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HE CTAPU CE TOAUHAMA, HEFO HOTAMA
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IT’S NOT YEARS THAT AGE YOU, IT’S YOUR LEGS

Mithat Blagajac

[peBHU rpukn Myapaum cy roBopunu:
»AKO xohew ga Gygewl 3gpas, Tpun.
Ako xenuw aa oygew jak, Tpyu.

Ako xenuvw aa 6bygew nen, Tpun.”

Moxe ce pehu ga He cTapumo rogMHama, Hero Horama;
LUTO OHAA 3Ha4M ga u ymMmpemo Horama, ¢ 063Mpom Ha [o-
KasaH yTuuaj cTapewa Ha rybutak mywmnhHe mace, Kao n
Ha noeesaHocCT rybutka muwmnhHe mace n cMpTHocTu [1].
34paB 1 QyroBeyaH XUBOT YMHOITOME 3aBUCU Of, 34paBux
1 (pyHKUMOHaNHMX Hory. 3apaBe Hore 3Haye 34paBo cpue,
cnabe Hore 3Haye cnabo cpue. Hore urpajy krby4Hy yro-
ry y odyBaky 30paBrba, Y HOpMarHoMm (OyHKUMOHUCAHY
CBUX OpraHa M opraHckux cuctema. Muwumhu Hory 4YmHe
40% ykynHe ckeneTHe MycKynatype umajy KibydHy ynory
y HOpMariHoMm yHKLMOHMCawy kpBoToka. NMpeko 60—65%
KpBW ce, nog yTvuajemM rpaButaumje, 3agpxasa y Horama,
N KPBOTOK HE MOXe HopMarHo Aa yHKuMoHuwe 6e3 ak-
TMBHOCTU MULLMha Hory.

Muwnhu HUCY camo opraH 3a KpeTake, Hero cy Beoma Ba-
XXaH ANHaMUYKN eHOOKPUHKU opraH. [Nopen dyHKuuje reHe-
pucara cune n obaerbara KpeTaka 4enoBa Tena v tena
y UENuHW, oppkaeawa MNOCType — MNpaBWUIHOT OpXKahsa
Tena, Muwnhin UMajy Krby4Hy TPaHCNOPTHY — UHTErpaTmB-
HY QOYHKLM]Y, jep Ce caB TpaHCMopT KpBU, numde, Kuceo-
HVKa, XpaHIbUBMX MaTepuja, XOPMOHa, HEPBHUX UMMyrica,
€HepreTckux ToKkoBa oABuja kpo3 muimnhe. 3ato MULLIMhHK
CUCTEM UMa W3Y3ETHO 3HayajHy MHTerpatuBHY (OYHKUNjY
(cnuka 1).

Retired professor

Ancient Greek philosophers would say:
“If you want to be healthy — run.

If you want to be strong — run.

If you want to be handsome — run.”

One could say that we do not grow old with age, but with our
legs; therefore, we also die with our legs, given the proven
impact of aging on muscle mass loss, as well as the cor-
relation of muscle mass loss and mortality [1]. A long and
healthy life depends on functional, healthy legs. Healthy
legs mean a healthy heart; weak legs mean a weak heart.
Legs play a key role in preserving health, in the normal
functioning of all organs and organ systems. Leg muscles
make up 40% of the total skeletal musculature and play a
key role in normal blood circulation. Over 60-65% of the
blood is retained in the legs, under the influence of gravity,
and circulation cannot function normally without leg muscle
activity.

Muscles are not only organs for moving, but a very import-
ant dynamic endocrine organ. In addition to their function
in generating force and enabling movement of both body
parts and the body as a whole, as well as in maintaining
proper posture, muscles have a key transport — integrative
function, because all transport of blood, lymph, oxygen,
nutrients, hormones, nerve impulses and energy flows
goes through the muscles. Hence, the muscular system
has an extremely important integrative function (figure 1).
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Cnuka 1. dyHKumje mmwnhHor cuctema

Y6p3aH rybutak muwmhHe mace ca rognHama HasuBa ce
capkonenuja. Ocobe ctapuje og 40 roguHa, Ha CBaKux
10 roguHa ry6e og 3 o 8% muwmhHe mace [2]. To 3Haum
pa ce 3a 30 roguHa, ogHocHo go 60—70. roauHe XuBoTa,
moxe nsryoutn 30% muwmhHor TkvBa.

Ca crapeweM ce, nopepg ryoutka muwmnhHe mace (cap-
koneHuja), ybpsaHo rybu cHara MuWMhHMX KOHTpakuuja
(amHaneHuja) n rydu ce n 6pa3vHa MULIMAHKMX KOHTPaKumja
(kpaToneHuja).

OBu npouecu ce He oaBujajy UCTOM ANMHAMUKOM — Hajue-
whe ce gelwaBa ga cHara MULWLIMAHKUX KOHTpakuuja onaga
Op>xe Hero rybutak muwmhHe mace [3]. 3aTo je BaXHO Mno-
3HaBaTW (PM3NOMOLLKE 3aKOHUTOCTW OBMX Mpoueca U cu-
CTEeMaTtcku npuvMersMBaTtu ogrosapajyhe cucreme u npo-
rpame Bexbw, y3 agekBaTHy CynnemeHTauujy, UCXpaHy u
CUCTEM JeTOKCuKaLmje opraHnama, koju he ycnoputu npo-
Luece ctapewa 1 gyxe cavyBatu MULLIMAHY Macy 1 HeHe
CnocobHOCTY fa reHepwvwle ogrosapajyhy muwimhHy cuny
1 B6p3vHY MULLMAHUX KOHTPaKuwja.

MehyTum, gokasaHo je oa cy MUWMhKM AMHaMUyaH eHpo-
KPUHM OpraH Koju TOKOM MULUMAHUX KOHTpakuuja (cme-
HMBaka Hanpesakwa M nabaBrbera) NPON3BOAM BENMKY
KONMWYMHY NpoTenHa — MUOKUHA (BMOMOLLKM akTUBHUX CyI-

lactate resynthesis

Figure 1. Functions of the muscular system

Rapid loss of muscle mass with age is called sarcopenia.
Individuals over the age of 40 lose 3 to 8% of their muscle
mass every 10 years [2]. This means that, over the period
of 30 years, or by the age of 60-70, 30% of muscle tissue
can be lost.

With aging, in addition to muscle mass loss (sarcopenia),
the strength of muscle contractions is rapidly lost as well
(dynapenia), as is the speed of muscle contractions (cra-
topenia).

These processes do not take place at the same rate — most
often the strength of muscle contractions decreases faster
than the loss of muscle mass [3]. This is why it is important
to be familiar with the physiological laws of these process-
es and to systematically apply appropriate exercise sys-
tems and programs, with adequate supplementation, nu-
trition and detoxification of the body, which will slow down
the aging processes and preserve muscle mass longer,
together with its ability to generate adequate muscle force
and speed of muscle contractions.

However, it has been proven that muscles are a dynamic
endocrine organ: during muscle contractions (alternating
contraction and relaxation), the muscle produces a large
amount of proteins — myokines (biologically active sub-
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CTaHUM) Koju nomaxy y obHaBrbawy muwnhHe mace, oap-
XaBarby CnocobHocTu Muwmnha ga reHepuy cuny, Hop-
Manuayjy akTMBHOCT CBUX OpraHa u OpraHckux cuctema u
0oBHaBIbajy eHAOKPVHN U UMYHW CUCTEM.

