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Sarcopenie

Healthy ageing (WHO): Muscle Proteins
the process of
developing and
maintaining the
functional ability that A

enables wellbeing in Synthesis Breakdnwn

older age.

Sarcopenia-ztraty
svaloviny a funkce s MU5C|9 fFEE pDD|
vekem

Od 40-50 let pokles cca f
0 8% za dekadu
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Sarcopenie

Pokles postprandialni
MPS

Digesce a absorpce
proteinu

Redukce nutritivniho
flow (inzulin, capillary
recruitment)

Redukce anabolickych
signalnich kaskad
(rapamycin, mTOR)




Net protein balance
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Anabolicka rezistence kriticky nemocnych

Vék: chybi stimulace MPS (AMK) po jidle, i.v.
Horsi sensitivita anabolickych signalt (mTOR)
Inzulinorezistence- netlumi se MPB

Imobilita- pokles MPS jiz za tyden po imobilizaci

klesa nutritivni flow (inzulinem mediovana
vazodilatace, snizena citlivost GLUT4)

* Stresovy metabolismus- katabolické hormony,
cytokiny- narust MPB
* Zanet



Hydroxymethylbutyrate HMB

Metabolit ess AMK leucinu
Anabolicky efekt ve stimulaci proteosyntézy

Antikatabolicky efekt leu v tlumeni MPB ve vysokych
hladinach (10mM/I)- za tento efekt je odpoveédny
metabolit leu HMB

Nissen et al 1996: suplementace HMB tlumi MPB,
zrychluje regeneraci svalu po zatézi (trénink), zvysuje sval
Silu, LBM (u zdravych)

Suplementace dale u pacientl s tumordzni kachexii,
stareckeé sarcopenie, po imobilizaci

U kriticky nemocnych pacientu — nejednotné vysledky
studii, vliv na svalovou silu, LBM



Anabolické kaskady
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Figure 1 Pathways of HMB synthess and catabolism HMB, beta-hydroxy-beta-methylbutyrate; KIC, alpha-ketolsocaprokc acd; W8, beta-

hydroxybutyrate; HMG-CoA, 3-hydroxy-3-methylglutaryl-CoA. 1, BCAA aminotransferase; 2, BCKA dehydrogenase; 3, KIC dioxygenase; 4, ghutamine
synthetase; 5, alanine aminotransierase.
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HMB- stimulace proteosynteézy, blokovani proteolyzy

Protein 5!"‘“'55'5 Zlep3eni svalového anabolismu,
zvyseni mTOR fosforylace
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Proliferation of MRFs «—— | HMB | IGF-1  1GF-1, insulin growth factor 1

Sateliite Cells t -
MRFs myogenic regulator factor J
aktivace satelitnich bb, redukce
apoptéza myocytu Ubiquitin ligases
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Regulace mTORC1 AMK, rapamycinovy komplex

* Mnohobb organismus- signalni
kaskady - crosstalk

* Rapamycinovy komplex
MmTORC1 : hlavni regulacni
kaskada rustu, anabolismu

* Stimulatorem AMK:
LEU/HMB, ARG + vit D

* Translokace mTOR z cytozolu
na povrch lysosomu

>>2>

<<

* mRNA translace,
proteosyntéza



MTORC1 signalni kaskada, stimulace AMK

A. Low amino acid levels B. High amino acid levels

GATORT Complex
P

mTOR atypicka serin-threonin kinaza

TORC2Z-proliferace bb
TORC1 (raptor, deptor...)rlist, anabolicky program RNAtranslace

represe autofagie, inhibice kaspaz




Mechanismus pozitivniho vlivu HMB na svalovinu

ihibits ubiquitin-proteasome system
(| proteolysis)

-
stimulates mTOR pathway inhibits autophagy - caspase system
(1 protein synthesis) (| apoptosis of myonuclei)
I GH and 1GF-1 t calcium release from SR
(T protein 5}’“111'%*"5 € HMB (improves excitation-
and | proteolysis) contraction coupling)
t cholesterol synthesis 1 proliferation of satellite cells
(1 tissue repair) (T tissues repair)

Y

1 mitochondrial biogenesis
(1 aerobic performance)
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1. zkrati zotavovaci fazi (trénovani i netrénovani)

2. zlepsi svalovou silu, vydrz, aerobni metabolismus
3.38mg/kg/den 3g/den

4. zvysi LBM, redukuje FM

5.chron podavani je bezpecné



Suplementace HMB u mladych, trénink

* HMB zesiluje svalovou silu, snizuje tréninkem
podminéné svalové trauma, urychluje regeneraci,
snizuje vycerpani

* Vétsi vysledky u netrénovanych jedinct ( HMB
redukuje MPB po cviceni, mechanické trauma- zanét)

