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Aim. Formation of modern ideas about the effect of angiotensin-converting enzyme polymorphism on the functioning of various
body systems including in athletes.

Methods of research. Analysis and synthesis of the modern scientific literature data.

Results. According to modern ideas of sport molecular genetics, individual differences in the expression degree of certain
physical and mental qualities of a person are largely determined by DNA-polymorphisms. Specific features of angiotensin
converting enzyme /D gene polymorphism influence on life-supporting systems functioning of human, who do not engage in
sports, have been revealed. This polymorphism is widely covered by professional athletes from the point of view of physical
qualities development possibility, but at the same time, the risk of pathological conditions development, taking into account
regular intensive physical exertion, has not sufficiently studied. Knowledge of the innate personal physical abilities will help
to predict the strengths and weaknesses of a person’s physical and adaptive capabilities and, accordingly, to make a timely
correct prognosis for personal sports prospects and carry out competent selection of athletes. This approach will allow them
to progress quickly and achieve high results in sport.

Conclusions. Afeature of genetic markers that do not change throughout life is the possibility of their determination immediately
after child’s birth, thus, the prognosis for indicators development that are significant in the conditions of sport activities can be
made much earlier. In the available to us literature, ACE I/D gene polymorphism is primarily evaluated from the perspective
of speed-strength development of physical qualities, but at the same time, genetic testing of beginner athletes should allow
us to identify a risk group relatively to a number of pathological conditions progression that are genetically determined. Thus,
despite numerous studies that allow an assessment of ACE gene polymorphism contribution to the life-supporting organs and
systems state, the role of the ACE gene remains being insufficiently studied in sports medicine.

[eH aHrioTeH3MHNEepeTBOPIOBAAbHOTO GEepPMEHTY:
MOXAMBOCTi 3aCTOCYBaHHA B MeAULMHI Ta CIOPTUBHIN KapAioAorii

C. M. ManaxoBa

MeTa po60Tu — hopMyBaHHS Cy4acHUX ySiBMEHb NPO BNMB NoniMopdiaMy reHa aHrioTeH3NHNEPETBOPIOBANbHOTO (DEPMEHTY
Ha oyHKLIOHYBaHHSI PI3HNX CUCTEM OpraHiamy, B TOMY YWCTIi Y CMIOPTCMEHIB.

Matepianu Ta meToau. AHania Ta y3arasnibHeHHs! JaHNX Cy4acHOi HayKOBOI NiTepaTypu.

Pesynbratu. BignosigHo [0 CyvacHuX ysBeHb MOMNEKYNAPHOI TEHETVKW CropTY, iHAMBIAYyarbHi BIAMIHHOCTI y CTyneHi Bupa-
XKEHOCTI TUX UM iHLUMX (Pi3NYHKX | NCUXIYHMX SIKOCTel NoauHK 6arato B YoMy 3ymoBneHi [HK-nonimopdizmamu. BuseneHo
ocobnmeocTi Binuey /D noniMopdiamy reHa aHrioTeH3WHNEPETBOPIOBANLHOTO (hepMEHTY Ha (hyHKLIOHYBaHHS! XMTTe3a0e3-
neyyBarnbHUX CUCTEM B OCID, siki He 3aimaroTbes cnopToM. Lie nonimopdism AOBOMI LUMPOKO PO3KPUTUIA Yy MPOdeCinHMX
CMOPTCMEHIB i3 NOrNsAY MOXIMBOCTI PO3BUTKY (Pi3NYHMX SIKOCTEN, BOAHOYAC HEJOCTATHBO BUBHEHI MUTAHHS PU3NKY PO3BUTKY
NaToNoriYHMX CTaHIB 3 ypaxyBaHHSAM PerynsipHuX iHTEHCUBHUX (Di3NYHUX HAaBaHTaxeHb. 3HaHHS BPOMKEHNX (i3U4HIX 3ai6HO-
CTeil JONOMOKE NPOrHO3yBaTy CUMbHI Ta Cnabki CTOPOHM (i3NYHKX Ta afanTaLiiH1X MOXIMBOCTEN NIOAUHN Ta, BiANoBigHO,
poOUTK CBOEYACHMI | NPaBUIBbHWIA NPOTHO3 CMOPTVUBHOI NEPCNEKTUBHOCTI 11 3AINCHIOBATY rPAMOTHY CEMneKLito COPTCMEHIB.
Takwii nigxig AacTb MOXIMBICTb iM LWBKMAKO NPOrpecyBaTy Ta JOCAraTi BUCOKMX PesyrbTaTiB y CropTi.