MuwnhHM cucTeM je jeamHn opraH KOjuM YOBEK MOXeE He-
nocpefHo Aa ynpasrba (COMaTCKM HEPBHU CUCTEM) CBOjOM
Bosbom. CBW Apyru opraHu Cy nog KOHTPONOM BeretaTvs-
HOI HEPBHOT CUCTEMA, HMMa YOBEK HE MOXE CBOjEBOSHHO
1 HenocpeaHo Aa ynpaerba (Moxe AeNMMUYHO, anv npeko
MUWMAHOr cuctema).

Mwuimvhun cy guHamMuyaH eHOoKPUHM opraH, OHU MPEKo CBOr
KOMYHUKaUMOHOr cuctemMa (MUOKMHA) AMPEKTHO YTUYY K
Hopmanuayjy aktuBHocT apyrux opraHa: LUHC, kapauwo-
BacKynapHOr ¥ [uUCajHOr cucTema, €HOOKpPUHE opraHe,
npobasHe n Apyre opraHe. CkeneTHu muwuvhn, y TOKY
CMCTEMATCKUX KOHTpakuuja u nabaBrbewa, nyde LUpKy-
nuwyhe GUONOLLKN aKTUBHE MaTepuje — MUOKMHE, KOju ce
YKIbYyuyjy y pasnuunte npouece henujcke curHanusauuje.
Y TOKY WMHTEH3MBHe MuKMhHE aKTMBHOCTU MpoAykyje ce
npeko 200 BpcTa NpoTerMHa — MMOKUHA. 3aHUMIBMBO je Aa
je npBu MnoknH peructpoBaH 2003. roguHe, a 2008. rogu-
He OMuCaHo je KIMMHUYKO CTake CapKoneHuje, U AaHac ce
WHTEH3MBHO 13y4yaBajy oyHKUMje N MexaHU3Mu1 eroBama
NnojeAnHNX MUOKNHA. MUOKMHW nMajy ayTOKpUHE, napakpu-
He 1 eHOOKPUHE (PyHKUWMje, CriyXe Kao KpUTUYHM perynaTto-
pn MuoreHe andpepeHumjaumje, NnpoMeHe Tuna BriakaHa v
ofpxaBara MuwvhHe mace [4]. MMOKMHM 3Ha4ajHO yTU4y
Ha eHepreTcku MeTabonum3am 1 3anarbexcke npoiece, Ha
npeseHuujy natodusnonoruje gujabeteca tmna 2 n gpyrmx
mMeTabonunykmnx Gonectu [5].

MehyTum, y TOKY HeakTUBHOCTW y MULLIMhMa ce nNpu3Boae
MWOCTaTUHU, KOjU OCTBapyjy CynpoTaH edekar o MUOKU-
Ha — ycnopagsajy muoreHesy (06HaBrbamwe MULMhHMX Bna-
kaHa) [6]. CkeneTHu muwnhu cy BUTanHu 3a metabonusam
1 bmanornorujy, n Urpajy Kiby4Hy yrory y ognaramy rmyko-
3e NocpeacTBOM UHCYNNHA.

MWOKMOHM 3HaYajHO yTUYY Ha NaHkepac (nyyYyere NHCYnu-
Ha) n gurectmBHu TpakT [5]. o cana je ytBpheHo ga no-
jeouHM MUOKMHW nopen ocTanor KOMyHUUMpajy ca MoTop-
HMM JenoBuma Kope Mos3ra, XvnotanaMmycoM — LEHTPOM
3a MEMOopujy, Kao MU LEeHTPOM 3a MOTOPHY aKTMBHOCT, Aa
OUTHO yTN4y Ha CNOCOBHOCT YoBeEKa Aa yyu 1 NnamTu — 3Ha-
4Yn 4a yTudy Ha KOTHUTMBHE (DyHKUMje.

HaxanocrT, ctapuje ocobe He obpahajy OyXHy naxwy Ha
CBOj MULWIMNAHK cucTeM, 3aHeMapyjy noTpebe opraHuama
3a kpeTatbeM. 3abopaBrbajy Ha MakCcMMy [a 4YOBeK LUTO
je ctapuvju mopa Buwe ga ce kpehe ga 6u 6o Ha UCTOM
MecTy. be3 cuctemartcke cBakogHEBHe MULLMAHE aKTWB-

stances) that help restore muscle mass, maintain the mus-
cle’s ability to generate force, normalize the activity of all
organs and organ systems, and restore the endocrine and
immune system.

The muscular system is the only organ that an individu-
al can directly and willingly control (through the somatic
nervous system). All other organs are under the control of
the vegetative nervous system, meaning that the individ-
ual cannot control them willingly and directly (they can be
partially influenced, but only through the muscular system).

Muscles are a dynamic endocrine organ, directly affecting
and normalising the activity of other organs through their
communication system (myokines): CNS, cardiovascu-
lar and respiratory systems, endocrine organs, digestive
and other organs. In the course of systematic contractions
and relaxations, skeletal muscles secrete circulating bio-
logically active substances - myokines, which are involved
in different cellular signalling processes. During intense
muscle activity, over 200 types of myokines are produced.
Interestingly, the first myokine was registered in 2003,
while the clinical condition of sarcopenia was described
in 2008. Today, the functions and mechanisms of action
of individual myokines are intensively studied. Myokines
have autocrine, paracrine, and endocrine functions, serv-
ing as critical regulators of myogenic differentiation, fibre
type change, and muscle mass maintenance [4]. Myok-
ines have a significant impact on energy metabolism and
inflammatory processes, as well as on the prevention of
pathophysiological processes leading to type 2 diabetes
and other metabolic diseases [5].

However, during muscle inactivity, the muscles produce
myostatins, which have the opposite effect to myokines —
they slow down myogenesis (restoration of muscle fibres)
[6]. Skeletal muscles are vital to metabolism and physi-
ology and play a key role in the delay of glucose uptake
through insulin.

Myokines have a significant effect on the pancreas (insulin
secretion) and the digestive tract [5]. So far, it has been
found that individual myokines interact, inter alia, with the
motor regions of the cerebral cortex, the hypothalamus —
the memory centre, as well as the motor activity centre, to
significantly affect the person’s ability to learn and remem-
ber, hence affecting cognitive functions.

Unfortunately, older individuals do not pay due attention
to their muscular system, neglecting the body's need for
movement. They forget about the maxim that the older one
gets, the more one has to move to stay in the same place.
Without consistent daily muscle activity, the muscular sys-
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HoCcTW, xunoTtpodumpa MuwnhHM cuctem [7], WTO ce He-
raTMBHO ofpakaBa 3a CBE OpraHe M cUcTeMe OpraHuama,
ybp3aBajy ce npouecu ctapera, CTPECHU XOPMOHU ce He
caropeBajy (M3ocTaje gpyra ¢asa crpeca) WTo ce MaHu-
decTyje HeraTMBHUM MoOcreguuama CTPeCcHUX npeHanpe-
3ahba, Ha NCUXMYKe, MeHTarnHe, KapanoBackynapHe u apy-
re 3gpaBcTBeHe npobneme.

