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Oxid dusnaty (NO)

Furchgott, R. F., & Zawadzki, J. V.(1980)) The obligatory role of endothelial cells in the relaxation of arterial
smooth muscle by acetylcholine. Nature, (288), 373-6. (State University of New York)

Popsan EDRF (endothelium-derivated relaxing factor)
Ignarro, L. J., Buga, G. M., Wood, K. S., Byrns, R. E., & Chaudhuri, G. Endothelium-derived relaxing
factor produced and released from artery and vein is nitric oxide. Proceedings of the National Academy of

Sciences, 84(24), 9265-9269. (University of California, Los Angeles, School of Medicine)

EDRF =NO

Moncada, S. R. M. J., Palmer, R. M. L., & Higgs, E. (1991). Nitric oxide: physiology, pathophysiology, and
pharmacology. Pharmacological reviews, 43(2), 109-142.

*Napoli C, Ignarro LJ. Nitric oxide and atherosclerosis. Nitric Oxide 2001;5:88-97.

*Bian K, Murad F. Nitric oxide (NO) - biogeneration, regulation, and relevance to human diseases. Front
Biosci 2003;8:d264-78.

*Alderton WK, Cooper CE, Knowles RG. Nitric oxide synthases: structure, function and inhibition. Biochem J
2001;357:593-615.

*Furchgott RF. Introduction to EDRF research. J Cardiovasc Pharmacol 1993;22 Suppl 7:51-2.

Signalizacni molekula regulujici rozdilné procesy
evaskularni homeostazu - vaskuldrni tonus (vazodilatace)
*krevni tlak
*srazeni krve
*neuralni transmisi
simunomodaulaci
eoxidativné senzitivni mechanismy (mitochondrialni respiraci)
ecytotoxicitu



Oxid dusnaty (NO)

Autokrinni nebo parakrinni posel

Za podminek adekvatniho zasobeni kyslikem
syntéza z L-argininu katalyzovana NO syntazou (NOS)

NO syn:!"ase)

NO synthase



Oxid dusnaty (NO)

Vascular lumen Endothelial cell

Acetyl-
choline

Shear
stress

Brady-
kinin

*Vazodilatace
*Redukce agregace trombocyti

*Redukce rustu bunék hladkého svalstva
*Redukce adheze neutrofill

Interakce s hemovou skupinou guanyl-cyklazy (GC)
Zvyseni produkce cGMP
Druhy posel (signdlni molekula)
Fosforylace kaskady cGMP-dependentnich proteokinaz
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NO se rychle oxiduje na nitraty (NO;") a nitrity (NO,")
ty mohou byt redukovany zpét na bioaktivni NO (jednoelektronovad redukce)

Reverzni cesta reprezentuje alternativni zdroje NO

za podminek dysfunkcni syntézy z L-argininu
= neadekvatni zasobeni kyslikem




velké mnozstvi
nitratu v zelené
listnaté zelenineé

nezavisle na aktivité NOS
redukovany béznou
mikroflorou na nitrity v Ustech
a v potnich zlazach clovéka

Rychld konverze nitritt
na NO

o S ea

Mitrate in the bleod can also be
picked up by the salivary glands
and start the cycle of NO
production all over again

Figure 4:

The Entero-Salivary
Circulation cycle showing
the complex interconversion
of nitrate, nitrite and NO in
the body and the
concentration and
recirculation of nitrates in
the salivary glands. (From
Lundberg et al., 2008)

Some nitrate and nitrite reach the
blood and can be converted
into NO when oxygen levels are low

Any left over nitrate and nitrite are
abserbed in the intestine

Excess nitrate is excreted
by the kidneys







Oxid dusnaty (NO)

Rada biochemickych reakci v krvi a tkanich pfispivaji k dalsimu metabolizovani NO,

na NO a jiné molekuly s aktivitou NO
*Weitzberg E, Lundberg JO. Novel aspects of dietary nitrate and human health. Annu Rev Nutr 2013;33:129-
59.
*Gladwin MT, Schechter AN, Kim-Shapiro DB, Patel RP, Hogg N, Shiva S, Cannon RO 3rd, Kelm M, Wink DA,
Espey MG, et al. The emerging biology of the nitrite anion. Nat Chem Biol 2005;1:308-14.
Nitraty - nitrity - oxid dusnaty

*protekce proti ischemicko-reperfuznimu poskozeni

Webb AJ, Patel N, Loukogeorgakis S, Okorie M, Aboud Z, Misra S, Rashid R, Miall P, Deanfield J, Benjamin N,
et al. Acute blood pressure lowering, vasoprotective, and antiplatelet properties of dietary nitrate via
bioconversion to nitrite. Hypertension 2008;51:784-90.
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NO (oxid dusnaty)

02

L-arginine b NO + L-citrulline
Nitric
Oxide \
Synthase

hitrite (NO,”
nitrate (NO,



O o el eio s eio
R // Tvorba nitrosaminu z nitritu a nitratu

>N_N I

R ??? vliv na vznik karcinomu ???

dimethylnitrosamine. Br. J. Cancer 10:114-122; {
Hepatokarcinom

vliv N-nitrosodimetylaminu
N-nitrosaminy s nizkou molekularni vahou vznikaji nitrosaci rtiznych aminu

Magee, P. H.; Barnes, J. M. The production of malii nant primary heptic tumors in the rat by feeding

*Bartsch, H.; Montesano, R. Relevance of nitrosamines to human cancer. Carcinogenesis 5 (11):1381-1393;

*Craddock, V. M. Nitrosamines and human cancer: proof of an association? Nature 306:638
Spojeni N-nitrosaminul s karcinomem u clovéka

Ward, M. H., et al. Workgroup report: Drinking-water nitrate and health recent findings and research
needs. Environ. Health Perspect. 113 (11):1607-1614; 2005.

