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Abstract
The issue of increasing human performance with a special diet for athletes is discussed often nowadays.  
This case study is concerned with the effects of 100 % organic precursor of nitric oxide (NO) on performance, 
without the risks of synthetics supplements. The organic precursor NO is an extract from the plant Morinda 
citrifolia (Noni). Empirical data about experiences with the organic precursor NO were collected over one 
year. The respondents are professional athletes who represent different sports: cycling, fitness, mountain-clim-
bing, quadrathlon, rock-climbing, running, speed canoeing, swimming, triathlon, xc-skiing etc. The respon-
dents confirmed that the supplementation of the organic NO precursor had an influence on aerobic and 
anaerobic human performance and also on regeneration.  Moreover, in their opinion, the level of concentra-
tion was higher during maximum intensity. Due to athletes‘s feedback, the case study was completed in the 
human performance lab like pre-test and post-test. Lab results correspond with the empirical survey findings.  
There was an improvement of the maximum performance of about 40 s (7:20 s; 8:00 s), and the heart rate 
max was about 3 beats per 1 minute higher (184; 187) in the post-test. The improvement of breathing eco-
nomy was measured in post-test too: the breathing frequency decreased from 73 to 70 per minute and the 
equivalent for oxygen decreased from 116.6 to 96.4. The significant contrast was registered by the value of 
lactate (LA) in the blood after maximum performance: in the 3rd minute after finishing the pre-test the value 
of LA was 12.6 mmol*L-1 and after post-test it was 14.2 mmol*L-1. 15 minutes after the pre-test was finished, 
the value of LA was 11.3 mmol*L-1 but during the post-test the value was only 9.6 mmol*L-1. The decrease 
was 10.3 % during pre-test and 32.4 % during post-test. The results put forward indicate that the organic 
NO precursor from the Morinda citrifolia plant could help to improve human performance and also shorten 
recovery time and improve the quality of regeneration. The NO precursor is a non-doping supplement.

The research was supported by research intention PRVOUK P38 & MSM0021620864.
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Souhrn
Problematika zvyšování výkonnosti lidského organismu správnou výživou sportovců a suplementace pomo-
cí přírodního oxidu dusnatého bez rizik použití syntetických preparátů je často diskutovaným tématem.  
Po roce práce s přírodním prekurzorem oxidu dusnatého (extrakt rostliny Morinda citrifolia) u vrcholových 
sportovců v  běhu na lyžích, běhu, plavání, kvadriatlonu, rychlostní kanoistice, fitness, cyklistice, horolezectví 
a v dalších sportech byla pomocí anketních otázek získána empirická data. Respondenti potvrdili, že suple-
mentace přírodního prekurzoru oxidu dusnatého měla vliv na zlepšení sportovní výkonnosti při aerobním 
i anaerobním zatížení, dále na regeneraci. Zvýšila se úroveň schopnosti koncentrace i při  maximálním 
zatížení. Na základě zpětné vazby od respondentů byla provedena pilotní případová studie v laboratoři 
funkční zátěžové diagnostiky formou pre-testu a post-testu. Naměřené výsledky z funkční zátěžové diagnos-
tiky korespondují s empirickým anketním zjištěním. V post-testu došlo ke zlepšení maximálního výkonu 
o 40 s (7:20 s; 8:00 s), dosažení HRmax o 3 min-1 (184; 187), došlo ke zlepšení celkové ekonomiky dýchání – 
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Introduction
Nitric oxide (NO) is a short-lived gaseous molecule 
that plays a key role in numerous biological pro-
cesses essential for human health. At present, it is 
one of the most watched molecules in medicine and 
molecular biology. Dr. Ignarro (2005) describes NO 
as a signaling molecule of life which occurs in the 
cardiovascular and nervous systems and throughout 
the human body as well. The basic function of NO 
is vasodilation of vessels and the regulation of blo-
od pressure. Aside from this, NO participates in 
the correct function of neural, immune, digestive, 
excretory and coagulation processes (Púzserová, 
2008). NO diffuses very well in aquatic environ-
ments and lipid membranes. The body has a vaso-
dilatory effect of NO, which is anti-inflammatory, 
anti-proliferative, anti-platelet and also cytotoxic 
(Racek, 2012).
 NO formation occurs when nitric oxide synthase 
(NOS) and L-Arginine are in the presence of oxy-
gen (O2). Resulting products are NO, and L-Citrul-
line which is transformed into L-Arginine again. 
The second way of NO formation is without O2 pre-
sent – in acidic environments from the nitrides and 
nitrates (Kupková & Beneš, 2004, Ignarro, 2005, 
Racek, 2012). The process of NO formation in the 
organism and its function are explained by Burke 
(1995) or Quatab (2013). Ignarro (2005) writes that 
NO is not born in vascular endothelia only but in 
the neural system and in white blood cells. NO is a 
neurotransmitter – a transmitter of excitation and 
emotions – which contributes to a person feeling 
better. 
According to Školoudik (2013) the transfer of ener-
gy at the mitochondrial level is more effective with 
NO, because protons are less slipped and the ade-
nosine-tri-phosphate (ATP) production grows by 
about 19 %. Also NO helps increase the efficien-
cy of body thermoregulation and decrease energy 
expenditure. 
The increased NO production in vascular endothe-
lium harmonizes the blood pressure, and disengages 
atherosclerotic plates which impede blood stre-
aming in vessels. This means NO is preventative 