MonyxnBoT MuwuhHMx GenaHyeBuHa je 30 gaHa — TO
3Haum ga ceakmx 30 gaHa ry6umo 50% cBoje muwmnhHe
mace (katabornusam), NICTOBPEMEHO Ce BpLUM pecuHTesa
MuwnhHux GenaHaveBuHa (aHabonusam), anu MHTEH3U-
TeT aHabonuama 3aBucu of Bexbawa (cHabgeBaha Ku-
CEOHUKOM, XpaHrbMBUM matepujama) [8, 9]. Kog ctapumjux
ocoba npouec rybuTtka muwmhHe mace — capkorneHuja ce
nosehaga, na ce MoXe ycrnopuT! camo CUCTEMaTCKOM pe-
anusaumjom ogrosapajyhux mogena TpeHaxHuUX nporpama
3a muwnhe Hory v apyre Benuvke MyuvhHe rpyne (pameHm
nojac v pyke, mmwuhe Tpyna) [7].

MNpema TomME, MMOKMHU — BUOMOLLKN aKTUBHE CyncTaHLe
Koje npoaykyjy munhu y Toky ogrosapajyhe muwnhHe ak-
TUBHOCTM KOMIMJTEKCHO YTUYYy Ha CBE OpraHe, Ha cBe (PyHK-
uuje Hawer opraHmsama, Ha MMYHWUTET, Ha 30paBCTBEHO
CTahe YoBeka 1 kBanuteT xusoTa [10].

Muwmnhun Hory npeactaBrbajy 3HavajaH 4eo yKynHe Tene-
CHe MycKynaTtype, anu Cy UCTO Tako BaXKHW U CBU CKEmNeT-
HU muwmhn. Ceux 639 muwmha YMHE CUCTEM CKerneTHe
MycKynaType, Koja YCNOBHO YMHM Tpujady 3apasrba — Tpu
cnparta muwmha:

*  Muwmnhy HOry XpaHe uerno Teno, nocebHo opraHe
Kaprnvue,

e muwwwmhu Tpbyxa n nefha n 604HM muwmhn Tpyna xpa-
He yHyTpallHe opraHe,

e MumMhn pyKy, pameHor nojaca n BpaTHOr gena Ku4-
me (136 muwunha) xpaHe mosak.

MyckynaTtypa Hory n kapnuyHor nojaca YvHu 40% ykynHe
CKeneTHe MycCKyraType v npecyaHO yTuye Ha HOpMarHo
hyHKUMOHMCake BEHO3HOI KPBOTOKA M 3Ha4YajHO nomMake
y HOpManusaumjy akTMBHOCTW KapamnoBacKyrnapHor cucte-
ma (KBC) [11, 12]. MyckynaTypa Hory 1 KaprivyHor nojaca
06e36ehyje HopMarnHo cHabgeBare KpBIbYy Y YHKLMOHU-
catbe opraHa mane kapnuue. Mpobrnemn ca npoctatuTum-
COM MoOry 6uTn y3poKoBaHu cnabom LmpKynaumjom y npe-
aeny kapnuue. CBakogHEBHOM MpuMeHoM oarosapajyher
cucTema BexOM koje onTUMK3Yjy KPBOTOK Y HOorama v npe-
Jeny Kkapnuue cMmabyje ce pu3uvK of rnojase npocratutuca
[13], xemeponga v gpyrux npobnema nosesaHux ca crna-
6om umpkynauujoM y npegeny kapnuue. Jo6pa unpkyna-
umja KpBOTOKa MOXEe AOMPUHETU CMaH-eHoj y4ecTanocTu

tem hypotrophies [7], which reflects negatively on all or-
gans and systems of the body, accelerating aging process-
es; stress hormones are not burned (the second stage of
stress response does not take place), which is manifested
by negative consequences of stress through psychologi-
cal, mental, cardiovascular and other health problems.

The half-life of muscle proteins is 30 days, meaning that
every 30 days we lose 50% of our muscle mass (catabo-
lism), while at the same time muscle proteins are resynthe-
sized (anabolism), with anabolism intensity depending on
exercise (oxygen supply, nutrients) [8, 9]. In older persons,
the process of muscle mass loss, or sarcopenia, increases.
Therefore, it can only be slowed down by consistent imple-
mentation of appropriate training programs for leg muscles
and other large muscle groups (shoulders and arms, torso
and core muscles) [7].

Thus, myokines — biologically active substances produced
by muscles during appropriate muscle activity — have a
complex effect on all organs, on all functions of the body,
on immunity, on the health of the person and their quality
of life [10].

Leg muscles represent a significant part of the overall body
musculature, but all skeletal muscles are important. All 639
muscles make up the skeletal muscle system, which can
be said to form a triad of health — the three floors of muscle:

* leg muscles feed the whole body, especially the pel-
vic organs,

* muscles of the abdomen and back and lateral mus-
cles of the trunk feed the internal organs,

« arm, shoulder and cervical spine muscles (136 mus-
cles) feed the brain.

Leg and pelvis musculature accounts for 40% of the to-
tal skeletal musculature. It has a critical impact on normal
functioning of the venous circulation and significantly fa-
cilitates the normalisation of cardiovascular system (CVS)
activity [11, 12]. The musculature of the legs and pelvic
girdle provides normal perfusion and the functioning of
the pelvic organs. Prostate issues can be caused by poor
circulation in the pelvic area. Daily implementation of an
appropriate system of exercises that optimize blood flow in
the legs and pelvic area reduces the risk of prostatitis [13],
haemorrhoids and other issues associated with poor pelvic
circulation. Good circulation can contribute to a reduced
incidence of inflammatory processes.

The muscle that hypotrophies first with age and shows pro-
nounced hypotrophy is the thigh muscle or quadriceps (M.
Quadriceps). This is especially pronounced in women [14,
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nojaee MHdNamaTopHMX rnpoLeca.

Mwuwwimh Koju npBM M HarnawleHo xmunoTpodupa ca cTapo-
why je muwwnh 6ytnHe (M. Quadriceps). To je nocebHo ns-
paxeHo Kof xeHa [14, 15] HapounTo nocrne MeHonayse, jep
nMajy focTa ecTporeHa. XvnoTtpoduja un cnaboct muwinha
KBagpvuenca marnega kao LeynuT, anu, y cTBapu, pagu
ce o0 xvnotpoduju mmwnha. 3aTo cy YydreBM Bexba Koja
crnpevaBa v npeseHupa xmunotpodujy osor muwmnha [16].

Myckynatypa Tpyna: TpOywHu, nefHu, 604HM mumhn
Tpyna — npeawn, 3afHn, natepanHn n cnupanHy mywnh-
Ho-pbacumjanHm naHum o6e3behyje nobpy noctypy, ctabu-
nu3aumjy Tpyna Koja je BaxHa 3a CBe XXMBOTHe, pagHe K
CMopTCKE aKTUBHOCTW.

MyckynaTtypa pameHor nojaca un pyky (136 muwwmha pyky,
pamMeHor nojaca, BpaTHor gena knime) obesbehyje Hop-
MarnHo cHabaeBare MO3ra KUCEOHUKOM U XpaHIbMBUM Ma-
Tepujama. Cnasmum gy6okmx muwmrha Bpata KOMIpPOMUTYjy
KPBOTOK Y BPaTHOM Aeny KU4Me U MOry y3pOKOBaTK XMMOK-
CUWjy — HegocTaTak KUCEOHMKa Y MO3ry, a MexaHn3M1MmMa pa-
3B0Oja XpPOHWYHOr 6ona mory 61T noBesaHn 1 ca pa3Bojem
xunepTeHsuje [17].

