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1 S PREPARATI ON COVPRI SI NG | RON(I'11) COVWPLEX COVPOUNDS
AND REDOX- ACTI VE SUBSTANCE(S) DESCRI PTI ON 10 The
present invention relates to a preparation conpri sing
iron(ll11) conplex conmpounds that have a specific redox
potential, in particular with carbohydrates or
derivatives thereof, in particular with dextrins or

oxi dation products of dextrins, and one or nore

redox- active substance(s), in 15 particul ar ascorbic
acid, as well as optionally further vitamns, trace

el ements, mnerals, nutrients and/or cofactors, and
also to the use thereof as a nedicanment for the
treatnment of iron deficiency states and further

di seases, and to the use of the iron(lI1) conplex
conpounds 20 in the preparation of a nedi canent for
the treatnment of iron deficiency states and further

di seases, wherein the nedicament is adm ni stered
S|nultaneously with or close in terns o

r RREPARATAON uEOMERIES ENG @?QN6¥I§QHQQM#%§X|§QMQQUNDS

nost conmon tr e About
two thousand [ ﬁﬁgégﬁvgfégﬁlgﬁﬁ%%ﬂgﬁhggksfromi ron
deficiency or iron deficiency anaem a (D.M DeMaeyer,
"Preventing and controlling iron deficiency anaem a
t RESCRFP P GNrary health care", Wrld Health 30
Organi zation, Geneva, 1989, |ISBN 92 4 154249 7). 2
The use of iron(lll) oxide as an active ingredient for
t Hee tpmmun@femtnﬁnn@eél@tﬁu teh@ PEPRALEHESD FoMPrising
T%E ]ﬂ nu_ex' %g{ﬂ BMdér%e/\Qa%@ %533§§C151c redox
er apeu i ca usabl'e rron 1 njection preparations and
ppocestsiesl ,f dm pherrcncpitépawa‘fh cﬂﬁré%O@Y@ﬁé\RﬁSf PENYERLvatives
14§ %%O Pro %§% Sul9QF &b@?Fﬁé¥¥Yfﬂ§ @7 ekidation products
i Fon ?§) tose co ex conpounds which are
suft@@t@rm paudentler ar m@r‘adﬁ’ﬁdﬂ%tatcéﬂv@nsﬁpét‘?(%‘b‘%\fr?)' in
fré?%n U%l%Q?%?%%rbIgea&%g of ¢ I fON- Gar Bohydhat @y further
B ?exes i fothe treatnent or prophyl axis of 1ron
deita:mml-:c,y teeaee elemekhownmineralad OML@3PBES. @18/ 9% on
Sk COW%%%HQ& W LB bydrogenated dexkr bngehiakdiec for
t?% ylax s of 1ron deficiency states are
kamwmfeanmem @3/ asmadefiz@mmm(sqalt)eSpamiupfaﬁtlé%pl ex

Cgl é&ﬁéﬁi an%.Ehekﬁeuﬁgelgftéﬁ% iron(III) complex compounds

in the preparation of a medicament for the treatment of

.4

iron deficiency states and further diseases, wherein the
medicament is administered simultaneously with or close in

terms of time to redox-active substance(s).

Iron deficiency is the most common trace element deficiency
worldwide. About two thousand million people worldwide
suffer from iron deficiency or iron deficiency anaemia
(E.M. DeMaeyer, "Preventing and controlling iron deficiency
anaemia through primary health care", World Health

Organization, Geneva, 1989, ISBN 92 4 154249 7).
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treatnment or prophylaxis of iron deficiency states are
known from WO 02/ 46241. WD 99/ 48533 di scl oses

i ron-dextran conpounds for the 25 treatnment of iron
defi ci ency anaem a that conprise hydrogenat ed dextran
having a specific nol ecul ar wei ght of approximtely
1000 dal tons. WD 01/00204 di scl oses anti -anaem c
conposi tions which 30 conprisé Fe(lll) conpl exes of

hydr oxamat es, hydr oxypyri di nones and si derophores
(catechol am des) and vitamn C and/or E for protecting
& vste ofi duen(EIE) resideamd a8 dysivmctnmieddfenthéor the
qgggﬁg@hlu i 4,

conp exeg t atﬁg?%gggéaggggﬁkiQng%ﬂgggd IP§%§%%§21354
28> ¢l snewnchnprosiq iBn'$5d8apri sing iron(l11)5 or
iron(l1l)-sugar conplexes and ascorbate in the form of
fruit juice, for the treatnent of anaem as. WO
zomda@»@a@@eam:s cheselse darq:moslinti pohsox mmasdartgomoa(uﬂl )

L _ex
ltE !é% %&@S’%gﬁﬁe ar ext rSa%gQ G ntl/}pénl (6)%%80'

and |n partlcular sucrose, for the treatnEnt of

§§ QJeésslggr é% ndr rone. gven gpgﬁ uvaqﬁs i 8Qeas
EO5BrE actt tan e tidded %o °t he' Tohmo
EEm@&&xlaémﬁaﬁndbsmtﬂ39$xbydnmtabretfnﬂ|ﬂa&emmﬁphéxes
r|S|n iron(lI1) for the e of anaem as,
Fggggigﬁﬁ ELPM S %Wﬂwﬁroﬁub%hgéfgg%%Tives are, for
exanple gl ucose and preferably ascorbic acid and
utathlo wn that.iron su

e 0 0t A e A B CBT BhEn i e EaeR ERERA (o

SROPRGABY1E eatt i ,deiet en8ygash t & Nie dricml from
dlstﬂ gsnggg or discolouration of the teeth. Iron from
NCoR =< 8P npounds i s subject to the passive
di ffusion of free iron ions. The iron can enter the 25
C|rculat|on and t hus. cays ondar tions or iraon
JSC80 APHGL S3ACCIIRA Yigtsy W eﬁygﬁ%g?_%"t? %euxérrlﬁsmfw?f the
rﬂr‘é@tm@htzgﬁ oEbpHy AR/ kg, ikenr @aidMaldy lsewredheraise
iron-dextran is disclosed in OCski et al. "Effect 30

&POWPoﬁrﬁﬁéM%d§3dﬁgééﬁaV|or Perf or mance i n Nonaneni c,
Iron-Deficient Infants", PEDI ATRI CS 1983; Vblune 71,

877-880. The parenteral use of iron-dextran is
direrdv¥ant 2 ‘éjoﬁls‘-ad’e&.?&@éeé GeXP S rﬁﬂ?céﬂ‘e&ﬁaﬁﬁ?l iRt fhe

shegkmeal @EGMWophylaxis of iron deficiency states are
known from WO 02/46241.

WO 99/48533 discloses iron-dextran compounds for the
treatment of iron deficiency anaemia that comprise
hydrogenated dextran having a specific molecular weight of

approximately 1000 daltons.

WO 01/00204 discloses anti-anaemic compositions which
comprise Fe(III) complexes of hydroxamates, hydroxy-
pyridinones and siderophores (catecholamides) and vitamin C

and/or E for protecting against oxidative stress and
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Conventional oral iron preparations, generally
iron(ll) 5 salts, frequently cause severe
gastrointestinal side-effects, which |leads to poor
pati ent conpliance. Oral iron therapy can increase the
| esions of the intestinal tissue by catalysing the
formation of reactive oxygen species. Because free
iron is a strong catalyst of Bhe formation of 10
reactive oxygen species, oral iron(ll) therapy can
even be harnful, in particular for patients with
o&ysﬁuncﬂ1nhlaﬁnﬁh@rgﬂdﬂﬂhﬁll@mseﬁb@ reje HatemEip) of the
LERA AT O03n Bl € RO SHIOTACH 2BhSESod 3ol O
faeca on concentrations a significant
proportion of the faecal 15 iron is avallable for the

catal ytig ,agtiLVvi;ty. ]ggﬁgl e Whihry -

iéﬁéhﬁ% ﬁ%ﬁ 25%025%0%@1 %160&%%§§rea in a%ggfg%g o

CAN ey (@ase -sheaprodyctdxes ahdr eac@rb’retemyge:@eséecme@f

and thus .increase _tissue damag .
%Hﬂq|W%ﬁcﬁo|§ﬁﬁ|F%%é”%% g% ggn%g?%%lﬁibn in

non |on|c form which is |ess toxic. Wen conpounds of

th d i.d f
A DR P oA SRS A A e PR (1)
iéﬂ&ﬂﬂﬂdh(3uhﬁabem§ﬂ@@abs £ exﬂmpme,Lw;tﬁﬂqaquhyarates

Hemat ol . 2000, 5:77-83). 25 Ma different researc
rBaEh 3§ ﬁ&%@réﬂomﬂe¥?ﬁgn49é§y§ﬁg%ﬁfeo? scor % égPEar"
pEESIHe | Bol0edei pbatanaas diheeahlespt iams afyridrome . and
that the addition of ascorbic acid o f ood

I
| GprevEd onRd BABAVERFALTIGR Y0P SCRE ?‘Fo?\c’cdoqi i keyegges
|{btgﬁéﬁ9ﬁ%0ggtgon8jern Rasnmussen E. et al., Nutr
Met abol 74, 16, 94-100; Cook.J.D. et al., Am J.
Ccin. Nutr. 1977, 30, 235-241; Dernman D.P. et al.
Sgﬁ%o 3134H@@@aa%clos‘3esl9;§£aro%51clea 16k | cﬁmﬂlglldieset
Scand . Haematol. 1982, 29, 18- Zé Hal | .be
A@@mpwngl\laﬂfpn(iééh for the; Creptingaf) @ r?gna‘?_mlaegt' §Pr
A@%a@plé“ﬂﬁ MYtk £4984, 3% n&Y7 GadVREOBs aké¥ fir alxampple,
. Cin. Nutr. 1982, 36, 219- 5 22 ers, N H
Brlugosemaapaeierally 3scoBys: 2E4d 3f e?ls ‘%\/ﬂ“ili‘loé’te
al., Br. J. Nutr. 1974, 31, 367-375; Sayers N H et
al., Br. J. Haematol. 1972, 28, 483-495). is _often
agsulmdthh@t thas feductibirte HHIEtpssLyyt %%‘F‘tﬁﬂtely causes
%f‘éf%&nc]{ RRe eeﬁgaé!éﬁa/ Sl difledirkabevsnd  arudd as
eciding role. In consideration of this, ZPeC|a
|g@atxwanﬂaﬂingﬁsdééﬁ%¥b@ﬁ?ﬂf £5c GiBre LRyt e
d@&gzgp?ﬂﬁ% hp§§8na§§iﬁwﬂémﬂaﬂﬂﬂ%s@BtSgbﬁﬁbﬁfEb the

ese prepar atl ons are
passive dlffus1on of free iron ions. The iron can enter the

circulation and thus cause secondary reactions or iron
poisoning. Accordingly, even the LD50 value in white mice,

at 230 mg of iron/kg, is relatively low.

