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Name Metal transported Function ™ Tissue distribution Disease
DCT1/Nramp2 Fe2+,2n2+, Mn2+,Cu2+, Uptake/ endosomal exit 12 Widespread (intestine, Haemochromatosis
Coz+,Cd2+, Pb2+ kidney, liver, neurons, ect.) Microcytic anaemia
Nramp1 Fe2+ ,Mn2+ Phagosomal/ lysosomal exit 12 Macrophages Infectious susceptibility
SFT Fe 'l Fe”' Uptake 6 Ubiquitous ;
Frataxin/FRDA Fe2+/Fe3+ Mitochondrial export n.d. Neuronal Friedreich’s ataxia

hNBLA6: TM = Transmembrane domain, FRDA= Friedreich’s ataxia, n.d = not determined; Nramp = Natural resistance-associated macrophage protein

ﬁIN'I: Rolfs A, Hediger MA. J Physiol ’1999;518(1):']-']2.5
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A.
Fe(ll) + H,0, — Fe(lll) + OH™ + OH" (Fenton)
Fe(lll) + O, —» Fe(ll) + O,
nel reaction:
. Fe . .
H,O, + 0,7 —= OH + OH + O, (Haber-Weiss)
B.

Fe(Il) + ROOH—» Fe(lll) + OH" + RO’
Fe(IIl) + ROOH—» Fe(Il) + H' + ROO
RSH + OH —» RS + H,O

RSH + ROO" —= RS + ROOH

RS+ O, —» ROO’

Heme-Fe(11)-0 + H,0,—# Heme-Fe(IV)-OH' + O, + OH
Heme-Fe(IV)}<OH™ + ROOH —& Heme-Fe(lll) + ROO" + H,0,

Fe(1l) + H,0, % Fe(lD)-0O + H,0

Fe(IT) + Oy — [ Fe(I1)-0, =& Fe(IINH-0," | —= Fe(IT) + O,”

gﬂﬁ 3 mufadjiteiaanduasmaqnin
A) NMILAa hydroxyl radical Lﬁaamnﬁmmﬁngﬂ catalyze T
UJ)T81 Fenton reaction uaz Haber-Weiss reaction
B) miia organic radical il’mmiﬁﬁ’l@lmﬁﬂgﬂ catalyze
C) M3tfia oxygen radical ’a]’mﬂ’lﬁﬁ heme 0n catalyze

aaa

D) mufaUjitensnivnaminiaanfaulasass
‘ﬁém: Papanikolaou G, Pantopoulos K. Toxicol Appl Pharmacol 2005;202:
199-211.°
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embolism) laun pulmonary embolism L8 venous thrombo-
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. . . & v 7
heart failure Waz cardiac arrhythmia L1164

nalnnistianilzialataniAndnis (Cardiac

arrhythmia)

5\1%’.1:71’15@]/%“1]ﬂdﬁ?lﬁ]agﬂ’lﬂlﬁﬂ’ﬁﬂ'JUQuTad ion

a -J { v a a N .
channels Wangaha T9NadaInUA1TLAA action potential
VN

Ygairaananyiitanala laonsiia action  potential

. . e & P 8
atrium waz ventricle Luasit (3U7 4)

Phase 0
Wuwnmaiia depolarization 8819370157 lay sodium ion

Lﬂﬁaul,%gjlfuaﬁmuma fast sodium channel (ly,)

Phase 1
Wuwnsiia repolarization Tua9am 9 lag potassium ion

(K+) LAREBABNNNLTARHIUN potassium channel (I, l)

Phase 2
Fanin plateau phase depolarization 1ag calcium ion
{ ¥ ' 2 . [ {
\AREWTIFLTARKIUNII Ltype Ca  channel Tauniumsfi K-

4' &
LARDURDNINNLTAN

Action potentials

o, (Kv1.4, 4.2, 4.3)

1o (HERG +

-
during Ischaemia: IK ., (SUR2A + Kir6.2)

ECG

QT QT
— —_

311 5 m3tfia QT prolongation Waz Torsade de pointes (TdP); waneiwa: EAD = Early after depolarization

u

F

NN: Zinkler BJ. Pharmacol Ther 2006;1 12:']2-37.g
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Phase 3
< a . . + o & 1
wWwnisina repolarization I(ﬂil K LAR2UaNINNLTRIINIY

114 Delayed-rectifier potassium channel (ly;, Iks)

Phase 4
A ' . . A o v
138N91 resting membrane potential Tt un1IUTUIZAY
+ + P + ' al &
284 Na  lae K I@ﬂ“ﬂ Na 3z@aag § LARNDUDANINLDTAR

