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Abstract: The research has been conducted on 26 high gaditifn sportsmen of different sex, adapted to perforotracted
physical activity of high intensity. Determinedtiie presence of gender differences in oxidizingramdxidizing metabolism of
L-arginine, including also the system of nitrogedide synthesis (oxidizing de novo and no oxidiziagtilization ways of NO
synthesis), on different stages of their contentstivity. On the stage of maximal functional pbdiies and adaptation
(beginning of contention period) for girls no oxitig metabolism of arginine predominated with mépation of arginase above
oxidizing degradation of L-arginine with participmt of NO-synthase. During the decline of functibmessibilities
(desadaptations in the middle and at the end of¢hepetitions) the necessary level of nitrogen exgnthesis is provided for
girls mainly due to nitrogen oxide resynthesis fritsrstable metabolites, while for youths — dugh®increase of oxidizing de
novo nitrogen oxide synthesis ( as constitutivep ahducible).

Keywor ds. L-Arginine, NO-Synthase, Ways of Synthesis, Aniitaat System, Physical Loadings, High-Trained Sproen,
Boys, Girls, Physical Capacity

1. Introducti Unfortunately there are no complex scientific reskeas,
- Introduction devoted to the indicated question, especially twicern

Gender differences in the reaction of organism he t Participation of different ways of biosynthesis witrogen
physical loadings due to the system of synthesisitobgen ~©Xide— Oxidizing de novo and no oxidizing reutitiza one —
oxide now have not only a theoretical value and arl Providing the optimum levels of nitrogen oxide the

important for general physiology and physiologyafscular different functional states, and_ alsolgender <ﬁl‘f|e§s of
activity but also have substantial practical megnin in these processes. Before, we investigated the syatief

connection with possibility of organization scidieally ~ Nitrogen oxide for the sportsmen of different sexitraining

grounded systems of biochemical correction of theefional Period of adaptations to the physical loadings [3}4

state of organism in the conditions of long dumatimtion of ~ Undoubted actuality and practical meaningfulnesshef

extreme external factors. transferred questions became pre-conditions for the
Today most publications are related to the problem leadthrough of Fhis researf:h. The purpose of tItnid.wwas to

nitrogen oxide, devoted to the question of efficien study gender differences in metabolism of L-arggnior the

estimation of its practical use as the structutament of Nigh-trained sportsmen of high qualification.
various bioactive additions, but not to the stud§ o

physiology mechanisms of influence of nitrogen exah the 2. M aterials and Methods
functional state and functional possibilities ofganism

during systematic implementation of muscular wormd a :
features of re-erecting of the system of NO syrithest part in age from 20 to 25 years, who executed maseuork

different stages of training and contention agfiyit, 9, 10, of high capacity and intensities systematicallyrifoy 10-12
15]. years).

In the experiment 26 sportsmen of high qualificatiook
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In plasma of blood (enriched with white bloodyléitbodies)
of youths and girls who determined biochemical kede
characteristic is the intensity of arginine exchamdter two
alternative (no oxidizing arginase and oxidizing{s¢hthase)
ways of metabolism. Intensity of no oxidizing medhdm
was estimated, determining activity of arginase esmtent of
urea which appears during work of this enzyme.

Intensity of oxidizing degradation of arginine (ahich
nitrogen oxide forms by the way of de novo syntélesias
estimated after activity of different
NO-synthase — calcium dependant constitutive (tatélity

in training in without stress conditions and irest additional
of responsible competitions.

A select chart was based on that we estimatedythandics
of activity change of different ways of nitrogen i
synthesis at the beginning of contention periodtl@npeak of
physical form of sportsmen, attained in the proces$s
trainings employments), in the middle of contenf@niod (in
8 months after the beginning of trainings and thgro8
months after the beginning of competitions) anthatend of

isofermentsf o contention period (in 11 months after the beginnioiy

trainings and in 8 months after the beginning ahpetitions).

of eNOS was determined + nNOS=cNOS) and calcium Simultaneously with biochemical indexes for spodsm

dependent inducible (iNOS) of nitrogen oxide sys#s and
also after the level of circulatory stable metatidi oxide of
nitrogen — nitrite- (N@) and nitrate- (N@) anions.