Dtikaz kauzativniho vztahu chybi dodnes

[



*barva a konzervace masa a ryb
textilni priimysl

fotografie

evdzodilatator
*bronchodilatator

eintestindlni relaxant
eantidotum pri otravé kyanidem

Smrtelna davka 22 - 23 mg/kg

| nizsi davka vyvoldva akutni methemoglubinémii u novorozencu

spojeni s blue baby syndrome

Tyto negativni konotace vedly
k regulaci a restrikci nitritti a nitratu
v potrave a v pitné vode




Koncem 70. let prudky obrat

Studie dusikové rovnovahy u clovéka
+

nitrity a nitraty se vytvareji de novo ve strevech clovéka

Vyznamna nezavislost mnozstvi nitritli v organismu

na prijmu potravou a vodou

Normoxia
Oxygenated hemoglobin ’
Oxygenated myoglobin

Dissolved O,

Deoxygenated hemoglobir%
Deoxygenated myoglobin
Xanthine oxidoreductase

Carbonic anhydrase

Commensal bacteria
Xanthine oxidoreductase Hypoxia



NO,"
2
Kosterni svaly prekvapiveé ridi vnitFni mechanismus nitratové homeostazy
Hlavni zdroje nitrata a hlavni distributor




The -arginine-nitric oxide pathway The nitrate—nitrite-nitric oxide pathway

L-arginine + O, Diet

!

NO synthase NO,~

Bacterial nitrate reductases
Xanthine oxidase

Biological Deoxygenated Hb, Mb
effects Xanthine oxidase
Hespiratory chain enzymes
Protons
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Nitrate in VegetableSwsioo

183
151

k.

Fazole, cibulkova zelenina (¢esnek, ciisule), plodici zelenina (baklazan), houby,
kofenova zelenina (mrkev, repa), stopkata zelenina (celer a rebarbora)



Zdroj anorganického nitratu
*fepny extrakt (Fepny dzus)
*sodikovy nebo draslikovy nitrat
zadny negativni vliv na zdravi ¢clovéka popsan nebyl

Repny extrakt obsahuje dal$i bioaktivni latky
(napr. antioxidanty nebo polyfenoly)
synergistické plisobeni s nitraty

PLACEBO = REPNY EXTRAKT ZBAVENY POUZE NITRATU




Redukce nitritli na NO v krvi a v dalSich tkanich stimulovana v podminkach
zhorsené dostupnosti kysliku a snizeného pH!

|

V PRUBEHU TELESNE PRACE

NO reguluje
ekrevni zasobeni
ekontraktilitu
*glukozovou a kalciovou homeostazu
*mitochondridlni respiraci

pozitivni vliv na funkce a vykonnost kosternich svalti

Zvyseni hladiny plazmatickych nitritli cestou suplementace dietnimi nitraty

|

ergogenni ucinky



Suplementace nitraty redukuji VO, pri svalové praci

Larsen FJ, Weitzberg E, Lundberg JO, et al. Effects of dietary nitrate on oxygen cost during exercise. Acta
Physiol 91:59-66. (Swedish School of Sport and Health Sciences, Stockholm)

Suplementace nitraty (SN) (3 dny 0,1 mmol/kg nitrat sodiku)
* signifikantni vzestup plazmatické nitrity (o 82 %)
* signifikantni pokles TKs 0 8 a TKd 0 6 mm Hg
*VO,
opfi lehké praci nevyznamny pokles 0 5 %
opfi praci stredni intenzity vyznamné zvyseni
=celkové ucinnosti prace (prace/vynaloZena energie) z 19,7 £ 1,6 na
21,1+13%
= zmény ucinnosti (zména prace/zména vynaloZené energie) z 22,1 + 1,6 na
229+19%
La, SF, ventilace, RER — nezménény pfi submaximalnim zatiZzeni 45 — 80 % VO, max



Nitraty redukuji VO, pri svalové praci

Larsen FJ, Weitzberg E, Lundberg JO, et al. Effects of dietary nitrate on oxygen cost
during exercise. Acta Physiol. 2007;191:59-66.
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SN neovlivnuje

*anaerobni glykolyzu
*energeticky vydej kardiopulmonalnich procesu
*substratovou utilizaci

Ovlivnuje ucinnost oxidativhiho metabolismu svalové tkané



Nitraty redukuji VO, pri svalové praci

Poole DC, Richardson RS. Determinants of oxygen uptake. Implications for exercise testing.
Sports Med. 1997;24:308-20.

Princip fyziologie zatéze:
VO, pfi daném vykonu pfi submaximalni praci je neménna, v podstaté fixovana, bez
ohledu na vék, zdravotni stav a zdatnost a nereaguijici na fyzické, nutricni nebo

farmakologické intervence.

UCINNOST JE STALA

Larsen FJ, Weitzberg E, Lundberg JO, et al. Effects of dietary nitrate on oxygen cost
during exercise. Acta Physiol. 2007;191:59-66.

UCINNOST NENI STALA, ALE ZAVISI NA KREVNICH NITRATECH




Nitraty redukuji VO, pri svalové praci

*Coyle EF. Integration of the physiological factors determining endurance performance ability.
Exerc Sport Sci Rev. 1995;23: 25-63.

*Jones AM, Carter H. The effect of endurance training on parameters of aerobic fitness. Sports
Med. 2000;29:373-86.

Vytrvalostni vykonnost je funkci VO, max,

frakcni utilizace VO, max a ucinnosti prace

Predpoklad: Stejna hodnota VO, max a % VO, max

ZVYSENIi UCINNOSTI SVALOVE PRACE

PRI STEJNEM ENERGETICKEM VYDEJI

ZLEPSENI VYTRVALOSTNIHO VYKONU




Nitraty redukuji VO, pri svalové praci

Bailey SJ, Winyard P, Vanhatalo A, et al. Dietary nitrate supplementation reduces the ii iost of low-intensity

exercise and enhances tolerance to high-intensity exercise in humans. J Appl Physiol 07:1144-55.
(School of Sport and Health Sciences, University of Exeter, Exeter, United Kingdom)

SN = prirodni fepny dzus (5,6 mmol nitratu)

Zatéz stredni intenzity (80 % ventilacniho anaerobniho prahu - GET)
Zatéz vysoké intenzity (70 % rozdilu mezi GETa VO, max) = —————— |

V4

naslednym pokracovanim do vycerpani (ukazatel zatézové tolerance)

GET



Plasma NO, (nM)

Plasma NO,” (nM)
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Systolic Blood Pressure (mmHg)