The use of iron-dextran is disclosed in Oski et al. "Effect
of Iron Therapy on Behavior Performance in Nonanemic,
Iron-Deficient Infants", PEDIATRICS 1983; Volume 71;

877-880. The parenteral use of iron-dextran is
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15 conbinations of iron(ll) salts, predom nantly
iron(ll) sulfate, with ascorbic acid. The ascorbic
acid in these preparations serves to prevent the
oxidation of iron(ll) to iron(lll) in the preparation.
20 It is further known that iron(ll) salts foma
col oured conplex with ascorbic acid, and that ascorbic
acid forns a soluble chelate ¢onplex with iron(I11)
chloride at acidic pH, but not with iron(lll)
preci pitates at al kaline pH The sol uble
idica@vienraghehatleecrms ex destseablrdugril cowphivagcRic
i LOon.,i ol.uhle formeven if the solution is
§ﬁﬁggh3€%TP§Q?ghdered al kaline (Conrad, ME. et al.,
Gastroenterol ogy 1968, 55, 35-45). By neans of

ssbauer _and UM/ VIS spectrosceo un en-
e R g
td tph] fapgeehty @scEr bieveaei dadoromntamipinedesidet

W Fe2+ but. wyth. Fe3+ (Hanmed, . MY. et .al., |InqQr .
Biincthe: hTaal a4 1oy pbs3Bosthe eGlpdiancel 0BERL 1ron
aFtagyesani 1 hicesaos hitle aeksdonandf prleciipiteattiond aissue
ﬁggrefo e observed.in the aI%aIine range, in contrast
FREALYSIB BT R8c BF b B2 Akt SASSH PReCeS

Hesekk FRrebherdwris of sarbagl thatwenpl ek thes doutnbdhomtos
neutral and al kal i ne, pH ( Got man et al., J. of

FG5E taPe REEITR 8PS ,Srl%f?ilé}é%s*fiﬁes@*%r&% cghy ggen be
watrarrusQl uhl gadt doCiimifex phtheassoriic Amicthiat pH 6.5
(Haned, MY. et al., Inorg. Chim Ac}a 1988, 12t'

Jpf lampnatony powrk 4498586npPER b1 EYN b BFPasatiARS are
R bBvbABed WhdA RSt ihhaseh Wdednicanrdpe reduced
under physi ol ogical conditions (pH 7) with N%DP H _to
iGaBsertyations, 1apd & oA £ aARbIPHRF Yed e dTuliber Faccal
hese 160aght 1988 A7 The ehthigel crasox pat.emheal iron
therefor is -324 ny. This is the redox potential of
NSBEP) APRADPINERCHIYIER LRCPEEARABIWIMITRA® t B FEdBRY
RateRklabef hridifed eaat i8R 9hc2BasS CAHDIFRRIE1bA of
dehydr oascorbic acid at pH 7 is -66 nv (Borsook, H
areagitiveppgygen spasiepggsd ghgs gimyreads $ifgsRs demage-
iron(ll11) conplexes having a redox potential of < -66
MV at pH 7 cannot be reduced by ascorbjc acid. L
ITron((LEL) -pol yim! e COPRPREXCHRASHIT d®R 38t BAPT AP bF
form, which is less toxic. When compounds of this type are
administered, fewer side-effects occur and patient
compliance is improved as compared with iron(II) sulfate

(Jacobs, P., Wood, L., Bird, A.R., Hematol. 2000, 5:77-83).

Many different research results have shown that the amount
of ascorbic acid present in food influences the absorption
of iron, and that the addition of ascorbic acid to food
greatly improves the bioavailability of the iron contained
in the food (e.g. Bjdérn-Rasmussen E. et al., Nutr. Metabol.
1974, 16, 94-100; Cook J.D. et al., Am. J. Clin. Nutr.
1977, 30, 235-241; Derman D.P. et al., Scand. J. Haematol.
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25 -332 mV at pH7 (Crichton, R R, Danielson, B .G,
Ceisser, P. Iron Therapy with special enphasis on

i ntravenous admi nistration, 2nd edition, Dill-NED
Verlag AG Brenen, 2005, p. 44, Fig. 6.4). 30

Thr oughout the present patent application, all redox
potentials are always neasured and quoted relative to
a normal hydrogen electrode (NHE). 7 A der studies
have al ready questioned the reduction of iron3+ to

i ron2l - under gastrointestinal conditions (CGornman,
JL9B.0,eR5a/ 193 J.Gofldedod CSciegneéd. 198&Hndl8,J .1 Aaemapohb)

i 578ecERl Bl WLt ey AgUChign gogdl oun

i120R(14I7]; ) HasTioehy € Iaciat adnpl Bx. i &. tdeimuiNoicer. 1984, 39,

CoxEes e L R St WL e

a23,; bagegs @hem BO90,. 29emdi80: 41873, 2U) A9%eakBy as

1968 it_was sho that FeCl2 and exhi_hi ar
SEear Hndor BF 1 + dul £ PRCEorbi L Wevh 28PN
acid tel&aalvwltB@utJ.( GormadolM E972f 28, ,483-495). It is
Gastroenterologi e 1968, 55, 35-45). In congrete.terns,
s Ay eRoRAr (iR TPRTEEIPRIS |V imIGRLY FOLUELE)
resQkhedrabset ©sluaddas 13s sveliblasafedldnt firom pe&l, a

t hat ascorbic acid brings about an
&15SeApPPoRe1ficr easi ng effect for Fe(l1) and Fe(ll11),
that, of the preparations studied, the

Fe(lll)-ascorbic acid conplex, exhjbits the best

dBs GLPELEAT2 B tHatthiife SBSESRt eSTFINATREIFAEPEPEL i on
QERRI E$nfi hesrisRs Al @Rrbhasvéepad hemdprapaeasiongell
studied, not only in anaemc¢ rats but also in,
FERISAEBRFE Pat'de MATRET CPER¥anTREs P PIAPAZALLORE Rk
LomERQARE Ghs é—@%or@(&%}:)géaﬂ:gg% 20ddaEn 8118 ERoshow

that the absorption o Fe as ferritin or

. . MY : .
iSUdAELR) ) vhr G aRiT 6mig - nBR9 P PR TRIfy&Gieal i Shese
?ﬁ@&@}ggigﬂst£@%6ggnﬂd 9bnd 0Pn 806 0f 3 ASCRY BirC ia6hdrT) to
romin each case 0.4 %to 12.1 and 10.5 %

HeopdELively . CHhORGFGTELLBA of di al ysable iron coul d

be i nmproved 30 considerably by conplex formation with
ascorbic acid at pH 3.0 and 7.0. 8 It is further

vows thatheriknaseshast iraalehsesates di9gdY Bt cohoBred

o%BﬁEk)w%@ﬁtésééﬂﬁﬁ?@Rﬁhgbgﬂdi£ﬁﬁhk%§cdyﬁy@3ahﬁergééﬁ% a

i
the absorption of iron fromiron(lll) salts and from
fsodubl Eoghatia t &/ Empdtexa Wi thGaseR bEhRE e rdilegy deoes, agtdic

Hssbﬁé)n Qﬁi&hiffHK4¥I&) .§e8g%iéggggk§¥jéfkaﬁﬁﬁe pH. The

t
it estinal nucosa, an gasFr0| estinal secretions
@@Qubﬂheieémtzﬂxﬁfqhehag@ucempbﬁ¥01$rgﬁﬂhhq‘Fn@ocpéﬁaéns
E&ogghh)sgiugfelfg 'é%e ni9r9§% géﬁ&%fgﬂﬂfgashﬁgehﬁgﬁtly
and i ncrease 1ts absorption.
rendered alkaline (Conrad, M.E. et al., Gastroenterology

1968, 55, 35-45).

By means of M&ssbauer and UV/VIS spectroscopy under oxygen-
free conditions it has been possible to show that, in the
pH range 6-7, ascorbic acid forms complexes not with Fe?*

but with Fe’* (Hamed, M.Y. et al., Inorg. Chim. Acta 1988,
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A further study by Naito (Naito, Y. at al., D gestion
1995, 56, 472-478) has shown that iron(ll) ions in

conbi nation with ascorbic acid cause | ocal ulcerations

in the gastrointestinal tract, and that
oxygen-radi cal -nmediated |ipid 15 peroxidation plays a
deciding role in the pathogenesis of gastric

ul cerations caused by iron(l1¥% in conbination with
ascorbic acid. It was earlier assuned that high
concentrations of ascorbic 20 acid inhibit lipid

P OXi2at-2en) . preSuaads yncm/vi figrnt @otibll exés ant tiloydsgatribon
propertl s (Bugcher | .. Tax
e 3t psoate AT 08 HICKEER PTGl Bl P n
rﬂdé&quef ehAYyé Palght@itraktMtoathal systlem Biedl wﬁiemscorbic
261, 10282-10289). 25 Howeyer |ro%§_|ll) r(i%c_rés vvitﬁ]eX
RGN WHECHi V& PTETRNT 137 fPER CH 3 dff . CTHE
fQlRtican aef nbheser rad cakailkeadpgnt pcofiansiove. et al.,
side-effects and is undes; ragli Az%% udy_ Ry rlrg?dor 4,
recétft IFPoSh8aRereFoftts 148 ad2d/ T 128 bcHism  BIW¥Phys e

%%@ex&%oﬂ%lé198§)cor&ﬁel@3hthhabcbhﬁl@mmatﬂ oH 6f5

iron(ll) with ascorbic acid |eads_ to signifi an% i 31
ngfaamad c¥r ¥t | 8Rs2t n tHOTSas ChéMnt 8st? % Ran231) -
does iron(ll) alone. This 9 study has further shovvn
that ascorbic acid in conbination with iron(lLl) is
PRI ) oFOFP bR e et Bk IRFPACHIAIEAAI AR HIF iRt BIEBe, “two
afrogﬁ; J.ier assunmed, because, of all the conbinations

S ed t he corrblnatlon of iron(ll) wth 5 ascorbic
acitthoseduhich tden hEs traduceds ipdet | ik jpdogiicdat Fopditions

L|p|d rOXId s in.tur sponsi bl e for damage
to (EﬁHoI g?”&‘éﬁ‘%?@netso akq E e for ulcerations.

RULRGE ohiigh esartiaste v &@d@@aal §1ﬁ@c§h§ | ghosieowontiheidhs .
combi nation of iron(ll) and ascorbic acid to be toxic

(Hi gson, F.K, et al., Free Rad. Res. Comms. 1988, 5,
s itlahi g@do% c%erﬁilal AgkiresoBi 04 .- Lhemv.1989s is
53, 3285 3292). The damage that ocgcurs at cell |evel
ashen eslom posentiek ek (POFH/ BRPE t3te®Tcduses
side-effects and 15 poor patient conpliance. Oxidative

stress, in particular |ipid peroxidation, is
B85 Ol dmeun £hat ekaenreIoRindr Ak 1phcERRSERE Heaetden of

ﬁé&rﬂl achﬁm:Beéé cﬁf&é&lﬁrb%%nﬁgida&‘\g pH 7 is -66 mV

eroscl erosi s. oxi dati ve nodification of

| tRwcedit i Iepo@l ot RTPLALR-Ss hEBY r @S ol EPHSr
%{\&%{%u , %%Sa§o£§e€1feéﬁﬁﬁ%&% ‘M"’tlﬁ% énrgd&ﬂ%d't%tﬁbl of

rrtion sear C
142—166[1!872at19§97 camahed mﬁ@ﬁllc@ldsbha@%c‘?ﬂ@rcefa&rlél -set

ﬁﬁ‘i)% gm é?&é Qémrglééj'h%% ceadhly doi&lakheos
|ron ar 1 ONsS )

-332 mV at pH 7 (Crlchton, R.R., Danielson, B.G., Geisser,
P. Iron Therapy with special emphasis on intravenous
administration, 2nd edition, UNI-MED Verlag AG, Bremen,

2005, p. 44, Fig. 6.4).

