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Vyznam zeleza pro bioenergetiku bunky

Zelezo neni potfebné jen k pfenosu kysliku (hemoglobin, myoglobin), ale je

esencialni soucasti redoxnich enzymua mitochondrialnich bioenergetickych enzymu
(respiracCni fetézce, cytochromy, redoxni enzymy) oxidativni fosforylace.

Pacienti s chronickym srdeCnim selhanim (ChSS) maji Casto (=50%) deficit zeleza
(ferritin <100 ug/L nebo ferritin 100-300 a Tsat < 20%)

- chronické krevni ztraty
- malabsorbce (1 hepcidin, kongesce v GIT)

Deficit Fe je ChSS je spojen s vyS$Si mortalitou a symtomy
nezavisle na anémii

European Heart Journal (2010) 31, 1872-1880

Deficit Zeleza v myokardu je u pacientl s ChSS spojen se snizenou
aktivitou mitochondrialnich enzymu

Melenovsky V Eur J Heart Fail. 2017;19(4):522-530



Myopatie kosterniho svalu a deficit zeleza

Pacienti s ChSS maji znamky myopatie kosterniho svalstva ktera prispiva k
symptomum intolerance namahy a unavy.

Harrington D, et al. J Am Coll Cardiol. 1997;30:1758-1764

Myopatie pfi CHSS vznika v dusledku nedostateéné perfuze svalu pfi
zatéZzi, ale i v dusledku bioenergetickych abnormalit kosterniho svalu

Mancini DM et al. Circulation.1989:;80:1338—1346

Deficit zeleza v experimentalnich modelech vede k rozvoji poruchy svalového
metabolismu ATP

Davies KJ et al. Am J Physiol. 1984;246(6 pt 1):E535-E543.

Hypotéza

Muze deficit zeleza byt pri¢inou Ci prispivat ke skeletalni myopatii
doprovazejici srde€ni selhani ?



Metody: in-vivo MR spektroskopie kosterniho svalu

Phosphocreatine (PCr) + ADP < Creatine (Cr) + ATP
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44 pacientt s HFrEF, NYHA 2.7+0.7, LVEF 27+10%,72% iron deficient (ID)

Charakteristika souboru a design

25 podobnych zdravych dobrovolniki

Table 1. Baseline Characteristics of HF Subjects and Controls
Controls HF, No ID HF With ID
(n=25) HF (n=44) P Value (n=12) (n=32) P Value

Age,y 49415 55+16 0.1 56+13 55+17 0.85
Male sex, % 60 75 0.19 83 72 0.43
BMI, kg-m-2 2844 2716 0.83 2948 2745 0.28
NYHA class 2.7+0.7 2.8+1.0 2.6+0.7 0.68
Non-CAD HF cause, % 68 67 68 0.89
LVEF, % 27£10 29+11 2619.1 0.48
HF duration, y 5.847.0 7.047.9 5.316.8 0.51
HF hospitalizations, n 1.5¢1.5 12413 1.7+1.6 0.27
MLHFQ sum score 34122 30418 3623 0.37
BNR* ng.L" * 407 (188-1399) 161(103-179) | 543(253-1592) | 0.007
Creatinine, mg-dL"! 1.0£0.2 1.4£04 <0.001 1.410.3 1.4£0.4 0.71
Iron metabolism

Hemoglobin, g:L” 145+14 134+18 0.01 146+13 129+17 0.002

Mean cell volume, fL 89+4 8715 0.13 89+4 8615 0.07

Ferritin,* ug-L"! 90 (47-187) 239 (167-297) 70 (39-94) 0.001

Transferrin sat., % 2113 3119 17413 0.0004

Transferrin, g-L! 3.1+0.7 26+04 3.2+0.7 0.001

Serum iron, pg-dL’ 84+43 112£25 7544 0.001

31P MR spectroskopie svalu lytka
V klidu a béhem zatéze a po zatézi
Méreni pH, fosfokreatinu (PCr),
ATP, ADP, Pi

M3T MR tomograph Siemens
Trio,1H/31P surface dual
coil, Rapid, Germany



Vysledky: efekt HF a deficitu zeleza (ID) na bioenergetiku
kosterniho svalu v klidu

Table 2. Muscle Characteristics and Bioenergetics in HF and Controls at Rest and Exercise

Controls (n=25) HF (n=44) PValue | HF, noID (n=12) | HF With ID (n=32) | P Value

Calf muscle characteristics

Muscle area, cm? 24+5 1945 0.0002 21+6 1945 0.36

Peak isometric force, N 453+151 356+143 0.02 439+125 325+139 0.03
Resting bioenergetics

PCr 0.51+0.02 0.50+0.04 0.09 0.51+£0.04 0.50+0.03 0.84

Pi 0.06+0.01 0.07+0.01 0.005 0.07+0.02 0.08+0.01 0.09

ATP 0.09+0.01 0.08+0.01 0.0006 0.08+0.01 0.08+0.01 0.74

PCr/Pi 8.2+1.5 7.1+£1.8 0.01 8.1£2.3 6.8+1.4 0.09

ATP/Pi 1.5+0.3 1.2+0.4 0.001 1.4+0.5 1.1£0.3 0.14

pH rest 7.02+0.03 7.04+0.03 0.18 7.04+0.03 7.03+0.02 0.61

ChSS: snizena svalova sila a sniZzena bioenergetickou rezervu

ID: nebyl rozdil v bioenergetice, ale ve svalové sile




Vysledky: efekt HF a deficitu zeleza (ID) na bioenergetiku
kosterniho svalu pfri zatezi