Systolic Blood Pressure (mmHg)
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Priumérné koncentrace po SN a placebu
pri praci stfredni intenzity
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ZVYSENIi UCINNOSTI SVALOVE PRACE

|

VETSi VYKON PRI STEJNEM ENERGETICKEM VYDEJI

Bailey SJ, Winyard P, Vanhatalo A, Blackwell JR, DiMenna FJ, Wilkerson DP, et al. Dietary nitrate
supplementation reduces the O2 cost of low-intensity exercise and enhances tolerance to high-intensity

exercise in humans. J Appl Physiol. 2009;107(4):1144-55.
3 - 6 dni nitratové suplementace BE, 1" plazmatické nitrity, J, TKs v klidu
1. 80 % ventilacniho prahu
2. 70 % diference mezi ventilaénim prahem a VO, max
3. prace do vycerpani
Ad 1. P PCr, | celkovy obrat ATP, |, VO,
Ad 2. { celkovy obrat ATP, |\, amplituda pomalé komponenty
VO, = P ucinnosti svalové prace
Ad 3. 1 trvani prace do vycerpani
beze zmény VO, max

Ad 1., Ad2., Ad 3.:
stejny krevni laktat, srdecni frekvence, ventilace a RQ



P¥i praci nad GET VO, po SN a placebu
progresivni ubytek svalové uc¢innosti = ponali impoyenks VWidtenzity
= vyraz svalové unavy

~ Redukce pomalé komponenty (SC)
V0,023 %

Jones AM, Grassi B, Christensen PM, et al. Slow
component of 02 kinetics: mechanistic bases and
practical applications. Med Sci Sports Exerc.
2011;43:2046-62.

SC reflektuje progresivni redukci
svalové ucinnosti pri praci o vysoké
intenzité

Doba do vycerpani prodlouzena
016 %-29,7+2,4t011,3 £ 3,4 min



Nitraty redukuji VO, pri svalové praci

Nezménény La, HR, V, RER ani pri lehké, ani pri tézké zatézi

Bailey SJ, Winyard P, Vanhatalo A, et al. Dietary nitrate supplementation reduces the 02 cost of low-intensity
exercise and enhances tolerance to high-intensity exercise in humans. J Appl Physiol. 2009;107:1144-55.

Bailey SJ, Fulford J, Vanhatalo A, et al. Dietary nitrate supplementation enhances muscle contractile efficiency
during kneeextensor exercise in humans. J Appl Physiol. 2010;109:135-48.

*Redukce submaximalniho VO, béhem zatéze stfedni intenzity
*Redukce VO, pomalé komponenty pfi vysoké intenzité zatéze
*Prodlouzeny cas do vycerpani o 25 % pri vysoké intenzité zatéze



Vanhatalo A, et al. Am J Physiol. 2010;299:1121-31.

2,5 hod po SN steady-state VO, béhem
zatéze stredni intenzity vyznamné
redukovana v priiméru asio 4 %, po 5
dnech a po 15 dnech zistala vyznamné
redukovana

Nevyznamné vyssi W max po 2,5 hod
nebo po 5 dnech SN, vyznamné vyssi
hodnota W max po 15 dnech SN



Lansley, K. E., Winyard, P. G., Fulford, J., Vanhatalo, A., Bailey, S. J., Blackwell, J. R, ... & Jones, A. M. (2011).
Dietary nitrate supplementation reduces the 02 cost of walking and running: a placebo-controlled study.
Journal of Applied Physiology, 110(3), 591-600.

VO, béhem postupného zvySovani rychlosti do urovné stiedni bézecké rychlosti
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Lansley, K. E., Winyard, P. G., Fulford, J., Vanhatalo, A., Bailey, S. J., Blackwell, J. R, ... & Jones, A. M. (2011).
Dietary nitrate supplementation reduces the 02 cost of walking and running: a placebo-controlled study.
Journal of Applied Physiology, 110(3), 591-600.

VO2 béhem postupného zvysSovani rychlosti do vysoké intenzity
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Lansley, K. E., Winyard, P. G., Fulford, J., Vanhatalo, A., Bailey, S. J., Blackwell, J. R, ... & Jones, A. M. (2011).
Dietary nitrate supplementation reduces the 02 cost of walking and running: a placebo-controlled study.
Journal of Applied Physiology, 110(3), 591-600.
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sLansley, K. E., Winyard, P. G., Fulford, J., Vanhatalo, A., Bailey, S. J., Blackwell, J. R., ... & Jones, A. M. (2011).
Dietary nitrate supplementation reduces the 02 cost of walking and running: a placebo-controlled study.
Journal of Applied Physiology, 110(3), 591-600.

*Paavolainen L, Hiakkinen K, Hamalainen I, Nummela A, Rusko H. Explosive strength training improves 5 km
running time by improving running economy and muscle power. J Appl Physiol 86: 1527-1533, 1999.

Cas do vyéerpani p¥i intenzivnim béhu (min)
8.8

8.6 -

8.4 -

8.2 -

p =0,01

7.8 -

7.6 -

7.4 -

7.2 -

NS PL

Redukce energetického vydeje asi 0 6 % pri béhu na 1 km
Odpovida zlepseni bézecké ekonomiky asi po 6 — 9tydennim tréninku

VZESTUP VYTRVALOSTNI VYKONNOSTI



VYSVETLENI VLIVU NITRATOVE SUPLEMENTACE NA ZATEZOVE PARAMETRY

1. pH beze zmény - nebyla akcentovana anaerobni glykolyza

!

J, VO, = zmény svalové energetiky

2. Méné rozlozeného (spotiebovaného) ATP

!

J, zmény PCr, ADP a P, (stimuluji mitochondrialni respiraci)

!

redukci VO, pfi télesné praci submaximalni intenzity
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Bailey SJ, Fulford J, Vanhatalo A, et al.
Dietary nitrate supplementation

P enhances muscle contractile efficiency

during knee-extensor exercise in
humans. J Appl Physiol.
2010;109:135-148.



ATP turnover (uM.s™)

400 -

Bailey SJ, Fulford J, Vanhatalo A, et al. Dietary nitrate supplementation
enhances muscle contractile efficiency during knee-extensor exercise in
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Priimérna rychlost resyntézy ATP v pribéhu zatéze nizké intenzity
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Bailey SJ, Fulford J, Vanhatalo A, et
al. Dietary nitrate
supplementation enhances
muscle contractile efficiency
during knee-extensor exercise in
humans. J Appl Physiol.
2010;109:135-148.



