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Summary

One month’s administration of creatine (CR) in tlose of 5 g/day to 11 young active
sportsmen affected their daily amount of CR, criéaéi, and thiodiglycolic acid (TDGA)
excreted into urine, and homocysteine, vitamjpdhd folates in blood. The probands were
divided into 4 groups, according to the amount BffGund in urine, and of folates and
vitamin B, determined in blood. The changes of folates ataimin B, were mutually
reciprocal. Each group utilized CR as donor of ared two-carbon (1C and 2C) units by
means of homocysteine (HoCySH), folates, and vitaa, in different metabolic pathways.
In 10 men the CR administration was accompaniearycrease of HOCySH level in blood,
while for the last man, with accidentally discowkte/perhomocysteinemia, the HoCySH
level dropped by 50 %. Differences between indiadl terminal TDGA levels indicate that
CR disturbs equilibria of redox processes. Creagimixcretion into urine changed in

dependence on the extent of metabolic disturbances.
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Introduction

Creatine (CR) is an amino acid (methyl guanidinetiaacid), discovered in 1832. It
represents one of the most important nitrogen @angcompounds playing role in energetic
metabolism. At the end of &entury, it was found that certain part of exogestpapplied

CR stays retained in human body (Webber 2006).

CR is not an essential component of food, becausddrmed naturally in human body. It
represents about 0.17 % of body mass (e.g., 126hgy 70 kg), of which 95 % is in bone
muscles and 5 % in brain, kidneys, liver, testi¢fesrsky and Brazeau 2001), and a small part
in blood plasma (Webber 2006). Two thirds of CR@esent in the human body as creatine
phosphate (PCR), the rest as free CR (Webber 2006drmal, healthy man, the turnover of
CR is about 1-2 g daily, which is covered by itd@genous synthesis from amino acids
(arginine, glycine, methionine) in liver and kidise§Murray et al. 2003), and by food (from
animal sources as meat). Under identical condittbasame amount (about 2 g daily) of CR
is degraded by non-enzymatic dehydration to creegiand excreted into urine (Murray et al.
2003).



It is recommended to apply CR as food supplemeatriount corresponding to its natural
level in meaty food. It is supposed that the hum@anism uses it for formation of CR
phosphate, which is necessary as energetic sauroauiscular work.

Exogenously applied CR is used in treatment of odegenerative diseases - dystrophy,
myalgia, rheumatoid arthritis, et@elber et al. 2000, Petr 2007, Tarnopolsky andtiar
1999). More than 5 million kg of CR is sold yeattyough the world (Hespel et al. 2001),
mostly for purposes of food supplement for sportsme

CR has been used for more than 15 years intensageigod supplement as well as remedy;
however, up to now the question of hazardousnedsngss) of its application has not been
answered. Each of the previously published stuthesentrates on a certain specific problem
of its application. Their results and conclusioreiafluenced by the extent and arrangement
of experiments. On the basis of published restitspossible to unambiguously conclude
that CR application increases the muscle mass alode of body fluid, formation of ATP
and body performance connected with short-time (@a&dr 2007). With its increasing
application many metabolic questions have to bevaredd to clear the risks and
consequences of CR supplementation.

We have proved in other experiments, which wilpbesented in the prepared paper (Navratil
et al. 2009), that iAd to 6 hours after CR supplementation the levéhiaidiglycolic acid
(TDGA) in urine rapidly increases and then decreaggin to the original level. At the same
time the pH-values of urine increase by 1.5 utavfatil et al. 2009). The changes in TDGA
excretion proved that exogenous application of @&t metabolic pathways of
thiocompounds and of two carbon (2C) units. Theafof CR on TDGA excretion differs
from those recorded after vitamin£Band betaine applications (Navratil et al. 2007).