WAL K 28nannioasaas 9 anad

Phase 1: lx,n o lkack

Phase 2: Ca?*, Na*, K+

Phase 0O: Phase 3: I, Ik,

Na*

Phase 4

a a ) . ¢ o X o
31]71 4 N3N action potential Yadiraanauiitanile

P

NdN: Morrow JP, et al. Am Heart J 2007;154:824-829.8
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Immqm%n%aagﬂi‘lugﬂ NTBI gnifiu (uptake) il lwisad
néuiasla Ll,é’hﬁﬂﬁl,ﬁﬂm&;&a‘éai:vl,ﬂl,ﬂ‘é"ﬂuu,ﬂaaslﬁ fast-
sodium channel (ly,) L8z delayed-rectifier potassium channel
(e o) VEORAIN D9wN 1y, current ¥inowlelaid azvinley
myhdygmvessndailewlafialud slow  cardiac
conduction) mEAMIN I, FaRprTasiuiuaeunsiia
repolarization 1w i@ za9nalinIzuIuNT repolarization
Walddinindné aurinliifa QTe prolongation Waz Torsade
de pointes (Eﬂ'ﬁ 5) %GLTJ% ventricular arrhythmia %ﬁ@ﬁ;uu‘i\‘l

=< ida 79
DNLNTIA

Block of I, EAD
MiRP1)
e, (IKVLQTT
1~ + mink})
Ty (Kir2.9)
-

TdP arrhythmia

il
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4

1N1: Mohamed U, et al. J Cardiovasc Electrophysiol 2007;18(7):791—797410

[ [ Aa ¥ a [ .
NIINEINNLLKRANLNWAILAIDULRAN (Iron chelation

therapy)
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Bndisdaruafnuiinan IWin (magnetic resonance imaging;
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MRI) uae LR34 ferritometer (superconducting quantum inter-
ference device; SQUID) dvpigldnmuiifaduds g 9
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LANG1INY
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v [l & 1
mybiidea (nmﬁau) luldyszunm 6 Laan SIzwuITas
o ° o v A o A A %y
aupnyinmenasnnldiuifeaudidszanm 4 U uazlaldiu
21 deferoxamine 88N1IANIZEN WUINEN1IDANIALRENSAN
naulanilu 4 - 6 1@ean vaendSuannaniinluiitaite
o o A = { a
mlaazldiiadszanm s - 10 D39zamany Fulaisy
a g v o a I} =3 d. Y
iadunalazdiinllagnisiaiia waziualdsuen
deferoxamine agnaLAxNzEN WU LTaUszinm 17 W@aulu

o o = P S Y 11
NIINIALARRINDBNITNELD Lﬂa'ﬁ’ﬂ"ﬂ

% ®
g12uLian (iron chelators)

ﬂﬁﬁ;ﬁ'um"ﬂ'umﬁﬂluﬁamm@ﬁ 3 wila fa deferoxamine,
deferiprone (L1) L8z deferasirox (Eﬂﬁ 7) %dﬁqmauﬂ'ﬁ

LANANINUAILFAILUAT1N 2

Q QH QH [#] o]
H:NWNJI\/\"‘NMN“/\)LNWNJLCHE\
OH © 0 OH OH
Deferoxamine (Hexadentate (1:1) High MW)

o

fJIOH

N7 TOH
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gﬂﬁ 7 lassaiamaaiiuad Iron chelators

NG MW = molecular weight
‘ﬁ&l’l: Sharma RN, Pancholi SS. J Curr Pharm Res 2010;1:1-7.M
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Review Article

Molecular Basis of Cardiotoxicity from Iron Overload

and Role of Iron Chelators in B-Thalassemia Patients
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ABSTRACT

Iron is a mineral critical for physiological function. Iron overload is a condition in patients with B-Thalassemia major which requires constant blood
transfusion. In these patients, absorption of iron from gastrointestinal tract is increased and more free radicals are generated. Such excessive free
radicals cause more damages to proteins, and subsequently various organ functions especially cardiac function. Cardiotoxicity is the major cause of
death in these patients. Regarding cardiac arrhythmia , free radicals interfere with functions of ion channels regulating cardiac rhythm. In terms of
cardiac abnormal contractions, free radicals cause malfunction of Ryanodine receptor. In addition, free radicals also cause cardiotoxicity by means of
cardiac fibrosis. These cardiac abnormalities lead to heart failure. Iron chelators play a major role in eliminating excessive iron both by preventing

and resolving cardiotoxicity in patients with -Thalassemia major.
Keywords: iron overload, cardiotoxicity, thalassemia, iron chelator
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