ATP tumover (uM.s™)

700 -

Bailey SJ, Fulford J, Vanhatalo A, et al. Dietary nitrate supplementation
enhances muscle contractile efficiency during knee-extensor exercise in
600 - J- humans. J Appl Physiol. 2010;109:135-148.
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Cili:
Redukce VO, po SN je vysledkem redukovaného obratu ATP
v kontrahujicich se myocytech

Redukce poklesu makroergnich fosfatu

redukce stimulace oxidativni fosforylace

Zvyseni ucinnosti svalového metabolismu pri SN
(véetné poklesu rychlosti deplece konecné rezervy PCr)
bylo spojeno se zlepsenim tolerance zatéze vysoké intenzity



Deplece PCr a akumulace ADP a Pi

spojené se svalovou Unavou pfri intenzivni zatézi

Allen DG, Lamb GD, Westerblad H. Skeletal muscle fatigue: cellular mechanisms. Physiol Rev. 2008;88:287-332.

Ztlumeni deplece PCr a akumulace ADP a Pi

PRICINA ZLEPSENI ZATEZOVE TOLERANCE PO SN



VYSVETLENI VLIVU NITRATOVE SUPLEMENTACE NA ZATEZOVE PARAMETRY

3. Nitratova suplementace

redukce exprese adenin nukleotid translokazy (ANT)
(podili se na mitochondrialni protonové konduktanci)

|

J/ respiracni netésnost na vnitini mitochondrialni membrané

|

4 ucinnost oxidativni fosforylace
M (o0 20 %) mitochondrialni pomér P/O
(ukazatel mnozstvi spotrebovaného kysliku na produkovany ATP)
tésné koreluje s J, VO,

J» VO, po nitratové suplementaci pfi praci submaximalni intenzity

J/ unikani protont pres vnitini mitochondridlni membranu




Cytoplasm

Adenin nukleotid translokaza (ANT)

transport protont pres vnitini membranu mitochondrii



Ve

SN zvysSuje mitochondrialni ucinnost i kontraktilni svalové funkce.

Larsen FJ, Schiffer TA, Borniquel S, et al. Dietary inorganic nitrate improves mitochondrial efficiency in
humans. Cell Metab. 2011;13:149-59.

Hernandez A, Schiffer TA, Ivarsson N, et al. Dietary nitrate increases tetanic [Ca2?]i and contractile force in
mouse fasttwitch muscle. J Physiol. 2012;590:3575-83.

Po 3 dnech SN svalova biopsie + submaximalni zatézovy test:
Redukovana exprese adenin nukleotid translokazy (ANT)

ANT
p=0.005
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Ve

SN zvysSuje mitochondrialni ucinnost i kontraktilni svalové funkce.

Larsen FJ, Schiffer TA, Borniquel S, et al. Dietary inorganic nitrate improves mitochondrial efficiency in
humans. Cell Metab. 2011;13:149-59.

Hernandez A, Schiffer TA, Ivarsson N, et al. Dietary nitrate increases tetanic [Ca2?]i and contractile force in
mouse fasttwitch muscle. J Physiol. 2012;590:3575-83.

Po 3 dnech SN svalova biopsie + submaximalni zatézovy test:
Redukovana exprese adenin nukleotid translokazy (ANT)

redukce uniku mitochondridlnich protont
a zlepsSeni ucinnosti oxidativni fosforylace




Ve

SN zvysSuje mitochondrialni ucinnost i kontraktilni svalové funkce.

Larsen FJ, Schiffer TA, Borniquel S, et al. Dietary inorganic nitrate improves mitochondrial efficiency in
humans. Cell Metab. 2011;13:149-59.

PFi submaximalni zatézi 19 % zvyseni mitochondrialniho P/O
(indikator mnozZstvi O, spotfebovaného na produkci ATP)

Redukce VO, béhem zatéze

ve vztahu k redukci protonové ztraty
pres vnitrni membranu mitochondrii

D P/O ratio
p=0.02

20- 1

1.5

1.0+

0.5+

0o

placebo nitrate



Larsen FJ, Schiffer TA, Borniquel S, et al. Dietary inorganic nitrate improves mitochondrial efficiency in
humans. Cell Metab. 2011;13:149-59.

Brown GC, Cooper CE. Nanomolar concentrations of nitric oxide reversibly inhibit synaptosomal respiration by
competing with oxygen at cytochrome oxidase. FEBS Lett. 1994;356: 295-8.

Cleeter MW, Cooper JM, Darley-Usmar VM, et al. Reversible inhibition of cytochrome c oxidase, the terminal
enzyme of the mitochondrial respiratory chain, by nitric oxide. Implications for neurodegenerative diseases.
FEBS Lett. 1994;345:50-4.

SN

mirna inhibice cytochrom c oxidazy NO
(NO vytvori reverzibilni vazba a tim inhibuje cytochrom c oxiddzu)
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VYSVETLENI VLIVU NITRATOVE SUPLEMENTACE NA ZATEZOVE PARAMETRY
Ferguson S, Hirai D, Copp S, Holdsworth C, Allen J, Jones A, et al. Impact of dietary nitrate supplementation via
beetroot juice on exercising muscle vascular control in rats. J Physiol. 2013;591(.2):547-57.

Hernandez A, Schiffer TA, Ivarsson N, Cheng AJ, Bruton JD, Lundberg JO, et al. Dietary nitrate increases tetanic
[Ca2+] i and contractile force in mouse fast-twitch muscle. J Physiol. 2012;590:3575-83.

Potravové nitraty krysam

submaximalni zatéi - I krevniho prutoku témeér o 40 %

zejména svalstva zadnich konéetin (vysoka frakce Svalovych vilaken Il. typu)
(4 pO, facilituje redukci nitrit na NO)
Vyhradné viakna typu Il b (ne pomala vlakna) nitratova suplementace
*M koncentraci volnych vapnikovych ionti

M kontraktilni silu
*M rychlost narustu sily



NITRATOVA SUPLEMENTACE A SPORTOVNI VYKONNOST

Joyner MJ, Coyle EF. Endurance exercise performance: the physiology of champions. J Physiol.
2008;586:35-44.