At present, the voltammetric determination of TD@®@AIrine (among other methods, e.g.
(Chylkova and Fadrna 2004, Samcova et al. 199%girsg used in toxicology (Dlaskova et
al. 2003). It helps to monitor the exposure of veoskin chemical plants to certain
carcinogenic compounds, e.g., to vinylchloride nmoro(VCM) or ethylene dichloride

(EDC) in factories producing polyvinyl chloride @ikova et al. 2003, Senholdova-Dlaskova
2002). Similarly as in the case of VCM exposure, TIDGA level in urine increases after
intake of some remedies (Navratil et al. 2004)tuats(Navratil et al. 2004), of compounds
with organically bound sulfur (Steventon 199®)of compounds, which affect oxidative
metabolic pathways accompanied by release of 26 (aQg., ethanol, VCM (Navratil et al.
2004), mustard gas (Ermakova et al. 2002, Lee €0800)). In intoxicated humans, these 2C
units, which take part in formation of TDGA, origite from xenobiotics. The oxidative



degradation of xenobiotics via TDGA formation deses the cell pool of glutathione (GSH).
In some critical cases all disposable GSH can bawsted (Murray et al. 2003). This
endangers all metabolic pathways dependent onrédsepce of GSH.

The TDGA concentrations determined in samples ioieun healthy individuals (Dlaskova et
al. 2003) do not exceed 20 mg.IWe suppose that in healthy humans the sourc€ afrits

is serine or glycine. The thiolic part of the TD@#olecule comes from cysteine. The urinary
level of TDGA increases only by imbalance amonglative release of 2C-units, and in
supply of thio-compounds and oxygen (Ermakova.e2@02). TDGA is merely one of the
intermediates in this oxidative pathway of 2C dnotind to cysteine. TDGA is excreted into
urine, due to imbalance in its formation and irfuigsher degradation. One of the final
oxidative products of TDGA is sulfate, which midi# later used (after reaction with ATP) as
active sulfate (PAPS), e.qg., for the synthesisotibgen.

The present study is intended to shed more lighs@me of the mentioned questions, to
search for relationship among levels of various goumds in blood and in urine, and of body
parameters connected with CR metabolism.

In our study we want to show how CR, given as feogplement, affects a) its related
metabolic pathways and b) the TDGA excretion irmioeu

From the analytical point of view, this illustratibe necessity of using wide range of
analytical techniques (electrochemistry, chromaiphy, spectrophotometry, etc.) in order to

gain complete, reasonable and reliable results.

Methods
Apparatus

The analysis of TDGA was carried out by the compatatrolled Eco-Tribo
Polarograph using the software “Polar 5.1” vergmmWindows (Polaro-Sensors, spol. sr. 0.,
Czech Republic), on pen type hanging mercury dlegtde (HMDE) (Polaro-Sensors,
spol. sr. 0., Czech Republic), on mercury meniscadified silver solid amalgam electrode
(e.g., (Barek et al. 2003, Barek et al. 2006, Yobyk and Novotny 2002a, Yosypchuk and
Novotny 2002b))or on solid composite electrode (e.g., (BareK.e2@07, Navratil and
Kopanica 2002a, Navratil and Kopanica 2002b, Né@watl. 2003, Sebkova et al. 2004,
Sebkova et al. 2005, Yosypchuk et al. 2007)). Hsellts, achieved using all three above
mentioned working electrodes, were equivalent. Mweeisely, the calculated confidence
intervals of results overlapped with probabilitglhér than 95 %. The shapes of recorded

curves with all three tested electrodes were simritee peak positions and peak shapes were



similar as well. Nevertheless, the determinati@adized with electrode containing liquid
mercury, i.e., HMDE exhibited the highest sendiyiand the lowest background. HMDE was
the most “user friendly”, its surface was the eststnd the fastest renewable, the repeatability
of results achieved by it was the best. Smallerarhof mercury on the electrode surface
(mercury meniscus, mercury film, polished amalganfie€e or amalgam composite surface)
causes smaller sensitivity to TDGA concentratioesponses of such electrodes are lower
and worse reproducible. The highest backgroundlaatbwest sensitivity were recorded
with composite electrodes. Therefore, in most érpamts presented in this manuscript, the
HMDE was used (Navratil et al. 2009).