* U trénovanych (opakovany trénink redukuje MPB),

efekt 14 dni pred navysenim fyzické aktivity,
maximalizace zateze | |
- - P
+9 1o
1 »
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18 studii

Study design

Studie- benefit HMB na LBM p¥i cviceni

Reference

Untrained individuals, HMB (1.5 or 3 g/day),
resistance training for 3 or 7 weeks

Untrained men, HMB (3 or & g/day), resistance
training for 8 weeks

Untrained individuals, HMB (3 g/day), resistance
training for B weoeks

Recreationally resistance-trained men, HMB (3 g)
before lower body resistance exercise

Strength-trained and power-trained individuals,
HME (3 g/day) and ATP (400 mg/day), resistance
training for B wecks

Volleyball players, HMB (3 g/day) for 7 weeks

MNon-resistance-trained men, amino add-based
formula containing HMB, heaw resistance

training for 12 weeks

Mon-resistance-trained men, HMB (3 g/iday) + KIC
{0.3 g/day) for 14 days prior to a single bout of
heavy resistance exercise

Volunteers running at least 48 kmAweek, HMB

(3 g/day) for 6 weeks prior to a prolonged

run (210 km)

Cydists, HMB (3 g/day) for 2 weeks

Recreationally active subjects, HMB (3 g/day),
ergometer tests over a 4 week period

Active college students, HMB (3 g/day), exercise for
5 weeks

Rowers, HMB (3 g/day) for 12 weeks

Athletes practiang wrestling, judo, jiu-jitsu, karate
or rowing; HMB (3 g/day) for 12 weeks

Trained and untrained indnaduals, HMB (3 g/day),
resistance training for 4 weeks

Resistance-trained men, HMB (3 g/day), resistance
training for 12 weeks

Resistance-trained men, HMB (3 g) before
high-volume resistance exercise

Untrained individuals, HMB (3 g/day),

high intensity training for 4 weeks

1 musde mass and strength,
musde damage

musde mass and strength,
muscle damage

muscle mass and strength,

I musde dama

Combination of HME and cold
water immersion after exercise
improved performance recovery
1 LBM and strength

—

1 musde mass and strength,
t anaerchic performance

1 musde mass and strength,
| musde damage

| musde damage

| musde damage

1 aerobic performanoe
1 aerobic performance

taerobic performance

t LBM and aerobic performance
1 LBM and aerobic performance

1 LBM and muscle strength
regardless of gender and
training status.

1 LBM and muscle strength

| musde damage and improved
recovery
1 physical working capacity

Missen et af 8
Gallagher et al.**
Jowko et al.*®

Gonzalez et al !

Lowery et al. ™

Portal et al?*

Kraemer et af, %

Van Someren et al.™®
Knitter et al.*®
Vukowich and Dreifort®”
Robinson et al*™®

Lamboley et al.**

Durkalec-Michalski and Jeszka®™®
Durkalec-Michalski and Jeszka™'

Panton et al.**

Wilson et al.%3
Wilson et al**

Miramonti et al. **




Studie neprokazujici benefit HMB pri cviceni 9 studii

Study design

Result

Reference

Non-resistance-trained subjects, HMB

40 mg/kg /day) for & days before maximal
isokinetic exercise of elbow flexors

Resistance-trained men, HMB (0.3 or 6 g/day),
resistance training for 28 days
Rugby players, HMB (3 glday) for & weeks

Rughy players, HMB (3 g/day) for & weeks

Resistance-frained athletes, HMB (3 g/day)
for b weeks
Foothall players, HMB (3 g/day) for 4 weeks

Resistance-trained subjects, HMB (3 g/day]
for 9 weeks

Footoall players, HMB (3 g/day) for 10 days

Recreational exercisers, HMB (3 g/day) + KIC
0.3 g/day) for 11 days before downhill running

No benefiaal effect on musde soreness, am
girth, and torque measures

No beneficial effect on musde strength and body
composition

No beneficial effect on aerobic and anaerobic
ability

No beneficial effect on muscle strength and
endurance

No benefiaal effect on musde strength, body
composition, and markers of muscle damage

No beneficial effect on musce strength and body
composition
No benefical effect on body composition

No beneficial effect on anaerobic power and
creatine kinase and myoglobin in blood
Na benefits on indices of muscle damage

Paddon-Jones et al ¥’

Kreider et 3l

0'Cannor and Crowe™

0'Connor and Crowe™

Slater et al >’

Ransone et al.*

Thomsan et al™

Hoffman et al.**

Nunan et .