Pracovni ucinnost = kli¢ova fyziologicka komponenta
predikce vytrvalostni vykonnosti
primo determinuje rychlost pohybu nebo vykon
generované a udrzované pri urcité kyslikové spotrebé

Stredné trénovani cyklisté — v simulovaném zavodé na 4,0 km, 10,0 km, 16,1 km
Rekreacni bézci - simulovany 5 km zavod na béhacim koberci
Kajakari — simulovany zavod na 500 m

Primeérneé trénovani veslari - 6krat 500 m na veslarském trenazéru

vyznamné ZLEPSENI ZAVODNIHO CASU



Vliv nitratd na vykonnost

Lansley KE, Winyard PG, Bailey SJ, et al. Acute dietary nitrate supplementation improves cycling time trial
performance. Med Sci Sports Exerc. 2011;43:1125-31.

Cyklisté 4 km a 16,1 km na BE
2,5 hod po jednorazovém poziti 0,5 L repného dzusu (6,2 mmol nitratu)

Srovnani SN a placeba (PL)
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Vliv nitratd na vykonnost

4 km

N

PL

PL=2791+51vsSN=292+44 W,
p <0.05

PL=6.45+0.42vsSN =6.27 £ 0.35 min,
p <0.05,

cas lepsSio 2,8 %
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16,1 km

PL=233+43vsSN=247+44 W,
p<0.01

PL=27.7%+2.1vs BR=26.9 £ 1.8 min,
p <0.01

Cas lepSio 2,7 %



Vliv nitratd na vykonnost

Lansley KE, Winyard PG, Bailey SJ, et al. Acute dietary nitrate supplementation improves cycling time trial
performance. Med Sci Sports Exerc. 2011;43:1125-31.

Cyklisté 4 km a 16,1 km na BE
2,5 hod po jednorazovém poiziti 0,5 L repného dzusu (6,2 mmol nitratu)

Srovnani SN a placeba (PL):

VO, stejna, ale signifikantné vyssi vykonnost




Vliv nitratd na vykonnost

Cermak NM, Gibala MJ, van Loon LJ. Nitrate supplementation’s improvement of 10-km time-trial performance
in trained cyclists. Int J Sport Nutr Exerc Metab. 2012;22:64-71.

6 dnti SN — koncentrovany fepny dzZus (8 mmol nitratti/den)
trénovani cyklisté (double blind)
2 x 30 min 45 a 65 % W max
+ 10 km maximalnim usilim (na cas)

45 % W max 65 % W max
2,02 +0,09 vs. 1,92 + 0,06 L/min 3,11 £ 0.12 vs. 2,94 + 0,12 L/min

mﬂ 3\!9
2.02 - 3.1 -

2 .
1.98 - 3.05 1
1.96 - 3
1.94 -
197 | 2.95 -

9 p < 0,05 2.9 1 g

1.88 -
1.86 - . 2.85 -

PL SN PL SN
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Vliv nitratd na vykonnost

w

295
294
293
292
291
290
289

p < 0,05 288 p < 0,05
287 -
286 _;
285 - T

PL PL SN
Test 10 km maximalnim usilim
cas vykon
16,1+ 0,3 vs. 15,9 £ 0,3 min 288+ 12 vs. 294+ 12 W

Jak jednorazové tak opakované podani dietni nitrata

zlepsuje pracovni ucinnost a vykonnost
zavodnich cyklistd (53 — 63 ml/kg.min)




Vliv nitratd na vykonnost

Murphy M, Eliot K, Heuertz RM, et al. Whole beetroot consumption acutely improves running performance. J
Acad Nutr Diet. 2012;112:548-52.

Rekreacné sportujici zdravé osoby, béhatko, vzdalenost 5 km

Po jednorazové SN (75 min pred testem) ve srovnani s PL
1. lepsi cas (p = 0,06).
2. pri 1,8 km béhu vyznamné nizsi RPE
3. rychlost mezi 1,8 km a5 km o 5 % vétsi




Vliv nitratd na vykonnost

Bond, H., Morton, L., & Braakhuis, A. J. (2012). Dietary Nitrate Supplementation Improves Rowing
Performance in Well-Trained Rowers. International Journal of Sport Nutrition and Exercise Metabolism, 22,
251-256.

6 dnd NS nebo PL
Veslarsky ergometr, vyborné trénovani veslari
6krat 500 m maximalnim usilim
NS cas pri opakovani lepsi nez PL
Zejména 4. — 6 opakovani (1,7%, 95% CL, + 1,0%).
Zaver:
NS = zlepseni maximalni vykonnosti na veslarském ergometru

/




Lansley, K. E., Winyard, P. G., Fulford, J., Vanhatalo, A., Bailey, S. J., Blackwell, J. R, ... & Jones, A. M. (2011).
Dietary nitrate supplementation reduces the 02 cost of walking and running: a placebo-controlled study.
Journal of Applied Physiology, 110(3), 591-600.

SN nejen redukce VO, pfi submaximalni zatézi,
ale i pfi normalni chizi (o 12 %!)

Dllezité konsekvence pro zvyseni kvality Zivota starSich a nemocnych osob
s redukovanym VO, peak

prevence tézkého metabolického stresu
pfi relativné fyzicky narocnéjsi svalové praci




Kerley, C. P., Cahill, K., Bolger, K., McGowan, A., Burke, C., Faul, J., & Cormican, L. (2015).
Dietary nitrate supplementation in COPD: An acute, double-blind, randomized, placebo-
controlled, crossover trialsk. Nitric Oxide, 44, 105-111.

Pacienti se stabilni CHOPN, 3 hod po SN
Vzestupny clunkovy test

Vyssi koncentrace plazmatickych nitratl (p < 0.000005) a nitritda = (p < 0.01)

*Pokles TK v klidu
*Vyznamné prodlouzeni vzdalenosti pri testovani

Zaveér:
Jednorazova SN u pacientu se stabilni CHOPN
zvysuje zatézovou kapacitu a redukuje klidovy TK



Kapil, V., Weitzberg, E., Lundberg, J. O., & Ahluwalia, A. (2014). Clinical evidence demonstrating the utility
of inorganic nitrate in cardiovascular health. Nitric Oxide, 38, 45-57.

