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VI FOR (I NTERNATI ONAL) AG H 63 135 WD 5 PREPARATI ON
COVPRI SING | RON(I1'11) COVWPLEX COVPOUNDS AND

REDOX- ACTI VE SUBSTANCE(S) DESCRI PTION 10 The present
invention relates to a preparation conpri sing
iron(ll11) conplex conpounds 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
VaFIOR, (FNTWRINATIONAGt) Stal |y further vitamns, trace

el s,.mnerals, nutrients and/or cofactors, and
Héﬁgg?5§ e use thereof as a nedicament for the
treatnment of iron deficiency states and further

di seases, and to the use of the iron(ll1) conpl ex
compounds 20 in the preparation of a medi canent for

I t r
RRERARETTIN, Conmn 281 ERRRR T 1. Pl bk fUsmouDs
si mul t aneousl i Cc i | to
redox-activepéﬁ s%gﬁgg%ségﬁggvﬁrgﬁﬂge %@?&%E§?is t he
nost conmon trace el enment deficiency worldw de. About
two thousand mllion people worldwi de suffer from

DESSRIFEHLO ency or iron deficiency anaenia (E M
DeMaeyer, "Preventing and controlling iron deficiency
anaem a through primary health care", Wrld Health 30

TAeg @ticsantoinveendva, 8% .ed SN DD rephd4®ry )cordrising

.The use of irqgn(lll) oxide as an_active ingr.e ient({or
08 (TTdalGRBRL S0 GRATE e A eSS fh RS LG F 20X
peRldHtGehar 1 AES iich 110WA dH R MR 3rk3 010 derivatives
Ther apeutical 'y usable iron injection preparations and
thereof, in particular with dextrins or oxidation products
of dextrins, and one or more redox-active substance(s), in
particular ascorbic acid, as well as optionally further
vitamins, trace elements, minerals, nutrients and/or
cofactors, and also to the use thereof as a medicament for
the treatment of iron deficiency states and further
diseases, and to the use of the iron(III) complex compounds
in the preparation of a medicament for the treatment of
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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processes for their preparation are known from DE
1467980. Processes for the preparation of
iron(l11)-polymaltose conplex conpounds which are
suitable for parenteral 10 adm nistration are known
fromUS 3076798. The use of ipon-carbohydrate
conplexes in the treatnent or prophylaxis of iron
deficiency states is known from WD 04/037865. 15 lron

T‘fl%nﬁls%x o%P 'IF}%&&Q%% IV)" togcll@éd %g %Qlatagz%ﬁ@@( tﬁl dfl%rntt %r the

reat ment or prophyl axi s of ~i ron C|en states are
tk&anehmomﬁVﬁmﬂﬁm@BZ&Edc12&erGw@ﬁkbﬁEﬁUHumamannmqﬂhwr

conpounds and their i treat ment or
Aﬁpggh§§a§P§W8ffFPth egﬁ&géﬁgé'states are known from
WO 02/ 46241. WD 99/ 48533 di scl oses iron-dextran

conpounds for the 25 treatnent of iron deficiency
Thezepeutinal lyomsebde 1Mpir dHoeattd®nd ®rerar arawingg aad

38%%'5: 5 g‘é 3‘\% %ﬁggtzroﬁﬁ?g%%a%mna%@ oxi- Rkl O 1467930,

al'to SCP0SEs dntl - anaem ¢
conpositions which 30 conprise Fe(lll) conpl exes of
hydr oxamat es, hydr oxy- pyrldlnones and S|derophores

P{-’@&Fééﬁél ERTAELP BREDFELHOR € Taddror 1B oPPrdrddasty
c%&ﬁﬁ%%t cBNIRNIREE vl 8BS B raN G ud ta‘i’;\i%f LG 'p%'%e@ftetx%)q

endot hel ium The redox potential of the “iron(l
adorpliexaettioat amee knoeth ifsomoiUSdi3HIRISEd. US- A-4 994
283 di scl oses conpositions conprising iron(ll)- 5 or
iron(l11)-sugar conpl exes and ascorbate in the form of

TheUuk e WIFC & rohokalrit@hldeattRe Rongfl caraelinrathdreatment or
2004/ 082693 di scl oses conposi tions conpr|S|ng iron(ll)

PERENVAGHEAR PE derpl eedd ciegcyesamyies, i\ tmown from
W2 pR9B%GBELES

Iron complex compounds with hydrogenated dextrins for the
treatment or prophylaxis of iron deficiency states are

known from WO 03/087164.