CR and creatinine were determined using Specord@#@@vas measured by digital
laboratory pH-meter Inolab (Benella CZ, Praha).

Compound levels in blood were determined in a coraiaelaboratory by usual methods.

Procedures

More than 35 parameters were evaluated for eacdtopgPetr 2007). However, in this paper
we evaluated only:

In blood: folates, vitamin B, homocysteine (HoCySH).

In urine: TDGA, CR, creatinine, pH, specific maSsrrected parameters: a) per specific
gravity: TDGA, CR and creatinine; b) per creatinif®GA and CR.

The corrections for specific gravity were calcuthby means of Eq. (1) (Bardodej et al. 1989,
Pristoupilova et al. 2005). In calculations it ssamed that the mean reference value of the
specific gravity of human urine is 1.020 g.thL

0.020
sg.—-1

Xeor = X 1)

where %, denotes the corrected value (TDGA/s.g. [M,ICR/s.g. [g.LY], etc.

respectively), X denotes the value without cormwi(TDGA [mg.LY], CR [g.LY], creatinine
[9.L Y] respectively), s.g. denotes the urine specifavigy [g.mL"]. If not otherwise

specified, the values of TDGA, creatinine and CEhmwhole text are given after corrections
per specific gravity.

Special attention was paid to voltammetric deteatioms of TDGA, which are not common
in medical laboratories.

Urine samples were analyzed by the voltammetriortiee described in our previous paper
(Dlaskova et al. 2003): The preparation of the damjs realized in a column of powdered

PVC, the urine sample was transferred to the tapetolumn and eluted by 0.2M perchloric



acid. The resulting eluate was introduced intodleetrolytic cell, deaerated by a stream of
nitrogen (purity 99.999 %), and then subjectediteat current (D.C.) voltammetric analysis.
The measurement was started by accumulation ferur@er stirring at the initial potential of
—800 mV vs. Ag/AgCI/1 mol T KCI, followed by rest period of 15 s, and thenpmgential
scan at the rate of -10 mVA.o the final potential of -1200 mV. The valuespotentials

given in this paper are referred to that of Ag/Ag€ference electrode, which is at Z5by

9 mV more negative than the SCE. All experimenteevearried out at room temperature (25
+ 2 °C). For quantitative evaluation the method of dewithndard addition was used.
Creatinine was determined according to standamtéabry determination (Bardodej et al.
1989). Afterwards the CR present in sample wasstoamed to creatinine by acidification
and boiling (1-2 hours) in a water bath. Total tireae in the sample was determined again
and the difference between the second and thedssit corresponds to the CR concentration
(Bardodej et al. 1989, Kraml 1999).

All parameters in blood were determined in a conmmaéfaboratory using commonly applied
methods (the laboratory has certificate ISO 9000020

Vitamin B> was determined using the competitive binding imerahemiluminescence
“Access® vitamin B12 set” supplied by the compargcBnan Coulter, Inc.
(Beckman_Coulter 2008). This determination in hurs@mum and plasma (heparin) was
based on the use of paramagnetic particles. Adhvih By is transformed into
cyanocobalamine form before the determination. dydied procedure cannot distinguish
among different forms of vitaminiB(total, bound on the binding proteins (transcoivéha
and haptocorrin (Wickramasinghe and Fida 1993g¢alise all binding proteins are
denatured before start of the determination. Heastmation of "active Vitamin B-12"-
Holotranscobalamin has not been used). The paraatiagrarticles are impregnated by goat
binding protein against mice immuno globulins witice monoclonal antibody against
intrinsic factor. Vitamin B, conjugates with intrinsic factor and competesimding on the
solid phase (Beckman_Coulter 2008).

Folates were determined using similar principlee tompetitive binding immune-
chemiluminescence “Access® Folate set” supplietheycompany Beckman Coulter, Inc.
(Beckman_Coulter 2008). Folates from the sampker aftaction with alkali phosphatase
compete with mice immunoglobulins for binding sitesgoat binding protein for folates.
(Beckman_Coulter 2008).

