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2 KOTTOC

* YKOTIOC avTNC TNC Staleénc eivat va
TIOLPOUOLAOEL OPLOUEVEC BOOLKEC OPYEC TIOU
ATTTOVTOL TOU «ovaePOoBLlou» petafoAlopou
KOlL VOL TLC OUVOEODEL pE TNV amtodoon



 MexpLTwpa otav avadePOTAV KOVELC OE HEYLOTN
aoknon evvoouoe tn peytotn npooAndn oéuyovou

* Q0T000, £XEL Bpebel MwC N HEYLOTN TAPAYWYN
Loxvoc Kata th dlapkela ompvtapiopatoc 30
deuTEPOAETTTWY €lval Ttepitou U0 pe TPELC PopPEC
LLEYOAAUTEPN QIO AUTH TIOU QTTALTELTOL VLA VOl PTAOEL
Kavelc o enimeda peytotne npocAndPnc oéuyovou



TLobnynoe otn peyoaAutepn cuAloyn
nANPodopLWV yLa TO LETAPOALOUO TOU HUOC;

* Avo
LEBO0OOAOYLKEC
géeliéeLc:

Muikn Broyia
2. Wingate
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250 -
- — 1500
<pa
= =
E  200- —o—— PEDAL SPEED =
’; | =
é —_—— POWER OUTPUT 1250 E
a e’
= ] o
= 150 (=
N
=
o (=)
Eg -
E 100 — 750
50 - - 500
I T T 1
0 10 20 30
TIME

Figure 19.1 Power output (corrected for kinetic energy of the flywheel) and pedal speed
during a maximal 30-s cycle ergometer sprint (7 = 1).



MeTaPOoALKEC KOl OPUOVLIKEC OAAQYEC TIOU ETIEPXOVTOL UE
AoKnon omptapiopatoc oe aBAnTeC Taxvtntac (ST) Ko

agpoPfLwv abAnuatwyv (ET)

Table 19.1 Blood Lactate and Serum Growth Hormone After a 30-s Treadmill
Sprint in Male Sprint- and Endurance-Trained Athletes |

Minutes postsprint

Rest 10 min post 30 min post 60 min post
Blood lactate (mmol - L™)
ST 1.1 £ 0.1 19.7 £ 0.7 125+ 1.3 3.8+03
ET 1.2 £ 0.1 13.8 £ 0.9 8.3 0.9 2.9 + 0.4~%°
Serum growth hormone (mU - L-1)
ST 4008 57.7 £ 8.1 84.4 £ 21.1 449 £ 11.0
243 + 8.8 25.1 £6.7 23.5 £ 6.8+

ET 48 +1.3

ST n =6, ET n = 6; mean + SE. Data from Nevill et al. 1993 (28) and unpubhshed re-

sults by the same authors.
“Main effect time.

®Main effect group (sprint vs. endurance).

‘Interaction (all p < .05).




Ta ompLvT amoteAoUV
ONUOVTLKO OTPEC YL
TOV OPYOVLOMO, KATL
nov ¢aivetal amno TuLg
QTTOKPLOELC TWV
KOTEXOAOLULVWV KOl
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Figure 19.2 Plasma catecholamine (rest and I min post, n = 10 males) and B-endorphin
(rest and 3 min post, n = 10 males) before and after a maximal 30-s treadmill sprint
(mean £ SE). Catecholamine data from Allsop et al. 1990 (1); B-endorphin data from
Brooks et al. 1988 (11).



MetaBolec og petaSOAITEC TOU HUOC LETA
arno aoknon 10 kat 20 sec

Table 19.3 Muscle Metabolites at Rest and After 10 and 20 s of Cycle Ergometer
Sprinting - | - . . | o |

Rest - 10s - 20s
Glycogen - 403.8 £20.1 | 3574186 3207 %214
PCr 80.7 + 3.2 36.1+30 - 214+22
ATP 256+ 0.7 ] 202+13 198+ 14 |
HMP 1.5+01 N2E2Z3 = .- 290+ 1.7
29 T 148+18 C 174£20
Lactate 45404 | 51046 81.7 £ 4.7°