Iron(III)-pullulan complex compounds and their use in the
treatment or prophylaxis 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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10 such as dextran, dextrin/polymaltose and, in
particul ar, sucrose, for the treatnent of restless

| egs syndrone. Conventional adjuvants such as
ascorbic acid can be added to the conposition. 15

EP- A-0 134 936 discloses hydrgtal cite-1ike conpl exes
conprising iron(lll) for the treatnent of anaem as,
for exanple indrink form Further additives are, for

GO RS, VU Bl SR o cne

ir@natmive! wofmpeqau@ﬁ lthatauses usamlleasmu discussed.
dose- dependent secondary reactions, such as
gastroi ntestinal disturbances or discolouration of the

Useelh glgrom gy Qﬂgcrl%e%alctom%r&% | Sorgithi BiGly tirdrher) -

passive diffusion of free iron ions. The iron can
centierort (T IA5- seigeou| camipdrexasd ariiu s tecighddry form of

eacti.ons_ or sonin Q even the
fr VATE i r‘FJ r]:theeo%re‘—’{]: eq-ft % a!ﬁjale(}r?l i'ton/ kg, is
relatively | ow. The use of iron- dextran is disclosed

in Oski at aI "Effect 30 of Iron Th%gﬁﬁy on, BehaV|0{
WOe 04l Ped I3 NeiraRER<, COH}RQﬁw‘-tBé?IF%l §igipd bron (I

an%:)I @To% ﬁsln 983m \{chﬂ‘g@ wiheh RSB @tates

=S
dext d:sadvantageous because a
sdmﬁ raan -denchurcead, aimfﬁlgﬂlramcpmm card ocigurparticular, -

Con ti | | ti |1
R T TP LA oQHA horcne
Gastd A NSt 'aﬂ?ﬂu\%ﬁ@s Aideds, agdbehi ¢ eaeisd t@apdes added

patient conpliance. Oal iron therapy can increase
theHegtamepiftidre. i ntestinal tissue by catalysing

the formati on of reactive oxygen species. Because

free iron is a strong catalyst of the formation of 10
HEeacti( Vies DXy spetoess loydtotabni t¢)liker apyotanes

even be .
comprising iron(III) for the treatment of anaemias, for
example in drink form. Further additives are, for example,

glucose and preferably ascorbic acid and glutathione.

It is known that iron sulfate relatively frequently causes
unpleasant dose-dependent secondary reactions, such as
gastrointestinal disturbances or discolouration of the
teeth. Iron from iron salt compounds is subject to the
passive diffusion 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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harnful, in particular for patients with chronic

i nfl ammat ory bowel disease. Oral iron(ll) preparations
are poorly absorbed and result in high faecal iron
concentrations, and a significant proportion of the
faecal 15 iron is available f@r the catalytic
activity. Wien iron cones into contact with

i ntestinal nmucosa, which nay already be inflanmed, it
dgggd%%rt:%%g% tsh %e%ra%%lécg ran gt%%ice% %)é%(:ﬂqyl actic
Speci es us 1 ncrease t1SSUé
shbek(bbh)opmmyﬂaltose conpl ex contains iron in
non-ionic form which is | ess toxic. Wen conpounds
of this type are admnistered, fewer side-effects
C%ﬁ%%ht%'&?laﬁato'r%ﬁt 1r%91”EJﬂei‘>%%%tﬂl%r£§Tp \%%‘fﬁ-:cfaeﬁf QR @d)
wth iron(ll) sulfate “(Jacobs, ., Bird,
sAlRs, Heeaueintly0QRuss E@V@s)e ga.@&rmlwemtﬂfr@de rﬂide—

I rch es shown th e ano 0 .
EERERT O IR dRasEnie B A e sl ihecd. oral iron
tabsappt ican iffcrida@r tai’é,d lidhdborishe faddid iien @t iasgordlissue
acid to food reatly inproves the bioavailability of
byheaitpdy Sdsst é&'lﬁeé%“@aitﬁolnh@ff ét?@c(tew@ oxygen species.