Redukce biologické dostupnosti NO

*u pacienta s rizikovymi faktory ICHS
*u pacientt s manifestnim kardiovaskularnim onemocnénim

V soucasnych studiich prokazan beneficni vliv na

*TK

*destickové funkce
evaskularni zdravi
ezatézova kapacita

akcentovani zdrojti NO

O~ &

Reduces oxidation

of LDL cholesterol
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&\/

Reduces release of
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Dilates blood vessels
Reduces platelet
O+O

hts can lower

\ /\ :3‘0 ressure
Nlmc
Oxlde
blood
\, bemeldekd  pressure
formation of plague) 1 0 mm Hg %‘, ¥
%@‘ o lower for &%

24 hrs 4

Reduces multlpllcatlon of
smooth muscle cells of the
artery wall

T —

Dietary nitrates found in beetroot
juice and green leafy vegetables
can lower blood pressure.



NITRATOVA SUPLEMENTACE A SPORTOVNI VYKONNOST

Ferguson S, Hirai D, Copp S, Holdsworth C, Allen J, Jones A, et al. Impact of dietary nitrate
supplementation via beetroot juice on exercising muscle vascular control in rats. J Physiol.
2013;591(.2):547-57.

Herndndez A, Schiffer TA, Ivarsson N, Cheng AJ, Bruton JD, Lundberg JO, et al. Dietary nitrate
increases tetanic [Ca2+] i and contractile force in mouse fast-twitch muscle. J Physiol.

2012;590:3575-83.
Zlep3eni kontraktilnich funkci zejména v rychlych svalovych viaknech

Hultstrom M, de Paula CA, Porcelli S, Ferguson SK, Bourdillon N, Hoon MW, et al. Commentaries on
Viewpoint: Can elite athletes benefit from dietary nitrate supplementation? . J Appl Physiol.
2015;119(6):762-9.
Pozitivni vliv i na vykonnost sportovci
v silovych a rychlostnich sportovnich odvetvich

Thompson C, Wylie LJ, Fulford J, Kelly J, Black MI, McDonagh ST, et al. Dietary nitrate improves
sprint performance and cognitive function during prolonged intermittent exercise. Eur J Appl
Physiol. 2015;115(9):1825-34.

Prolongovany intermitentni sprintersky test na BE
Suplementace nitraty zvysuje opakovanou sprinterskou vykonnost

+ brani poklesu kognitivnich funkci
(provazejici prolongovanou intermitentni zdtéz)



NITRATOVA SUPLEMENTACE A SPORTOVNI VYKONNOST

NITRATOVA SUPLEMENTACE
BEZ STATISTICKY VYZNAMNEHO EFEKTU!

*Vyborné trénovani cyklisté - zavod na 50 mil
*Vyborne trénovani cyklisté — hodinovka

*Vyborneé trénovani cyklisté — 120 minut + zdvod do 400 kcal + 6krat 20
sekundovy sprint + 100 sekund zotaveni

*Vyborneé trénovani cyklisté a triatlonisté - 40minutovy zavod na BE
*VVyborné trénovani juniorsti bézci na lyzich - zavod v b&hu na 5 km
*Vyborné vytrvalostné trénovani bézci - zdvod v béhu na 5 km
Elitnich bézci na 1500 m - zavod v b&hu na 1500 m

NITRATOVA SUPLEMENTACE
BEZ STATISTICKY VYZNAMNEHO EFEKTU!



Vliv nitratd na vykonnost

Wilkerson DP, Hayward GM, Bailey SJ, et al. Influence of acute dietary nitrate supplementation on 50 mile
time trial performance in well-trained cyclists. Eur J Appl Physiol. 2012;112:4127-34.

Jednorazova SN nebo PL (2,5 hod pred testem) trénovani cyklisté, test 50 mil na cas
Nezjistény vyznamneé rozdily v dosazeném case
136,7 £ 5,6 vs. 137.9 £ 6.4 min
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Vliv nitratd na vykonnost

Wilkerson DP, Hayward GM, Bailey SJ, et al. Influence of acute dietary nitrate supplementation on 50 mile
time trial performance in well-trained cyclists. Eur J Appl Physiol. 2012;112:4127-34.

Jednorazova SN nebo PL (2,5 hod pred testem) trénovani cyklisté, test 50 mil na cas
W/VO, nazna¢ena tendence zvyseni
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Priciny rozdilné efektivity suplementace nitraty

u elitnich a huire trénovanych sportovcti

Wilkerson DP, Hayward GM, Bailey SJ, Vanhatalo A, Blackwell JR, Jones AM. Influence of acute
dietary nitrate supplementation on 50 mile time trial performance in well-trained cyclists. Eur J

Appl Physiol. 2012;112(12):4127-34.
1. Netrénované osoby pri konkrétnim zatizeni

eVvVvY/S

stimulace tvorby NO z nitratt

Green DJ, Maiorana A, O'Driscoll G, Taylor R. Effect of exercise training on endothelium-derived
nitric oxide function in humans. J Physiol. 2004;561(1):1-25.

2. Vytrvalostné trénovani sportovci
asi 0 60 % vyssi aktivita nNOSp
(hlavni izoforma NOS ve vsech typech svalovych vidken)

!

dostatecna tvorba NO plisobenim NOS



PriCiny rozdilné efektivity suplementace nitraty
u elitnich a huire trénovanych sportovcti

Hernandez A, Schiffer TA, Ivarsson N, Cheng AJ, Bruton JD, Lundberg JO, et al. Dietary nitrate
increases tetanic [Ca2+] i and contractile force in mouse fast-twitch muscle. J Physiol.

2012;590:3575-83.
3. Nitratova suplementace pozitivnhé meéni kontraktilni funkce vlaken Il. typu
(témér vyhradné)
U ELITNICH VYTRVALCU ZASTOUPENY RELATIVNE V MENSIM MNOZSTVi

Vliv dietnich nitratd na sportovni vykonnost sportovcti vice vyjadren
KRATSI VYKON O VYSOKE INTENZITE ZATIZENI
s dominantnim vyuzitim relativné MENSICH SVALOVYCH SKUPIN

a rychlych svalovych vlaken horni poloviny téla
(vétsi hypoxie a vétsiho poklesu pH)

Peeling P, Cox G, Bullock N, Burke L. Beetroot juice improves on-water 500 m time-trial
performance, and laboratory-based paddling economy in national and international-level

kayak athletes. IntJ Sport Nutr Exerc Metab. 2015;25(3):278-84.