Throughout the present patent application, all redox
potentials are always measured and guoted relative to a

normal hydrogen electrode (NHE).
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conbi nation with one or nore redox-active

subst ance(s), which preparations are suitable for the
treatment of iron deficiency states and ensure

i mproved bioavailability of 30 the iron w thout

exhi biting the above-descri bed di sadvant ageous effects
of the known iron(ll)-ascorbic acid conbination
preparations, such as the forhation of 10 ulcerations
in the gastrointestinal tract and oxidative stress due
to lipid peroxidation. The object of the invention
mas therefore, to provide a 5 conbination of

I11 d d t
édggﬁ&%gﬁi%ﬁf§aﬁ§t&§%%€%gc 0 |ron§%?€§§£ %%

h&dﬂi aﬁiuven§ub&ﬁancgés&rointhnﬂma&ubandaszmninmSorman,

d, d di t .
Tt frhm absGpEiobr SOSSREr I 180 T AP dh by2a0 * More
&Qg@ﬁk'Qﬁ%@feé[ﬁﬁuﬂ|ﬂﬂhtC?EEé@ﬂﬁﬁl¢ntdtdﬂmB ae?arsemmngmy
suhst ance(s) s on e other h ut i
P dd6j BEt Pt atg}ﬁ éﬂ%&‘aﬁﬁof‘h‘é% PP oAt ¢ I&ﬁ?aé"%?ﬁ:ﬁ)hﬁ 354
tdempiexenti ee MilcRrCRBRELS6S didddd lthkeopphex even at
conpounds 15 haV|ng a speC|f|c redo otgnhla

EuPHr YRR | (HOF S¥onbl eXE cdhpr flecting 1088;

&ar, bghydeases, Ofndi%rlmtefnvemgdﬁerm,f ,41&0d 408@) Or nor e
redox- active substance(s) in particular ascorblc

acid. 20 Iron(ll1) conplex conpounds wth

Gar kahygdrat efocd NP sHbah Vhdh madlynahd 08&Cl; exhibit
(mal todextrin), are particularly tolerable and have

Kiegh PEAE RE NRPIVRIIHORN EESUNES ok dRATRAGASH PBs W1 bR o7 %Orblc

it igngnbh e fERLe Widdhrbhe Mrﬁn(éélal'30@EEQ¥§§nt8§olog1e
tudles by the inventors have shown that iraon(l

G@ﬁ@n&ﬁﬁosé5tﬁﬁpléﬁ-0®ﬁpéﬁtﬁa§e%p$edﬁﬁﬁléﬁuéﬁtéh?W%@ that
@‘te (RHE1Y ﬁfr%m %chﬂvasdiggéoﬂ%d ra@ﬁﬁltt %Ql%c&é b/lrélla%isd

gi ve dehydroascorbic acid 5.5 and in
E@f(ﬂér) efrgo %‘tﬂﬂut’ i shat b@W@’rbﬂsCy@tCéﬁs byings oab%t Fn

Lsl tg%n—fﬁtf%é%fﬂgje@@egtofog Fe M0y hoHFEIINEA3: that,
see isser, P., ArZneim -
of the preparatlons studied, the Fe(III)-ascorbic acid

complex exhibits the best absorption, and that the
corresponding preparation exhibits higher absorption than
the other preparations studied, not only in anaemic rats

but also in non-anaemic rats.

Derman {(Derman, D.P. et al., Scand. J. Haematol. 1980, 25,
193-201) was able to show that the absorption of 3 mg of Fe
as ferritin or iron(III) hydroxide from a maize porridge
meal is improved by the addition of 100 mg of ascorbic acid
from in each case 0.4 % to 12.1 and 10.5 %, respectively.
The proportion of dialysable iron could be improved
considerably by complex formation with ascorbic acid at pH

3.0 and 7.0.
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11 Forsch./Drug Res. 1990, 40 (Il), 7, 754-760) wth
t he excl usi on of oxygen. Although
iron(l11)-polymaltose conpl ex conmpounds only 5 result
in aslowincrease in the ferritin level, they are
used nore efficiently for haenogl obin synthesis (T.-P.
Tuormai nen et al., loc. cit., p. 1127). According to
the invention, an iron deficiéncy state is 10
understood as being a state in which haenogl obin, iron
and ferritin are reduced in the plasma and transferrin
iItilmcﬁeashdr whowh rlesulacddi doesduckdingasskethin
s turati.on. The co t|o &0 be in . 0 n
%?ﬁﬂ%%ofs nVeRt o %%ﬂ 0d8s P%%ﬁ&%g f%?é%%% %ﬁgeﬁf e
&n‘d:ﬁera@& daki abeastc;yti/mrt hduti ranaénom. idde( M skdhscand

be made, for. _exa b th hagnogl obi.n val th
\%%%8@ ?Fgﬂg?gprhﬁp sia/e( ufagt q o?eiaf 7] Oe%‘?reofle%geagg Ue§5
f3y-dxgemaghobi ﬂroﬂeim)mmeﬁobyabhorbe@(twrﬁﬂrey 1tn|teby1nal
the 20 photonetric, cy anaha n_netho K f
rWQQQ%anQngaPﬁégr?iﬁ TS fggF #ha%%dmﬁians 5 PRS

aierdd Headcefl Obnexalmie( 17N theioef eronee( Mot a)hranhebéte
Charite, Institut flax' Laboratorlgnsned|2|n %nd

Pdt H6b|°6§ﬁénF8 dissolve the iron and increase i
(dBddrptiwmy. charite. de/i1p/routine/ parameter. htm ) and
in 25 Thonmas, L. Labor und Di aghose, TH Book
Vbrlagsgesellschaft Frankfurt/Main 1998. In patients

W oWl QBudefbeieids (aansf ev(i Bt sat ur diigetisn 1995,
generally > 16 % In patients without iron def clenc

tfe f4€r2r|4t'7f3h bas uehew géidr aFPH (Af) | BT Yo FrgrEehn

tha hagweghebi Qci’@' é@lées l@"cahea§be§£)tﬂ&gs o/rd thelgyastro—
According to M Pi nggera, P, Lehmann,

At SRAWGERGEl | Snds t&@&o@Wﬁe{a niedher hptetages 1ipid
?fd%t@ﬁr&a t4bh gxiegde Ch&cﬂciﬁ'n%n roDBr t A0Eke W dRGeMegnBaot

all forms of iron deficiency can be detected

dastitde- vAerrehlPys RS BYcEEOREFF] t1h CYUMISRLEA]R Bhth
IS aerealblygacconpani ed, by way of conpensation, by
increased transferrin and Iow transferrin saturation.
The preparation according to the invention can further
bg TRused 1l LOphavd rlﬂlatnmﬁﬁ dehesseribdOlhf ascorbic
I mprovi ng brain power. rovenment in immune defence
waQﬂﬁ|1nbh@l§cépﬁl@pr¢ﬂ¥% i QP ORT ABWARDEY IYHHISK taAtrect

Q:] @E&ohn }gﬁe#weﬁ%%h%?Sanﬁes ag ‘§POV"|’F’untiorAppl
exanp |gn| I cant 1 nprovenent in the
Mgamhd@;sae Bespdnse2@lo phwit ohgenhygkeePing PEASCRSHgin
t [ % t ingt tregdue
te raza |uw1tg§?9%%%$5 gg?ﬁg%ggggropl:%?éuy an 26Ls
Imeeei®e8B)i.n t he bactericidal capacity 20 of
neutrophils (PCA) neasured by the turbidinetric
process, by an inprovenent in nonoclonal antibodies,
frwearanplieofDBT ) ChegctCD8vidhd ogDS56n tousitee,ifay(III) and
exanpl us,i. n fl t. r e
§$§¥£§ﬁ5r~ fﬁ%%% BEB f%ﬁﬁ%%t%geégtFﬁ%%g:ggéggﬁSeleads ko
rﬁﬁﬁﬁnﬂiyeHsiﬁaﬁéﬂéaaﬂsandanstand351rﬂble A study by Fodor

recently showed (Fodor, I. et al., Biochim. Biophys. Acta
961 (1988), 96-102) that the combination of iron(II) with
ascorbic acid leads to significantly more ulcerations in

the gastrointestinal tract than does iron(II) alone. This
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25 the |l ast-nentioned cases, the use according to the

i nvention takes place in particular by inproving the

neutrophil |evel, the antibody |evel and/or the

| ynphocyte function, determ ned, for exanple, by the

| ynphocyte reaction to phytohaenmagglutinin. 30 13

cognitive functions and enoti onal behaviour and is

expressed, for exanple, in andi nprovenent in the

short-termmenory test (STM, in the |ong-term nenory

test (LTM, in the Raven's progressive matrices test,

i stuche hasl ighehes sigom  thattelascgehte aekd 6y \mmS)matlon
or, ffe

TEReD o RS FETA P o 11 BPR REESE ek XX pot

ian/enﬁiléhntoan a$ seabki ers ecssumetineberaateemt @fll the

ﬁ@é ' g Sséxgdr(?”‘gt comb;Llng !§H°é£\f‘ ]roo T ‘?km@hs

i'Sease in sS‘are

nmibOasuﬁ Sﬁdm¢e©rUEyamsstandes$1¢é lﬁmmhuse of

the irresistible tQ €onPaLi ents, | SO ff
f‘ﬁﬁﬁ"r}l‘i&%&ﬁﬁw l?hé%?ﬁﬁozi{l R;él Songas t e npaifﬁsz)%fl stble for
anesye thebsypddesl diadppeas, ahdt héhey fot wlverations.

i ediately when the 15 novenent stops. If patients are
forced to Iie down, involuntary | eg novenents are

Qﬁﬁﬁﬂﬁ@dstﬁaﬁeéum&&gwalgqﬂo@ﬂa&baéﬁtni gmﬂwniuM§ cati on,
ref erence is 2004/ 083693. 20. T
Gren Pt

TR GR atc G ESFRYBAT | BT st% &% FeFic
Smltg@aine Fox. thétt&Eat e @hdirREs derf¢m&na398m aBes

atients wi.ith chronic infl ammtor [ se
Joajrrltf’l'cHFBi‘ ARy dhn' €¢ di‘seaddTAfid %/Jr ‘ﬁ%ﬂ éﬁgg E%S
T:i‘ﬂ%SP@QI@QI) at rp8 @sfaysli it octhesi Y 60d1 DN dve1abs0a

particularly suitable for trea g or preventi i ron
d%ﬁ%u&teﬁéyté?%?e’é°¥:\‘f: gHdGcast © Preﬁau?%’ %‘%&&Fts and

Wit bht@@ﬁtabaﬁpiiﬁﬁééﬂ' phar macol ogi cal ly active
constituents in the formof vitamns, with the

exception of ascorbic acid, 30 mnerals, trace

Q)8R Se BULEEEN! S, AN Qlcubacei BleNPat i@ ion, is
descri bed herei nbel ow. 14 l[ron(l11) %Hgglex conpounds

\ﬂﬁ%ﬂ?lééﬁdbef%e%ﬁmla%cd‘fl&&néé W?ﬁe"{‘ iTEnCiton are

tém%rﬁﬁy RGoR 15@9@% DAURM, T @bnabr Phhd Hinddd¥Pl=33418V
to -750 nV, preferably from-330 nV to -530 nv,

IS .oeceriamyeprﬁ%%ﬁwv% 6% 19820emAt Y -lipprRRpLrein (LDL)

is held responsible for atherogenesis (see references
quoted in Tuomainen et al., Nutrition Research, Vol. 19,

No. 8, pp. 1121-1132, 1999).

The inventors have therefore set themselves the object of
finding readily tolerable iron(III) preparations in
combination with one or more redox-active substance(s),
which preparations are suitable for the treatment of iron
deficiency states and ensure improved biocavailability of
the iron without exhibiting the above-described
disadvantageous effects of the known iron(II)-ascorbic acid

‘combination preparations, such as the formation of
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5 These conditions are fulfilled in particular by
specific iron(ll1)-polynmaltose conpl exes,
iron(l1l)-dextrin conplexes, iron(lll)-dextran

conpl exes and iron(l11)sucrose conpl exes as well as by
the iron(lll)-transferrin conplex. O these,
iron(l1l)-polymaltose conpl exes having 10 the

nmenti oned redox potential aré®articularly preferred.
However, other iron(l1l) conplex conpounds are al so
suitabl e, provided they have a redox potential wthin
thteﬁemhanednrameegaéﬁfdunmestﬁhalconpﬁexnmbnpodndéve
whi ch cal u n accor ance with the invention are
|§Fﬁﬁﬂﬁ g? f %:%ﬁﬁ9¥l Arochydrat es. They
preferably include those wher ei n car bohydrates are
seIec;Pd fro the conS|st|g§ of . dextrans_and

e&@s S&%ﬁ WES anHigeT Ut Vs PEgvide @
té&Mbwﬁbtlaﬁdo§Uif¢&enmlxﬂan@oanSOanMdfe nhﬂaxvattves

t hereof . The pent.i oned derrvatlve rncI [
AR 51 e Y Gy die doasrFoue HO St mgherf Fo
Q&HHH(Q&)Cﬁypauadﬁedbiihdhﬁdé'enbseén@argkﬂ|um1patoduo18r
thereof are particularly preferred. Exanples of,