of heart ischaemic disease or apoplexy (Ignarro, 
2005, Qutab, 2013). NO reduces the necessary time 
for regeneration after sport performance and the 
necessary time and quality of sleep is improved as 
well.
The research of synthetic L-Arginine, L-Citrulli-
ne or nitrides and nitrates are the main objects of 
many publications currently. There is shown that 
the influences of synthetic NO are very intensive in 
a short period of time. Moreover synthetic prepara-
tion could be toxic in excessive volume.
Školoudik (2013) refers to other current whitepa-
pers and presents that the volume of nitrate per one 
dosage is from 300 mg NO3- to cca 700 mg NO3- 

(5–11 mmol*L-1). The acceptable daily volume of 
NO for man declared by the European Food Safe-
ty Authority (EFSA) is 3.7 mg NO per 1 kg body 
weight (EFSA, 2008). Bailey et al. (2009) and Ignar-
ro (2005) deal with the dosage of NO too.
According to Australian International Sporting 
(AIS, 2011), which applies red beet (Beta vulgaris) 
organic extract supplementation, improvement 
of muscle work (decrease in VO2 during exercise) 
was found; both in the case of long-time supple-
mentation (3–25 days) as well as in the case of one-
time supplementation of the organic beet juice. A 
lower value of VO2 is evident in intensity intervals 
between 45 and 80 % of personal maximum. Lar-
sen (2011) adds that the lower oxygen consumption 
and an improvement of performance are not noti-
ced in the high intensity zone.
Bailey (2010) supposes that nitrates (NO precursor) 
supplementation should help to manage effective 
training and to make the first-time effort for impro-
vement of physical condition easier. NO assists the 
adaptation of heart tissue to aerobic load and pre-
vents pathologic changing during adaptation (Ško-
loudík, 2013).
We have worked with the 100 % organic NO precur-
sor acquired from all parts of tropical plant Morin-
da citrifolia (Noni) for over one year. Obtained are, 
L-Arginine, nitrides and nitrates in the extract – in 
liquid form (Kyäni Nitro, 2015) which NO is created 
from in the vascular endothelium. There is contai-

poklesla frekvence dýchání BF ze 73 na 70 vdechů za minutu a poklesl ekvivalent pro kyslík z hodnoty 116,6 
na 96,4. Významný rozdílu byl nalezen v hodnotách hladiny laktátu v krvi po maximálním výkonu. Hod-
nota LA po 3 min po výkonu byla při pre-testu 12,6 mmol*L-1 resp. 14,2 mmol*L-1 při post-testu. Po 15 min 
došlo k poklesu hladiny LA na 11,3 mmol*L-1 resp. 9,6 mmol*L-1 v post-testu. Pokles při pre-testu byl 10,3 % 
a při post-testu 32,4 %.
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ned 8 000 mg of clear Noni juice in 100 ml of extract 
(Kyäni Nitro, 2015). Following this, the extract sup-
ports production of NO in the organism in aerobic 
as well as in anaerobic metabolic mode (Kupková & 
Beneš, 2004, Ignarro, 2005, Racek, 2012). The NO 
precursor is a non-doping supplement.

Methods
An inquiry with explorative questions was made 
for gaining information as the qualitative part 
of research. The inquiry was executed by e-mail 
because meeting with many of respondents was 
not possible. Every respondent had to be a top 
athlete and personal experience with the influence 
of organic NO precursor was necessary. Also, a 
willingness to answer the questions explicitly and 
truthfully was very important.
The present question followed the similar survey by 
Suchy & Dovalil (2009) more Chrastkova & Suchy 
(2011). It obtained 48 answers from 15 sports dis-
ciplines.  
The quantitative part of the present study took place 
in the Sport Research Centre at the Faculty of Phys-
ical Education and Sport, the Charles University in 
Prague. This part was composed of 2 tests; pre-test 
(before the supplementation of the NO precursor) 
and post-test (after the supplementation of the NO 
precursor). The post-test was done 14 days after. 
The tester was a top athlete, 32 years old man. When 
he finished the pre-test, the athlete got the 100 % 
organic NO precursor from Morinda citrifolia plant 
in liquid form. There is contained 8 000 mg of clear 
Noni juice in 100 ml of extract. The athlete conti-
nued using this supplement between tests, which 
means 14 days in all; 2-times per day in the dosage 
of 1 drop per 10 kilos of his weight, so it was 8 drops 
in 1 dosage (athlete´s weight was 82 kg; 20 drops of 
precursor correspond to 1 ml). 
Both tests were completed on the same machine 
(MataLyzer 3B-R2) and the method of the tests was 
also the same:

•Warm up: 2 x 4 min at speed of 8 km*h-1 and 
then 10 km*h-1 (without stopping), the lean of 
the running carpet was 0 %.