Estimated was the intensity of no oxidizing remstion of
nitrate anions for resynthases of nitrogen oxideésge),
determining NADF-dependent nitrate reductive attivAll
indicated indexes (in a calculation on 1mg of gahalbumen
of plasma) determined in plasma of blood in accaocdavith
the previously described methods [1, 4].

Using the defined values of indexes, the sizes
correlations of these indexes expected, namely:

- size of index of oxygenation (10, conditional ishiafter
the next formula of 10 = [ content of NP/1000 / [ content of
NOj3] + [ content of urea];

- part of content of nitrite anion (%N{b) in the total pool
of stable metabolite nitrogen oxide after a formdO, =
[content of NQT * 100 / [content of N@] + [content of
NO:T;

- part of activity of INOS (%INOS, %) in total acity of
NO-synthases after a formula: %iNOS = activity NOS /
activity[ INOS + cNOS];

- size of correlation (in conditional units) of wdties of no
oxidation (arginase) and different ways of oxidgin
(NO-synthase) metabolism of arginine through thee sif
relation of arginase activities and total and défe
isoferments of NOS (activity of arginase / actifitiNOS +
cNOS], activity of arginase / activity of INOS aadtivity of
arginase / activity of cNOS;

- size of correlation(in conditional units) of okithg de
novo and no oxidizing salvage ways of synthesisitnbgen
oxide, determining the size of correlation of enegm
activities of these different ways of synthesis nifrogen
oxide(activity of nitrate reductive / total actiyitof NOS,
activity of nitrate reductive/ activity of INOS arattivity of
nitrate reductase / cNOS activity.

The relative changes (D %) of investigational bermical
indexes expected in relation to a certain perioconitrol after
the next formula of D = 100 *j — Xn) / Xn.

Biochemical indexes were determined in plasmaaddblof
the trained youths and girls three times: at thgirtméng, in
the middle and at the end of contention period (CRYyation
of setup time which was preceded CP made 3 mointhhke
process of which the physical loadings were exetute
default of factors of psychological stress. In anteation
period (lasted 8 months) physical loadings wereetezl both

also were determined the size of general physiaphcity
(Physical Working Capacity (PWé), kgm/kmin/kg) and
size of the aerobic productivity (maximum oxygeansfer
rate, ml/kmin/kg (MOTR)) of their organism by the
submaximal ergometric test of P\Wg

All the results achieved during the experiment vezated
the standard methods of mathematical statistids thé use of
statistical package of Microsoft Excel.

8. Results and Discussions

By our previous researches was the objective exdstof
certain dynamics set in the system of synthesisitobgen
oxide during the protracted training period, thadl ehot
depend on sex [1-4]. It is rotined that on the staf the
intensive physical loadings, psycho emotional st{asperiod
of preparation to the contention season), basie rol
providing the organism with nitrogen oxide for tadapted
sportsmen (both youths and girls) belongs mainlythe
constitutive de novo synthesis and, by less measare
resynthesis of NO with participation of nitrate uethse at
simultaneous ever-higher activity of no oxidizingyiaase
metabolism of L-arginine.

It was marked that multilevel no oxidizing arginase
metabolism of arginine is provided by the organisn
sportsmen by low-molecular antioxidants (urea, aolines)
and bioregulators (urea, polyamines, gamma-amiryoicut
acid), and also by the predecessors of basic albuaie
connecting fabric, — collagen, that have importealue for
valuable adaptation of organism of sportsmen
implementation of physical work of considerableasty and
duration.

From point of the practical use of results, undedbt
meaningful for us, there was an exposure of gefede¢ures of
intercommunication between the different level wfidtional
preparation of high-professional sportsmen (RyyGnd
MOTR) and level of biosynthesis of nitrogen oxidevarious
ways (de novo and salvage).