Priciny rozdilné efektivity suplementace nitraty
u elitnich a huire trénovanych sportovcti

4. DELKA SUPLEMENTACE

JEDNORAZOVA SUPLEMENTACE NITRATY

*Vanhatalo A, Bailey SJ, Blackwell JR, DiMenna FJ, Pavey TG, Wilkerson DP, et al. Acute and
chronic effects of dietary nitrate supplementation on blood pressure and the physiological
responses to moderate-intensity and incremental exercise. Am J Physiol Regul Integr Comp
Physiol. 2010;299(4):R1121-R31.
*Kenjale AA, Ham KL, Stabler T, Robbins JL, Johnson JL, VanBruggen M, et al. Dietary nitrate
supplementation enhances exercise performance in peripheral arterial disease. J Appl Physiol.
2011;110(6):1582-91.

RYCHLE OVLIVNi VASKULARNI TONUS A OKYSLICENi PERIFERNICH TKANI

*Herndndez A, Schiffer TA, Ivarsson N, Cheng AJ, Bruton JD, Lundberg JO, et al. Dietary nitrate
increases tetanic [Ca2+] i and contractile force in mouse fast-twitch muscle. J Physiol.

2012;590:3575-83.
*Larsen FJ, Schiffer TA, Borniquel S, Sahlin K, Ekblom B, Lundberg JO, et al. Dietary inorganic

nitrate improves mitochondrial efficiency in humans. Cell Metab. 2011;13(2):149-59.
NEOVLIVNi POMER P/O, NEOVLIVNi EXPRESI ANT

NEOVLIVNi ZMENY MITOCHONDRIALNICH A KONTRAKTILNICH PROTEINU



PriCiny rozdilné efektivity suplementace nitraty
u elitnich a hure trénovanych sportovcti

DELKA SUPLEMENTACE

PROTRAHOVANA SUPLEMENTACE NITRATY
Vanhatalo A, Bailey SJ, Blackwell JR, DiMenna FJ, Pavey TG, Wilkerson DP, et al. Acute and
chronic effects of dietary nitrate supplementation on blood pressure and the physiological
responses to moderate-intensity and incremental exercise. Am J Physiol Regul Integr Comp

Physiol. 2010;299(4):R1121-R31.
Prodlouzeni nitratové suplementace z 5 na 15 dnti

zvysilo vyznamné maximalni vykonové parametry

Hoon MW, Johnson NA, Chapman PG, Burke LM. The effect of nitrate supplementation on
exercise performance in healthy individuals: a systematic review and meta-analysis. Int J Sport

Nutr Exerc Metab. 2013;23(5):522-32.

PRO ZLEPSENI SPORTOVNI VYKONNOSTI

NEKOLIKADENNI APLIKACNI STRATEGIE UCINNEJSI
NEZ JEDNORAZOVE PODANI DIETNIiCH NITRATU




PriCiny rozdilné efektivity suplementace nitraty
u elitnich a huire trénovanych sportovcti

5. DAVKA SUPLEMENU
*Wylie LJ, Kelly J, Bailey SJ, Blackwell JR, Skiba PF, Winyard PG, et al. Beetroot juice and

exercise: pharmacodynamic and dose-response relationships. J Appl Physiol. 2013;115(3):325-
36.

*Hoon MW, Jones AM, Johnson NA, Blackwell JR, Broad EM, Lundy B, et al. The effect of
variable doses of inorganic nitrate-rich beetroot juice on simulated 2000-m rowing
performance in trained athletes. Int J Sports Physiol Perform. 2014,;9(4):615-20.

Jednorazova davka repného extraktu
*70 ml 4,2 mmol
*140 ml 8,4 mmol
«280 ml 16,8 mmol
NA DAVCE ZAVISLY UCINEK V CELEM ROZSAHU PODANYCH NITRATU
*TK
*submaximalni VO,
*tolerance intenzivni zatéze
*zavodni vykon
Zmény plazmatickych nitritli inverzni vztah
k dosazenému casu



NITRATOVA SUPLEMENTACE A SPORTOVNI VYKONNOST
NITRATOVA SUPLEMENTACE
BEZ STATISTICKY VYZNAMNEHO EFEKTU!

*Wilkerson DP, Hayward GM, Bailey SJ, Vanhatalo A, Blackwell JR, Jones AM. Influence of acute
dietary nitrate supplementation on 50 mile time trial performance in well-trained cyclists. Eur J
Appl Physiol. 2012;112(12):4127-34.

*Cermak NM, Res P, Stinkens R, Lundberg JO, Gibala MJ, van Loon LJ. No improvement in endurance
performance after a single dose of beetroot juice. Int J Sport Nutr Exerc Metab. 2012;22(6):470-8.
*Peacock O, Tjonna AE, James P, Wisloff U, Welde B, Bohlke N, et al. Dietary nitrate does not
enhance running performance in elite cross-country skiers. Med Sci Sports Exerc. 2012;44(11):2213-
9.

*Bescos R, Ferrer-Roca V, Galilea P, Roig A, Drobnic F, Sureda A, et al. Sodium nitrate
supplementation does not enhance performance of endurance athletes. Med Sci Sports Exerc.
2012;44(12):2400.

*Christensen P, Nyberg M, Bangsbo J. Influence of nitrate supplementation on VO2 kinetics and
endurance of elite cyclists. Scand J Med Sci Sports. 2013;23:e21-e31.

* Sandbakk SB, Sandbakk @, Peacock O, James P, Welde B, Stokes K, et al. Effects of acute
supplementation of L-arginine and nitrate on endurance and sprint performance in elite athletes.
Nitric Oxide. 2014,48:10-5.

*Boorsma R, Whitfield J, Spriet L. Beetroot juice supplementation does not improve performance of
elite 1500-m runners. Med Sci Sports Exerc. 2014;46(12):2326-34.

ASI U 20 - 25 % SPORTOVCU
VYRAZNE ZLEPSENiIi ZAVODNIHO CASU



PriCiny rozdilné efektivity suplementace nitraty

u elitnich a hure trénovanych sportovcti
,RESPONDERS“ A ,NON-RESPONDERS"

*Boorsma R, Whitfield J, Spriet L. Beetroot Juice Supplementation Does Not Improve
Performance of Elite 1500-m Runners. Med Sci Sports Exerc. 2014;46(12):2326-34.