Figure 2. The impact of heart failure (HF) and iron deficiency (ID) on exercising calf muscle bioenergetics.
A, The effect on exercise-induced drop of phosphocreatine (PCr). B, The effect on calf muscle intracellular pH at the end of exercise. C, The effect on PCr recovery
time constant (t,.,). Plots show group means+SD compared by unpaired t test (A, B) or median (interquartile range) compared by Wilcoxon test (C).
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Pacienti s ChSS méli zpomalenou regeneraci PCr (mitochondrialni dysfunkce) a nizsi pH

ID: vyraznéjSi pokles PCr béhem zatéze a jesté vyraznéjsi pokles pH béhem zatéze
(laktatovy metabolismus? )



Vysledky: efekt HF a deficitu zeleza (ID) na bioenergetiku
kosterniho svalu pfi zatezi

Figure 3. The relations between exercise-induced muscle energetic depletion (% drop of baseline phosphocreatine [PCr]), acidification (drop of pH),
and iron status.

A, In patients with heart failure (HF) and in controls. B, In patients with HF with or without iron deficiency (ID). C, Relation between pH at the end of exercise nor-
malized to exercise-induced energetic depletion and total iron stores, measured by ferritin. Lines are regression lines and 95% Cls, r=Pearson correlation coefficient.
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Casna intracelularni acid6za v dusledku ID prispiva k intoleranci zatéze u CHSS



Vysledky: efekt kratkodobe terapie iv zelezem

Table 4. Effect of Intravenous Iron Administration in HF Patients (n=13)

Before Intravenous | After Intravenous
Iron Iron Change P Value .,
LV ejection fraction, % 2811 2913 0.5(-2.4,3.6) 0.72 podan |
BNPR.* ng-.L™' 993 (638, 1945) 877 (627, 1683) 9% (-28%, 18%) 0.77 2 X 500 mg FCM (Ferinject)
Iron metabolism
Hemoglobin, g-L™! 125+13 133+15 8.1(2.0,14.3) 0.013
Mean cell volume, fL 8745.5 90+3.7 3.0(1.1,4.8) 0.005 Vyéet‘fen i p‘fed a 1 mésic
Ferritin,* pg-L- 68 (50, 117) 317 (207, 600) 403% (236%, 717%) <0.001 po terap”
Transferrin, g-L~' 3.1£0.5 2.7:0.4 -0.5(-0.8, -0.2) 0.001
Transferrin sat,* % 10(7, 23) 18 (15, 31) 87% (42%, 155%) <0.001
Serum iron,* pg-dL™! 48 (40, 85) 75 (58, 112) 66% (30%, 102%) 0.001
Rest bioenergetics
PCr 0.50+0.03 0.50+0.02 -0.01(=0.02, 0.01) 0.55
Pi 0.08+0.01 0.08+0.01 -0.01(=0.01, 0.01) 0.51
ATP 0.08+0.01 0.08+0.01 ~0.01(=0.01, 0.01) 0.64 Prilis krétky interval hodnoceni
ATP/Pi 1.03+£0.24 1.00+0.27 -0.03(-0.24,0.18) 0.51 Vs v 7 7
pH rest 7.03+£0.02 7.03£0.03 0.01(-0.02, 0.03) 0.78 Prllls mala daVka Fe
Exercise and recovery bioenergetics
Work, W 2.4+1.1 24414 0.1(-0.6,0.8) 0.95
Peak isometric force,* N 349 (272, 460) 384 (293, 518) 5% (2%, 25%) 0.048
PCr drop, % 31+22 3117 -1.8(-8.7,3.2) 0.94
oo™ S 63 (38, 125) 65 (49, 101) 0.1% (-0.1%, 0.3%) 0.49
V,..* mmol-s 0.25(0.19, 0.38) 0.24(0.18, 0.38) 0.0% (-0.2%, 0.3%) 0.77
Q.. mmol-s™ 0.47(0.36, 0.70) 0.46(0.35, 0.67) 0.0% (-0.2%, 0.2%) 0.73
pH end 6.90+0.20 6.92+0.17 0.02 (-0.04, 0.10) 0.41
ADP end, pmol-L™’ 36+11 34+12 -0.8(-8.1,6.5) 0.98




Zavery

Pritomnost srdeCniho selhani je spojena s poruchami bioenergetiky
kosterniho svalu (skeletalni myopatie) méfitelné 32P MR spektroskopii

Tento defekt je potencovan pfitomnosti sideropénie

Sideropénie je spojena s vyraznéjSim poklesem energetické rezervy (PCr%)
Béhem zateze a disproporcnim poklesem pH

Acidoza kosterniho svalu muze pfispivat ke zvySené svalové unavé

Korekce sideropenie 1g FCM po mésici zlepSila svalovou silu, ale neovlivnila
bioenergetiku kosterniho svalu (vyssi davka? delSi interval ? Jiny preparat ?)

Charles-Edwards G z al. Effect of Iron Isomaltoside on Skeletal Muscle Energetics in Patients with Chronic Heart Failure and Iron Deficiency: The FERRIC-
HF Il Randomized Mechanistic Trial. Circulation. 2019 Feb 19. doi: 10.1161/CIRCULATIONAHA.118.038516.

Van der Meer, P, Melenovsky V: Mitochondrial function, skeletal muscle metabolism and iron deficiency in heart failure,
Circulation, in press
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