Homocysteine was determined according to the metlesdribed in (Dou et al. 2005).

“Diazyme” method of determination is based on cbsstate conversion of the determined



substance in a circle. Oxidized HoCySH is transtro the free, which reacts firstly with
co-substrat&-adenosylmethionine (S-AM) using enzyme homocyst&rmethyltransferase
to methionine and S-adenosylhomocysteine (S-AH)YHSs hydrolyzed to adenosine and
homocysteine using S-AH hydrolase. Newly formed boysteine from co-substrate S-AM
represents a part of cyclic enzymatic system. Ade@ois decomposed to inosine and
ammonium, which flowingly reacts with glutamate geéfogenase under transformation of
NADH to NAD*. HoCySH concentration in the sample is proportiomdéhe NADH
transformed to NAD.

Reagents and Materials

“CR-monohydrate — a special nutritional supplenfenathletes” (Plutino, Czech Republic)
was administered as described in the present study.

Chemicals used were of analytical reagent purigggr Doubly distilled water was applied
throughout the work (conductivity < 1 pS.¢nAll measurements were carried out at room

temperature.

Proband Group Characterization, Sampling and CR Supplementation

Group of volunteers consisted of 11 young men,esitgdof Faculty of Physical Education
and Sport, of the age from 21 to 28 (on averageé ydar). Women were not subjected to the
present study due to complicated hormonal changesgimonth, which affect cell water
content substantially. All probands were young Jthgaphysically active persons, dealing
with sportive activities (ice hockey, football, semanship, and athletics) on professional
level. The sportive activities were very carefudlyserved, however, they were not consistent.
All probands signed the informed consent. Nonénefuolunteers applied any other food
supplements, stimulants, drugs, vitamin preparatiett., during this study.

Because all the sportsmen, who were subjects akphated study, took part in some similar
(short time) experiments (results of which wereorggd in earlier published studies) (Navratil
et al. 2009), we could evaluate the changes im boaly weights in course of a few last
months. We can therefore conclude that regardliesgant activities, the body weight of the
sportsmen was practically constant before the sfalte testing.

CR was administered per os (p. 0.) in 5 g dosésgediin tepid water. These doses were
administered every morning (at about 8 a.m.) duB@glays. Blood and urine of each
proband were sampled, and body impedance was neelgne day in the morning before the
first CR application and the day after the lastedagplication. All collected urine samples

were immediately frozen to -IT&€ and were then defrosted just before analysis et al.



2004, Senholdova-Dlaskova 2002)value, used for individual characterization of lpaads,
was calculated for each parameter as differencedset the values determined in the samples
of urine and blood on the last and on the first day

During the days of CR supplementation and one @égrb, none of the volunteers consumed
victuals containing onion, garlic etc., alcohol §8kova et al. 2003, Chylkova and Fadrna
2004, Navratil et al. 2004), remedies containindpogymethyl cysteine (ACC 100 etc.) or
higher content of organically bound sulfur, andBtamin, folic acid (Navratil et al. 2007,
Pristoupilova et al. 2005), etc. They drank abolite2s of fluids per day. We can almost
characterize their nutrition as standardized.

For evaluation of the results plenty of statisticlaracterizations were used: average,
standard deviation, skeewness, excess, test abdisbn normality, two-sample F-Test for
Variances; two-sample t-test for equal varianoge:$ample t-test for equal means, paired
two sample t-test for means, correlation. The aogyoints (diagnosed by Dean-Dixon and
Grubbs tests) could not be eliminated, because regciit has its importance and must be
taken into account. The calculations were realimdg MS Excel 2003 (Microsoft
Corporation, USA), software Adstat 2.0 and QC Ekfleoth TriloByte, Czech Republic),
Statistica (StatSoft CR, s.r.0., Czech Repubilic).