FISEPARAC BRLBT M 359 L1 FORB P e 86?&8‘%"‘1"9
ARG NGhEOoh B S drt 1Whl bobeibDungs foar iexanple,
in the patent specifications DE 14679800, 2¥§304037865
Aormas 130787 9BroME B/ (IPFEB£X&RdHER 021U 6BFP BN EL 8Red
aéuﬁél%mfa%%vnm&mla heod alr! ikveof ndhe, disaltasuses . of
whi in partlcular in respect of the 30 prepar ati on
processes is to be incorporated herein. The term
'qué(tdﬁj@%t’ 1 Wi O SFa L T@IaBlipHELE: b AGERIIARCEL the
th the invention, is a collective termfor variouys
|ngmntlpe anbL G PRIFP A SFTEFSNG T T D) gF RIS (iFpeunds
Wil gr %%?Plétﬁécﬁk s ReQaR! el €l yatvidinalays @eromm)

Dextrins can al so be préepared by pol ynerisation of
FFElex( €OFPOBLD 20837 3P RphyESa e U0 SR 3V e8S
Kfie%%%) agaeo{?ﬁxof iMSrd Ndddeat-peve S QERHE () NS inOr
ymal t oses are prepared by enzynmatic cl eavage
(ﬁarﬁMmulé%aﬁﬁﬁﬁﬁb%Qnap%ﬂf potato starch with
al pha-anyl ase and are characterised by the degree of
hydrol ysis, which is expressed by the DE val ue
(Tdxt (I35 e eqmpi/a* eFANROmSISy R lthosereahy @ae e 11
ﬁsggr% %%staé% ;ﬁeﬂt%sténmaweaec@aby il ¢
ysrs o star in particular of ‘dextrins. The
uﬁeoamaﬂaohyot01¢mab1¢nﬁnd mﬁV@ohpgexpﬁﬁﬂﬁnﬁnﬂﬁﬂpwﬁﬁéﬁe No
){}d%&%egt%gsé%a :gh %F? hoyentd an t@ensr_»ehl Y11)
es place by reaction o on § or iron(lll)
sainted exies . parti cul ar |ron(III) chl ori de, mnth the 15
dextrins, in particular polynmaltose, or oxidation
products of the dextrins in aqueous al kaline sol ution
(sﬁddieﬁ)bgndheubswmnmnus\hﬂﬂd showp. tRreparat (IG1)i-n t he

weakl| cidic ran 0 \
acﬁ#&%ogﬁ V% c%lr %é%a p?ééué’bl%n ;pbovt@e\ﬁetlal at
@ﬁEﬁEbﬁedBBZOMVhed¢é$\nﬂuuraastpwethra&ﬁqmbrunaamﬁedo give

¢ tfect
BB crott na edk oALQ, F Tt WS (o

rﬁdlanftlaapr(wfﬂaf ed s tns W I3e|0 neatr abilgat HOh; gath 3 Hemnd
be carr| out stron 5 base. _Sui bIe meak
6§§§soar 1fﬂ?lgiéW%Fg/N§Pk 1SPRAN i Re’ %?

carbonates bi car bonat es, such as sodi um and pot assi um
carbonate or bicarbonate, or ammoni a. Strong bases

are, for exanple, alkali or alkaline earth hydroxides,
such as sodi um potassium calcium or magnesi um 30
hydr oxi de.
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16 The reaction can be furthered by heating. For
exanpl e, tenperatures of the order of magnitude of
from15C to the boiling tenperature can be used. It is
preferred to increase the tenperature gradually. For
exanpl e, heating 5 can first be carried out to
approximately from 15 to 70C and then the tenperature
can be gradual |y increased télboiling. The reaction
tinmes are, for exanple, of the order of 10 magni t ude

of from15 mnutes to several hours, %p from 20
Fomsichs /Poud Resur sL9%0ar 48x4EP! e ?f(ﬁﬁ%ﬁ? 0 VOLRi Hites,
m 3P m nutes. When the reaction has been
%ggﬁféégoug ééyé%ﬁsultlng 15 sol ution can, for
exanpl e, be cooled to roomtenperature and optionally
a €ompY d:ETc LRBLLRY:
IF%BSgh PgoﬁPf ?J ymgh%%gén%ﬁﬁﬁg 6%%%} or s |g t
knds@ﬂm ﬁnraeakuwﬂxﬁdn@a$almesth¢ fennm&in(ievelbythey are
addltl Qn..of b QSF] sbenusgd,
5§a¢f °1?4%¥¥é%§§n ?%%ggf ove EP%%E Froop,
n@@maunan éC|£$ A NdcudeibydrpchodT)c. acid and sul furic
acid, for exanple. The resulting solutions are
purified and can be used directly for the preparation
efccordiagnent she I-immem&lipni,t ahs:uadnsaiqﬁlssjebllcg tbate is

isalate the iron(lll Iexe 5o lu ,
L 592 Eoboad 9L L) OTRLEe8, {00 LA A58, U480
&@r&hkaﬁohreffwduﬂemnnbetﬁéhph@émaIandzﬂmamsfeanlalse be

ef fected by ray drying. Purification n_be carried.
SECEFRS§ o EﬁtﬁaﬁﬂeFed?%agaﬁﬁaQ? %5I1Pns%§%ratlon

to renove salts ThIS can be effected for exanple, by
reverse 30 osnosi.s, it elngaposs e for

PP FEBILEHDR | O thF & ekPfli &0 BTtorIBIC% A Ighebefore
tikerehRi Y ChylueOridefl aeithendy rattenise and iron

nmedi,canents., 17 The resultlg% éron 111) coggl Xes c
KiF CLEBFY SHRMIY, BRS8N CBht % [Gh 16 F5%0 98
Wahptie, b B¢ tHlddoyl obhiamy20ué Oardd %e/vtva/l\mte £fdhey
are generally readily soluble_in 5 wat [

It
SGSSREPETLD S GRS Fharat 1 BRERESRT I VA RS0 teT

&ele%bgeﬁlﬁava&gemﬂerdoeycemben&yecsmetfzgr oaxwprtee from
%wt./vol. to 20 %w./vyol. Such sohi | ons can be.
hé>rt|°F“P§éHC bSY FRNPEMOOLREAR, BEBRRF ¢ 1T g%ﬁin rF&C?h‘éa ues

HBPakLahi Ofepfi ¢ 1:0Hd rapeF¥ARl 4 Osee COMYeR for example,
conpounds reference al so be, made to US 3 76798
i &her éﬁé??%ceem%?fﬂ ot CheEl Few it Tk ta

i yarhk b} 1 dRe sl 4 deraP @by HBbL 66K ED| €X corrpound i s
used. This iron(lIl)-polymaltose conpl ex conpou

pihdtter ébWWh%t]%a’%tltrﬁ}ld&/ml§l/ TRBE GRS/ PRI AME Fahg8 L r R 1

%@1 299 te 50190Q;nd Miagpbeter 8 ds b MR gbk8M schaft,
0, 000 to 80, 000 dal tons {detern1ned by neans of ge

ForemsiuroriMen okifogTap PRt 1EBES 26 Bhatip| i ofs I 61 FPREY-
Q&a%'f%%ggn eéa@,llraﬂl%rﬁrlén%'emerally > 16 %. In patients

without iron deficiency, the ferritin value is generally at
least 30 pg/l and the haemoglobin value is at least
130 g/1.
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Forsch./Drug Res, 42(11), 12, 1439-1452 (1992),

Section 2.2.5.). Aparticularly preferred iron(l11)

hydr oxi de- pol ymal t ose conpl ex conmpound is Maltofer(r)
fromVifor (International) AG Swtzerland, which is
avai |l abl e 25 comercially. In a further preferred

enbodi nent, an iron(l11) conplex conpound with an

oxi dati on product of one or M@re maltodextrins is

used. This is obtainable, for exanple, from an aqueous
iron(lll) salt solution and an aqueous sol ution of the
rastburetingf to hé. d¥d akat Won Péhoeasa orP 3(bghmean, Eisenstoff-

I Xtri i {.h.an 0 P ol yti,on at
e LD TR PR LR BRUSpEIRORE Dl 0 HERD
nedttemdierdt edintien ustu ingerd¥eriageViguia dl998t ndlf Foms of
to 1 7 _and when m [ f_a '

oo et pERtey (oh B R el cRUB A Rlan Ly 2
mMedudied iEsrtiohn Sodrredtrandohhies dextemsld yequicoabantiedf by

the individual maltodextrins_in.th Xt ur.e LS f 2
CBVA0T FREDTRT B GV ag8CE S RBr ST AT WETg Rt Ny br" ¢ he
avaplsexesisosabiwatiech.i s, for exanple, from 30 kDa to
500 kDa, preferably from80 to 350 kDa, particularly
preferably up to 300 kDa (determ ned by neans of ge
peidTRatbhePa théw nedagrdplay tof ehe ekargliel cas cdes Enicbleer Bye

Ceisser et al. jn Arzneim_, Forsch./ Res. 10 .

ORI For; SR SO PO HS T P ee T DI S, ATgrpYing brain
nce may be made in this connection to WO

2004037865 A, for exanple, the totality of the

di scl osure of which is to be incorporated in the

Pr@seRemanp| i€ aiiihe Herdhth weghaid diee tduwper efiathéi on
of iron conpl ex conpoynds wth hydrogenat.ed ?Fxtrins
HaTEREAOB BT D ridE 1L CABT 03RRI With tPEgATEUES

thegenhepar at i oowf, i7danekhinipyl byl ans 2t icawahex
conpounds, reference may be nade to WD 02/46241. As
HEREeVERERy o1l UHRY dEBPOFYEReF 8SRAFE D Used i n

Eﬁg&b@h@@ﬁsgm&thiﬁi}e (EMAENULEQAgABEONIIT raaitdd, Viblaghn
, cysteine, physiologically acceptaple .
ﬁW@ﬁ@W@WﬁEFyﬁ%e JQiitroblue tetrazolium test (MBT) using
neutrophils, by an improvement in the bactericidal capacity
of neutrophils (PCA) measured by the turbidimetric process,
by an improvement in monoclonal antibodies, for example
CD3, CD4, CD8 and CD56, counted, for example, using a BD
flow cytometer with a simple staining method, and/or in the
antibody response to measles, H. influenza and tetanus. In
the last-mentioned cases, the use according to the
invention takes place in particular by improving the
neutrophil level, the antibody level and/or the lymphocyte
function, determined, for example, by the lymphocyte

reaction to phytohaemagglutinin.

An improvement in brain power within the scope of the

invention includes in particular an improvement in
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25 and gl utat hi one. Suitabl e physiologically
accept abl e phenol s/ pol yphenol s are, for exanpl e,
quercetin, rutin, flavones, other flavonoids (e.g.
canpherol s) and hydroqui nones, in particul ar
quercetins, as well as derivatives of the nentioned
conpounds. Ascorbic acid is 30 particularly preferred.
One or nore of these redox-adtive substances can be
used; particular preference is given to 19 the
conbi nation of vitamin E with ascorbic acid and
agepyittiveatidctl @re andh emhéiprepdpeha P wc @8dihg t o
L8AALER1 T 80 Lt d T O h' Lnf 25PN € AP UBIS RO - torn
t redox- active subst'ance , In particular ascor Ic
amEin@,ryantespr €SB ablin @esénngrhemvmlmw regsito (BFMF 1 gt
5.1 0.3 "
SH8 PR £, PR Pk s R et o I g el seher
pﬁmﬂarabtylllgeﬁbékxmaé@ AWATHEE aﬁﬁlqnnﬂﬂlﬂ@p eopplienxal
co und on i 111, r ccordi ng
R I e I e s g e
pharnacolog|cally active constituents mhlch are

ected fromthe nsisting AVl n
ﬂﬁi “h PERBPERLEPE | BT %ngbng%g aC|JﬂHFf§EggéI§%%%?be used
lﬂnn&malSreaumémﬁﬂﬁﬁsny@dleeéamegsssyﬂanbnkurmmsn also known
phar col ogi ca ctiye constituents are