~ mmol - kg™ dry muscle; n = 8 males; mean *+ SE. Data from Bogdanis et al. 1994.
p < .01, ®p < .05 different from 10 s sprint |

*calculated inorganic phosphate (mmol - L' muscle water)



MetaBolec og petaSOAITEC TOU HUOC LETA

arno aoknon 30 sec

Post -

Rest
Glycogen 317.0 £ 19.3 214.5 + 18.9
PCr 84.0 + 4.4 28.0 £ 4.5
Total creatine 1192 +4.0 116.0 £ 5.6
ATP 267+ 1.4 19.2 + 4.0
G1P © 02+0.1 2.5+ 0.6
G6P 12402 20.7 + 2.2
F6P 03+0.1 - 5.6+05
Pyruvate  10+02 3.8 £ 0.7
 Lactate [41+04 86.0 + 10.8
Posttraining lactate 51+14 103.6 + 10.0*

mmol - kg dry muscle; » = 6, 3 males and 3 females mean * SE. Daxa from Nev1ll et

al. 1989 (27).

*p < .05 31gn1ﬁcant dlfference between experimental and control group (data not shown)
in response to exercise after trammg (group X training X exercise mteractlon)
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Figure 19.3 Utilization of ATP derived from anaerobic metabolism and mean power output during maximal sprint cycling of 6-, 10-, 20-,
and 30-s duration (6 s: n = 8; 10 s and 20 s: n = 8; 30 s: n = 16; all males). Data for 6-s sprint from Gaitanos et al. 1993 (13); data for 10-
and 20-s sprints from Bogdanis et al. 1994 (8); data for 30-s sprint from Bogdanis et al. (9) and Bogdanis et al. 1994 (10).



MetaBoAltec Tou HLOC peTA aro 2 StadoyLka

OTIPLVT

Table 19, 4 Muscle Metabolites Before and After Two 30-s Sprmts Separated

by 4 min of Passive Recovery

Rest

Post-sprint 1

Pre-sprint 2

Post-sprint 2

Glycogen 320.7 £ 149

PCr 76.5 £ 4.3
ATP 27.3+0.8
G6P 1.4+ 0.1
Lactate 5.6+ 0.9

2184 4 19.5¢
135+14

207 + 1.3°
263 + 1.7°
106.1 £ 4.5°

566 % 1.4%

1184.0 + 15.8¢

222+ 1.0

142 £ 0,740
728 £ 5580

9.4+ 2.4
20.8 £ 1.2¢
223 £ 1.3+b

130.5 £ 4.9

mmol kg dry rnuscle ns= 8 rnales mean + SE Data from Bogdams et al 9).
"p < .01 from rest; *p < .01 from post-sprint 1; °p < .01 from pre-sprint 2; % < .05 from

pre-sprint 2,




vvelodpopa Tou agpofLlou petafoAlopov
otnv anodocon ompPLvT

glycolysis
3. aerobic
B PCr
O ATP

Figure 19.4 Estimated total ATP utilization from aerobic and anaerobic metabolism dur-
ing two maximal 30-s sprints separated by 4 min of passive recovery (n = 8 males, see
text for assumptions).

Data from Bogdanis et al. 1994 (10).



Yuvelodpopa tou aepofLou petafoAiopou
otnv anodocon onpLvT

* Moapapevel otaBepn n cuvelohopa TWV
dwodayovwyv otnv armodoon oto OEVTEPO
OTIPLVT

* Mewwvetal n cuvelopopa tnC avaepoPlog
vVAUKOAUGONC

* Auvéavetal n cuvelopopa Tou aepofLou
netooAlopou katad 15%



[Tl elvall onpavTkn n cuvelopopa Tou
agpofLou petaoAlocuoU;

* H avamtuén tnc agpofLac tkavotntog oxeTleTal LE
TNV avaocuvBeon tn¢ dwodoKkpeATIVNG

* H ovoyxetion peta€u tng avoocuvBeonc NG
dwWoPOKPEATIVNC KAL TOU TTOCOOTOU TNC MEYLOTNC
npocAnync oéuyovou oto omoio BpeOnKe pila
OUYKEVTPWON YOAOKTIKOU 0&€0c 4 mM (uia tiun mou
OXETI(ETAL PE TO YOAQKTIKO KATWdAL KoL TNV aepofLa
lkavotnta evoc abAntn) ntav 0.94

