, velocemente 8,0
moderate physical activity No evidence of increased risk at high end Andare sullo skateboard 50
0.5 | | Praticare escursionismo 6.0
0 10 15 20 25 30 Giocare a tennis 7.0
Leisure Time Physical Activity L mEr =3,5 ml Oy/(kg X min)
(MET-hours per Week) =1 keal/(kg x ora) circa
Source: Adapted from data found in Moore SC, Patel AV, Matthews CE. Leisure time physical activity of moderate to vigorous intensity
and mortality: a large pooled cohort analysis. PLoS Med. 2012;9(11):e1001335. doi:10.1371/journol.pmed.1001335.
M
= First, only a few lifestyle choices have as large an effect on mortality as physical activity. It has been ;‘

estimated that people who are physically active for approximately 150 minutes a week have a

33 percent lower risk of all-cause mortality than those who are not physically active.

= Second, it is not necessary to do large amounts of activity or vigorous-intensity activity to reduce the risk
of all-cause mortality. Benefits start to accumulate with any amount of moderate- or vigorous-intensity

physical activity.




HARVARD ALUMNI HEALTH STUDY

HARVARD ALUMNI HEALTH STUDY suggerisce che gli uomini che praticano
regolarmente ESERCIZIO FISICO guadagnano circa 2 ORE di aspettativa di vita
ogni ORA di allenamento.

Se una persona si allena 4 ore alla settimana per 50 anni, ovvero, 10.400 ore.
10.000 ore di allenamento equivalgono a 20.000 ore di vita guadagnate.

20.000 ore significano quasi 2 anni e mezzo di aspettativa di vita in piu.

?.“E:E{E”i Harvard Health Exercise Intensity and Longevity in Men
& Publishing The Harvard Alumni Health Study

HARVARD MEDICAL SCHOOL




ESERCIZIO FISICO
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N.B. IN AGGIUNTA
ALL’ATTIVITA FISICA QUOTIDIANA DI
ROUTINE !!!

RESISTENZA MUSCOLARE

- ALMENO 30 MINUTI AL GIORNO PER ALMENO 5 GIORNI

ALLA SETTIMANA DI ATTIVITA DI RESISTENZA AD
INTENSITA MODERATA (60-70% Fc MAX)

- ATTIVITA DI RESISTENZA AD INTENSITA VIGOROSA
PER ALMENO 20 MINUTI AL GIORNO PER ALMENO 3
GIORNI ALLA SETTIMANA (> 80% Fc MAX)

FORZA MUSCOLARE
- ALMENO 2 GIORNI ALLA SETTIMANA NON CONSECUTIVI

- 8-10 ESERCIZI USANDO | MAGGIORI GRUPPI MUSCOLARI
(8-12 RIPETIZIONI PER OGNI ESERCIZIO AL 60-70%
DEL 1 RM)

FLESSIBILITA ARTICOLARE

- OGNI GIORNO ALLUNGAMENTI STATICI E DINAMICI DI TUTTI
| GRUPPI MUSCOLARI

- ESEGUITO DOPO RISCALDAMENTO CV OPPURE AL
TERMINE DI UN ALLENAMENTO