•The maximal test of function capacity: the lean of 
the running carpet was 5 %, the initial speed was 
10 km*h-1. The speed was raised about 1 km*h-1 

every 1 min of running, the lean was constant. 
The monitored variables were: heart rate (HR; min-

1), breathing frequency (BF; min-1), respiratory quo-
tient (RER), oxygen volume (VO2; L*min-1), carbon 
dioxide volume (VCO2; L*min-1), ventilation (the 
volume of expire air; VE; L*min-1), maximal venti-

lation (VEmax; L*s-1), total breathing volume (VT; 
L) and the total time of the test.
Blood samples were taken from the athlete´s finger 
3 and 15 min after finishing the maximal test. Then 
the volume of lactate acid (LA) in his blood was 
analyzed. The absolute volume and the decreasing 
rate of LA between the 3rd and 15th min were eva-
luated after the load.

Results and discussion
Questions for respondents
1. Did you feel any changes in your organism af-

ter the supplementation of the NO precursor? 
If yes, what specifically?

2. As a consequence of supplementation with the 
natural NO precursor, was any of the following 
observed?
• An adjustment of the sleeping quality, 

how?
• A change in regeneration time after sport 

performance, how?
• A change of HR, how?
• Improving the ability of concentration, 

how?
• Any negative side effects (e. g. dryness in 

mouth, shiver, headache, symptoms of 
nausea or other)?

The majority of respondents (41 out of 48) agreed 
that the supplementation has a positive influence 
on the successful graduation of the training and on 
the experience during the training: e. g. the feeling 
of having less heavy legs during running and cyc-
ling, faster regeneration, race or training without 
the passing of the crisis. Sport was more fun for 
the respondents and they also described states of 
euphoria. 
The most of the respondents (38) said that using 
NO precursor helped them to get a better quality of 
sleep as well as a shorter sleep to feel fresh the next 
morning.
Endurance sports athletes (cycling, running, tri-
athlon, quadrathlon) said that there was an increase 
of HR value (average and maximal) during perfor-
mance.
Athletes from technical and combat sports (18) 
described better concentration during maximal 
performances. They were able to stay in full-con-
centration for a longer time too.
35 athletes said that they did not feel any negative 
side effects. Sometimes the feeling of more intensive 
thirst (dryness in mouth) appeared. A few athletes 
(5) were negatively surprised by the faster burning 
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of carbohydrates, resulting in the earlier onset of 
hypoglycaemia. Eventually sleeplessness and rest-
lessness were described.

Sport Research Centre
Graph 1 shows values of LA in athlete´s blood in 
the 3rd and the 15th min after the end of the maximal 
test. There is a maximum value of LA in blood in the 
3rd min and then the recovery process is started and 
LA is reduced in the blood. The organism`s ability 
to recover is reflected by the LA value in the 15th 

min after performance. From Graph 1 there is evi-
dence that the LA value in the pre-test (without NO 
precursor) was lower (12.6 mmol*L-1) than during 
post-test (14.2 mmol*L-1). LA value was increased 
to 112.7 %. The maximal LA value in blood points 
to the ability of tolerance in relation to lactate acid. 
We could assume the intervention of NO precursor 
helped to increase tolerance in relation to LA and so 
the athlete´s performance improved.
A deficiency of NO may contribute to the equilib-
rium between vascular damage and of muscle rege-
neration. This also affects the formation of muscle 
tissue, or muscle atrophy (Školoudík, 2013). 
Asano (2012) states that NO has an impact on the 

Variable Unit

Absolute Maximum 
Values

Pre-test
5. 2. 2015

Post-test
19. 2. 2015

Time h:mm:ss 0:07:20 0:08:00
Speed km/h 17 17
V'O2 L/min 4.56 4.48

V'O2/kg ml/min/
kg

55.7 55.1

HR /min 184 187
V'E/V'O2 116.6 96.4

V'E L/min 176.0 173.5
BF /min 73 70

RER 1.66 1.41
V'CO2 L/min 5.32 5.62

VT L 3.44 3.30
VE'max L/s 8.8 8.6

HR – heard  rate [min-1], BF – breathing frequency [min-1], 
RER – respiratory quotient, VO2 – oxygen value [L*min-1], 
VCO2 – carbon dioxide value [L*min-1], VE – ventilation 
[L*min], VEmax – maximal ventilation [L*S-1], VT – total bre-
athing volume[L].