* H kwntkotnta tn¢ pwodokpeativng eival TaxuTeEPN
oTouc aBANTEC TaxvTNTAC art’ OTL 0€ ayUvVaoTO
atopa



EmavaocuvBeon PC

EEwrepikn
HITOXOV3pIaKn
pepBpavn

H emavaocuvBeon tng PC yivetal
SlapEoou tne ptoxovdplakng CK
(mit CK)

C+ATP —= CP+ADP+H

BplokeTal otnv E0WTEPLKNA
prtoxovoplakn LepBpavn

Apeon avaolvBeon amo to ATP mtou
gEEPYETOL OTTO TA ULTOXOVOPLA
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— Muogivn
Maxo vopario

]

EIKONA 13.10 Zxutaiodpopla ATP. To ATP nou cuvti9etat ota putoxévopia anéd m
cuvidon tou ATP eE€pxetal 6TO XMPO HETAEY TWV SUO UITOXOVEPLOK®V HEUBPavmV
HEGW Tou avtpetadétn ATP-ADP pe tautdxpovn eicodo ADP. Etnv eEwtepikr nAsu-
PG TNG ECWTEPIKAG UTOXOVOPLOKAG HEMBPAVNG N MITOXOVEPIAKH KPEQTIVIKH KIVAGH
(mit-CK) xpnoomotei to ATP yia va avacuvIETEL T (PWGMOKPEQTIVI MOU XPNGO-
TOLE( N CAPKOMANGUATIKI KPEQTWVIKH Kivaoh (CK-MM) Katd th péyiotn doknon yia va
avaninp@vel, Be t Gelpd tg, o ATP nou diaord n puoocivn. Pucikdé to ATP pnopet
va xpnoonoteital art’ eudeiag (xwpiq tn pecondBnon twv CK) and tn puocivn Kat
and anneq ATPaceq.



AepofLeCc TPOCAPUOYEC

Mitochondria

AU&non Tou OyKou Twv

ltoxovopilwv
Auénon tou aplBuou
TWV ptoxovdpiwv e
Auénon aplBuou
agpOBLwV eviUUWV

A B
Auénon - i
dpaotnpLOTNTOC e

agpOBLwV eviUUWV

Auvénuévo diktuo D AWessya
TPLXOELOWV ayyeiwv S A AN



* H oAokAnpwaon tng
TTOCOOTLALOC
avacuvBeong NG
dwodokpeaTIVNG
LLTTOPEL VO OLOLPKEDEL
MOVW OO TECCEPQL
AemTa

100 -
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Figure 19.5 Individual phosphocreatine (PCr) resynthesis curves, fitted using a mono-
exponential model, during passive recovery after a maximal 30-s cycle ergometer sprint.
Values for PCr are expressed as a percentage of the resting concentration. Numbers 1 to 8

represent individual subjects.
Reprinted from Bogdanis, Nevill, Boobis, Lakomy, and Nevill 1995.



YUOXETLON TNC avakappne tne amodoonc
LoYUoc Kol TnC pwodokpeativne
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Figure 19.6 Time course of phosphocreatine (PCr) resynthesis and muscle lactate dis-
appearance (zop) and peak power recovery (borztor) after a 30-s maximal cycle ergometer
sprint. Values for PCr are expressed as a percentage of the Preak concentration (mean -+
SE, n = 8). The curve fitted to the PCr data represents the mean of the curves fitted on
the individual data for each subject. *p < .01 from sprint 1; §pr < .01 from POST; p <
.01 from 1.5 min; see p. 253.