Yy KOCMOCY Cce CTapu neT nyTta 6p)Ke Hero Ha 3eMrbu

lMpouecu aganTtaumje — NpomMeHe Koje ce gellasajy y Jbya-
CKOM Teny, y ycrioBuma OeCTEeXMHCKOr cTaka, Beoma Ccy
CNMYHe npouecMMa cTapewa Ha 3emrbu. Y cBeMupy mu-
wuhn 6pxe xmnoTpodupajy, rybv ce mmwmhHa maca, cna-
61 cvna n 6panHa MULIMhHe KOHTpaKLMje, KOCTU rybe kan-
LUunjyM, cMakyje ce MOKPeTIbMBOCT 3rnoboBa u HapyLuasa
ce KoopauHauuvja nokpeta. Te agantaynMoHe NpoMeHe He-
raTVBHO Ce ogpaxasajy U Ha (OYHKLMOHMCaHE CBUX OPYTrMX
opraHa n yHKLMOHaNHNX cuctTema opraHusma.

CnunyHe npomeHe geluaBajy ce U Ha 3emrbu, TOKOM npu-
poaHOr ctapena, camo MHoro crnopuje. OcHoOBHM pasnor
OBUX MpoLieca je cMarete PU3NYKe akTMBHOCTU U CTpeca
y Mmuwmhmma. Y OCHOBM je npouec agantauuje opraHmama
Ha 3HaTHO CMakeH OOMM U MHTEH3UTET KUHE3MOMOLLKUX
aKTMBHOCTH, jep Ce opraHu3am Hajnakiwie agantMpa Ha He-
aKTMBHOCT.

Mpouecu cTapena Ha 3emrbu ce ybp3arajy ko ocoba koje
CY, Y CBaKOAHEBHOM XMBOTY, CCTEMATCKUN N3MNOXEHE XMMO-
KMHEe3nju — He[OBOSbHO]j (PM3NYKOj aKTMBHOCTW. 3aTO je Haj-
edEeKTUBHUjU Ha4MH NpeBeHUMje NpeBpeMeHor cTapena
cucTemarcko Bexxbarbe — CBakogHeBHa MpUMeHa OAroBa-
pajyher cuctema KMHE3MONOLLKUX Nporpama, y3 3apaBy Uc-
XpaHy, ogrosapajyhy cynnemMeHTauujy, cuctemaTcky AeTOK-
CUKauujy opraHu3ma 1 KOHTPOIy CTPECHWUX NpeHanpesamna.

15] and particularly after menopause, due to their high oes-
trogen. The hypotrophy and weakness of the quadriceps
muscle looks like cellulite, but is, in fact, muscle loss. That
is why squats are an exercise that prevents the hypotrophy
of this muscle [16].

The trunk muscles: abdominal muscles, back muscles, lat-
eral muscles of the trunk — the anterior, posterior, lateral
and spiral muscle-fascial chains provide good posture and
trunk stabilization, which is important for all activities in life,
work and sports.

Shoulder and arm musculature (136 muscles of the arms,
shoulders and cervical spine) provides normal supply of
oxygen and nutrients to the brain. Spasms of the deep
neck muscles compromise circulation in the cervical spine
and can cause hypoxia — lack of oxygen in the brain, and
mechanisms of chronic pain development can also be as-
sociated with the development of hypertension [17].

You age five times faster in space than on Earth

The processes of adaptation — changes occurring in the
human body, in conditions of weightlessness, are very
similar to the processes of aging on Earth. In space, the
muscles waste quicker, muscle mass is lost, the force and
speed of muscle contraction wanes, the bones lose calci-
um, the mobility of the joints is reduced, and the coordina-
tion of movements is impaired. These adaptive changes
also negatively affect the functioning of all other organs
and functional systems of the body.

Similar changes occur on Earth, during natural aging, only
much slower. The main reason for these processes lies in
the reduction of physical activity and stress in the muscles.
At its core is the process of adaptation of the body to a
significantly reduced volume and intensity of kinesiological
activities; adaptation to inactivity is the easiest adaptation
for the body.

Aging processes on Earth are accelerated in people who,
in their daily lives, are systematically exposed to hypoki-
nesia — insufficient physical activity. This is why the most
effective way to prevent premature aging is to engage in
consistent exercise — daily implementation of the appropri-
ate system of kinesiology programs, along with a healthy
diet, proper supplementation, systematic detoxification of
the body and control of stress burden.

On Earth, gravity represents a continuous load that the
body reacts to by adapting. The musculofascial system
increases the appropriate tonic load, which is accompa-
nied by an increase in metabolic processes and the activity
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lpaBuTaumja Ha 3eMrbn NpeacTaBiba KOHTUHYMPaAH Cu-
cTeM onTepehena Ha Koju opraHusam pearyje aganrtauu-
OHUM npomMeHama. MuwmhHo-hacumnjanHm cuctem, noee-
haBawem oaroBapajyhmx TOHYCHUX Hanpesaka, Koju cy
npaheHn n nosehasaweM MeTaboOMMYKMX Mpoueca U ak-
TUBHOLLNY CBUX EHEPreTCKUX OpraHa, Kao 1 yrnpaBrbaykmx
cuctema (LEHTpanHKor HEPBHOT M €HOOKPUMHOr cuctema)
nokpehe n peanuayje npouece agantaumje. Tako cam 6o-
paBak Ha 3emsbM, Y ogHOCy Ha GopaBak y KocMocy, npea-
CTaBrba cneumduryaH cucteM TpPeHaxHuX ontepehewa,
Kao nocneguvua rpasutalmje, WUTO U n3a3mBa ofrosapajy-
he aganTaumoHe NpoMeHe.

Beowma je BaxxHo fa mywmnhu nmajy cnocobHoCT Aa ce mory
onopasuTK, peBUTann3oBaT y CBAKOM y3pacTy U y CBa-
KoM cTamy. [loTpebHo je Aa ce muwmhu NpaBunHoO cucrte-
MaTCKV aKTUBMpajy Kpo3 ogroeapajyhu cucrem Bexomn cHa-
re ca akueHToBaweM Ha aujadparmanHo gucane. Konmko
he gyro Tpajaty onopasak muwuha 3aBucu of y3pacTta,
cTerneHa 3anyLTeHOCTN MYCKynaType U CUCTeMaTUYHOCTH
W YyNOPHOCTW NpuMeHe oaroeapajyhunx mogena Bexom.

MNMeT HajaHayajHUjUX BUTaMUHA KOjU MOMaXy y oAapKa-
Bakby cnoco6HocTU u chbyHkumnja muwmnha

Ynopeno ca cuctematckum Bexbarem U ogpxaBareMm
dyHKLMja cBMX MULiMha, BeoMa je BaxkHO 06e30eamTtun u
BUTaMWHCKY MOAPLUKY ofpXaBawy dyHKumja mumhHor
cuctema.

MeT BUTamMUHa Koju 3HaYajHO yTUYY Ha 3gpasrbe mulivha
Hory, DyHKLUMOHUCawe cTonana, 3arnobosa KoneHa v Kap-
nuue o6e3behyjyhn cnoboay n 6e3benHocT kpetarwa 6e3
o63upa Ha roguHe cy: BuTamuH [, ButamuvH 612, ButamuH
L, sButamuH K n ButamuH E.

Butamun [

ButamuH [ je cTepomanma cnvyaH BUTaMyH pacTBOPIbUB
y Mactuma, Koju dyHKUMOHWLLE Kao NPOXOPMOH M rnomMa-
Xe y pasnuMuMTMM mpouecuma (Hnp. y ancopnuujy n me-
Tabonuamy kanuujyma un gocgopa, nogctudyhm agpaeroe
koctujy). Takohe, ButamuH [l ytnye Ha pacTt muwmha nog
yTuuajeM HMBoa TectocTepoHa [18].