BucHoBku. OcobnuBICTIO rEHETUYHUX MAPKEPIB, HE 3MIHHWX MPOTSTOM YCbOrO XWUTTS, € MOXIMBICTb iX BUSHAYEHHS! Bigpasy
Micns HaPOMKEHHS AUTUHM, OTXe, MPOrHO3 PO3BMUTKY NMOKa3HWKIB, SIKi € 3HAYYLLMMK B YMOBaX COPTUBHOI AiSNIbHOCTI, MOXHA
CcknagaTu Habarato paHile. Y JOCTYMHii Ham HayKoBili niTepaTtypi nepeBaxHo ouiHeTbes I/D nonimopdiam reHa ACE 3 nornsigy
nepcnexkTMBY PO3BUTKY LLBUAKICHO-CUIOBUX Di3NYHWX SKOCTEN, ane BOAHOYAC FeHETUYHE TeCTYBaHHS COPTCMEHIB MOBUHHO
[aTV MOXIUBICTb BUSIBUTY IPYNY PU3NKY LLIOAO NPOrPECyBaHHS HU3KW NATONOMYHUX CTaHiB, FeHETUYHO AeTepMiHoBaHuX. OTxe,
MOMpU YUCHEHHI AOCTIMKEHHS, L0 AAl0Tb 3MOrY OLiHUTY BNnMB nonimopdiamy reHa ACE Ha cTaH xuTtTe3abesnedyBanbHux
opraHiB i cuctem, ponb reHa ACE 3anuwaeTbes HeoCTaTHO BUBYEHOIO Y CMIOPTUBHIN MEOULVHI.

l'eH aHruoTeH3NHNpeBpaLLaloLero pepmeHTa:
BO3MOXXHOCTH NPUMEHEHUA B MEAULMHE U CMOPTUBHOM KapAUOAOTUM

C. H. ManaxoBa

Llenb pa6oTbl — hopMUpPOBaHUE COBPEMEHHBIX NPEACTaBNEHNIA O BIIUSHAM NonMMopd3Ma reHa aHrMoTeHaMHNpeBpalLla-
loLLero hepMeHTa Ha (hyHKLMOHMPOBaHWE Pa3NNYHbIX CUCTEM OPraHM3Ma, B TOM YMCHE Y COPTCMEHOB.
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Matepuansi u MeToabl. AHanu3 1 0606LLEHNE AaHHBIX COBPEMEHHON Hay4YHOM NUTepaTypbI.

Pesynbratbl. CornacHo coBpeMeHHbIM NpeacTaBneHnsiM MOMEKyNSpHOW reHeTUKW CropTa, MHAMBUAYanbHble pasnuyns B
CTemNeHN BbIPaXEHHOCTU TeX UMM MHBIX PU3NYECKUX 1 NCUXMYECKUX KaYecTB YeroBeka BO MHOroM obycnosnens! [HK-no-
numopdmamamu. BeisiBneHsl ocobeHHoCTV BsiHWA 1/D nonuMopduama reHa aHrMoTeH3MHNpeBpaLLaoLero hepmeHTa Ha
(hyHKLMOHMPOBaHME X13He0beCneqmBaloLLMX CUCTEM Y ML, HE 3aHUMAIOLLIMXCS CrOPTOM. [laHHbI nonMMopduam 4OCTaToO4HO
LUMPOKO OCBeLLEH Y NPOhECCMOHarbHbIX CNOPTCMEHOB C TOYKM 3PEHWS BO3MOXHOCTU Pa3BUTUS (PU3NYECKNX KAYECTB, B TO Xe
BPEMS HEAOCTATO4HO M3YyYeHbl BOMPOCHI PUCKa Pa3BUTMS NATONOMMYECKUX COCTOSHUIA C Y4ETOM PerynspHbIX MHTEHCUBHbIX
duranyecknx Harpy3ok. 3HaHWe BPOXAEHHBIX U3NYeCKmX COCOBHOCTe YenoBeka NOMOXKET NPOrHO3NPOBATb CUMbHBIE U
crnabble CTOPOHbI (hU3NYECKMX 1 aanTaLMOHHbIX BO3MOXHOCTEN YenoBeka 1, COOTBETCTBEHHO, AeNaTb CBOEBPEMEHHBIN 1
BEPHbIN NPOTHO3 CMIOPTMBHOW NEPCNEKTUBHOCTM M OCYLLECTBNATL FPAaMOTHYHO CEMNEKLMI0 CMOPTCMEHOB. TakoW NoAX0o4 No3BONMT
1M BbICTPO NPOrpPeccnpoBaTh U AOCTUrATh BbICOKUX PE3YNLTaToB B COPTE.