The presented results of inspection of the higiméich
sportsmen of different sex at the beginning of eotion
period which is characterized by the highest lefgdhysical
preparedness of organism, testify that in the grafupouths
registered for certain more high, than in girlszesi of
functional parameters of PWf and MOTR (table. 1 and
table. 2).
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Table 1. The expected indexes of high-trained youths ants git the
beginning of contention period (X m).

Indexes Girls Youth D, %
Arginase, nmole/min mg of 260032 2.09:0.28 22,25
albumen
CcNOS, pmole/ minmg of 4o 1450  sgak3ss 21,82
albumen
O, PRI i O o o) e 12,340,878 44,53
albumen
Nl_tratereductase, nmole/ 4.62:0.25 34760 19 25,02
min mg of albumen
Nitrite-anion, pmole/ mg of - 556 a3 25 324542056 9,32
albumen
Nitrate-anion, nmole/mg of 1,36:0,14 1,670,15 22,63
albumen
Ui, [TElE g Gl 71,08756  758%2,19 535
albumen
General physical capacity,  ,, 54,058 27148149 34,12
kgm/min/kg
Aerobic productivity,

- 59,99+1,27 71,14+3,26** 18,59
ml/min/kg
Arginase, nmole/min mg of 260032 2.09:0.28 22,25
albumen

Note: here and farther ***, *** - g difference iigliable (R < 0,05, 0,01, 0,001)
in relation to a value in the group of girls, D aizes of relative difference %.

Table 2. Expected indexes of the high-trained youths ands git the
beginning of contention period (X #m).

Indexes Girls Youth D, %

Arginase kNOS, c.u.  61,0%8,67  37,686,13* -38,32
Arginase ANOS, c.u. 381,7655,58 172,2323,94** 54,89
CN'Lt‘rate reductaseNOS, 7 041100 62005197  -42,08
E"Hate reductasiloS, 7495611413 289,3819,92  -60,87
Oxinisation index, c.u.. 5,86t1,91 4,24+0,31 -27,66
Part ofiNOS, % 14,8%178  17,751,30* 19,67
Part of ND2, % 67,022,64 6592237 -1,63

It was marked in our previous works, that for aipected,
regardless of sex, a dominant role in providing apémum
level of synthesis of nitrogen oxide on the staiyareparation
to the season (on the different stages of trairpegod)
belonged to constitutive de novo (cNOS) at parsitign of
salvage way (nitrate reductase) of its formation
simultaneous high activity of no oxidizing degradat of
arginine (arginase). At the beginning of contentjmeriod
activity of nitrate reductase in the group of gidas for
certain higher, than for youths. Opposite, amongtly® the
higher values of activities were registered bothstitutive
(cNOS) and inducible (iNOS) ways of de novo synithes
NO, that arrived at authenticity of difference fbe values of
total activity of NOS for youths and girls. For t@n youths
had higher part of iINOS in total activity of NOS.
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oxygen for the synthesis of nitrogen oxide. Rekabl
differences in the level of physical capacity anerobic
productivity looked as natural sex differences.

In the middle of contention period (table. 3 andl¢a4),
which is characterized by powerful external infloeron an
organism of both trainings and contention loadifgsdened
psychological stress, we trace simultaneously #dine of
functional preparedness of sportsmen (decline pbéssiof
general physical capacity maximal consumption gigex for
youths and girls at the for certain higher valuésthese
indexes in the group of youths) gender differerarescertain
in relation to the state of the system of synthesiexide of
nitrogen.

Table 3. Expected indexes of the high-trained youths and girthe middle of
contention period (X #m).