CTtyaumje cy nokasarne ga je jegaH og MexaHusama yTtuuaja
BUTaMuHa [1 Ha pacT cMarunBae KONMMYMHE MUOCTaTUHa
y MuwhHum henujama. MNopen AMpeKkTHOr cCMakera M1o-
cTaTuHa, nokasarno ce Aa BUTaMuH [1 To YWHWU U UHANPEKT-
Ho: noBehaBajyhn HMBoe donuncTtatnHa, MOhHOr NMHXMOW-
Topa muocTtaTuHa [19].

ButamuH [] urpa Krby4Hy ynory y CBakogHEBHOM (DYHKL-

of all energy-producing organs, as well as all control sys-
tems (central nervous and endocrine systems), which initi-
ates and subsequently implements adaptation processes.
Thus, spending time on Earth, compared to being in space,
represents a specific training load in itself, as a result of
gravity, which causes appropriate adaptation changes.

It is very important that the muscles have the ability to re-
cover and revitalize at any age and in any condition. Mus-
cles must be properly and consistently activated through
an appropriate system of resistance exercises with empha-
sis on diaphragmatic breathing. How long the muscle re-
covery will last depends on the age, degree of musculature
wasting and consistency and persistence of performing ap-
propriate models of exercises.

The five most important vitamins that help maintain
muscle capacity and function

In addition to consistent exercise and maintaining the func-
tions of all muscles, it is very important to provide vitamin
support to maintain the functions of the muscular system.

Five vitamins that significantly affect the health of leg mus-
cles, the functioning of the feet, knee joints and the pelvis,
ensuring the freedom and safety of movement regardless
of age are: vitamin D, vitamin B12, vitamin C, vitamin K
and vitamin E.

Vitamin D

Vitamin D is a steroid-like fat-soluble vitamin, acting as a
prohormone and supporting various processes (e.g. calci-
um and phosphorus absorption and metabolism, encour-
aging bone health). In addition, vitamin D affects muscle
growth under the influence of testosterone levels [18].

Studies have shown that one of the mechanisms of vita-
min D action on growth involves reducing myostatin levels
in muscle cells. In addition to the direct reduction of myo-
statin, vitamin D has been shown to also have an indirect
myostatin reduction mechanism, by increasing the levels
of follistatin, a powerful myostatin inhibitor [19].

Vitamin D plays a key role in the daily functioning of our
legs. In winter, when sun is scarce, joint pains are com-
mon. Vitamin D deficiency leads to weakening of the
bones, making them brittle and prone to fractures. This is
especially true for the hip and knee joints, which are the
foundation of safe mobility.

In addition, vitamin D takes active part in muscle function.
Thanks to vitamin D, the muscles receive accurate signals
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OHMCamy Hawwmx Hory. 3umu, kaga je mano CyHua, YyecTo
ce jaBrbajy 6onoeu y 3rnobosuma. Hegoctatak BUTamu-
Ha [] noBoaun go cnabrberwa KocThjy, YnHEhn Ux KPXKUM u
CKIoHujum noMoBrMa. OBO NOCEBHO BaXM 3a KOCTU KyKa U
3rnoboBe KorneHa, Koju cy ocHoBa 6e3begHe MOBUNHOCTH.

[Mopepn Tora, BUTaMuH [] akTUBHO y4ecTByje Y pagy MuLLK-
ha. 3axearbyjyhu ButamuHy [ muimhun gobwjajy TadyHe cur-
Hane of HEepBHOT CMCTEMa, jade ce KOHTpaxyjy un bpxe ce
onopasrbajy [20]. Ha HegocTaTak BuTammHa [ ykasyje:

e CTarfHuW 3aMop y Horama,

* cnabocT 1 Tewkohe NPUIMKOM yCTajama,

e ©6ony mmwumhrma 6e3 nkaksor pasnora.

ButamuH [ pyHKUMOHMLLE YCKO Ca KanuujymoMm, nomaxe
H-EroBY ancoprnuujy U3 xpaHe 1 yrpagmy y KocTu, LITO je of
nocebHor 3Havaja 3a 3gpaBrbe HOry.

ButamuH [1 yTMye n Ha pacnonoxewe M mMoTuBauujy 3a
KpeTawe, cTora ce onTMMasnHu HMBou ButamuHa [ nosoge
y Be3sy ca ocehajem ,HaneTa eHepruje” 1 xerboM 3a pusny-
KOM akTuBHoLhy. ButamuH [1 gonpuHocu 3apasrby HOry, a
TMMe nocpeaHo 1 noBehaHoj KONMMYMHKU KpeTarwa Yume ce
nobuja Buwe ButammnHa .

Ca cTtaperem onaga cnocobHOCT KOXe Aa Npov3Boau Bu-
TamuH [. HakoH 60. roguHe, Teno npovssogn npubnmxHo
50% mane ButamuHa [ y3 ucty konmunHy CyHyeBe cBe-
trnoctun. Ctora, obe3befnmBare AOBOSbHMUX HMUBOA OBOI BU-
TaMnHa NocTaje jow BaXKHWje ca CTapereM.

Butamux B12
ButamuH B12 je ,HeBnasLuBO ropuso” 3a muumnhe.

Ocehaj TexunHe y Horama u ocehaj 3amopa YyjyTpy Moxe
6uTn nocreguua Henpeno3HaTor HegocTaTka BMTaMMHA
b12, eHepreTckor ueHTpa 3a muwnhe Hory. ButamuH 512
Aernyje y opraHm3my Kao ,HeBUASbUBM NPOBOAHUK’ KOjU KO-
OpOVHMPA XapMOHWYHY aKTMBHOCT HEPBHUX U MULLMAHUX
henuja.

bes3 onTumanHe konuuvHe ButamuHa 612 muwnhn Hory ce
Op30 ymapajy, n3asmBajyhu HenpujaTtHe TpHLUE, YTPHYIOCT,
na Yak u cmeThe y xoay. Butamun B12 je HeonxogaH 3a
CTBapake MMUjerIMHCKOr omoTadva, 3allTUTHOr crioja OKO
HepBHUX BnakaHa. OwTeherwa MyujenMHCKor oMoTaya Hapy-
LuaBajy HoOpMarHo npeHoLlerwe curHana namehy MoTopHUX
ueHTapa y kopu mosra un muwmha Hory. [locneguua je Ha-
pylwaBare KoopAuHauuje, HECNPETHOCT MOKpeTa, Tp3are
muwmha, na yak n rybutak pasHotexe. NMopepg Tora, b12 je
OMPEKTHO YKIbyYeH Y hopMupare LpBeHNX KpBHUX 3pHaLa
Koja ncropy4yjy KNCeoHUK myuimhmma Hory.

from the nervous system, achieve stronger contractions
and recover faster [20]. A vitamin D deficiency is indicated

by:
« constant leg fatigue,
« weakness and difficulty getting up,

* muscle pain without a cause.

Vitamin D works closely with calcium, helping its absorp-
tion from food and integration into the bones, which is of
particular importance for leg health.

Vitamin D also affects mood and motivation for movement,
with optimal levels of vitamin D being associated with a
feeling of an “energy surge” and a desire for physical activ-
ity. Vitamin D contributes to leg health, and thus indirectly
to increased movement, which, in turn, leads to obtaining
more vitamin D.