Results

After a month of CR application it was possiblalteide the 11 volunteers into 4 groups, A,
B, C, D, according to changes of the levels ofaitaB,, and of folates in blood, and of CR
in urine, irrespective of the absolute values (TlgbThe men in groups were numbered from
1to 11. In the group A (probands No. 1, 2, andrB)he group B (proband No. 4) and in the
group C (probands No. 5, 6, and 7) the contennatilized CR in urine increased. On the
contrary, in the group D (probands No. 8, 9, 10 Ahgdthe CR was decreasing or even
disappeared from urine, into which it had been ebett before the experiment begun. In
blood of the group A the level of folates incregsedile the level of vitamin B decreased,

in contrast to groups B, C and D, where the legblnged in the opposite direction.

The values presented in Figures 1. - 5. enabladwo $iow one month of regular consumption
of CR affected the enzymatic systems concerniragniit B, folates, HOCySH and TDGA,
and how it affected the excretion of creatinin@iatine.

Group A

In volunteers of group A after one month of reg@#& administration only a small amount of

unutilized CR was excreted into urine. The highakptof CR was accompanied by higher



consumption of vitamin B, therefore its level in blood decreased on aveirageld %
(Fig. 1). Levels of folates and of HOCySH in bloodreased within +31 - +64 % and +79 -
+127 % respectively (decreased consumption ofdeland HoCySH) (Fig. 2, 3).

The amount of TDGA increased proportionally to #maount of unused CR excreted into
urine (Fig. 4), similarly as did creatinine (from4&o 41.6 mg.L*, and 0.01 to 0.78 g}

(Fig. 5).

Group B

This group, represented by a single man (No. 4) high initial levels of both vitamins (B
670 ng.L* and folates 16.8g.L™), is characterized by increased levels of vitaBiin(+13

%) and of folates (+4.3 %) after CR administratf@éab.1, Fig. 1 and Fig. 2). The HoCySH
level increased only moderately (Fig. 3). There wase unused CR washed out into urine
than in group A (by +1.79 gi1) (Fig. 5). Although the levels of TDGA (Fig. 4) Gof

creatinine increased, they did not exceed normakga

Group C

The men No. 5, 6 and 7, forming group C, reactedRoadministration by opposite changes
of vitamin B;oand folate levels than did the men of group A (Thlrig. 1 and Fig. 2). The
average level of vitaminBincreased (+13 %), that of folates decreasedi-29). The
increase of HOCySH level was about one half onage(+45 %) of that found in group A
(+96 %) (Fig. 3).

The proband No. 5 exhibited the lowest contentrafsed CR (0.5 g:t) in urine and the
highest level of vitamin B in blood (Fig. 1).

The proband No. 6, whose vitaminBevel did not change and the folate level decrgase
only slightly (Fig. 1 and Fig. 2), had the high€R increase in urine from all the 11 men
(from 0 to 1.9 g.[}). The level of HOCySH increased considerably (fib@ito 11.5:umol.L™,
i.e., by 45.6 %) in blood, and that of creatinimel @DGA in urine increased from 1.05 to
1.45 g.I'}, and from 0.00 to 25.3 mg’irespectively (Fig. 4, Fig. 5).

A different reaction to administered CR was obseivethe proband No. 7. His high content
of CR in urine before the first administration dR@4.38 g.I*) increased to 5.27gL This
was accompanied by the highest decrease of fal&g$0) among all the 11 volunteers (Fig.
2). The already low level of creatinine decreasethf0.87 to 0.59 gt (Fig. 5) and the level
of TDGA/sp. g. increased from 0 to 25.3 mig(Eig. 4).
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Group D

The CR administration paradoxically decreased argietely prevented excretion of CR into
urine and did not affect markedly the metabolisnotdtes (Fig. 1). The men of group D
reacted most notably by change of HOCySH levets{f+48 % to +238 %) (Fig. 3) on the
decreased consumption of vitamigBmore of it went over to blood) (from 3.8 % to %5.
The D men also differed from each other most mdyk@dg. 1-Fig. 5).