Reprinted from Bogdanis, Nevill, Boobis, L.akomy, and Nevill 1995_



YUOXETLON TNC avakappne tne amodoonc
LoYUoc Kol TnC pwodokpeativne

* Hmtwon twv emmedwv tNC dwodoKpeATIVNC
ocupBadilel pe Ttn peiwon tTng amodoonc Loxvog
LLETA OTtO €val MEYLOTO TeOT 30 SevutepOAENMTWY
oto rmodnAato

* H avaouvBeon tnc dwodpokpeativne aakoAouBei
uia mapaAANAn mopeia pe autn TNG avakapupng
TTOU UTTAPXEL OTNV amodoon The LoYUoc KOt th
SLAPKELAL TNC ATTOKOTAOTOONC



Kpeartivn

e XnuwKn ovoia n omnoia Bpioketal
oTOV avOpWTILVO OpYyaVIOUO KOl O€
eva eviAka avopa 70 KIAwv, n
OUVOALKN TNG tocotnTa
urtoAoyiletal ota 120 ypappaplo.

* To 95% autng Tng moocotTnTag H/"TN\)H,@ —~t N
I} S 0O o0
BpLOKETal 0'[0 uU' H/%\H creatine kinase e H’%\H

creatine phosphocreatine

 MeyaAUtepn noocotnta Bploketal
OTOUC HUEC TaXELOC CUOTOANC
(~¥60%) CUYKPLTLKA UE TN
OUYKEVTPWON TNC KPEATIVNG OTOUC
Huec Bpadeiac cuotoAnc (~40%)



>UvBeon kpeativng

Glycine Arginine

AGAT (MIM 502360)

CREATINE Omithine Guanidinoacetate (GAA)

SYNTHESIS

S.adenosyimethioning
—4— GAMT (Miv 601240)

S-adenosylhomocysteine '

Lawver, pancreas

CREATINE Creatine

UPTAKE

Brawn, ruscle

CRTR (MM 3000326)
ATP. _ADP

CREATINE/ Creatine™ 7+ Creatine phosphate
CREATINE PHOSPHATE \
SYSTEM
Creatinine Brain, muscle
'
Urinary Creatinine

Creatine metabolism pathway

S.U. Dhar et al. / Molecular Genetics and Metabolism 96 (2009) 38-43



Kpeartivn

* To ovotnua pwodayovwy
(ATP kat PCr) eivat
uTteLBUVO yLa TNV amodoon
LoYUOC OE ULKPNC XPOVLKNC
SLapKeLaC TtPOOoTIOBELEC.

g
g 154
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Q
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>

 MeyoAUtepn pHelwon ota o
enirnieda PCr peta amo
EVTOVEC TIPOOTIOBELEC.
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Figure 18.3 Muscle isometric force production (x) and ATP (squares) and PCr (tri-
angles) concentrations in type I (open symbols) and type II (filled symbols) muscle fibers
during 20 s of intense electrical stimulation (1.6 s stimulation, 1.6 s rest; 50 Hz) in humans.



YUMTANpwHATIKN ANYn Kpeativnc

* AUgnon tng
OUYKEVTPWONC TNC

dwopokpeaTivng

Ltopel va odnynoelL

o€ e Pfpaduvon Inc =
eudAavLonc TG | 5000 |

KOTtWONC KOl O
aBANTNC UMopEeL va
armoOwoel KAAUTEPAQ.




YUMTANpwHATIKN ANYn Kpeativnc

e Twn npepioc 140 mM/kg
ENPOU HUOG

e Xoptodayor90-110
mM/kg Enpou Huog _

* AVWTOTN TWUA ' 5000 |
OUYKEVTPWONC KPEATLVNC |
OTO MU elvol Tat 145 pe
160 mM/kg €npou puoc.

PRO PERFORMANCE

CRERATINE
MONOHYDRA




YUMTANpwHATIKN ANYn Kpeativnc

4 exatoppUpLa KA To
XPOVO KATOVOAWGON OTLC

HIMA

Avdpec KoAeylakol aBANTEC
Baseball 28.1%
Basketball 14.6%
Football 27,5%
Soccer 11,1%

Golf 13,0%



2UMTTANPpWHOTIKA ANYNn KpeATLVNG

* Padaon untepdpoptwonc (6 NUEPEC)
* Qadon dtatpnonc (25-30 nueEpec)

 Qaon anoxnc¢ (7 nuéEpec)



Daon vnepPpoptwonc
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Figure 18.6 Muscle total creatine (Cr) concentrations before and after Cr ingestion.
Units at the base of each bar graph indicate the duration and rate of creatine ingestion.
Units above each bar graph indicate the total amount of Cr ingested over the entire experi-
mental period. Values represent mean * SE.