Efekt HMB u starych pacientu

* Vzestup LBM po cviceni
v" Vukovié¢: 3g/den > 70let + cviéeni

* Vzetup LBM, pokles fat mass, vzestup sily

v’ Flakoll: zlepSeni get-up and go testu

v’ Baier: kombinace HMB/ARG/LYS/vitD,vzestup LBM

v Luis: HMB (1,5g) + vit D (12ug), vzestup LBM

v’ Cramer: 20/14g prot + 499/147 D3, 1,5g¢ HMB

* Malnutricti, sarcopenicti seniofri- zlepseni

v’ Deutz: stafi (kardidlni selhavani, pneumonie, CHOPN...)pokles
mortality, zlepsen nutricni stav

v’ Deutz. Stafi lezici- prevence poklesu LBM



Efekt HMB u starych pacientu 13 studir

Study design Effects of HMB Reference
Animal studies
Rats, 20 months of age, HMB and [i-alanine Mo significant effect on musde mass, force or Russ et al.®’

supplementation (equivalent to human doses of

3 and 2.4 g per day, respectively) for 8 weeks

Mice, 19 months of age, HMB (514 mg/kg) or
[-alanine (411 mg/kg) supplementation for 8 weeks
Rats, 34 months of age, hindlimb suspension

for 2 weeks and reload for 2 weeks, HMB

(340 mg'kg/day) orally
Rats, 34 months of age, hindlimb suspension

for 2 weeks and reload for 2 weeks, HMB
(340 mg/kg/day) orally for 35 days

Human studies
HMB/Arg/Lys mixture (2 g/5 g/1.5 g per day) for 1 year
Bed-ridden subjects, HMB (2 g/day) for 2 or 4 weeks
HMB (3 g/day) and exercise for 8 weeks
HMB/Arg/Lys mixture (2/5/1.5 g per day) for 12 weeks

HMB/Arg/Lys mixture (2/5/1.5 g per day) for 1 year

HMB/Arg/Gln mixture for 2 weeks

HMB (1.5 g/day) + mild fitness programme for
8 weeks

HMB (3 g/day), bed rest for 10 days followed
by resistance training for 8 weeks

HMB (3 g/day) for 24 weeks, both exercise and
NOM-exerdse groups

fatigability; | expression of MuRF1
| dedine in muscle function

| fibre area (in plantaris and soleus musdes)

* muscle mass, fibre cross-sectional area and
proliferation of stem cells during the reloading period

1 lean tissue mass and protein tumover

| urinary urea nitrogen excretion

1 body fat loss

1 limb circumference, leg and handgnp strength;

t whole body protein synthesis

1 muscle mass, 1 muscle strength only when vitamin D
status was adequate

1 collagen synthesis in musde

1 muscle strength, 1 physical performance parameters

HMB supplementation preserves muscle mass during
bed rest

1 muscle strength, no difference between exercising
and non-exercising groups

Vallejo et al. >’

Hao et al. "’

Alway et al.®

Baier et al.®?
Hsieh et al
Vukovich et al®*
Flakoll et al."®

Fulleret al.®

Williams et al. %
Berton et al.®®

Deutz et al.™

Stout et al. ™"




HMB efekt u kriticky nemocnych - muscle wasting chorob 13 studii

Origin of musde loss Study design Effects Reference

AIDS HMB/Arg/Gln mixture t lean body mass and improved immune status  Clark et al®’
(3/14/14 g per day) for 8 weeks

Cancer HMB/Arg/GIn mixture 1 body weight and FFM May et al.*®
(3/14/14 g per day) for 24 weeks

Cancer HMB/Arg/Gln mixture Trend towards an increased body mass Berk et al.*
(3/14/14 g per day) for 8 weeks

AIDS or cancer HMB/Arg/Gln mixture Decreased feeling of weakness, increased Rathmacher et al. """

Chronic obstructive

pulmonary disease
Chronic cardiac or

pulmonary disease

Chronic pulmonary
disease

Critically ill trauma
patients, bed rest,
enteral nutrition
Total knee
arthroplasty

Hip fracture

Gastric bypass

Renal failure
Rheumatoid arthntis

(3/14/14 g per day) for 8 weeks
HMB (3 g/day) for 7 days

Oral supplementation with proteins
and HMB (1.5 g HMB/day) for

90 days

Oral supplementation with proteins
and HMB (1.5 g HMB/day) for

12 weeks

HMB (3 g/day), HMB/Arg/GIn mixture
or placebo via feeding tube for

28 days

HMB/GIn/Arg mixture

(2.4/14/14 g per day) for 4 weeks
HMB (3 gl/vitamin D/protein
combination for 30 days
HMB/GIn/Arg mixture