Binf eV e, afes TR anPHERR cavigh) paPldnee

laﬁaohbawaa éaléiHHStlﬁz)prp;ﬁeﬂogtamﬂ(suﬂhmn BeBémse of the
cyanocobal amn 20 (vitamn 812% ecal%l erg
R ERPBbE] . Uz dophaPol PE oL FARS P50 GEEnTEom
Ptdndihbel) inédenicof agt @bsnpast elhehqmtmeam dl,OV(ES, the
ni coti nam_gde, folic aC|dh the trace, el e era{g
GOPREPTONRLGAREE  F10c EHEN] RIS pHORHATES YakHF0r oo
RERGShYMstapd. the Jgutiikchest ararrf@@c@a:luis lie down,
ol i gopepti des, 25 carbohydrates and tionally
AEREFETIh FY GHTSPS) GAF SoSeEE bl SarEBer
Ui abk e BhY sb ol i £ aklay caesent abéeers@ldes iar @adsyto
conventi onal physiol ogically acceptable salts,
P PEOP4hP§382F t s of inorganic acids or bases, such as
hydrochl ori des, sulfates, chlorides, 30 phosphates

hydr ogen phosphat es, dlhydrogen phosphates
e B¥ERBEAtHPN 2AGY HBRIoEGahle HYHE IR 8rther

es’fﬁ@%'b@e 268t gt &Sy rJdtiRhRt 8%, 1 FBh C@d BiScifidyl @taSeseis.
he 20 further pharnmacol ogically active constituents

aml@mgé pethr@veantiq AnEReTIBEATHIOMRI sieeases. 10

Spoalr\é%ﬁiar PRSI Ui desiclr ghar abl ye agldeddrdbshe form
of phosphates or hydrogen phosphates. 5 Because

ascorbic acid is oxidised wth atnospheric oxygen at

%Lét %%PQFEH? Qi Y& Sehydr easenkbi & aci thn BleRakLat i ons

orn1o conventi onal solutions that are exposed
m@rwh@uéarlﬂr%uh@ﬂﬂweﬁprs@r?GEFégtQFrﬁﬁe%ﬁHQHWQ iron

Sd“éft:lﬁq 8c9°§£’£9é§9m pregnant women, in particular when it
contains further pharmacologically active constituents in
the form of vitamins, with the exception of ascorbic acid,
minerals, trace elements, nutrients and/or trace elements,

as described hereinbelow.
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10 to the invention. However, preparations that are.
stabl e over a |onger period, such as tablets (chew ng
tablets, filmcoated tablets, effervescent tablets),
ef fervescent granul es, powder 15 m xtures, capsul es,
sachets, and also kits in which the iron(l11) conpl ex
and optionally further constituents are present in
sol ution, for exanple in sindgke-portion vials or
bottles, and the redox-active substance(s), in
partlcular ascorbic acid, preferably in powder or
granyETf ocomples! arceppOndddebi ¢mmaati deenyepeipraccordance
Qnsunpti on re ver ter e
R e e o
eanventi onah symmmses"/ao v e Faralalys §reni tah @v to
Particul ar_pref ce is di e
Fﬁ@@n?yonp?g x-yag§§ con?g ﬁé&%x 33%.h8e§§elg755%7
QMQ%%rabhaltﬁwks(Hrqﬂﬂm3§;1mhdsenIpatUM;UdeglQmeap%@#E%C
container for the redox- a¢ tive sub are
R (FAL oAU ﬁﬂf%ncfga WTh the gﬁ?@nts s%ortl
Rehenexeonsurm | 0 )byiepttshinngotghibesest teowd dfronk@IT) d

into the vessel. Such singl e-dose cont |
HE7a0S: PABP IS ALl gp B s ST S a1,
Riaypided aecensidg itr@ni(e I Apenimarcdse compleees hmaving

iron(l11) conplex conpounlﬁﬁlnultaneausﬁgg@y prgferred

(PG BeP L PRPSET 10 (RS P PRe = BARE HAT]
SihRLRRCELEher | Nrdiaf’ ﬁﬂIQlJ'c@fnpaéﬁOd‘:cbmpbtﬁﬁisj arthelso
redox-active subst ance(s) 5 preferabl co
isvitiableor RYOYLIGES IAY FRVepar P %’Faﬁ%ﬁ”&ﬁgger agﬁy i
%F%tggﬁgaogaﬁéglt juice, in particular orange juice.
ose Iin terns of tine here neans that the two
conponents 10 are adm nistered at an interval of not

Wo% rhay gOHﬁﬂé)@‘C&(}ﬁf\ﬁf&bb\lﬁlﬁﬁt camres thasd 30 accordance
m nutes. There are pref erabl¥econsuned fron140 ng to

MChnghendrucpr BPR AR YT PERC66UHET t OPATD WP o
'Jaorrf%ol[h kateal C#ﬂl@}; e;ﬂfeﬂéer%%llyr ALl hdg , tHsde aslereln
conpl ex)

iTon in the formof a tablet, capsule

d:a:qbohpf@arééeSd@a@ eeekpctachdoBr ke @t ¥ CHds&HaPi 8h,

V&éﬁﬂ;ﬂg 0 50he PE FNO8 d UitGRr 681 I @SROATHNGAD darivatives
ascorbic acid content of about 150 ny. Particul ar

priefaodnc endspyl Vekar o QldIoBeE Sc B8RP P%i My 6F T S5r 100

e%f LQf  hanfLh i) onddrddierphacacat ogis ald )pa&@hb\d!&ar
constituents as nenti oned above can optional

ptrress antizegeheed ndetier airifsgr-atiron (51Tt HePTe |°|°Im}°0‘mds
'- t
g e S NN A
Cmﬂﬁﬂﬂbuhasﬁwopndéeam@ﬁtrﬁﬁam9%§ﬁa@€|QEGSQE@ﬁ%ﬁﬁﬁ%P§)° the
and O@#ﬁ”%'o'é Fgré%}%omté&%Qﬁﬁﬁg €§ntl@ee I RMERbn will
tROrE B

i 1S e sl maceutical formwt
cieaviantridonEorphazmpteut it dihe @atiesks S@?Ch@%qql DE

foé}eﬁb%esygcg%??{aée%’r% tﬂé‘%ﬁ%@% 'w@feﬁﬁ@é”ﬁlm and 10

‘ors, illers, can be use
for/4d4n4s p@mmdzsaedTableltes mrblen«%at:bﬁ W'?‘Gaqllty of the

conventional fil rmn t [
t SET SIS Pig™ g%ﬁstanc S anéﬁg oz?lgégagga(g?igebe

aﬁﬂ@gﬁ’ardu‘lcﬂﬁ@tﬁ‘beésses, is to be incorporated herein. The
term "dextrins®, which are preferably used in accordance

with the invention, is a collective term for various lower
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The iron(l11) hydroxide conpl ex conpounds used in 5
accordance with the invention are adm nistered orally.
The daily dose is, for exanple, from10 to 500 ng of
iron(lll)/day of adm nistration. Patients with iron
deficiency or iron deficiency anaem a consune, for
exanple, 100 ng of iron(lll) from2 to 3 tines daily,
and pregnant 10 wonen consund&560 ng of iron(ll1) from
l1to2tines daily (in each case cal cul ated as
iron(l1l), not as conplex). The daily dose of
edioxigatt viso bampaund, DFglpacte cwlidrs .asbdchi Eorriwhen

is, for exanple, fram 50.to0,300 i

ey A TPy S b aga his ths Lin also be
GHHRTRANES BHEL eRe igaaionobf osagmes | (6 .cs. WPhe2083739 A2,
preparation_ can be adnini ed _.ove ri

215, 808P ORBAEFS. Mu Wy SRAEPL at Th ATt RACTFa e
$laaltesleROri AP; Ve Do1amanebkest edhigh tehe patbened sby

haenogl obi n_ val ue, transferrin saturation an regt
PRZYERLAF ghRFVedhe TdediPre 8X?%f%\/ ement 9n pﬁggléﬁ S%J‘%)gv\flecir}l

Q1 th "B RRA L SRPONSE drl gkl exadaotetixed yptbasdedree of
(0)

restl ess | egs syndronme inprove. 25 The preparati
AEEedivRgS t oVt He i‘rﬁ/é‘ﬁﬁr&ﬁS@énbf’é etSrfeaIP%h VB; ¢h ?1%1%>rc€%?se
YRGpeap) € potyedldse cihealse B cudiingd actbeding to
invention takes place in particular_by i rovina t he
ithen InNGBRBYR IBY A CHBS PYPROAKT 3P r‘%r%gglvergi'nl al ues.
AN ATREOYEMBAt g b i SHOE! pheparaeiey Yo esle (SIMIIIN
the long-term nenory test in the Raven's

LTM , ) )
[STONLEs FOEP PR S d’@tiqbeé:ta}'l( PR N{lﬁ%d\ﬂe‘} SIREF GG GF WP the
Flaie= 'tii_gﬁngéné@ify(é%@ 28dLOpy | Feddta @itei @B8h (II) or
coefticien (Baron EQi,, $V test; youth versi.qn) or_.an
mprGVaRbNEal b L hen RARGPAPE. F60R1 L1 Th TR fgay - o8 the
| fyglesaad/ 2 Lhec | MIRHOGKE §rb iR OTbr BoxilEe tiRdep@bducts

action of the inventionis expl ai ned and denonstrgted
E tthe ﬁ@kpm’;ﬁlﬁgi@mafﬂcg@_ agkapprEgolution (pH > 7) and

subsequent working up. Preparation in the weakly acidic pH
range is also possible. However, alkaline pH values of, for

example, > 10 are preferred.

The pH value is preferably increased slowly or gradually,
which can be effected, for example, by first adding a weak
base, for example to a pH of approximately 3; further
neutralisation can then be carried out using a stronger
base. Suitable weak bases are, for example, alkali or
alkaline earth carbonates, bicarbonates, such as sodium and
potassium carbonate or bicarbonate, or ammonia. Strong
bases are, for example, alkali or alkaline earth

hydroxides, such as sodium, potassium, calcium or magnesium

hydroxide.
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10 Exanple 1 Filmcoated tablets each conprising the
follow ng constituents were prepared in the
conventional manner: 15 O-carotene7.2 ng vitamn B

(as thiamne nitrate)2.0 ng vitamn B21.8 ng vitamn
B6 (as pyridoxi ne hydrochloride)2.7 ng 20 vitanm n
B120. 0026 ng ascorbic acid95 ng vitam n D310 gg
vitamin E12 ng biotin0.1 ng 2% cal ci um pant ot henate7. 6
ng ni coti nam de20 ny folic acid0.8 ng copper sulfate,
anhydrous5 ng manganese chloride tetrahydratell ng 30
Zite reizicfcaba  cmnaby divattéfe? edig bpahea uimdy droggeranple,
phosphat e, anh%/drous439 )

temperatures of the order of magnitude of from 15°C to the
boiling temperature can be used. It is preferred to

increase the temperature gradually. For example, heating

can first be carried out to approximately from 15 to 70°C
and then the temperature can be gradually increased to

boiling.

The reaction times are, for example, of the order of
magnitude of from 15 minutes to several hours, e.g. from
20 minutes to 4 hours, for example from 25 to 70 minutes,

e.g. from 30 to 60 minutes.

When the reaction has been carried out, the resulting
solution can, for example, be cooled to room temperature
and optionally diluted and optionally filtered. After
cooling, the pH value can be adjusted to the neutral point
or slightly below, for example to values of from 5 to 7, by
addition of acid or base. As bases there can be used, for
example, those mentioned above for the reaction. Acids
include hydrochloric acid and sulfuric acid, for example.
The resulting solutions are purified and can be used
directly for the preparation of medicaments. However, it is
also possible to isolate the iron(III) complexes from thé
solution, for example by precipitation with an alcohol,
such as an alkanol, for example ethanol. Isolation can also
be effected by spray drying. Purification can be carried
out in a conventional manner, in particular in order to
remove salts. This can be effected, for example, by reverse
osmosis, it being possible for such a reverse osmosis to be
carried out, for example, before the spray drying or before

the direct use in medicaments.
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magnesi um oxi del66 ng 24 iron(lll)-polynaltose
conpl ex Croscarmel | ose sodi um col | oi dal anhydrous
silicon oxide 5 magnesi um stearate mcrocrystalline
cellul ose Opadry 85F27316 (filmform ng agent) 226 ng
(60 mg Fe (I111) 41 nmg 7 ng 6 ng 116 ng 50 ny 10
Exanple. 2 Filmcoated tablets each conprising the
foll owing constituents were [@7epared in the
conventional manner: 15 iron(l11l)-polymaltose conpl ex
ascorbic acid

The resulting iron(III) complexes have, for example, an
iron content of from 10 to 40 % wt./wt., in particular from
20 to 35 % wt./wt. They are generally readily soluble in
water. It is possible to prepare therefrom neutral aqueous
solutions having an iron content of, for example, from

1 % wt./vol. to 20 % wt./vol. Such solutions can be

sterilised by means of heat.