The CR application had a relatively small effectroan No. 8. Little change was shown by
CR excretion into urine (CR/sp. g. from 1.53 to5lg0L™), by the level of folates (from 5.1 to
4.8pg.L™), of vitamin By, (from 846 to 865 ng.t) and of HoCySH (from 5 to 7,6mol.L™)

in blood. The low level of creatinine increasednfr0.69 to 0.85 g.t, and even the
TDGA/sp. g. went up from 0.0 to 26.0 mg.L

For man No. 9, with accidentally discovered hyperboysteinemia, the CR administration
caused a small decrease of CR (from 0.59 to 0.3)gdccompanied by the highest increase
of vitamin Bp.level (by 25 %), the highest decrease of HoCySHll@vom 33.3to 17.1
umol.L'Y) (Fig. 1, Fig. 3) and those of creatinine and TDi@Arrine from 1.69 to 1.23 g1
and from 22.5 to 0.00 mgiLrespectively (Fig. 4, Fig. 5).

For man No. 10 the strong decrease of CR in u@i®/$p. g. from 1.62 g:tto 0.00 g.[})

was accompanied by the highest increase of HoCg8él In blood of all the 11 tested
probands (from 5.0 to 16i@mol.L™?, i.e., by +238 % (Fig. 3), which is beyond theitiof

mild hyperhomocysteinemia).

In men No. 9 and 10 the conditions for TDGA forroatdid not occur (Fig. 4). This took
place in man No. 11 with the greatest loss of CRrine (CR/sp. g. from 5.2 to 0.0 gL

No. 11 had the highest increase of TDGA level in@i(TDGA/sp. g. from 0 to 51.4 g),

the greatest decrease of creatinine level amortgeall1 probands (Fig. 5), and only a small
increase of HOCySH and vitamin Bevels with a small decrease of folates (Fig.i, E,

Fig. 3).

Discussion

CR administered regularly as a food supplemenburse of one month, had disturbed the
equilibrium among the compounds participating snehdogenous formation. Those are
glycine and arginine in kidneys, and the precursbiS-adenosylmethionine (S-AM) in liver
(Murray et al. 2003). The detailed scheme of sugglesietabolic pathways, describing the
transformation of arginine, glycine, and S-Adenasgthionine (S-AM) to CR was published

by us in (Navratil et al. 2009), Fig. 6. The schaiascribes the oxidative pathway of CR into
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urea, involving vitamins B Bg, tetrahydrofolate (THF) and glutathione, with uess TDGA
(besides others) as final products. The other (natative) metabolic pathways aim one to
the non-enzymatic creatinine formation (excretednfthe human body) and the other one to
creatine phosphate. Up to 70 % of the generatedlSsAised for methylation of
guanidinoacetate, which process terminates thedtom of CR in liver. ATP is thereby used
as energy source, and HoCySH and adenosine dreeeln the following, both compounds
participate again in generation of cell energy. M88 as source of cysteine mediates the
transport of protons and electrons from nutrients the respiratory chain (Murray et al.
2003).

Each man, followed within the groups A, B, C andubdljzed in his own way the compounds,
by means of which he would normally generate CRatTqimade possible by the high
number of enzymatic reactions, which can affectai@ogenous synthesis of CR. The
interaction between folates, vitaminBand HoCySH is fundamental for the regulative
system that monitors utilization of serine, thersewf 1C and 2C units, necessary for
processes catalyzed by them. Glycine and serinet@rehangeable by means of folates. An
inexhaustible source of serine is D-3-phosphoghteeWhether it will produce serine or not,
depends on suitable redox conditions in the meisibadf sugars.

We presume that due to administered CR the molgailglycine, arginine and S-AM,
utilized for endogenous CR synthesis, could emigr dther enzymatic reactions, and alter the
physiological coordinated recyclation of compoummdphospholipid metabolism and in other
connected cycles. The pathways differ in lowerighér participation of vitamin B,

HoCySH and folates.