BbiBoabl. OcOBEHHOCTbIO FEHETUYECKMNX MAPKEPOB, HE MEHSIFOLLIMXCS Ha MPOTSHKEHWM BCEW XM3HU, SBMSIETCS BO3MOXHOCTb
X onpeaeneHus cpasy nocne poxaeHns pebexka, Takum obpa3om, NPorHo3 pasBuTWS NokasaTenen, 3Ha4MMbIX B YCOBUSIX
CMOPTUBHOW AEATENBHOCTH, MOXHO COCTaBASTH HAMHOTO PaHbLUe. B JOCTYNHON HaM Hay4HON nuTepaType NpeMMyLLeCTBEHHO
oueHuBaertcs I/D nonmmopduam reHa ACE ¢ ToUKv 3peHust nepernekTyBbl Pa3BUTUS CKOPOCTHO-CUMOBBIX (OU3UHECKUX KAYeCTB,
HO B TO € BpPeMsl FeHETUYECKOe TECTUPOBAHWNE HAYMHAIOLWMX CIOPTCMEHOB AOMKHO MO3BOMUTL BbISBUTL FPyMMy pucka
OTHOCWTENLHO MPOrPECCHPOBAHUA PSAa NaTONOMMYECKNX COCTOSHUI, FEHETUYECKM AEeTEPMUHUPOBAHHBIX. Takum 06pasom,
HECMOTPS! Ha MHOTOYMCIEHHBIE UCCNEA0BAHNS, MO3BONSIOLLME OLEHNTL BNnsiHWE nonnmopdmama reHa ACE Ha cocTosiHve
Xn3HeobecneymBatoLLMX OpraHoB U cuctem, porb reHa ACE ocTaeTcst HeJOCTaTOMHO U3Y4YEHHON B COPTUBHON MeauLMHe.

The actual problem of the modern training system of highly
qualified athletes is the improvement of sport selection and
sport orientation [13]. Modern professional sport makes
the highest demands on the locomotor and functional
characteristics of athletes. Nowadays, high-level sport is
characterized by extremely intense and prolonged physical
and neuropsychological loads, the range of which is limited
by the genetic and physiological capabilities of the human
body [15]. In connection of this, the issue of training process
efficiency rising is thrown into sharp relief, as well as its
aspects optimization, reserve capabilities determination
and an athlete’s body adaptive potential extension. It is
obvious that the solution of this problem requires the princi-
ple of individualization at the early stages of sport trainings
approach [3].

Individual features in the degree of adaptive changes
in response to training incentives are largely determined
by genetic factors that specify hereditary predisposition to
the physical exertion tolerance. Knowledge of the innate
personal physical abilities will help to predict the strengths
and weaknesses of a person’s physical and adaptive capa-
bilities and, accordingly, to make a timely correct prognosis
for personal sports prospects and carry out competent se-
lection of athletes. This approach will allow them to progress
quickly and achieve high results in sport [28].

Itis known that personal physical qualities development
and manifestation depend on both hereditary and surround-
ing factors. The human body undergoes definite morpho-
functional and physiological changes under the influence
of regular intense physical activity in the course of sport
activity aimed to extend the range of functional capabilities
and increase stress resistance [1]. The severity of these
changes is determined by age and gender characteristics
of individuals and to a greater extent by the peculiarities of
their constitution.

Nowadays, there is a rapid development of sport
molecular genetics in the arsenal of which highly effective
technologies and methods have appeared that provide
the ability to determine the molecular mechanisms of hu-
man physical qualities inheritance [4]. According to modern
ideas of sport molecular genetics, individual differences in
the degree of person’s certain physical and mental qualities
expression are largely determined by DNA-polymorphisms
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[27]. Among the polymorphisms of the human genome,
which are currently at least 13 million, the most common are
single nucleotide polymorphisms of SNP, that is, single nu-
cleotide positions in genomic DNA for which the population
has different variants of sequences (alleles) [7].

Prediction of aerobic and anaerobic physical capacities
of beginner athletes is possible only as a result of certain
characteristics range complex assessment. In order to
increase the effectiveness of such prognosis, it becomes
necessary to create a diagnostic complex that includes
the entire range of biochemical, physiological, and anthro-
pometric methods, as well as a full-genome screening of
loci associated with various physical qualities development
and manifestation.