The skin’s ability to produce vitamin D declines with age.
After 60, the body produces approximately 50% less vi-
tamin D with the same sunlight exposure. Therefore, en-
suring sufficient levels of this vitamin becomes even more
important with age.

Vitamin B12
Vitamin B12 is an “invisible fuel” for muscles.

The feeling of heaviness in the legs and morning fatigue
may be due to an unrecognized deficiency of vitamin B12,
a core energy element for leg muscles. Vitamin B12 acts
as an “invisible conductor” in the body, coordinating the
activity of neurons and muscle cells.

Without optimal vitamin B12 levels, leg muscles legs tire
quickly, causing unpleasant tingling, numbness, and even
affecting gait. Vitamin B12 is necessary for the synthesis of
the myelin sheath, the protective layer surrounding nerve
fibres. Damage to the myelin sheath disrupts the normal
transmission of signals between the motor centres in the
cortex of the brain and the leg muscles. As a consequence,
coordination is disrupted, movements are clumsy, muscles
are twitching, and there can even be a loss of balance. In
addition, B12 is directly involved in the production of red
blood cells that deliver oxygen to leg muscles.

People over the age of 50 are particularly sensitive to vi-
tamin B12 deficiency [21]. With age, the stomach produc-
es lower quantities of the internal factor needed to absorb
this vitamin from food. According to research, about 30%
of individuals over the age of 60 are deficient in vitamin
B12 without being aware of it. Vegetarians and vegans are
also at risk, as the main sources of vitamin B12 are animal

156

TOOUWTE 99  CBECKA2  JYH 2025




Mithat Blagajac

Ocobe ctapuje og 50 rognHa cy noceBGHO OceTrbMBE Ha
HepocTaTak BuTamumHa b12 [21]. Ca rogmHama, xenyga,
NpoV3BOAM Mahe YHyTpallHer pakTopa notpebHor 3a an-
copnuujy oBor BUTamuHa 13 xpaHe. lNpema nctpaxmeamu-
Ma, oko 30% reyam ctapujux og 60 roguHa uma HM3ak HMBO
BuTamuHa b12, a aa 1o 1 He 3Hajy. BeretapujaHum n BeraHm
Cy Takohe y onacHoOCTW, jep Cy rmaBHW N3BOPY BUTaAMUHA
B12 XnBOTMHCKM NPOM3BOAM, Meco, puba, jaja n MnevHu
NpOV3BOAMN.

Yak n y3 agekBaTaH yHOC BuTamuHa b12 ns xpaHe, Heku
NIEKOBUN MOTy OMETAaTN HEeroBy ancopnuujy, ykiby4yjyhu ne-
KoBe 3a anjabeTec, aHTauuge n Heke aHTMOMoTuHKe.

3Haum HepgocTaTka ButamuHa b12 y Horama cy npunm4Ho
KapakTepncTUYHM, 0BUYHO NoYnKY Bnarum neukawem nnm
nysawem, NocebHo y cTtonanMma, 3aTum ce MOXe jaBUTK
YTPHYIOCT, HecTabunHocT npu xoay, 6p3 3amop muwwuha, y
y3Hanpegosanum cry4vajesuma moryhe je n HapyluiaBahe
HopMarHor xoga.

ButamuH B12 urpa Krby4Hy ynory y MHOMMM BaXKHUM (PyHK-
unjama y Teny. 3Haum HegocTaTka BuTammHa b12 mory ce
MaHMdECTOBaTM Ha pasnMynMTe HauuHe, o cnabocTn Mu-
wwrha n 6p3or 3amopa A0 030UIbHUjUX CUMMATOMA Kao LUTO
je nepudpepHa HeyponaTuja (owTeherwe HepaBa ekcTpeMu-
TeTa) koja ce nocebHO MaHWdECTyje YeCTUM rpyeBmma y
nogkonenuuama, nocebHo Hohy, ocehajeM MpaBuHaH-a,
ocehajem nevera y ctonanuma, NnocebHO nojadaHnm yBe-
ye, CUMETPUYHOM YTPHYIIOCTU NPCTU}y.

Butamun U

ButamuH L je og 3Havaja 3a 3awwiTMTy BeHa 1 apTepuja. 3a
OuvyBak-€ 34paBuX HOry NpecyaaH je HopmaraH KpBOTOK Y
Horama, 3Hauv 3[paB apTEPUjCKM U BEHCKM KPBOTOK. [1pe
cBera, BuTaMuH L je HeonxoaaH 3a npon3Boahy KonareHa,
npoTenHa Koju je rmaBHW rpagvBHN MaTepujan 3a 3uaoBe
KPBHUX CyLoOBa.

Ca crapowhy ce cmatkbyje CuHTe3a KonareHa, na y He-
pocratky BTamuHa Ll KpBHM CcyqoBM NOCTajy KPXKM U rybe
enactuyHoct. OBo ce nocebHO MaHudEeCTyje y KPBHUM Cy-
[OBMMa HOry, rnojaBrbyje ce OTOK, TeXWHa, NnaykoBe BeHe
W, y TELLKMM cny4yajeBuma, npowumpeHe seHe. ButamuH L
noborbLuaBa MUKPOLIMPKYNaLmjy KpBY, KpeTarwe KpBU KpO3
HajMare Kanunape. Ynpaso nopemehaj MUKpoLmpKynaum-
je YecTo nocTaje y3poK TeXUHe y Horama, rpyeBa, na yak u
TPONYHUX YMpEBa KO, cTapujux ocoba. [ipyra BaxkHa yno-
ra ButamuHa L je 3awtuta KpBHMX CydoBa Of OKCuaaTuB-
HOr CTpeca, AenoBara criobogHnx pagukana Koju HacTajy
Kao pesynTaTt metabonuama v nanaramwa CnorbHUM akTo-
pvmMa, u koju owTehyjy 3mgoBe KpBHMX CygoBa, YMHehun mx
NPONYCHUUM N KpXKUM [22].

products, meat, fish, eggs and dairy products.

Even with adequate intake of vitamin B12 from food, some
medications may interfere with its absorption, including di-
abetes medications, antacids, and some antibiotics.

Signs of vitamin B12 deficiency in the legs are quite char-
acteristic, usually beginning with a mild tingling or crawling
sensation, especially in the feet, followed by numbness,
instability when walking, rapid muscle fatigue, and in ad-
vanced cases, walking may even be impaired.

Vitamin B12 plays a key role in many important functions
in the body. Signs of vitamin B12 deficiency can present
in different ways, from muscle weakness and rapid onset
fatigue to more serious symptoms such as peripheral neu-
ropathy (damage to the nerves of the extremities), which is
especially manifested by frequent cramps in the lower legs,
especially at night, feelings of tingling, feelings of burning
in the feet that get worse in the evening, and symmetrical
numbness of the digits.

Vitamin C

Vitamin C is important for the protection of veins and ar-
teries. Normal blood flow in the legs, meaning healthy ar-
terial and venous circulation, is crucial for maintaining leg
health. Firstly, vitamin C is necessary for the production of
collagen, the protein that is the main building block of blood
vessel walls.

Collagen synthesis decreases with age, so in the absence
of vitamin C, the blood vessels become fragile and lose
elasticity. This is especially manifested in the leg blood
vessels, presenting as swelling, the feeling of heaviness in
the legs, spider veins and, in severe cases, varicose veins.
Vitamin C improves blood microcirculation, the movement
of blood through the smallest capillaries. It is precisely the
disrupted microcirculation that often becomes the cause of
heaviness in the legs, cramps, and even trophic ulcers in
older persons. Another important role of vitamin C is to pro-
tect blood vessels from oxidative stress, the action of free
radicals that arise as the result of metabolism and expo-
sure to external factors, which damage the vascular walls,
making them more permeable and fragile [22].