Indexes Girls Youth D, %

Arginase, nmole/min mg of 1,38+0.19 1,31+ 029 503

albumen

CNOS, pmole/minmg of g /0.3 05 71 674642¢ 26,98

albumen

INOS, pmole /minmg of 7 95,9 55 10434136 32,00

albumen

Nitratereductase, nmole/ mir 3.4740,18 2.3740,28% 31,86

mg of albumen

Nitrite-anion, pmole/ Mg of 5,4 04,57 33 378,05+46,89 8,34

albumen

Nitrate-anion, nmole/mg of 1,76£0,07 1,02:0.13%*  -42.18

albumen

Urine, nmole/mg of albumen 77,60+5,17 57,65+5,66**  -25,71

General physical capacity, 1 61,099 23 8610,62%* 43,65

kgm/min/kg

Lol 52,042,24  63,77+1,30%* 22,53

ml/min/kg

Arginase, nmole/min mg of 1,38+0.19 1,31+ 0.29 503

albumen

Table 4. Expected indexes of the high-trained youths and girthe middle of

contention period (X #m).

Indexes Girls Youth D, %

Arginase IcNOS, c.u. 1,38+ 0,19 1,31+ 0,29 -5,03

Arginase ANOS, c.u. 56,45+3,05 71,67+6,42* 26,98

Nitrate reductaseNOS, c.u.  7,90+1,55 10,43+1,36 32,00
« Nitrate reductaséMOS, c.u.. 3,47+0,18 2,37+0,28**  -31,86

Oxinization index, c.u.. 348,94+27,33 378,05+46,89 8,34

Part ofiNOS, % 1,76+0,07 1,024+0,13*** -42,18

Part of ND2, % 77,60+5,17 57,65+5,66** -25,71

In the middle CP, regardless of sex, dominant inoléhe
synthesis of nitrogen oxide belongs to the no a@idj way of
resynthesis of NO from its stable metabolite waty,tte
maintenance of important role of oxidizing congtite de
novo synthesis. At the same time, in the middle fGP

For the high-trained girls, optimum adapted to thsportsmen was characteristic for certain highean tfior

protracted physical work of large intensity, thenere
characteristic  statistically reliable higher valuesf
correlations of activities both no oxidizing fernative
activities (arginase and nitrate reductase), tbaschot need
oxygen for the work with the sizes of activity afaymes of

sportswomen with the lower values of physiologyapaeters
of adaptation and training, activity of constitiv
NO-synthase (on 26,98%), and, opposite, for certags
values of activity of nitrate reductase (on 31,78%%)d
concentrations of nitrate anion (on 42,18%) anda ufen

oxidizing metabolism (cNOS and iNOS), which require?S71%) in plasma of blood.
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Taking into account, that nitrate is the markefasfmation
of peroxynitrite at co-operation of superoxide amitfogen
oxide and high levels of synthesis last, it is fueso assume
that more powerful antioxidant system, than fortgmomen,
functions for sportsmen, or less superoxide is gead. At
the same time, for sportswomen registered for icetigher,
than for the sportsmen of value of correlationsentymes
activities of no oxidizing and oxidizing ways ofrghesis of
nitrogen oxide — nitratereductase/cNOS (on 44,464l
nitratereductase/iNOS (on 43,28%).

In the middle of contention period on a backgrouhe
united action of high physical and psychologicaldmgs and

Table 6. Expected indexes of the high-trained youths anid girthe end of
contention period (X #m).

Indexes Girls Youth D, %
Arginase cNOS, c.u. 28,41+2,03 33,24+1,82 17,01
Arginase ANOS, c.u. 43,87+4,51 51,58+3,21 17,59
Nitrate reductaseNOS, c.u. 83,64+8,09 42,17+4,86** -49,58
Nitrate reductasélOS, c.u.. 127,28+12,90 65,68+8,11*** -48,40
Oxinization index, c.u.. 4,72+0,39 4,77+0,40 1,13
Part ofiNOS, % 33,33+£3,06  34,82+2,08 4,48
Part of NO2, % 53,20+4,82  69,69+1,14** 30,99

diminishing of role of multistage no oxidizing mbtdism of

arginine, which provided the high level of adamatito

physical work of both girls and youths, by the $yastis of row
of important biological matters, for sportswomesoathere
was characteristic higher intensity of no oxidiznegynthesis
of NO from its stable metabolite, while for sportsm-—
oxidizing degradation of L-arginine with participat of

cNOS took place.