The results have shown that administered CR doeserely replace the endogenous
synthesis of CR and that its surplus is not exdrbieurine as creatinine. When the amount of
creatinine excreted at the beginning of the expemindiffered markedly from that excreted at
the end, then the administered CR evidently caueadiderable discrepancies in the
metabolic pathways connected with synthesis oratigion of CR.

It followed from the results that everybody is séwes in a different way to changes in
nutrition, represented in our case by daily adniiai®n of CR, and that the equilibrium in
metabolic processes, which are the basis of réepyractivity and of energy formation, is
adjusted for everyone in a different way. The imdlinal character of metabolic pathways of

each person has to be respected in the searchrimptthe anomalies.

I mportance of HoCySH for formation and utilization of CR
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The regular consumption of CR increased the HoClg&El of all men with exception of one
man from Group D with accidentally found hyperhoysgieinemia, in whom it got decreased.
An increase in HOCySH level can be explained byilitg of the men to utilize it completely
in other processes than in the CR synthesis. Tdast 3 enzymatic reactions for utilization
of HoOCySH. One of them, catalyzed by methioningtsgtase (E.C. 2.1.1.13), occurs under
very complicated conditions, and requires partitgraof folates and vitamin 8. It was
suppressed by administered CR in group A, as doeliddged from high increase of
HoCySH and of Rrmethyltetrahydrofolate (Nmethyltetrahydrofolate is the only folate form
present in human blood (Pristoupilova and Prisial@®7)). The other one, catalyzed by
betaine-homocysteine S-methyltransferase (E.C15)l takes place without vitamin Band
without direct participation of folates, the lewlboth increased in blood in the group B.
Methionine, formed in these two enzymatic reactidrexzomes the donor of methyl group
after reaction with ATP. The S-AM, produced in thiay, is used, among others, for CR
formation. Both methionine synthetases are plapig in formation and degradation of
phospholipids and/or of choline respectively (Myred al. 2003). A third enzymatic reaction,
into which HoCySH enters together with serine atatyzed by cystathionine beta-synthetase
(E.C. 4.2.1.22). It changes HoCySH into cystatmeniwvhich is decomposed to cysteine and
homoserine. Further processing of homoserine nibedsresence of vitamin,B for
transformation of methylmalonyl-CoA from homosering® succinyl-CoA in mitochondria.
This last step, catalyzed by vitamin,Bis common with degradation of fatty acids witldod
number of carbon atoms. This is also the only way fatty acids can be utilized for
glycogenesis (Murray et al. 2003). The originabihty of the man with
hyperhomocysteinemia from D group to utilize HoCyS\ts probably due to a defect of the
system providing serine for reaction with HoCySHheut participation of vitamin B. The
administered CR supported transformation of mor€y&H into cysteine and homoserine
through cystathionine synthase, and into methiothneugh betaine-homocysteine
methyltransferase.

The only mild increase of HOCySH level in groupail C was probably due to lack of
folates in proper coenzymatic forms. In group Batied depending on vitamimn B
consumption. The absolute value of the initial Is\af folates, vitamin B and HoCySH did
not affect utilization of CR in any of the menti@hgroups.
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Relation between the way of CR processing, thiocompound metabolism and changesin
oxidation reactions

Oxidation of sulfur atom, which is contained in TR@olecule and whose source can also
be HOCySH (Navratil et al. 2007, Navratil et al02D, can proceed up to inorganic sulfate.
However, the increase of TDGA level in urine was always parallel with the increase of
HoCySH level in blood.

In Fig. 1, 2 and 4 it can be seen that in eachmgodumen HoCySH, folates and vitamin,B
participated to a different extent on the increafSEDGA level in urine, caused by the
administered CR. That represented regular replaceaiglycine, arginine and ATP,
consumed in endogenous formation of CR. At the dame it decreased reutilization of
HoCySH, methyltetrahydrofolate, tetrahydrofolatel aitamin B,,, which are also
indispensable for CR synthesis.