Vitamin K

Vitamin K is necessary for the process of blood clotting
and the formation of bone tissue. It has a function in the
prevention of osteoporosis. The main role of vitamin K in
maintaining healthy feet is associated with its ability to
regulate the distribution of calcium in the body. Calcium
is a key building material for bones, and vitamin K plays
a regulating role, ensuring that all material is delivered to
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ButamuH K

ButamuH K je HeonxogaH 3a npouec 3rpyLlaBara KpBu U
dopmuparse KowTaHor Tkuea. [enyje y npeseHuUMju ocTe-
onopo3se. [MaBHa ynora ButammHa K y ogpxasawy 3gpa-
BMX CTOMarna je noBesaHa ca HeroBoM crocobHowhy aa
perynvie guctpmbyuunjy kanuujyma y teny. Kanumjym je
KIby4HM rpaguBHU MaTepujan 3a KocTu, a ButamuH K nma
ynory perynartopa koju obesbehyje ga caB martepwujan
CTUrHe Tamo rae je notpebaH. bes goBorbHO BUTammHa K,
Kanumjym ce MoXxe OENOHOBATM Y MEKMM TKMBUMA WU 310~
BMMa Cy[0Ba YMECTO jadansa KocTujy [23].

ButamuH K je noceGHO BaxkaH 3a »XEHe HaKOH MeHonay-
3e, kKagja ce pU3MK Of OCTEOMnopo3e 3HadvajHo noeehasa.
VicTpaxunBara nokasyjy fa XeHe ca afekBaTHUM HUBOOM
ButammHa K mnmajy 30% mare npenoma Kyka, jegHor of
HajonacHujux Npenoma Be3aHux 3a y3pacT Koju 4ecTo Ao-
BOAM OO0 MHBanuauteta [24].

ButamuH K omoryhasa npouec koarynauuje (3rpyLiasa-
Ha) KpBM, CpeYyaBa HEKOHTPONMcaHe Npouece Tanoxeha
kanuujyma y 6ybpery n mokpahHOM CUCTEMY, KPBHUM CY-
A0OBUMa 1 XpCcKaBuLK, AOK UCTOBpPeMeEHO omoryhasa cTBa-
pawe 3apaBux KocTujy. byoyhu ga y cesum Tum npouecu-
Ma y4yecTByje Kanuujym, ButamunH K HasnmBamMo MajcTopom
kanuujyma. ButamuH K npencrtasrba jefaH of Kiby4HUX,
anu 4YecTo 3aHeMapeHux, HyTpujeHaTa y Sbyackom opra-
Hn3my. Mako je Heroea npvmapHa yHkuuMja 3rpylLaBame
KpBu (koarynauuja), ButamuH K nrpa ButanHy ynory u 'y
odyBawy 34paBrba KOCTHjy, Cpua U KpBHUX cyaoBa. Bu-
TamuH K je pacTBopreMB y MacTuma U eceHumjanaH je 3a
CUHTE3Y NPOTENHA, KOjW Cy 3ayXXeHW 3a Koarynauujy KpBu.
Ocum Tora, OH Mma 3Ha4ajHy ynory 3a KoCTu 1 gpyra TKusa.
Hberos geduumnT Moxe gosectn 0o noBehaHor pusuka of
0CTeonopose 1 cpdaHux oborbera, LWTO yKasyje Ha Heros
3Hayaj 3a OnLITe 34PaBCTBEHO CTake.

VMHONPEKTHN CMMNTOMM HepocTaTka OBOF BUTaMWMHA Cy
Hajuyewhe: noBehaHa KPXKOCT KOCTWjy, CNOPO 3apacTawe
npenoma, Yecte MOAPULIE Yak 1 O MakUX yaapaua y KoM-
OuHauuju ca 6ornoBMMa y Horama TOKOM Bexbarba.

3eneHo nucHato nosphe cagpxu ButamuH K1: cnanah,
Kynyc, nocebHO KOBpLIaBO 3erbe, NepLlyH 1 3erneHa cana-
Ta, (bepmMeHTMCaHa coja, TBPAM CMPEBMK, XXyMaHLa, jeTpa un
Heka hepMeHTNCaHa xpaHa.

ButamuH E

ButamuH E je mohaH aHTMOKCMOAHC KOjU yTU4e Ha CTa-
ke muwmrha, 3rnoboBa N KpBHUX CyaoBa Hory. ButamuH
E wTtntn TkMBa HOry of 3anarbeHCKMX npoueca, Koju cy
rmaBHM y3pok 6ona 1 HenarogHoCTu.

where it is needed. Without sufficient vitamin K, calcium
can be deposited in soft tissues and vascular walls, instead
of strengthening bones [23].

Vitamin K is especially important for women after meno-
pause, when the risk of osteoporosis increases significantly.
Research shows that women with adequate vitamin K lev-
els have 30% fewer hip fractures, one of the most danger-
ous age-related fractures that often lead to disability [24].

Vitamin K enables the process of coagulation (clotting) of
the blood, prevents uncontrolled deposition of calcium in
the kidneys and urinary system, blood vessels and car-
tilage, while at the same time allowing the formation of
healthy bones. Since calcium is involved in all these pro-
cesses, vitamin K is referred to as the master of calcium.
Vitamin K is one of the key, but often overlooked, nutri-
ents in the human body. Although its primary function is
blood clotting (coagulation), vitamin K plays a vital role in
maintaining the health of bones, heart and blood vessels.
Vitamin K is fat soluble and is essential for the synthesis of
proteins involved in blood coagulation. In addition, it plays
a significant role for bones and other tissues. Its deficiency
can lead to an increased risk of osteoporosis and heart
disease, emphasizing its importance for general health.

Indirect symptoms of a deficiency of this vitamin are usu-
ally increased bone brittleness, slow healing of fractures,
frequent bruising even from minor bumps, in combination
with leg pain during exercise.

Green leafy vegetables contain vitamin K1: spinach, cab-
bage, especially kale, parsley and lettuce, fermented soy,
hard cheeses, egg yolk, liver and some fermented foods.

Vitamin E

Vitamin E is a powerful antioxidant affecting muscles,
joints and blood vessels of the legs. Vitamin E protects leg
tissues from inflammatory processes, which are the main
cause of pain and discomfort.

The so-called chronic low-level inflammation increases
with age. This process affects all tissues, but it is especial-
ly noticeable in leg joints and muscles, as they are con-
stantly exposed to stress. This results in morning stiffness,
pain when moving, and rapid onset fatigue. Vitamin E can
significantly reduce the intensity of inflammatory reactions,
acting as a natural anti-inflammatory preparation.

The role of vitamin E is especially important for the protec-
tion of muscle cell membranes. During physical exertion,
free radicals, aggressive molecules that damage cell struc-
tures, are formed in the muscles. This is a natural process,
but with age the efficiency of our internal antioxidant sys-
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Ca roguHama ce y Teny nosehaBa Tako3BaHa XPOHMYHA
ynana Huckor mHTeHauteta. OBaj mpouec ytude Ha cBa
TKMBa, anu je nocebHoO NpumeTaH y 3rnoboBuma 1 MuLLIn-
hrma Hory, Koju JoXMBIbaBajy cTtanHu ctpec. PesynTtar je
jyTapha ykodeHocT, 6on npu kpetawy, 6p3 3amop. Buta-
MUH E MoOXe 3HauyajHO CMarUTU MHTEH3UTET WHpnama-
TOPHWX peakuuja, genyjyhun kao npMpogHyu NpoTMBYNanHmu
npenapar.