BE&_Q%%SR%%%EE?% 1seta %ltrongugfta%g}s%b@f th]eg7f%rrr%§non of

et al Nut r 197
raactide 2&iogcbesmamri@sk. ogtalalironSdand. thhramertmmleveﬁn be
198 25, 193; Gllooly C et .al . Haewato
higRg 150 0] Bos AT AL EOF PACiARES ML (qion 5T 1
1£%§a%ﬁato e, diselseal Oraﬂnlrbndﬂﬂ pﬂﬂﬂdraéﬁﬁﬁ% are
577; rch, T.A at al. J. din. Nutr. 1982,

p@@rlmgtbgoz@@d 9axﬁeﬂf§sml+q lnBlhlgGl flagaedt girom 973, 24,

er - Y/ ;
oGR8 R St i il skl caccan
i28n 4&3-a47915)1abllte ifor aHeermaasdyrEd tadwdtiitey r eduet iioon
of the poorl%'solum
comes into contact with intestinal mucosa, which may
already be inflamed, it can increase the production of

reactive oxygen species and thus increase tissue damage.

Iron(III)-polymaltose complex contains iron in non-ionic
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 bicavailability of the iron contained
in the food (e.g. Bj6rn-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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trivalent iron to readily soluble divalent iron plays
a 10 deciding role. In consideration of this, special
iron preparations conprising ascorbic acid were
devel oped, and these are well represented on the

mar ket today. These preparati gns are 15 conbi nati ons
of iron(ll) salts, predomnantly iron(ll) sulfate,
with ascorbic acid. The ascorbic acid in these

parat i sern event_.t he tion . Qof
1%% %) ?g% r%éL\r'l1L %OI]% & %2 a&r épara :égn JoZd%letmatOL
1©8r2t he|9 knews? 4t; ha]hlllﬂ:@ﬁ(gl II_) Sarirs. fRavm anoo our9e&1 1,

compl ex with_ascorbic acid, and that ascorbic acid

1Rdrid7a Hedilisra chel &t adonplP8k Wit FlilfonduGy- 1984, 39,
56hl. obdodenat tagi dig PH, by not wiith INLM(I l1l9g2, 219-

préci pitates ‘at alkaline pH The “sol ub
ZQBonSBNEWSCHEEaLeEconﬁleﬁaemanqﬂﬂ(i%mm éﬁhtﬁQ%rZ¥B

on i qu | e for t he
S?Hﬁggqgle raelndeg &d gnk R 1%onra 3%7 ot | Savers
MGast recte@tler 0|BngJ 196@mar>1 3&947@) By, m&gﬁ It is
Mossbauer and UV/ VI S spectroscopy under oxygen-

ofres esrumecordatt thes Nesr tHess I &heo W H%ﬁlublﬁf

f
GTRLRE e, 1R, Folm RIS SIS, AR ST e
déhiidiingctr@#18988, 6 152, 227-231). Fee does not form

conpl exes wth ascorbic acid, and precipitations are
therefore observed in the alkaline range, in contrast

ThO cbh@ i SeseMone o3t tMild) aeRiRIIC 1@kl braiirdtiichs

present in the formof a Fe(lll) conplex sol ution at
CRERTASHNgn@sgioRBiiicn@gid (esewievel.apedbt agid thege gire well

[ 1 /- 5 £3+
TR SRR B PR sl m]aﬁza@?f AR A LR e
cohaieet iMnY. ot uﬁan(ﬂﬂynaalﬁauIpre@dmlﬁﬂﬁﬂlyfﬁkon II)
s%%%é%%%)With ascorbic acid. The ascorbic acid in these
preparations serves to prevent the oxidation of iron(II) to

iron(III) in the preparation.

It is further known that iron(II) salts form a coloured
complex with ascorbic acid, and that ascorbic acid forms a
soluble chelate complex with iron(III) chloride at acidic
pH, but not with iron{(III) precipitates at alkaline pH. The
soluble iron(III)-chelate complex is stable and contains
iron in soluble form even if the solution is subsequently
rendered alkaline (Conrad, M.E. et al., Gastroenterology

1968, 55, 35-45).

By means of Mdssbauer 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 Fe3* (Hamed, M.Y. et al., Inorg. Chim. Acta 1988,
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10 Iron(l11) conpl exes can be divided into the
following two groups: those which can be reduced
under physiol ogical conditions (pH 7) with NADP(H) to
iron(ll) those which cannot be reduced under those
conditions. 15 The critical gedox potential therefor
is -324 nmV. This is the redox potential of
NAD( P) H NADP'" at pH 7. It is known that the redox

tent.i,al..for the.,reaction o 20 ascorbic acid t .
1%2hy§>85§é&3bi Saci P Prf PTG X“I’(%o‘?’stlé%k?gﬁ?rblc
aet gl andpb%ciFJ-i/éaS-iM%re‘ﬂ:&e&%&)oré%ﬂ:& erfRanNsid hate

iron(lll) conplexes having a redox potential,, of < -66 .
afladi ngHrANgENN AN ISOTtE@Sded thy-hes Sosicd 48 . with ascorbic