As a result of numerous studies in the field of physical
genetics activity, more than 50 DNA loci linked to aerobic
and anaerobic energy systems have been identified [14].
It should be noted that not a single endophenotype, but a
complex of characteristics which determine any final phe-
notype, has been chosen as an object of this kind research.
The application of this approach proceeds from the notion
of synanthropic traits (interrelated signs that determine
the final phenotype) and synanthropic genes.

The aim

The aim of the study - formation of modern ideas about
the effect of angiotensin-converting enzyme polymorphism
on the functioning of various body systems including in
athletes.

Methods of research

Analysis and synthesis of modern scientific literature
data.

Results and discussion

Aclassic example of a specific gene association varia-
tion with a complex of synanthropic features, which is based
on the gene pleiotropy phenomenon, is the angiotensin
converting enzyme (ACE) I/D gene polymorphism. The

Review

3anopoXcKui
MeAULIMHCKUI
XKypHana. - 2018. -
T. 20, Ne 1(106). -
C.128-132

ISSN 2306-4145  http://zmj.zsmu.edu.ua 129



0630pbl

ISSN 2306-4145  http://zmj.zsmu.edu.ua

angiotensin-converting enzyme hydrolyses angiotensin-
decapeptide into the angiotensin Il vasopressor, plays a
key role in renin-angiotensin system (RAAS) activity regu-
lation, which is responsible for blood vessels tone control,
water-salt homeostasis maintaining, nourishing and stimu-
lation of vessels and myocardium smooth muscle cells
proliferation, and also affects fibrinolysis, platelets activation
and aggregation [2].

The ACE gene produces 2 isoforms: 1) endothelial or
somatic form which is expressed in many tissues, including
vascular endothelial cells, renal epithelial cells, Leydig cells,
duodenum, lungs, pulmonary blood vessels, prostate and
2) testicular form that is expressed only in sperm [21].

The ACE gene is characterized by insertion-deletion
(/D) polymorphism in the 16" intron of chromosome
17923. The fragment with length of 300 nucleotide pairs
(n. p.) presence or absence is considered to be a marker
for angiotensin converting enzyme gene polymorphism,
the fragment 490 n. p. is typical for insertion (1), and 190 n. p.
for the deletion (D). In accordance with the insertion/deletion
of a given DNA fragment in the homo- or heterozygous state,
the following genotypes are identified: Il — homozygous for
the presence of insertion; DD — homozygous for deletion;
ID — heterozygous [24].

The association of the polymorphic insert of Alu-repeat
(I/D polymorphism) in the 16" intron of the ACE gene with
the level of angiotensin-converting enzyme in plasma was
revealed. This polymorphism determines about 47 % of
the variability of the ACE level in plasma and is associated
with manifestations of essential hypertension, hypertrophic
cardiomyopathy and ischemic heart disease [8]. Persons
with a D/D genotype (the genotype was observed approxi-
mately in 36 % of people), have the maximum ACE blood
level, with I/l genotype (about 17 % of people) — ACE blood
level is less by half and heterozygote have intermediate
blood enzyme level [9].

The ACE gene polymorphism has a significant effect
on cardiovascular system diseases development and pro-
gression. Biochemical manifestations of the DD genotype
are: increase in ACE level and activity and angiotensin ||
level, decrease in bradykinin level and sensitivity to sodi-
um, insulin resistance. The phenotypic manifestations of
this genotype include: hypertension, left ventricular (LV)
myocardial hypertrophy, coronary artery spasm, myocar-
dial infarction, more frequent development and severe
kidney diseases, high risk of sudden death. In addition, in
the presence of genotype D/D, smoking increases the risk
of myocardial infarction by a factor of two. The presence
of variant D in both homozygous and heterozygous forms
corresponds approximately to a twofold increase of fatal
myocardial infarction risk. High levels of arterial pressure
in D/ID genotype carriers cause the progression of hyper-
tensive disease, initiating hypertrophic changes in the LV.
Allele | and genotype I, in contrast, are factors that protect
against hypertension development [10].

It is known that I/D polymorphism significantly affects
the progression of glomerular and tubulointerstitial kidney
diseases. DD homozygotes have a higher concentration of
angiotensin Il receptors, which contributes to the progres-
sion of not only systemic, but also intrarenal hypertension.
There is a number of conflicting data on DD polymorphism
role in renal failure progression, which is probably related to

ethnic characteristics [11]. The prevalence of DD genotype
was revealed in patients with hereditary kidney pathology
(glomerulonephritis, polycystosis), while the course of
the disease is accompanied by a decrease in the glomerular
filtration rate [6].