Table 1: The results of function diagnosis in the pre-test and the 
post-test

Graph 1: The LA value in blood in the 3rd  and 15th min after the finishing the pre-test 
(blue line) and the post-test (red line).
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mobilization of CPC myosatellite cells, which ske-
letal muscles cells are arisen from. Skeletal muscles 
cells act as potential mediators of muscle regenera-
tion. The CPC secretion dependents on sufficiency 
NO directly.
The performance improvement is confirmed by the 
total test time (Table 1). During pre-test, the test 
was finished in 20 sec on the speed level 17 km*h-

1, but during post-test the athlete was able to hold 
maximal performance about 40 sec longer – in all, 1 
minute on speed level 17 km*h-1. The maximal HR 
recorded was higher during the post-test too; 184 
beats per min in pre-test vs. 187 beats per min in 
post-test.
Let’s see the LA value after 15 min; there is a 
decrease in 11.3 mmol*L-1 during pre-test and 9.6 
mmol*L-1 in the case of post-test. In relation to 
maximal values of LA in the 3rd min, it is evident 
that the recovery process is faster after intervention 
of the NO precursor. The difference between pre-
test and post-test is noticeable; the decrease in the 
LA value in pre-test was 10.3 % while during post-
test the decrease was 32.4 %.
As the values in the Table 1 show, the breathing eco-
nomy was improved. The value of ventilation equi-
valent (VE / VO2) was 116.6 during the pre-test and 
96.4 in the post-test. As well, the breathing frequen-
cy was measured lower in the post-test (73 vs. 70 
inspirations per min).
The comparison of respiratory quotients (RER) 
courses is expressed in Graph 2. It is related to time 
and in relation to courses of HR in both tests.

The solid black line presents the post-test RER cour-
se and lies above the grey dashed curve of the pre-
test RER course all test-time. This shows a change 
from the mixed energy covering at the beginning of 
the function test to carbohydrate metabolism. The 
critical RER boundary 1.0 (the volume of breathing 
in O2 is lower than the volume of breathing out 
CO2) was reached in 4th min by 164 beats per min in 
the pre-test and in the 2nd min by 146 beats per min 
during the post-test (much earlier than without the 
NO precursor).
There are states in literacy when the RER is higher 
than 1.0 the energy requirements of the organism 
are covered completely anaerobically – it means the 
requirements are covered just by carbohydrates bur-
ning without oxygen exclusively (Spiroergometrie, 
2015). Although the carbohydrate metabolism was 
switched earlier in the post-test this performance 
was better; the running time was longer about 40 
sec. Also the absolute value of RER was higher in 
the post-test than pre-test. It means the athlete was 
able to load in the maximal intensity in the bigger 
oxygen debt.
The results put forward can be supported by many 
studies which watched the influence of NO on 
human performance through the whole population: 
well-trained athletes and less trained athletes, men 
and women from various sport disciplines or pati-
ents with disease of periphery arteries. The impro-
vement of human performance was achieved by 
less O2 cost during sub-maximal intensity as well as 
the improvement of fatigue tolerance during hard 

Graph 2: The comparison of heart rate frequency course (HR) and the respiratory quotient course (RER) during 
maximal load in the pre-test and the post-test.
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Conclusions 
The present results show that the 100 % organic NO 
precursor from the plant Morinda citrifolia plant 
could help to improve human performance and 
also shorten recovery time and improve the quality 
of regeneration. The NO precursor is a non-doping 
supplement. This thesis is supported by surveys 
from 48 top athletes.
However, it is impossible to draw relevant conclusi-
ons on the function results from one athlete. Only 
further research with enough testers should help to 
provide objective results on this problem. 

working or training (Wylie et al, 2015) and also by 
increasing the level of oxygenated blood (Affourtit, 
Bailey, Jones, & Smallwood, 2015).
The positive influence of NO3- on O2 cost during 
exercise works on the presumption that the effecti-
veness of ATP synthesis or skeletal muscles is wor-
king properly (Vanhatalo et al, 2010). NO3- impro-
ves the level of a muscle´s recovery after hypoxia 
performance. It indicates a spreading level of oxi-
dation ATP synthesis. Parallel ATP consumption by 
power production decreases (Bailey et al, 2010 ).
There was no study found about the influence of 
the organic NO precursor, which was used by us, 
in databases. Papers found watched the influence 
of beetroot (Beta vulgaris) or spinach or other leaf 
vegetable juices.
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