With regard to the preparation of iron(III)-polymaltose
complex compounds, reference may also be made to US

3076798.

In a preferred embodiment of the invention, an iron(III)
hydroxide-polymaltose complex compound is used. This
iron(III)-polymaltose complex compound preferably has a
molecular weight in the range from 20,000 to 500,000, in a
preferred embodiment from 30,000 to 80,000 daltons
(determined by means of gel permeation chromatography, for
example as described by Geisser et al. in Arzneim.
Forsch./Drug Res. 42(11), 12, 1439-1452 {1992),

Section 2.2.5.). A particularly preferred iron(III)
hydroxide-polymaltose complex compound is Maltofer® from
vifor (International) AG, Switzerland, which is available
commercially. In a further preferred embodiment, an
iron(III) complex compound with an oxidation product of one
or more maltodextrins is used. This is obtainable, for
example, from an agueous iron(IIT) salt solution and an
aqueous solution of the product of the oxidation of one or
more maltodextrins with an agqueous hypochlorite solution at
a pH value in the alkaline range, wherein when one

maltodextrin is used its dextrose equivalent is from 5 to
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Croscarnel | ose sodi um col | oi dal anhydrous silicon
oxi de 20 magnesi um stearate m crocrystalline cellul ose
Opadry 85F27316 (filmform ng agent) 226 ng (60 ng Fe
(1'11) 95 ng 41 ng 7 ng 6 ng 116 ng 50 ny 25 Exanple 3
The foll ow ng nmeasurenments were obtai ned when
iron(l1l)- polynaltose conplex with ascorbic acid
(ascorbic acid) was investigat®d at pH 3.0, 5.5 and
8.0: 30 25 pH Reaction tinme [h] Formation of Fe2+

ions[% Formation of dehydroascorbic acid [%4 3.0
37 and when a mixture of a plurality of maltodextrins is

used the dextrose equivalent of the mixture is from 5 to 37
and the dextrose equivalent of the individual maltodextrins
in the mixture is from 2 to 40. The weight-average
molecular weight Mw of the complexes so obtained is, for
example, from 30 kDa to 500 kDa, preferably from 80 to

350 kDa, particularly preferably up to 300 kDa (determined
by means of gel permeation chromatography, for example as
described by Geisser et al. in Arzneim. Forsch./Drug Res.
42(11), 12, 1439-1452 (1992), Section 2.2.5.). Reference
may be made in this connection to WO 2004037865 Al, for
example, the totality of the disclosure of which is to be

incorporated in the present application.

With regard to the preparation of iron complex compounds
with hydrogenated dextrins, reference may be made to

WO 03/087164.

With regard to the preparation of iron(III)-pullulan

complex compounds, reference may be made to WO 02/46241.

As redox-active substance(s) there can be used in
accordance with the invention ascorbic acid, vitamin E,
cysteine, physiologically acceptable phenols/polyphenols
and glutathione. Suitable physiologically acceptable
phenols/polyphenols are, for example, qguercetin, rutin,
flavones, other flavonoids (e.g. campherols) and
hydrogquinones, in particular quercetins, as well as
derivatives of the mentioned compounds. Ascorbic acid is
particularly preferred. One or more of these redox-active

substances can be used; particular preference is given to
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the combination of vitamin E with ascorbic acid and

ascorbic acid alone.

In the preparation according to the invention, the
iron(III) complex compound and the redox-active
substance(s), in particular ascorbic acid, are preferably
present in a weight ratio of from 1:0.05 to 1:20,
preferably from 1:0.3 to 1:2, particularly preferably from
1:0.4 to 1:1.8, most preferably 1:1.5 (based on the

iron(III) complex compound, not on iron(III)).

The preparation according to the invention can optionally
comprise further pharmacologically active constituents
which are selected from the group consisting of vitamins,
with the exception of ascorbic acid, trace elements,
minerals, nutrients and cofactors. The further
pharmacologically active constituents are preferably the
vitamins P-carotene, thiamine (vitamin B;), riboflavin
(vitamin B,), pyridoxine (vitamin Bg), cyanocobalamin
(vitamin Biz), cholecalciferol (vitamin Ds), a-tocopherol
(vitamin E), biotin (vitamin H), the cofactors pantothenic
acid, nicotinamide, folic acid, the trace elements/minerals
copper, manganese, zinc, calcium, phosphorus and/or
magnesium, and the nutrients amino acids, oligopeptides,
carbohydrates and fats, optionally in the form of
physiologically acceptable salts. Suitable physiologically
acceptable salts are any conventional physiologically
acceptable salts, preferably salts of inorganic acids or
bases, such as hydrochlorides, sulfates, chlorides,
phosphates, hydrogen phosphatéé, dihydrogen phosphates,
hydroxides, or salts of organic acids, such as, for

example, acetates, fumarates, maleates, citrates, etc. The
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The buffered solutions (buffers as described above,

see CGeisser, P., Arneim-Forsch./Drug Res. 1990, 40
(1), 7, 754-760) were mxed in a nolar ratio of
Fe(lll):ascorbic 5 acid of 1:1, the concentration of
Fe(l111) and ascorbic acid in the m xture being 5 x
10i n each case, and investigated using a conventiona
UV- VI S spectrophot oneter. The&Ooperation was carried

out with the strict exclusion of oxygen. 10 The table
clearly shows that iron(lI1)-polymaltose conplex with
mmbiGChefzdaacceJa:cgis:adrlbzy asktbwk ycangthitweatpecppdabio e

hours to.de ascor C .ac a )

&7 SEFBHh 37 % lr%%’lde hgﬁ i hi ca‘}asttesd nggif‘ﬁé)ﬂ?é 1s

gidegetrablyf a@ddd yusqﬂeefedmooﬁrnghoqnhaams( @mh amdeederand

tea %knh|b|tor) on the absorption of |abelled 59Fe in
8E§Ees after the oral administration of

|ron(|||) pol ymal t ose conplex to subjects mnth and
wi t hout iron defici.e was .stu d Thi

BECRUSPNEF eoTRHE At &§s°§%g?s§$ Yé%h'ﬁg SPESF LSBT

:90keparhli Put v Jield GhydubaBgoribi € i pglepadasmmef in
5 100 ng of iron was adn1n|steredt%E}SQFe-IabeI
a

d
60 EPFTY OF pRPYTRRIODE Lo SRAPEICTT bl G VEFPATSP (1) the

@Mt ar-e( hot evaay | ANAab1AGLoSHbt z£t | ad)gui thil engconeding
period, the test subjects fasted overnight prior to
dOnithes EFEERBHDE t he preparation; during the other,

they received specific 10 food (group A and group B)

bef ore the nedi canment was adm ni stered. As

n .
FlomeVRat | PESPIFRE AR CREToAT Rad t A RStoPedOPACF HREF 100,

?:% i akedagiate WHdyigly ith8N=8050f Dik-MbARAREBLets,
orange juice) or an iron- absorptlon i nhibito bl ack

teffervege @apt Car g ouFIDprvas ekt IAREESg Bjoafé% 15
txrﬂb%uﬂ}@g et %bhe-tt,gey aker g1 ot dhealt Byich the

J ects an subjects with iron deficiency. I.n detai
tﬂnpngﬂégpscqu%e%“qnquptégn@épyoggrther constituents are

present in solution, for example in single-portion vials or
bottles, and the redox-active substance(s), in particular
ascorbic acid, preferably in powder or granule form, is/are
added immediately before consumption, are very suitable.
Water inter alia is used as solvent for the last-mentioned
solutions,bbut conventional syrup bases or juices are also
suitable. Particular preference is given according to the
invention to single-dose containers, i.e. vessels,
preferably made of glass, whose 1id is designed as a
container for the redox-active substances, which are then
introduced and mixed with the contents shortly before
consumption by pushing the bottom of the 1lid into the
vessel. Such single-dose containers are known and available

commercially.
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Goup A: Subjects with iron deficiency, who received
the 20 test nedi canent, successively, in each case in
the state after standardi sed food consunption or after
fasting overnight. Goup B: Normal test subjects, who
recei ved the test 25 nedi canent, successively, in each
case after standardi sed food consunption or after
fasting overnight. Goup C 8dbjects with iron

defici ency, who received the test nedi canent,
successively, in the state after 30 standardi sed food
aandeniticohet ogedhistednviarhoodanget ¢ uitee igwenici Anbtack

tea. 2 ub
cEde b Bt (L. ERbpT P, Sl S SatBHuL P wien
&haﬁdaédlSﬂdtéﬁmﬂcﬁbmsmmptoonhecxﬂddxﬁaqmume esphagance (s)
j.uice or th bl ac tea. roups nd B
ﬂé’dP@&ﬁéﬁf%%sasa%‘?ﬁ s &8¢ Fggef%eorx_%%ﬁq’foﬁuﬁng Q%%Sé{s)
]E;ﬂzféf\é@hbﬁy Béiﬂi@rcmmfdeﬁmt yhst mmgn:mdf( ia eogatue?,
asting_overn r. af.ter,_a stan e ast .
O T OEE RS r ALY, 18 FBE. Eah Catit naggios: o
IANICEh aredrahderjd cet.andar di sed br eakf ast WI th 100

m of freshly squeezed orange juice (corresponding to
an ascorbic acid content, determ ned by conventiona

Ataedsn ebrAdoMPYin nerbhmd8s Mhad dHeaakot eampdiber s
all groups there were adn1n|s rgd for the test nd

e S LBsREERRY 2oget R eTVAL oot gy fhags 2 Rotrs,
%%Feefle%%h&eﬂomcsﬁ &ihah) 3dr AREut&Hr r esponding to 100

of iron, in each case in 100 mM of water, orange
jUIce or black tea 20 (Earl Grey, 1 tea bag to 100 n

MR Ghe BLLAN-AL PIRWshAEa4AbRULESg tBha 20ufaglsasre
was i Mmediately rinsed with 100 ml of water and.th|s

R TRBSY aF SO FUME. DANGAOL S (85 (LTI ‘e EahgE At ed

a% dm;nistered in.¢ hes S_th%mz%ﬁ)a&&ﬁmé@pdnpw@u&@moaf a
e “standardi sed break fast was served 30 m nutes grlor
tiebde®. ncapsal ¢ orfZARI HadCeo BERFFRI ShedtbReh RFRsgalenic

;BI%%E 5,1’35' &7?@& SHPiAchLE addhitonal by, rRAEGie¥pEnding to
ta ar

i sed 30 | unches, afternoon snacks and eveni ng
menlescalibit 4ci® cant<lthedr POpEshRe {9 el BRAL tACUAT

i%¥@f@f§heat59ng£¢eﬁfE% tesh HBdL6@FBM ing 60 mg or 100 mg

of iron(III). Further pharmacologically active constituents
as mentioned above can optionally be present either in the
preparation of the iron(III) complex ox in the solution of

the redox-active substance(s) or in both.

The iron(III) hydroxide complex compounds and the redox-
active substance(s), and optionally further constituents,
can be brought into the suitable pharmaceutical form with
conventional pharmaceutical carriers or auxiliary
substances. Conventional binders or lubricants, diluents,
disintegrators, fillers, etc. can be used for this purpose.