For men of group A, the more unutilized CR got exed into urine, the more unutilized
HoCySH and folates (Fig. 2) went over to blood, #r@lmore TDGA appeared in urine (Fig.
4). In group A in TDGA formation participated tdhayher extent vitamin B, as its level in
blood decreased (Fig. 1).

In groups B and C the CR administration producdg arsmall increase of TDGA level
(Fig. 4) and a small increase of HoOCySH level (Big.The higher were the equalizing
changes between the levels of folates and vitanpr{ffBg. 1, Fig. 2).

In the group D, the more CR was processed undécipation of vitamin B, and HoCySH,
l.e., the less of them was in blood and of CR inejrthe more TDGA was there. On the
contrary, the less of HOCySH and of vitamig Barticipated in processing of CR, the higher
were their levels in blood and the less the CRIteweurine, the less TDGA appeared there
(Fig. 1, Fig. 2).

Conclusions

In human body, CR is endogenously synthesizediaratjdition, it is taken in food as part of
meat victuals. In that case, its endogenous pramuedjusts itself to the exogenous intake
with the help of vitamin B and folates. This can be deduced from reciprduaihges of their
levels in blood and changes of the utilization @fdySH in various metabolic pathways. The
results, gained by TDGA determination in urine,egwith our assumption that the main
source of 2C units, from which TDGA is formed irahiy individuals, is degradation of

glycine or serine respectively.
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According to changes of the levels of vitamipp Bnd folates in blood and of CR in urine, the
tested men were divided into 4 groups (A, B, C BidThis separation was connected with
increase of the HoOCySH level in blood and, indeeertigl, also with increase of TDGA level
in urine. In addition to that there were differemestablished within the 4 groups in the other
followed parameters (Petr 2007).

Our study has demonstrated that healthy individuapgortsmen — include CR in their
metabolic pathways individually according to thetmte of metabolism. In some cases such
differences can markedly affect their health angspdal fithess.

Group D reacted in most sensitive way by changangls of vitamin B,and HoCySH to
administered CR. In that group, containing accidiints man with hyperhomocysteinemia,
the thorough utilization of the administered CRutesd in decrease of the HOCySH level in
blood by one half and in disappearance of TDGA froine.

In agreement with our results published earlienldal et al. 2007, Pristoupilova et al.
2005), the values of creatinine in spot urine clean@ccording to metabolic conditions.
Hence the generally recommended recalculationeofethels of compounds excreted into
urine per creatinine concentration does not seee tsuitable for all cases, and it can be
replaced by correction per specific gravity of etin

Very simple procedures of voltammetric determinagiof TDGA and of common CR and of
creatinine, all in urine, i.e. without necessitybtdod taking, can yield very interesting and

important information on changes in human metabulis
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Table 1. Changes in levels of vitamin; B folates in blood and CR in urine after 30 days of
CR application

Group | Proband Changes in levels of
No. Vitamin By, | Folates | CR
A 1,2,3 - + +
B 4 + + +
C 5,6,7 + - +
D 8,9, 10,11 + - -
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Legends for Figures:

Figure 1.

AB1 in dependence aficreatine/sp. g. levelé\(= Value ast day— Valuerist day as a result of

30days’ creatine supplementation.

Figure 2.

Afolates in dependence @areatine/sp. g. leveld\(= Value ast day— Valuerist day as a result
of 30days’ creatine supplementation.

Figure 3.

Ahomocysteine in dependenceareatine/sp. g. leveld\(= Valueast day— Valuerist day as a
result of 30days’ creatine supplementation.

Figure 4.

ATDGA/sp. g. in dependence dareatine/sp. g. leveld\(= Value ast day— Valuerist day as a

result of 30days’ creatine supplementation.

Figure 5.

Acreatinine/sp. g. in dependencelmreatine/sp. g. leveld(= Value ast day— Valuerist day as

a result of 30days’ creatine supplementation.
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Figure 3.
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Figure 4.
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Figure 5.
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