Lran( bl )apaly d ntd
s ¥ T BRSUE IR A PO E S G g B
s@agden, atPnelutaalTlzerdapyl kailtimes pati (@ormmrhasi £ oret al.,

i ntravenqus ,adm ni stration, i.tion,_ YN - MED
SoPEa§ORE, SEiERGR, 195605 4%, 1?3?7133&.%. Jf“)e.g agporms a red,
whlMeQUGhaut, 1the A eeaRil Batanth aRRidaAld ebidlde nedax. 5

potentials are al wayS nmeasured and quoted relative to

(Blamect, M. Yhy ditogen ellewimd € INHERCTR 13&Fer 1A udids231) .

have al ready questioned the reduction of iron3+ to
iron2' under gastrointestinal conditions (Gornan,

¢ (18t )alcomplexefs keef BecidnciRlckd 8h t A& hd Xt URRh)g two
More 5 recent studies show that a reduction occurs at
gFA¥Eongly acidic pH, but the formation of an

' [1])- bi [ ' i o
’ngg €5 é% Cgéﬁl%§§%5§PC%%“%5%ér'%h&%ﬁéﬂéﬁﬁp ﬁvﬁqﬁggtlons

ace even a

(Deey,) Gitat nabp (H)r @b Glidh (Meet i ng 1988;  Xu, J. at
al., Inorg. Chem 1990, 29, 4180-4184).
e those which cannot be reduced under those conditions.

The critical redox potential therefor is -324 mv. This is

the redox potential of NAD(P)H/NADP® at pH 7.

It is known that the redox potential for the reaction of
ascorbic acid to dehydroascorbic acid at pH 7 is -66 mV
(Borsook, H. et al., Proc. N.A.S. 1933, 875-878). This
means that iron(III) complexes having a redox potential of
< -66 mV at pH 7 cannot be reduced by ascorbic acid.
Iron(III)-polymaltose complex has a redox potential of
-332 mV at pH 7 (Crichton, 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 quoted relative to a

normal hydrogen electrode (NHE).
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10 As early as 1968 it was shown that FeC 2 and Fed 3
exhibit far better absorption results in conbination
with ascorbic acid than without (Conrad, ME. at al.
Gastroenterol ogie 1968, 55, 35-45). In concrete
terms, this study showed that-15 Fe(lll) fromFed3 is
resorbed about equally as well as Fe(ll) from FeCl2,
that ascorbic acid brings about an
absorption-increasing effect for Fe(ll) and Fe(lll),
that, of the preparations studied, the

okaelkl kxuadseer ba&eaailtcad@mplues texhidd tthd hediestion of
.absorption, and that the 20, correspondi ng preparation
1EQRT bits Higher v aBRHr pRFbROLRRARS iR ofABFLLIONS (Gorman,

JPF@D%&aEEQUSJStB%!%@Odﬂ%%i%&ﬁ% h@g%ﬂa%%RCﬂwﬂ#ilj%ﬁ). More
also in non-anaemc rats. Derman (Derman, D.P. at al.
rScand. studiesneholv. th@80a 2educzi oi9®2Ak)s was aaldteranyly

shqow that th sorption.of 3 of, Fe ferritin or .
SZR0HEI PRy G SRR O PR Pt 87 T T rgeqepl < facia
cofinexed sbyneheuadgict a0 1100 sl AarSeHD Il AW Gven at

fromin each case 0.4 %to 12.1 and 10.5 % _
hi ghpac by #Ry uesTHEOF Y po i Gt &l -di dinpsalllely Maetdad d288;

e i-nprQv 30 j d y compl ex for n|td an Wit h
Xgécgbe% %grd %%ggéh %5%&%n %§90.@%' F?jﬁgqgﬁ¥§ﬁer
known that acid does not increase the absorption of
sal ts or, _haenogl obi n iron _but m ght iqcre SE .,
Bd ERGLsrFoRtpit

iron(LI
B ogB b HERBof b Mo PG (S FOL lsaP
500t ERAr 3fhs oMoE1 o8t rRlsul tEasty eeptiaRladh 1868 Borbic
S 35-45). lonic iron(lll) is not absorbed by the _
aicatle sthianavi timotids d Coaradgadt-Foi mtestli-nalGCasdaragrit|rploglie
t %Eer for first reduce ionic iron(JllJ (%o 1,0Nni ¢