Tablets can be coated with conventional film-forming
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28 The test persons fulfilled the follow ng

requi renents: haenoglobin < 130 g/1 (iron deficiency)
or a 130 g/1 (normal) 5 transferrin saturation < 16 %
or ferritin < 30 J2g/1 (iron deficiency), transferrin
saturation a 16 %or ferritin a. 30 1.ig/1 (nornmal)

no further cause for anaem a (thal assaem a, mali gnant
tunours, chronic infections, 28tc.) 10 Test product 100
ng of iron were adm nistered orally as 2 m of

59Fe-| abelled iron(l11)-polymaltose conplex solution
1orehVal. t efiav b6y igfopTasVietampétntsy mathssralcps Agnd

SMAtzerIand) in a cqnce tio f 50 of el enent al
PELNGEt CPY %9%%g¥bﬁgpgguléf @ égg(nolecular
MEIght 53, 200 daltons). Labelling of the test

nmedi canent Mal t of ere drops obtai ned f t he .
FruREeRUEEE) WaX e % §OBR eﬁtc??R9Q§4gn %a%oratory,

;Agg;g@gﬁg@ VeER| &1%/& %A@&rioac 606 dadrgi i tetedownally . The
i on speC| i catiqgn correspondi to GW and
GeR1YTROSS h§H ef ofo TR e gaﬁangt%?gﬁ) f%8&En case,

%ﬁQ%R%&?@/@Xyaneé&ﬁfﬂﬂé@%a@@bhodpﬁiléﬁté edsh 2todays.
e radioactivity adm nistered in the t Perlods was

2$E§ygme@§y1or11“mﬁldqﬁgqﬁgchdaQaeQ1$ﬁﬁf example,
Jhargﬁcg%'Q?Bh@fIfV“kfﬂHWZCk@ngyt§ﬁe§Tﬂéﬂmy W&hﬂ.pregnant

macoki neti cs and |C|encg vari abl e was
C

imuemporasina 6f ngFeof dronidifoctey. ! ik zsé;&gxﬁaa%lly
Z%JFEECQQbggemﬁﬁléﬁféégf%sagkbﬁkEYI J N A cohppkes

for termnation of 59Fe in plasma and erythrocytes
were taken 96 hours after admi nistration of the

Wﬁ%%%%H%QIdQBQ 8f f@ﬁ@%-active compound, in particular
ascorbic acid, is, for example, from 50 to 300 mg daily,
preferably approximately 150 mg, which roughly corresponds

to one glass of orange juice.

The preparation can be administered over a period of
several months, without hesitation, until the iron status
improves, as reflected by the patient's haemoglobin value,
transferrin saturation and ferritin value, or until the
desired improvement in brain power or immune response is

achieved or the symptoms of restless legs syndrome improve.

The preparation according to the invention can be taken by

children, young people and adults.

The use according to the invention takes place in
particular by improving the iron, haemoglobin, ferritin and
transferrin values. An improvement in the short-term memory
test (STM), in the long-term memory test (LTM), in the

Raven's progressive matrices test, in the Welscher adult
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7, 14 and 21 follow ng adm nistration of the

nmedi canent. 5 The sanples were placed in EDTA tubes
and centrifuged within a period of 60 m nutes, sanples
of plasma and erythrocytes were stored cooled until
anal ysed. The follow ng paraneters were neasured: 10
haenat ol ogy: bl ood haenogl obi n, bl ood haematocrit,

bl ood | eukocyte count, bl ood2RBC, bl ood VBC,
erythrocyte MCV, NCH, MCHC, blood platelets, serum
TIBC, serum Fe, serumtransferrin saturation, serum
fiarydiNiigence scalai GIOhemdgoryin sgraimmoranoedbal am n

(Bn),_..seru f ol at .RB Late. LR e
gﬁ%%ﬁﬁ%&&&Pg]&g?%%%:é%?Veg§;§e§§pé€$§%l3%&%ggb? ég an
daysicveneaksiaf ties mertimiphtiial eoal oftiiehenttddody level
nmedj canent . . The, bl ood vol une_was determ ned fromthe
iﬂﬂ%f fgeaﬁﬁmﬁkﬁfﬁﬁe qéiﬁoFest subj ects according to
Nadl er et a/. (Nadler, S.B., Surgery, 1962, 224-232).

In order to cal cul at he .t ot al ., anmount__of. 59F

e dicaes 5 FRELR 1 OO LPHERLaR o Rigades and
r@dicRact-bvehybe ofee ndlaldwahgwasanpl éd pl i ed by t he

bl ood vol une. This value was divided by 25 the anmpunt
of 69Fe adm nistered in order to calculate the primary
ebsfAvprgrcy end-point, i.e. the percentage of the

adm ni stered dose that had been incorporated. The

upt ake val ues after 3 weeks were then used for the 30
shafni st gal evaluation. 2 MBg were admi nistered in the
second treatnent period, and a residual noise fromthe
adm nistration of 1 MBg during the first period of

St UGy coal eQOHLE1 bes eheciRepriBeng- weeksdintcakagval ue
after admnistration of 2 MBq in the second _period was

tERIFETIGRENE ST VRES coF IR th P a EREngOR R E. ek "gpPake
val ue after admnistration of 1 MBg in the first
period. S A conparison of the absorption of "Fe
fetaseertearaeni ¢ and normal test subjects wad-al 86
carried t,_and an asses was made of th Fe
a‘@triaﬂﬂ%il‘{n Bhe BT 4 tscg:;gl%ll al adm ni st rgt'{%oﬁ of
ivigein) Bpol ymal t ose conpl ex by 10 descri ptilv@ mg

plasma-tine-activit rofiles. i on of, the data
v%&?%ﬂhq'%gg(SEtp¥53 ?%%ﬁﬁﬂﬂybﬁgFﬁgséigéﬂi calzﬁgtﬁgds.

ko tSuibmamey 20f the results 0.0026 mg
ascorbic acid 95 mg
vitamin D3 10 pg
vitamin E . 12 mg
biotin 0.1 mg
calcium pantothenate 7.6 mg
nicotinamide 20 mg
folic acid 0.8 mg
copper sulfate, anhydrous 5 mg
manganese chloride tetrahydrate 11 mg
zinc sulfate monohydrate 52 mg
calcium hydrogen phosphate, anhydrous 439 mg

magnesium oxide 166 mg
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Expressed as the relative incorporation of iron in

erythrocyes, both test subjects with iron deficiency
and those without iron deficiency benefited fromthe
20 sinul taneous admi nistration of the orange juice

enhancer with Maltofer(r) drops.
iron uptake in erythrocytes between anaem ¢ and nolLa/
test subjects was carried out2dy the 25 Student's test

inthe 5 %Il evel (one-sided).

A conparison of the

The results of the

erythrocyte uptake after treatnment with Maltofer(r)
dirops( Iafit epolwsa l nopanmbmafiesr f ood consunpt i28a age(@$ mg
follows: 31 Table 2: Iron deficiency No iren II1))
deficiency Paraneter After fasting After fooé
afstaptinethodé t @sdfwast i ng After food consungti mg nFe

AR dal ShMLOFOSY IS ithh oxice

magnesium stearate

microcrystalline cellulose

Opadry 85F27316 (film-forming agent)

Example 2

7 mg
6 mg
116 mg
50 mg

Film-coated tablets each comprising the following

constituents were prepared in the conventional manner:

iron(III)-polymaltose complex

ascorbic acid

Croscarmellose sodium

colloidal anhydrous silicon oxide

magnesium stearate

microcrystalline cellulose

Opadry 85F27316 (film-forming agent)

Example 3

226 mg (60 mg
Fe(III))

95 mg

41 mg

7 mg

6 mg

116 mg

50 mg

The following measurements were obtained when iron(III)-

polymaltose complex with ascorbic acid (ascorbic acid) was

investigated at pH 3.0,

5.5 and 8.0:
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N8 888 Man 1.615 1.941 1.411 0.924 Geom nean
0.766 1.165 1.208 0.866 SD 1.539
25
pH Reaction time Formation of Fe** | Formation of
[h] ions [%] dehydroascorbic
acid [%]
3.0 2 2 2
4 7 7
5.5 2 0 0
2 5 9
4 5 13

The buffered solutions (buffers as described above, see
Geisser, P., Arneim.-Forsch./Drug Res. 1990, 40 (II), 7,
754-760) were mixed in a molar ratio of Fe(III):ascorbic
acid of 1:1, the concentration of Fe(III) and ascorbic acid
in the mixture being 5 x 10"° mol/1l in each case, and
investigated using a conventional UV-VIS spectrophotometer.

The operation was carried out with the strict exclusion of

oxygen.

The table clearly shows that iron(III)-polymaltose complex
with ascorbic acid reacts only slowly within a period of
4 hours to dehydroascorbic acid and Fe(II) at pH values of

from 3 to 8.

Example 4

Clinical study

The effect of freshly squeezed orange juice (enhancer) and
tea (inhibitor) on the absorption of labelled *Fe in
erythrocytes after the oral administration of iron(III)-
polymaltose complex to subjects with and without iron

deficiency was studied.
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1.184 0.842 0.299 Median 1.5 1.23 1.10 0.98 Mn.
0.06 0.24 0.51 0.33 Max. 4.25 4.83 2.85
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Method:

This is a single-centre cross-over study. Each test subject
took part in two periods during which a single dose of

100 mg of iron was administered as *’Fe-labelled iron(III)-
polymaltose complex (labelled Maltofer® (vifor
(International) AG, Switzerland)). During one period, the
test subjects fasted overnight prior to administration of
the preparation; during the other, they received specific
food (group A and group B) before the medicament was
administered. As an alternative, the medication was
administered in the saturated state with an iron-absorption
enhancer (orange juice) or an iron-absorption inhibitor
(black tea) (group C and group D). A total of 32 subjects
took part in the study. They were both healthy subjects and
subjects with iron deficiency. In detail, the groups were

divided as follows:

Group A: Subjects with iron deficiency, who received the
test medicament, successively, in each case in the state
after standardised food consumption or after fasting

overnight.

Group B: Normal test subjects, who received the test
medicament, successively, in each case after standardised

food consumption or after fasting overnight.

Group C: Subjects with iron deficiency, who received the
test medicament, successively, in the state after
standardised food consumption together with orange juice or

with black tea.
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1.39 The results of the erythrocyte uptake after
adm nistration of Maltofer(r) drops with orange juice
(enhancer) or black 5 tea (inhibitor) are as foll ows:

Table 3: Iron deficiency No iron deficiency Paraneter

I nhi bi tor Enhancer Inhibitor Enhancer "Fe uptake in

erythrocytes (%9 N8 8 8 8

27

Group D: Normal subjects, who received the test medicament,
successively, in the state after standardised food

consumption together with orange juice or with black tea.

In groups A and B, the test medicament was administered
together with 100 ml of tap water, either on an empty
stomach (i.e. after fasting overnight) or after a

standardised breakfast.

In groups C and D, the test medicament was administered
after a standardised breakfast with 100 ml of freshly
squeezed orange juice (corresponding to an ascorbic acid
content, determined by conventional methods, of 150 mg) or

with 100 ml of black tea.

In all groups there were administered for the test, and
thereby consumed together, in each case 2 ml of SFe-
labelled Maltofer® drops, corresponding to 100 mg of irom,
in each case in 100 ml of water, orange juice or black tea
(Earl Grey, 1 tea bag to 100 ml of water, allow to brew for
4 minutes). The cup used was immediately rinsed with 100 ml

of water and this water was also drunk.

When the test medicament was administered in the state
after food consumption, the standardised breakfast was
served 30 minutes prior to administration and had to be

finished within 30 minutes.