*Wilkerson DP, Hayward GM, Bailey SJ, Vanhatalo A, Blackwell JR, Jones AM. Influence of acute
dietary nitrate supplementation on 50 mile time trial performance in well-trained cyclists. Eur J
Appl Physiol. 2012;112(12):4127-34.

*Totzeck M, Hendgen-Cotta UB, Rammos C, Frommke L-M, Knackstedt C, Predel H-G, et al.
Higher endogenous nitrite levels are associated with superior exercise capacity in highly
trained athletes. Nitric Oxide. 2012;27(2):75-81.

*Christensen P, Nyberg M, Bangsbo J. Influence of nitrate supplementation on VO2 kinetics and
endurance of elite cyclists. Scand J Med Sci Sports. 2013;23:e21-e31.

Jonvik KL, Nyakayiru J, van Loon LJ, Verdijk LB. Last Word on Viewpoint: Can elite athletes
benefit from dietary nitrate supplementation? J Appl Physiol. 2015;119(6):770.

*Stulrajterovd L, Stejskal P. Effect of dietary nitrate supplementation on plasma nitrate/nitrite
in physically active men. [Lecture]. Brno, Sport and Quality of Life, November 2015. 2015.

Stejna davka nitratové suplementace
Respodners - zvySeni plazmatickych nitritu
Non-responders - bez efektu



PriCiny rozdilné efektivity suplementace nitraty

u elitnich a huire trénovanych sportovcti
,RESPONDERS“ A ,NON-RESPONDERS"

Poveda J, Riestra A, Salas E, Cagigas M, Lopez-Somoza C, Amado J, et al. Contribution of nitric
oxide to exercise-induced changes in healthy volunteers: effects of acute exercise and long-
term physical training. Eur J Clin Invest. 1997;27(11):967-71.

6. Vytrvalostne trénovani sportovci
= vysSi hladina plazmatickych nitrita
Odpovéd na standardni davku dietnich nitratli méné vyrazna

(vyssi biologicka dosaZitelnost NO tlumi u trénovanych sportovci
benefity dalsi nitratoveé suplementace)

Totzeck M, Hendgen-Cotta UB, Rammos C, Frommke L-M, Knackstedt C, Predel H-G, et al.
Higher endogenous nitrite levels are associated with superior exercise capacity in highly
trained athletes. Nitric Oxide. 2012;27(2):75-81.

Vyssi hladina plazmatickych nitritd u vytrvalostné trénovanych sportovcti
spojena s vyssi urovni laktatového anaerobniho prahu
(je jeho nezavislym prediktorem)



ZAVER:
Jednorazové i opakované podani (3 — 15 dnti)
potravinovych nitrata (extrakt 70 — 140 ml, 6 — 9 mmol)
1. { krevni tlak
2. J submaximalni spotrebu kysliku
3. P odolnost vicéi vysoké zatézi

??? SIMULTANNI PUSOBENI ???
*zvySené dodavky kysliku
*redukce obratu ATP
*redukce protonového uniku pres mitochondridlni membranu
*zvySeni myoplazmatickcych a transportnich kalciovych proteint

UNCLEAR!




ZAVER:
Vliv suplementace dietnimi nitraty na sportovni vykonnost elitnich sportovcti
v normoxickych i hypoxickych podminkach

UCINNY POUZE ASI U 25 %

VELKA VARIABILITA EFEKTIVITY, VETSINOU NiZKA

*Vstupni (bazalni) hladina plazmatickych nitritt
*Trvani a davka suplementace

*Proporce jednotlivych typu svalovych vidken
*Trénovanost

*Sportovni odvétvi

*Intenzita, trvani a typ sportovniho tréninku
*Kapilarizace

*Parcialni tlak atmosférického kysliku

*Zdravotni stav

*Dieta

2?7



Jones AM. Dietary nitrate supplementation and exercise performance. Sports Med. 2014;44(1):535-545

There are anecdotal reports that beetroot juice supplementation was used
extensively, and successfully, by members of several prominent national

teams competing in a wide variety of sports at the 2012 London Olympic and
Paralympic Games.




Nitraty a nitrity samy o sobé nejsou karcinogenni!
Ale:
za urcitych okolnosti spojenych s endogenni nitrosaci
dietni nitraty a nitrity mohou vést k zvysenému riziku rakoviny

Zdravotnich benefity potravinovych zvySena spotieba dietnich nitratti a
nitratd a nitrita (redukovand tvorba nitritu za specifickych podminek
NO) zvysené riziko

*hypertenze *kolorektalniho karcinomu
*ischemické choroby srdecni *ovarialniho karcinomu
sonemocnéni perifernich tepen *karcinomu prsu

ogastrické ulcerace .karCinomu §t|'tné ilézy

ekarcinomu zaludku




MOZNE NEBEZPECI

v d V

DLOUHODOBEHO NEKONTROLOVANEHO POUZIVANI
NITRATOVYCH SUPLEMENTU




Dalsi vyzkum:

1. Prokazat neskodnost dlouhodobého podavani dietnich nitratt
2. Vysvétleni pricin rozdili ve vnimavosti nitratové suplementace
3. Zvyseni senzitivity detekce benefitl dietni nitratové suplementace

u sportovcu




Pavel Stejskal, Lucia Stulrajterovd: Suplementace dietnimi nitrdty, télesnd prdce a sportovni
vykonnost. I. Cdst. Med Sport Boh Slov 2016; 25(1):12-23.

Pavel Stejskal, Lucia Stulrajterovd: Suplementace dietnimi nitrdty, télesnd prdce a sportovni
vykonnost. I. Cdst. Med Sport Boh Slov 2016; 25(2)




Dékuji za pozornost!




Zkouska z APaENN

X1. Diabetes mellitus 2. typu, pohybova aktivita.
X2. Adaptace CNS a jeho funkci.

X3. Vyuziti SA HRV pri optimalizaci sportovniho
tréninku a ladéni sportovni formy.

Y1. Angina pectoris a ticha ischemie. Infarkt
myokardu. Fibrilace sini.

Y2. Hormonalni adaptace.
Y3. Dveé cesty vzniku oxidu dusnatého.
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