It was determined that if patients have type 2 diabetes,
then the heterozygotes for ACE gene ID polymorphism
reach compensation and subcompensation in diabetes
treatment more often than in homozygotes carrying
genotypes Il and DD, the risk of patients’ microvascular
complications with the ID genotype is lower than of those
patients with genotypes Il and DD [12].

Numerous studies results favour for interaction of ACE
gene I/D polymorphism with high sport achievements [16].

The ACE | allele prevails in the group of long-distance
runners compared to the sprinters and control group [25],
which is in complete conforms the data on the association
of this allele with high values of maximum oxygen consump-
tion (MOC) [23], the prevalence of slow muscle fibers in
m. vastus lateralis [22], as well as a reduced risk of myo-
cardial hypertrophy development (a factor limiting cardiore-
spiratory endurance) in response to physical exertion [26].

Much attention is paid to the study of muscular activity
influence on the physiological parameters of the organism
in connection with ACE various allelic variants [17]. A high
correlation between increased left ventricular mass after
endurance training with the ACE elevated level in the blood
and a D/D genotype was established. During the strength
training of the quadriceps femur, the association of its
strength with the ACE gene D allele was determined. Later
these data were confirmed by measuring the isometric
and isokinetic strength of this muscle in the D/D genotype
carriers. The observed effect, apparently, depended on
the different ratio of fast and slow muscle fibers. Individuals,
who have the D/D genotype, the ratio of slow fibers to fast
fibers was approximately the same, while slow fibers were
predominant in I/l individuals [18].

There is data on the frequency of athletes’ ACE gene
genotypes distribution in different kinds of sport. The D/D
genotype predominates (31 %) among sportsmen who
specialize in speed-power kinds of sport. Its frequency is
reduced to 24 % for sports requiring endurance and for
athletes of the mixed group to 17 %. Thus, athletes with ACE
gene D/D genotype are more predisposed to speed-strength
physical qualities development and persons with genotype
I/l - to perform long-term physical work [19].

Certain studies cover the role of ACE gene in sports
cardiology. Thus, athletes who keep up regular training pro-
gram mostly aerobic kinds of sport (long distance running,
skiing, cycling) have mainly increased the left ventricular
cavity with a proportional increase in its walls thickness.
This is caused by the increased cardiac output during
exercising, i.e. reloading the volume of the left ventricle, as
well as increasing systemic blood pressure. Left ventricle
eccentric hypertrophy develops without changing the ratio
of left ventricle wall thickness to its diameter [20]. Athletes
with static or isometric trainings (weightlifting, martial artists
and thrower hurlers) develop concentric hypertrophy with
an increase in left ventricle wall thickness without its cavity
size change, which is caused by afterload on the heart
increase due to an increase in systemic arterial pressure
during physical exercises [29].
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According to echocardioscopy, athletes have an in-
crease in left ventricle posterior wall and interventricular
septum thickness by approximately 15-20 % compared
to untrained people. The diastolic size of the left ventricle
in most athletes is approximately 10 % greater than that in
untrained people, but it is within the reference values [5].

Atthe same time, according to Drozdovskaia S. (2014),
the heart echocardiographic parameters of athletes who
specialize in speed-power athletics do not statistically differ
significantly from the average population. Most athletes
have no signs of pathological cardiac remodeling. It is es-
tablished that ACE gene D/D genotype contributes to more
adequate adaptation to the speed-strength work in athletics.

Conclusions

Thus, despite numerous studies that allow an
assessment of ACE gene polymorphism contribution to
the life-supporting organs and systems state, the role of
the ACE gene remains being insufficiently studied in sports
medicine.

In the available to us literature, ACE I/D gene polymor-
phism is primarily evaluated from the perspective of speed-
strength development of physical qualities, but at the same
time, genetic testing of beginner athletes should allow us to
identify a risk group relatively to a number of pathological
conditions progression that are genetically determined.

Itis important to note that the most accurate definition
of a predisposition to sports should be made on the basis
of significant number of markers analysis including phe-
notypic (anthropometry, functional diagnostics), as only by
this way the environmental influence on genetically fixed
signs can be reflected. At the same time, it is possible to
evaluate the degree to a particular sport predisposition,
indicating possible chances of achieving high results and
risks of adverse cardiovascular events development. A
feature of genetic markers that do not change throughout
life is the possibility of their determination immediately after
child’s birth, thus, the prognosis for indicators development
that are significant in the conditions of sport activities can
be made much earlier.

The perspective of further research is further
study of various angiotensin-converting enzyme gene
polymorphisms effects on life-supporting organs and
systems functions in highly skilled athletes with the aim
to develop an algorithm for athletic performance pre-
diction in the early stages of certain physical qualities
development.
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