All test subjects additionally received standardised
lunches, afternoon snacks and evening meals about 4, 6 and
9 hours, respectively, after administration of the test

medicament.
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Mean 4.105 6.588 1.381 1.864 Geom nean 2.510 4.530
0.928 1.279 SD 4.342 7.159 1.126 1.590 Medi an
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The test persons fulfilled the following requirements:

e haemoglobin < 130 g/l (iron deficiency) or 2 130 g/1
(normal)

e transferrin saturation < 16 % or ferritin < 30 pg/l (iron
deficiency), transferrin saturation = 16 % or ferritin
2 30 pg/l (normal)

e no further cause for anaemia (thalassaemia, malignant

tumours, chronic infections, etc.)
Test product

100 mg of iron were administered orally as 2 ml of
S9pe-labelled iron(III)-polymaltose complex solution
(Maltofer® drops, Vifor (International) AG, Switzerland) in
a concentration of 50 mg of elemental iron/ml. It is a
macromolecular complex (molecular weight 53,200 daltons).
Labelling of the test medicament Maltofer® drops obtained
from the manufacturer was carried out at the GIN
Laboratory, Uppsala University, Sweden according to our own
preparation specification corresponding to GMP and GLP. Two
single doses were administered in each case, separated by
an excretion period of at least 21 days. The radiocactivity
administered in the two periods was:

period 1: 1 MBQ S9Fe

period 2: 2 MBg “°Fe

Pharmaccokinetics and efficiency

The primary pharmacokinetics and efficiency variable was

the incorporation of %pe in erythrocytes. The secondary
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2.58 4.37 1.17 1.23 Mn. 0.33 1.26 0.25 0.33 Max.
13.83 23.52 3.06 4.38 The point estimation and the 90
% confidence interval of 10 the ratio of the geonetric
means for the relative incorporation of iron in
erythrocytes between the state after fasting and after
food consunpti on and between inhibitor and enhancer
(PP Set) are as follows:

end-point was the *°Fe activity in plasma. Samples for
determination of %°Fe in plasma and erythrocytes were taken
96 hours after administration of the medicament and on days
7, 14 and 21 following administration of the medicament.
The samples were placed in EDTA tubes and centrifuged
within a period of 60 minutes, samples of plasma and

erythrocytes were stored cooled until analysed.

The following parameters were measured:

e haematology: blood haemoglobin, blood haematocrit, blood
leukocyte count, blood RBC, blood WBC, erythrocyte MCV,
MCH, MCHC, blood platelets, serum TIBC, serum Fe, serum
transferrin saturation, serum ferritin

e clinical chemistry: serum cyanocobalamin (Biz), serum

folate, RBC folate.

A plateau in the erythrocyte uptake curve was expected at
about 20 days/3 weeks after administration of the test
medicament. The blood volume was determined from the height
and weight of the test subjects according to Nadler et al.
(Nadler, S.B., Surgery, 1962, 224-232). In oxder to
calculate the total amount of °’Fe circulating in the blood,
the measured blood radioactivity concentration was
multiplied by the blood volume. This value was divided by
the amount of °°Fe administered in order to calculate the
primary efficiency end-point, i.e. the percentage of the

administered dose that had been incorporated.

The uptake values after 3 weeks were then used for the
statistical evaluation. 2 MBg were administered in the
second treatment period, and a residual noise from the

administration of 1 MBqg during the first period of study
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32 Table 4: State of subject Ratio Point estimation
90% confi dence interval Upper Lower Iron deficiency
Fasting/food 0.66 0.34 1.28 Iron deficiency

I nhi bi tor/enhancer 0.55 0. 36

30

could be expected. The 3-week uptake value after
administration of 2 MBg in the second period was therefore
corrected by subtracting the 3-week uptake value after

administration of 1 MBg in the first period.

A comparison of the absorption of *°Fe between anaemic and
normal test subjects was also carried out, and an
assessment was made of the %°Fe activity in the plasma after
oral administration of iron(II)-polymaltose complex by

descriptive plasma-time-activity profiles.

Evaluation of the data was carried out by conventional

statistical methods.
Summary of the results

Expressed as the relative incorporation of iron in
erythrocyes, both test subjects with iron deficiency and
those without iron deficiency benefited from the

simultaneous administration of the orange juice enhancer

with Maltofer® drops.

A comparison of the iron uptake in erythrocytes between
anaemic and normal test subjects was carried out by the

student's test in the 5 % level (one-sided) .

The results of the erythrocyte uptake after treatment with
Maltofer® drops after fasting and after food consumption

are as follows:
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0.86 No iron deficiency Fasting/food 1.39 0.97 1.99 No
iron deficiency Inhibitor/enhancer 0.73 0.41 1.28 The
poi nt estimation, the p value and the 90 % confi dence

5 interval of the ratio of the geonetric nmean for the

relative incorporation of iron in erythrocytes between
anaem c and normal subjects after fasting, after food

consunption, with an inhibitéd and with an enhancer

are as foll ows:
Poi nt estimation p val ue (one-

Table 2:

10 Table 5: State of subject Ratio

Iron deficiency No iron deficiency
Parameter After After food After After food
fasting consumption fasting consumption
’re uptake N 8 8 8 8
in
erythrocytes
(%)
Mean 1.615 1.941 1.411 0.924
Geom. 0.766 1.165 1.208 0.866
mean
SD 1.539 1.184 0.842 0.299
Median | 1.5 1.23 1.10 0.98
Min. 0.06 0.24 0.51 0.33
Max. 4.25 4.83 2.85 1.39

The results of the erythrocyte uptake after administration
of Maltofer® drops with orange juice (enhancer) or black

tea (inhibitor) are as follows:

Table 3:
Iron deficiency No iron deficiency
Parameter Inhibitor | Enhancer Inhibitor Enhancer
S%re uptake N 8 8 8 8
in
erythrocytes
(%)
Mean 4,105 6.588 1.381 1.864
Geom. 2.510 4.530 0.928 1.279
mean
SD 4.342 7.159 1.126 1.590
Median | 2.58 4.37 1.17 1.23
Min. 0.33 1.26 0.25 0.33
Max. 13.83 23.52 3.06 4.38

The point estimation and the 90 % confidence interval of
the ratio of the geometric means for the relative
incorporation of iron in erythrocytes between the state
after fasting and after food consumption and between

inhibitor and enhancer (PP Set) are as follows:
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si ded) 90% confi dence interval
| DY) ND1 0.63 0.2324 0.22 1.81 Food |

| ower upper Fasting
D)ND 1.35 0.2551

0.63 2.88
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Table 4:
State of Ratio Point 90% confidence interval
subject estimation

Upper Lower

Iron Fasting/food 0.66 0.34 1.28
deficiency
Iron Inhibitor/enhancer | 0.55 0.36 0.86
deficiency
No iron Fasting/food 1.39 0.97 1.99
deficiency
No iron Inhibitor/enhancer | 0.73 0.41 1.28
deficiency
The point estimation, the p value and the 90 % confidence

interval of the ratio of the geometric mean for the

relative incorporation of iron in erythrocytes between

anaemic and normal subjects after fasting, after food

consumption, with an inhibitor and with an enhancer are as

follows:
Table 5:
State of Ratio Point p value 90% confidence
subject estimation | (one- interval

sided)

lower upper

Fasting ID/ND? 0.63 0.2324 0.22 1.81
Food ID/ND! 1.35 0.2551 0.63 2.88
With ID/ND? 2.70 0.0440 1.04 7.03
inhibitor
With ID/ND? 3.54 0.0082 1.56 8.02
enhancer
1 ID = iron deficiency; ND = no iron deficiency

The means, given in Tables 2 and 3,

of the iron uptake in

erythrocytes in subjects with iron deficiency and those

without iron deficiency,

after fasting,

after food

consumption and with orange juice are summarised in the

table below.
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Wth inhibitor IDDND 2.70 0.0440 1.04 7.03 Wth

enhancer ID)ND 3.54 0.0082 1.56 8.02 1 ID = iron
deficiency; ND = no iron deficiency The neans, given
in Tables 2 and 3, of the iron uptake in 15
erythrocytes in subjects with iron deficiency and

those without iron deficiency, after fasting, after.
food consunption and with or e juice are sunmari sed

in the table below. 33 Table 6: Iron deficiency No
i ron deficiency

Table 6:

Iron deficiency No iron deficiency

Orange juice | Tea Fasting | Food Orange juice | Tea Fasting | Food
6.58 4.105|1.615 1.94111.84 1.381]1.411 0.924

The results show that iron absorption (relative
incorporation of iron in erythrocytes) in subjects with
iron deficiency was improved when Maltofer® was
administered with food or orange juice, the effect of
orange juice on the iron absorption being markedly greater
than that of food. An effect of the inhibitor compared with
food is not discernible. Normal test subjects also
benefited from orange juice compared with treatment with
Maltofer® together with an inhibitor, although the effect
is less than in subjects with iron deficiency. In normal
test subjects, the iron absorption after fasting was
greater than on administration together with food, the

reverse of the situation in subjects with iron deficiency.

It has further been confirmed that in subjects with iron
deficiency, the iron absorption on administration of
Maltofer® together with food, an enhancer or inhibitor was
greater than in normal subjects. Greater absorption was
observed in normal subjects when Maltofer® was administered

after fasting.

No severe side-effects of Maltofer® drops were found during
the study. The most frequent side-effects were headaches,
diarrhoea and stomach ache in mild or moderate form; no

severe side-effects were observed.




Orange juice Tea Fasting Food Orange juice Tea Fasting
Food 6.58 4.105 1.615 1.941 1.84 1.381 1.411 0.924

The results show that iron absorption (relative

i ncorporation of iron in erythrocytes) in subjects
with 5 iron deficiency was inproved when Maltofer(r)
was adm nistered with food or orange juice, the effect
of orange juice on the ironzgabsorption being markedly °
greater than that of food. An effect of the inhibitor
conpared with food is not discernible. Normal test
csabyects al so 10 benefited from orange juice conpared
with treatment with Maltofer8 together with an

i nhibitor, although the effect is less than in
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greater Fh mnls ration toget er Wlt 8, tﬁe
complex compounds with carbohydrates or derivatives
thereof, the complex compounds having a redox potential
at pH 7 of from -324 mV to -750 mV relative to a normal
hydrogen electrode (NHE), and an effective amount of one
or more redox-active substances, wherein the
carbohydrates are selected from the group consisting of
dextrans and hydrogenated dextrans, dextrins, oxidised
or hydrogenated dextrins, as well as pullulan, oligomers
and/or hydrogenated pullulans, and wherein the redox-
active substance(s) is/are selected from the group
consisting of ascorbic acid, vitamin E, cysteine,
physiologically acceptable phenols/polyphenols selected
from the group consisting of quercetin, rutin, flavones,
flavonoids, hydroquinones, and glutathione, wherein the

preparation is for oral administration.

2. Preparation according to claim 1 wherein the redox-

active substance is ascorbic acid and/or Vitamin E.

3. Preparation according to claim 1, wherein the iron(III)

complex is an iron(III)-polymaltose complex compound.

4. Preparation according to claim 3, wherein the iron(III)-
polymaltose complex compound has a molecular weight in

the range from 20,000 to 500,000 daltons.

5. Preparation according to claim 1, wherein the iron(III)
complex compound is an iron(III) complex compound with

an oxidation product of one or more maltodextrins.
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deficiency. It has further been confirned that in
subjects with iron deficiency, the iron absorption on
adm nistration of Maltofer(r) together with food, an
enhancer or inhibitor was 20 greater than in normal
subj ects. Greater absol ption was observed in norm
subj ects when Maltofer(r) wgs adm nistered after
fasting. No severe side-effects of Maltofer(r) drops
were found during 25 the study. The nost frequent
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7. Preparation according to claim1 in the form of
tabl ets, granules, capsules, effervescent tablets,
powder m xture, effervescent granules or sachet. 8.
Preparation according to claiml in the formof a kit
conprising a preparation, in particular a solution, of
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containing the redox-activeygubstance(s) which is
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16. Use of iron(III) complexes with carbohydrates or
derivatives thereof as defined in claim 1 in the

preparation of a medicament for improving immune



additional Iy conprises further pharmacol ogically
active constituents selected fromthe group consisting
of vitamns, with the exception of ascorbic acid,
trace elenments, cofactors, mnerals and nutrients.

17.

18.

19.

37

defence, for increasing brain power and/or for the
treatment of restless legs syndrome, characterised in
that

the medicament is administered close to in terms of time
or simultaneously with one or more redox-active

substance (s) as defined in claim 1.

Use according to claim 16, wherein the redox—active

substance (s) is/are present in solution.

Use according to claim 17, wherein the redox-active

substance (s) is/are present in the from of fruit juice.

Use according to claim 14, wherein the medicament
additionally comprises further pharmacologically active
constituents selected from the group consisting of
vitamins, with the exception of ascorbic acid, trace

elements, cofactors, minerals and nutrients.