Ynora ButammHa E je nocebGHO BaxkHa 3a 3alITUTY MeM-
OpaHa muwmnhHnx henvja. Tokom uU3nNYKOr Hanopa y Mu-
wmhuma ce cTBapajy cnobodHw paavkanu, arpecuBHU
mMonekynu koju owTtehyjy henujcke ctpyktype. OBo je npu-
podaH npouec, anv ca roguHama Hall yHyTpallkUn aHTu-
OKCMAATUBHU CUCTEM paji CBE Make U Make ednKacHo.
ButamuH E je yrpaheH y henuvjcke membpaHe n WITUTU UX
og okcupaTuBHOr owTtehewa, WTO nomaxe mMuwmhuma
Hory Aa ce Bpxxe onopaBe HaKoOH Bexbara 1 cMatbyje Be-
poBaTHohy MUKpOTpayMme.

WNcTpaxnsara nokasyjy Aa agekBaTHU HMBOM BUTaMUHA
E y Teny mory ga cmawbe pu3MK of pasBoja nepudepHe
HeyponaTuje, CTakba y KOjeM ce HepBU y Horama owTenyjy,
LITO JOBOAM A0 YTPHYNOCTH, Neukarwa 1 HapyluaBaha Ko-
opavHauuje. OBo ce nocebHo ogHocK Ha ocobe ca anjabe-
Tecom, Kog Kojux NocToju nocebHO BUCOK pU3KMK o4 pa3soja
HeyponaTuje [25].

Jow jegHa BaHa dyHKumja BuTamuHa E je ogpxasare
3gpase koxe Ha ctonanuma. Cysoha, IbyluTeHe, Cropo
3apacTakbe Manux NykoTuHa 1 paHa — CBe OBO MOXe buTu
3HaK HeJOBOJBHOI YHOCA OBOI BUTaMUHa. YIbe NIWEHNYHNX
knuua, 6orato BuTamuHOM E, 4ecto ce kopuctu y npowu-
3BOAVMA 3a Hery Koxe ctonana ynpaso 360r CBojux pere-
HepaTMBHWNX CBOjCTaBa.

3aHMMIbMBO je oa BUTamMuH E genyje y cagejctsy ca gpy-
MM aHTUOKCuAaHcuma, nocebHo BUTaMuHOM LL n ceneHom
n koeHsumom Q10. 3ajeaHo cTBapajy CHaxaH 3alTUTHM
CUCTEM KOju cnpedaBa owTeherwe Tkuea Hory crnoboaHum
pagukanuma.

MuocTaTtuH

MuoCTaTuKH je CHaxkaH perynatop Koju yTuye Ha BENUYnHY
mMuwmrha v YnaH rpyne daktopa pacrta no3HaTe Kao TpaHc-
dopmuyhn daktop pacta 6era (TGF-beta). MnoctatmH
(nako n cam cnaga y hbaktope pacta) 3anpaBo CMamyje
pact mywmha 1 nogcTmye XunoTpodujy Tako LWTO cnpe-
YaBa 06pasoBare HOBUX MULLMAHMX BriakaHa (MMoreHesy)
M Tako LUTO CMakbyje CUHTe3y MULWNMAHUX NpoTenHa Nokpe-
HYTY o cTpaHe eH3nma mTOR u3 rpyne npoTenH KnHasa.

MwnocTaTtiH nosehaa u pe3epBe TenecHnxX Mmactu, CMaHe-
HeM OCETIBUBOCTM OpraHmM3ma Ha XOPMOH NenTuH. JlenTuH

tem decreases. Vitamin E is embedded in cell membranes
and protects them from oxidative damage, which helps leg
muscles recover faster after exercise and reduces the like-
lihood of microtrauma.

Research shows that adequate vitamin E levels in the body
can reduce the risk of developing peripheral neuropathy,
a condition in which the nerves in the legs are damaged,
leading to numbness, tingling and impaired coordination.
This is especially true for people with diabetes, who are at
a particularly high risk of developing neuropathy [25].

Another important function of vitamin E is maintaining
healthy feet skin. Dryness, flaking, slow healing of small
cracks and wounds — all this can be a sign of insufficient
intake of this vitamin. Wheat germ oil, rich in vitamin E, is
often used in foot skin care products precisely because of
its regenerative properties.

Interestingly, vitamin E works in conjunction with other an-
tioxidants, especially vitamin C, selenium and coenzyme
Q10. Together they create a powerful protective system
that prevents free radical damage to leg tissues.

Myostatin

Myostatin is a powerful regulator that affects muscle size.
It is a member of a group of growth factors known as the
transforming growth factors beta (TGF-beta). Myostatin
(despite being a growth factor itself) actually reduces mus-
cle growth and promotes hypotrophy by preventing the for-
mation of new muscle fibres (myogenesis) and by reducing
muscle protein synthesis initiated by mTOR enzymes, en-
zymes belonging to protein kinases.

Myostatin also increases body fat reserves, reducing the
body's sensitivity to the hormone leptin. Leptin is a signal to
the brain to reduce appetite while simultaneously triggering
the breakdown of fatty acids, so reduced leptin sensitivity
(caused by myostatin) leads to increased food intake, re-
ducing fat burning and leading to unwanted fat storage.
Reduction of myostatin activity can lead to the increase in
muscle mass while reducing body fat.

Research suggests several different and simple ways to
decrease myostatin action. A diet coupled with creatine, vi-
tamin D and E supplementation, combined with low-inten-
sity cardio training, leads to powerful inhibition of myosta-
tin in its muscle destruction activity, as well as maximizing
muscle growth and fat loss [26].

159

SERBIAN JOURNAL OF PUBLIC HEALTH

VOLUME 99  NUMBER 2

JUNE 2025



Mwurtxat bnarajav

npeacTaBrba CUrHan Mo3ry ia CMakby aneTuT y3 uCToBpeMe-
HO MOKpeTakwe pasnarawa MacHUX KUCENWHa, Na CMameHa
OCETIBUBOCT Ha NENTUH (OenoBakeM MUOCTaTUHA) JOBOAU
0o nosehaHor yHoca xpaHe cmamyjyhn Tpollewe macHoha
1 poBofehn 0O HeXerbeHMX MacHUX Hacnara. Cmamerem
aKTMBHOCTM MMOCTaTUHA MOXe Ce yTuuatu Ha noeehane
MULLIMNHE Mace Y3 CMakeh-e TeNeCHUX MacHoha.

VcTpaxunBarba ykasyjy Ha HEKOMMKO PasnunynTuX U jegHo-
CTaBHMX Ha4uHa 3a crnabrbewe MuoctatuHa. VcxpaHa y3
cynnemMeHTaumjy KpeatuHom, ButamuHom [ n E, y kombu-
Haumju ca Kapamo TPEHWHTOM HUCKOT MHTEH3WTeTa, BOAM
MORHO] MHXMBULUMjU MUOCTaTUHA Yy H-ETOBOj aKTUBHOCTHU
yHULWTaBaka Muwimha, Kao n Makcumusauujy mulumhHor
pacTa un rybuTtky MacHor Tkmea [26].
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