188 PPy o andrarE PSRt dar TRy drUSoIEThE R that
FandrIncreaseFiety; is resorbed about equally as well as
Fe(II) from FeCl,, that ascorbic acid brings about an
absorption-increasing effect for Fe(II) and Fe(III), that,
of the preparations 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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absorption. 10 A further study by Naito (Naito, Y. et
al ., Digestion 1995, 56, 472-478) has shown that
iron(ll1) ions in conmbination wth ascorbic acid cause
| ocal ulcerations in the gastro- intestinal tract, and
t hat oxygen-radi cal -nedi ated gi pid 15 peroxi dation

pl ays a deciding role in the pathogenesis of gastric
ulcerations caused by iron(ll) in conmbination with

s¢Qr id arli.er u h
L R L Lt LA
apeoepkcdahni off, ippagumabkylewi bg haction@ebin iron but might

anti oxi dati on_properties (Bucher, J.R, et al Fund.
ipgpraseThe §§§9rP§10?29f2267m ﬁapmaﬂg(?nﬁﬁééeﬁ.a&&s and
fﬁ:Bf&nf§8lielé)§thadr eguged Jom ;B@H%'%'r%nt?eﬂﬁlo@y aloes, 55,
. em 261, 10282-10289). 25 However
35FéEQIIIoneacusowﬂﬂﬁIOXygenotoa@ﬁweheﬁom&1wﬁp amdestlnal
tion_of .these r

miGEea ) gnth Gea ol R arans Ber S R T e i toren

£siddy rByutedebnikesedhl (x 1showed 10hadoriron (@) @dr chelate
Bi ochi m_ Bi ophys. Acta 30 961 (1988% 96- 102) t hat the
igoibi rECESN tef Sissrlve) thet Broas ilgcgEeds dads to

agggg#@&gﬁntly nmore ulcerations in the

gas ointestinal tract than does iron(ll) alone. This
study has further shown that ascorbic acid in

nbi nat i on iron(ll) i,s a pronoter. of l.ipid.
ng6§P85t§5HdXh yh§?1t§ { ﬁﬁFﬁ't% %ﬁs%&aﬂlDl estion 1995,

5@554ﬁ§d47@30%H%esh%%nakhakhﬁro%Qﬁﬁ|nﬂkk@ﬁﬁjﬁﬂi&ﬂﬁﬂhatlon
t he combi nation of iron(ll) with 5 ascorbic acid

wnﬁhugéetwbecw@wda FeESs e Ckilpiud cegartgangatitorthe. iggstro-
1ReLe XI% I c% 'gndgk%.te%ggg%kgyadggél—mediated lipid
peroxidation plays a deciding role in the pathogenesis of
gastric ulcerations céused by iron(II) in combination with

ascorbic acid.

It was earlier assumed that high concentrations of ascorbic
acid inhibit 1lipid peroxidation, presumably owing to direct
antioxidation properties (Bucher, J.R., et al., Fund. Appl.
Tox. 1983, 3, 222-226), but also by keeping iron solely in
reduced form (Baughler, J.M. et al., J. Biol. Chem. 261,
10282-10289) .

However, iron(II) reacts with oxygen to give iron(III) and
free OH radicals. The formation of these radicals leads to
intensive side-effects and is undesirable. 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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damage to bi ol ogi cal nenbranes and hence for

ul cerations. Further studies have al so consistently
shown the 10 conbination of iron(ll) and ascorbic acid
to be toxic (Higson, F.K, et al., Free Rad. Res.
Conmms. 1988, 5, 107-115; Uchipda, K at al., Agric.
Biol. Chem 1989, 53, 3285-3292). The danmge t hat
occurs at cell level as a result of these toxic

f desef f and ent, ;
e T e s Rt e R R

whehoXirdal(iIan, ilsSa asaRitaired.f ﬁdlpl@(@mio@udaittﬂbrﬁl’and not
increased risk of suffering fromheart attack, _cancer
a@nénétlﬁért@%I 8FoSPT L1gg PRSUSE datier@ussdi e atlilort

1 0eRSIL0Y s 't?&&r ot el o 'c%ﬁoma%l%% ¢ asRNSIY! Guife@y

at erogenesi s (see references quoted | n Tuonmai nen at
aglcorblilat mictlidonnBesedr ¢cihhe Yolst i9tenNove8,ligp.d