(1.5/7/7 g per day) for B weeks
HMB (3 g/day) for 6 months
HMB/GIn/Arg mixture

(3/14/14 g per day) for 12 weeks

RBC, haematocrit, lymphocytes, eosinophils,
and urea
Improved pulmonary function, |CRP

Decreased mortality, improved indices of
nutritional status

Improved body composition, health-related
quality of life, and muscle strength

Improvement in nitrogen balance

Prevention of reduction of maximal strength
of quadnceps musde

Accelerated healing, shortening
immobilization period, 1 muscle strength
Mo benefits when compared with controls

No benefits
Mo benefits when compared with placebo

Hsieh et al,"™

Deutz et al.'™

Olveira et al, "™

Kuhils et al. '™

Nishizaki et al."®®
Ekinci et al. "™
Clements et al.'™”

Fitschen et al.'™
Marcora et al.'™




HMB- sarcopenicka obezita

“*Protein Vzestup LBM
( T proteosyntéza, | proteolyza)

“*Lipidy Pokles fat
mass- oxidace tuku Flux FFA, energie,

podpora MPS

“*Cukry-pUsobi proti inzulinorezistenci, GLUT 2 mozZna terapie
diabetu, kardiovask onem Zlepsuje nutritivni flow ( inzulin
stimulace)

v’ Stout 48muzl sarcopen obezita- 12 tydnd HMB + tréning-
DXA:zlepsSeni



2 formy HMB

Calcium- HMB
(HMB-Ca)
1g peak za 120min

2. free-acid —-HMB
(HMB-FA)
0,8g peak za 30min

-

Changes in HMB-FA and HMB-CA after Consumption

o LEram ol HME-FA Peak plidma concentraticn
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Figure 2 Absorbtion kinetics following ingestion of either 1

gram of caldum or free acid forms of HMB.
k,




Nutrivigor i E %m““’ /
Nut hJ:}‘

Kombinace HMB-Ca, vit D, bilkoviny (
Vitamin D:

metabolismus Ca, mineralizace kosti  ® 2 baleni Ensure p|us

modulace rlstu bunék advance
ovlivhéni neuromuskularnich fci

imunitnich pochod( * 3g CaHMB
tlumeni zanétu * 1000 1U vit D
U seniort > 65 let pokles hladiny * 40g bilkovin

(25-OH vitD)- pokles svalové sily,
(stisk ruky), pokles LBM (DXA)

Hranice dostate¢cného zasobeni
75nmol/I, tj 30ng/ml







Muscle Mass

Spojitost mezi nutrici a sarcopenii

POTENTIAL NUTRITIONAL INTERVENTIONS

Increased
dietary AA, Fish oil, Healthy

protein intake  Supplementation HME  n-3 FUFA diet
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| ANTIOXIDANTS

AMABOLIC F!EEIETAHEE| ‘ ANTI-INFLAMMATORY
' EFFECT

Ty

Age-relaled

Secondary sarcopenia Farcopenss
{acthity-related sarcoperia,
disease-related sarc openia)




Jak prekonat anabolickou rezistenci

* Jen extra AMK nestaci !!!

* Redukce MPB: rekombinant GH, inzulin, beta-
blokatory, anticytokiny

* Antioxidanty, w3MK

* Stimulace MPS: syrovatka, kasein

* Nutritivni blood flow: ACEI,AT 1 inhib, statiny,
inzulin, cviceni 1!

* Stimulace signalnich kaskad MPS: BCAA, leu, HMB

* Strevni mikrobiom- symbiotika (pre, probiotika),
fekalni Tx



- FLELETV ECETELES ]MB\I:!’J

Review
Dietary Protein and Muscle in Aging People:
The Potential Role of the Gut Microbiome

Mary Ni Lochlainn 3-*0, Ruth C. E. Bowyer ! and Claire |. Steves .20
Published: 20 July 2018

Anabaolic
Resistance

LPS

Impaired Mitachondrial
modulation

autophagy dysfunction

Microbiome



HMB ma schopnost

Omezit svalovou ztratu nebo zvysit
jeji objem, stimulovat proteosyntézu ‘ ::"w":;; | | T:H':'m“ \
postprandialné. ANABOLICKY EFEKT -~ -

zvysit svalovou silu ( podminkou je Mol Synthes
dostatecna hladina vit D > 30ng/ml !
25 OH-vit D) Yy

zlepsit fyzickou vykonnost

Zlepsit kvalitu svalové tkanée
(LBM, FM), inzulinosenzit

Omezit negativni vliv zanétlivé reakce
na metabolismus bilkovin ve svalech

Pratein B eakdiwm

NotProtein Ralanse: = 4 ¢
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HMB udrzi svalovou hmotu u Masters atletd,
vseobecné u seniorské skupiny (ISSN)

Dékuji za pozornost
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