As it was marked in previous publications, at tinel ef
contention period which is characterized by inte@girowth
of signs of natural fatigue and proper substam&tline of
physical capacity of organism and level of adaptati
dominant role in the synthesis of nitrogen oxidéobgs to
already the constitutive oxidizing synthesis ofagen oxide
at the maintenance of certain role its no oxidiziegynthesis .

In accordance with these tables 5 and 6, on thigesbf
disadaptation for sportsmen (both youths and ditt&) place
simultaneously with the decline of their physicapacity and
aerobic productivity yet and noticeable changes the
synthesis of oxide of nitrogen. So for girls wittetlow levels

of physiology indexes more than among youths wer

registered, pools a nitrate anion, and, consequant pools
of his predecessor of peroxinitrite (on 62,99%) aantivity of
nitrate reductase(on 37,92%) in plasma of blood.

Table5. Expected indexes of the high-trained youths arld gitthe middle of
contention period (X m).

Indexes Girls Youth D, %
Arginase, nmole/min mg of 1,32+0,08 1,010,075 44.33
albumen

CNOS, pmole/minmg of 39 5.1 91 3594313 21,27
albumen

INOS, pmole /minmg of 596,150 20,36+1,42¢ 27,57
albumen

Nitratereductase, nmole/ mir 3.9040,36 2,420 27 37,92
mg of albumen

Nitrite-anion, pmole/ mg of - 5, 74,5056 300,34+13,70 -9,22
albumen

Nitrate-anion, nmole/mg of 3.6140,68 1,340,06%* 62,99
albumen

Urine, nmole/mg of albumen 70,37+2,99 65,72+2,94 -6,61
General physical capacity, 15 47,059 20,81+1,07%* 66,92
kgm/min/kg

IR TENL 4331150  48,64+2,12¢ 12,29
ml/min/kg

Arginase, nmole/min mg of 1,32+0,08 1,010,075 44.33
albumen

Opposite, at the end of contention period youthh higher
physiology indexes took advantage in activity ofttbo
inductible synthesis of nitrogen oxide (on 27,57%)d
constitutive synthesis (on 21,27%). For sportswornethis
period there was characteristic higher intensityambxidizing
resynthesis of nitrogen oxide as compared to iiglinkxg
synthesis with participation of different isoformf o
NO-synthase.

Thus, the results of the conducted research alloteed
establish the presence of certain gender differericethe
system of synthesis of nitrogen oxide dependinghenstage
of adaptation of organism of the trained personsth®e
physical and psychological loadings.

It was set that in the process of growth of actibrthese
extreme external influences for the trained giris,imarked
the higher intensity of regenerating resynthesisiitriogen
oxide from its stable metabolite , while among theined
youths is the higher level of activity of oxidizirde novo
synthesis of NO, different NO-synthases isoformbeti
8onstitutive and inductible).

On the different stages (beginning, middle, end
contention period), the necessary level of synghefsiitrogen
oxide is provided also due to the gradual incredsetivity of
inductible synthesis of NO, that it was rotined Uy as for
youths so for girls. Actually, due to a consideealricrease
last (that, possibly, is primary cause of all cles)git is
possible to explain both the gradual decline ofvéagt of
constitutive synthesis (it is the before knownenomenon
of recirculatory interregulation of iINOS and cNO&iity)
and to activity of reductive synthesis of NO (tlegulator of
which is above all things availability of oxyger0]1but not to
substrate, nitrate, the circulatory pools of whidpposite,
grow in the dynamics of contention period, as \aslpools of
nitrite, as a result of, including, limitation gfeed of their NO
synthesis reutilization.