JUMTTANPpWHOTIKA ANYPNn KpeATLVNG

* HARYN NG

KPEATLVNG TIPETTEL

Val YLVETOL PE - g
. ' N

voéatavOpakec. - . sLoon

* AU&non twv ;i ‘/\//\v wscL \

CREATIME FHOSPHO-

ETUT é 6 WV (a0 CREATINE Exeretion

(0% 2 afday

LVGOUALVNG. L/ e



Kpeativn kot udatavOpakec

1=

ATCr concentration {mmol’kg dm)

LF 1

3 55

Insulin infusion rate (mU/m2/min)

Kreider et al. JISSN (2017) 14:18

Muscle Total Creatine Stores
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CHOYFRO
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Fig. 4 Approximate muscle total creatire kevels in mmolfay dry weeight muscle reported in the [Reabure for wegetariares, individuals following a
rommal diet, and in response o creatine koading with or without carbohydrate (CHO) or CHO and protein (PR From Kreider and Jung [6)
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Figure 18.8 The change in work production during 3 x 30-s bouts of maximal isokinetic
cycling (80 rpm) in men following 5 d of placebo (20 g glucose polymer - d') and cre-
atine (20 g - d') ingestion. Each bout of exercise was separated by 4 min rest. Values rep-
resent mean + SE. *(p < .05) indicates significant increase from presupplementation work
production. '
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Daon amoxNnc

H ocuvBeon tn¢ kpeativng
ylveTaL oTo ATOP KoL TO

T[dv K p E aq . Creatine Ingestion: Gl Tract CreatlnefSynthesls: Liver & Kidneys
rom Arginine, Glycine and
Metadopd LE TO Olpo OTO M. \ / Melonine

Cr

Eloodoc oto pu pe petadopéa.
AUuENUEVN OUYKEVTPWON
KPEATIVNG OTO LU MELWVEL TN
dpadon tou petadopea

( Kar "'O l,') Oa' p 0 e IJ’LG r] ) ¢ Cast of Players...

H ¢aon tng amoxng dtatnpei tn g?:s'::"‘”;n T
dpadon tou petadopea oto 550 e iy SN J—
HEyLoTo Suvato pubuo ADP<Adencsine Diphocphate

Aeltoupylac.



H cupmAnpwpatikn AP n kpeativng dev
BeAtiwvel Tnv aepofla anodoon
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Figure 18.9 Oxvyvesen consumpHion VO, blood Iactate concentration, and respiratory ox-—
change ratio (RER) during treadmill running and recovery before (circles) and after
(sguares) S d of Cr ingestion (20 g - d ') in humans. Exercise was performed for 6 min at

intensities equivalent to S0O0%, 609%, 65%9%, 70%9% ., 75%9% . 80%, and 90% of maximal oxygen
consumption (VO:max). Values represent mean &+ S



Epyoyova 6paon tne
CUMTTANPWHOTIKAC ANYPNC KpeaTivng

Table 1 Potential ergogenic benefits of creatine
supplementation

- Increased single and repetitive sprint performance

- Increased work performed during sets of maximal effort muscle
contractions

- Increased muscle mass & strength adaptations during training

- Enhanced glycogen synthesis

- Increased anaerobic threshold

- Possible enhancement of aerobic capacity via greater shuttling
of ATP from mitochondria

- Increased work capacity

- Enhanced recovery

- Greater training tolerance

Adapted from Kreider and Jung [6]



Table 2 Examples of sport events that may be enhanced by
creatine supplementation