Growing simultaneously, pools of nitrate (due
diminishing of non-nitrate reutilization) and poai$ nitrite
specify also and on the possible decline of nitréductive
activity in plasma of blood, which we did not megesdirectly.
Unexpectedly, it is possible to explain the inceeabactivity
of INOS also and decline of activity of arginasetabelism of
arginine, namely for limitation of ureapoiesis, aij due to
formation of ureidosuckcynate [7] can inhibit sugtessary
for work iINOS resynthesis of arginine from a ciling in the

of

to
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citrulline loop [13].
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higher physiology indexes there was characteribgdcigher,

By reliable reason of growth of INOS activity(almos than for sportswomen activity of constitutive NQithyase,

exceptionally due to induction of this enzyme)tie fprocess
of contention period for sportsmen and for sporteen, there
can be a simultaneous increase of both pools aictiods

(inflammatory cytokinites of TNF, Inf-gamma, II-libother)

and generation of activator of induction, — sup@p@a oxide

[13].
consequences for work of heart of sportsmen, pringdahe

apoptosis of cardiomiocytes [11, 14].

To our opinion, materials of the conducted researehthe
substantial adding to present information in relatto the
gender differences of metabolism of L-arginine aakk of
nitrogen oxide in providing of adaptation to sysatim
muscular activity.

The prospects of subsequent researches is a leagthof
more detailed study of degree of functional depande
between the level of physical capacity, from ome sand by
the state of the systems of circulation of blooth®ssynthesis
of nitrogen oxide, from other, in the process af thhysical
trainings.

4. Conclusions

Among the sportsmen of different sex with the maatim
sizes of physical capacity and aerobic productiyay the
beginning of contention period) a dominant rolgioviding
of optimum level of synthesis of nitrogen oxide dr&js to

oxidizing constitutive de novo synthesis and to the

nonoxidizing reutilizing synthesis at simultaneotigh
activity of nonoxidizing degradation of arginine bgn
arginase.

For girls with the maximal sizes of physical capaend
aerobic productivity (at the beginning of contentioeriod),
but with the less values of functional parametdrantfor
youths, higher, than youths had activity of nitregé€luctase
and value of correlations of activities both nomlizing
fermentative activities (arginase and nitrate réase), that
does not need oxygen for the work, with the siZegtivity of
enzymes of oxidizing metabolism (cNOS and iNOS)jcivh
require oxygen for the synthesis of nitrogen oxide.

For sportsmen with the maximal sizes of physicalaciy
and aerobic productivity (at the beginning of cotitan period)
the higher values of activities were registered lwoinstitutive
and inducible oxidizing de novo synthesis of NOr Eertain,
youths had higher part of INOS in total activity®S.

In the middle of contention period, which is chaesized
by powerful external influence on an organism sashthe

united trainings and contention loadings, burdene%]

psychological stress, simultaneously with the decliof
general physical capacity maximal consumption ofgex
(for youths in a less measure than for girls), rélgss of sex,
a dominant role in the synthesis of nitrogen oxigdéongs to
the nonoxidizing way of resynthesis of NO from disble
metabolitive at the maintenance of important rdlexidizing
constitutive de novo synthesis.

In the middle of contention period for sportsmerthwi

and, opposite, less values of activity of nitratductase and
concentrations of nitrate anion and urea in plasifblood.
For sportswomen the higher values of correlatidrenaymes
activities of nonoxidizing and oxidizing ways ofrgliesis of
nitrogen oxide were registered for certain nitrat

Activating of this enzyme can have negativereductase/cNOS and nitrate reductase/iNOS.

At the minimum values of physiology indexes (at ¢imel of
contention period) for sportsmen, regardless of, sex
dominant role in the synthesis of nitrogen oxidéobgs to
oxidizing constitutive de novo synthesis at thentexiance of
certain role of its nonoxidizing resynthesis .

Sportswomen with low values of physiology indexesl h
characteristic higher intensity of nonoxidizing yethesis of
nitrogen oxide as compared to its oxidizing de nsyathesis
with participation of different isoforms of NO-syr#tses
(more than was registered for sportsmen poolstrdteianion
and higher activity of nitrate reductase in plasrhblood).

At the end of contention period sportsmen with hiigher
values of physiology indexes than for sportswomeokt
advantage in activity of oxidizing de novo syntkesif
nitrogen oxide(both inductible and constitutive).
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