Increased PCr
» Track sprints: 60-200 m
« Swim sprints: 50 m
« Pursuit cycling
Increased PCr Resynthesis
- Basketball
- Field hockey
- America Football
- Ice hockey
- Lacrosse
- Volleyball
Reduced Muscle Acidosis
« Downhill skiing
- Water Sports (e.g, Rowing, Canoe, Kayak, Stand-Up Paddling)
» Swim events: 100, 200 m
- Track events: 400, 800 m
- Combat Sports (e.g, MMA, Wrestling, Boxing, etc.)
Oxidative Metabolism
- Basketball
- Soccer
- Team handball
- Tennis
- Volleyball
« Interval Training in Endurance Athletes
Increased Body Mass/Muscle Mass
- American Football
» Bodybuilding
- Combat Sports (e.g, MMA, Wrestling, Boxing, etc.)
- Powerlifting
- Rugby
- Track/Field events (Shot put; javelin; discus; hammer throw)
- Olympic Weightlifting




Kapvooivn — B-aAavivn

* H kapvoaoivn eival eva duentidlo N
TTov oxnuotileTol amo tn CH, Tﬁﬂe
OUVEVWON TNE Lotdivnce Kat B- TN N

! +H3I"IJr coor H“f coor
aAovivng

o 11 ! L-ct alanine p-alanine
ATtOTEAEL EVa OO TA
ONUOVTLKOTEPOL CUOTHMOTO "
pUBHLONC TOou PucLloloyikol pH o 5
OTO EOWTEPLKO TOU KUTTAPOU H NH / N
OUVETILKOUpWVTAC Th §paon HO. > )

N

AAAWV TTEMTO LWV KoLl

H
dwodoplkwv pL{wv O

carnosine



Kapvooivn — B-aAavivn (Trexler et al. 2015)

* Téooeplc eBdopadec oupumAnpwpatiknc AnPncg (4-6 ypappapla
nUepnoiwc) B-aAdavivng avédvouv onpavtika ta eninmeda tng Kopvooivng
Kol Aettoupyel ocav buffer yia to evéokuttaptlo pH.

* HouvumAnpwpatikn AqPn B-aAavivng, HEcA OTLG TIPOTELWVOUEVEG OOOELC,
daivetal va eival achaAic ya Ta vyl atopa

* H povadikn mapevepyela, tou daivetal va eival epdavic, eival avtn tng
napocOnoioc aAAd auTto ival onUAVTILKA TIEPLOPLOLLEVO €AV N Socoloyia
OTIALOEL O€ PLKPOTEPEC SOOELC (1.6 ypappdpLa) A €AV XpnoLpomolnBel pa
nopdn mou Ba SaxEel tn B-adavivn otnv KukAodopia pe apyo Kal
otaBepo TPOTO

 Houvuminpwpotikn AqPn 4-6 ypappapiwv B-akavivng tTnv NUEPQ, YLAL pLOL
neplodo 2 €wc 4 eBdopadwy, €xel Ppebet OTL avéavel TNV aBANTIKN
amodoon, LE Ta AMOTEAECUOTA VA Elval TtEpLocOTEPO epndavn o€
aBAnpata tou dtapkouv amo eva Ewe 4 Aemta.



Carnosine— B-alanine

* In 1-4 min events has been shown ergogenic effects
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Kapvooivn — B-aAavivn (Trexler et al. 2015)

* H B-aAavivn BonBadelL otov MeEPLOPLOUO TNE VEUPOLUIKNAC KOTIWONG,
eLOLKA o€ NALKLWUEVO ATopa, Kol TiiBavov va BonBael og kKaAUTepn
anodoon TAKTIKAC

* O ouvbuaopocg tng B-aAavivng e AAAQ CUMTTANPWHOTA UTTOPEL VAL
elval arnodotikoc otav n AnPn tng B-aAavivne eivat apketn (m.x. 4-
6 ypappapLa TNV NUEPQ) Kal 0 Xpovos AnPng touAdylotov 4
eBbopadec

e Arnatteitol meEPLOCOTEPN Epeuva yLa va dLamiotwOel eav n
enidpaon TN cupumAnpwpatiknc ANYng B-adavivng exeL BeTLKEC
emdpaocelc otn dSUvapn Kol avioxn o€ mPooTaBeleg LeYAAUTEPEC
TwV 25 Aemtwv KaBwc Kat AAAwV BeTIKwV EMOPACEWV OTNV UYELX
TIoU oXeTi{ovTal UE TNV Kapvooivn