1121-1132, 192‘9%?6‘3@5 The .i \{:&ntors haveéltherefore 3%1 £
DR R EPATdS h & PeroFl Ihg 5 i T SISO LT

de@bel kb) brib%@ri@talloa@nud%an%ﬁwaamemémm MN&Hations.
nore redox-active substance(s), which preparations

are suitable for the treatnment of iron deficiency

Fi2LeS. AR asure lmnared I qaYadal) gy of30 the

ron W iting the above
cdmaeh\aaﬁbageduir@fnf(etat)s aoid talse defdwn adieh (dd Joeaseorild ¢

aq id conbination preparations, such as the f tion
(5f- 9867 uFcérat |e6:n§%| n tFFF@egg?tdr -0 RSes AHHIS rl%catrga

19%1-4akL Ve chidaesk dus o |1 pigtiRer @xiglat i Tn@89 53,
obj ect ‘of the invention was, therefore, to provide a
3885oRBPAAL: I meoﬁameme( [that BeEusTse 20T cmirle level as a

rrﬁgd a%t bsﬁctl%ncel fse)tg:ts tMgncgzau%e s%rge—l Igfécsts and

reddc 5 ron(l he Tedox-active
poiEsS pardens) complpatidecul ar

Oxidative stress, in particular lipid peroxidation, is
assoclated, for example, with an increased risk of
suffering from heart attack, cancer and atherosclerosis.
The oxidative modification of low-density lipoprotein (LDL)
is held responsible for atherogenesis (see references
guoted 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 bioavailability 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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ascorbic acid, and accordingly does not cause

oxi dative stress. The optinmum absorption possibility
for iron by 10 formation of iron(l1l) conplexes with
the redox-active substance(s) should, on the other
hand, be utilised. The object;ds achieved by the
preparation according to the 1nvention, which
conprises iron(ll1) conplex conmpounds 15 having a

peci fi.c_redox potential, in particular iron{lll.)._ ..
udGREPE CESBBUREE SReTT OO drated o aPy SETas Lve
stheseoucahd Qngier pioxiedaxmact i ve substance(s), in
particul ar ascorbic acid. 20 Iron(l1l) conplex

conmpounds wi th carbohydrates, in particular with

I Lt ose A mal_t ri:n), .Are ' ri .
o) YOS (R Q0K B SO o provice <
coxibdakitdensiofedsoadamTy dud rget rreatmrert ndddx-tduEive

iron(ll1) cqnplexes. 25 Studies .the inventors, have
SSRGS | RORIELOR. ) i G e dp Pt SHERthae &
1 edU &t 0 PN tHeRloxAts c ARt e! bst33dé) daes gatticular

react with ascorbic acid to give dehydroascorbic acid
agicophiy, a&isl, amehds aiarangtinerlet R@ss @0k i@V SERfiglative

B ALY

sSee | SS
foehseh oDy iRes. ( TH990,coap l(dxdds wh, th7 Sdrel Gd ont-tadr ttihee

excl usi on of . Alth h i [1])-pol ynalt
PR SO oI £ N GRER Bah] S8 1 CRaR i n

the ferritin level, they are wused nore efficiently

for haenogl obin synthesis (T.-P. Tuonmai nen et al.

Thec okgidct, i athdBvedAdnordingrapared igy endardingn to the
dron deficiﬁpc state.is .

invention, whi comprises iron(III) complex compounds
having a specific redox potential, in particular iron(III)
complex compounds with carbohydrates or derivatives
thereof, and one or more redox-active substance(s), in

particular ascorbic acid.

Iron(III) complex compounds with carbohydrates, in
particular with polymaltose (maltodextrin), are
particularly tolerable and have high patient compliance. No
oxidative stress occurs during treatment with the iron(III)

complexes.

Studies by the inventors have shown that iron(III)-
polymaltose complex, which has a reduction potential at

pH 7 of -332 mV, does not react with ascorbic acid to give
dehydroascorbic acid at pH 3, 5.5 and 8 in buffered
solution (buffer systems pH 3.0: 103 mol/l HCl; pH 5.5 and
pH 8.0: 0.1 mol/l NH4Cl/NH3; see Gelsser, P., Arzneim.-
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10 understood as being a state in which haenogl obin,
iron and ferritin are reduced in the plasma and
transferrin is increased, which results in reduced
transferrin saturation. The condition to be treated
in accordance with the 15 i nvention includes iron
deficiency anaem a and iron deficiency w thout
anaenia The division can be made, for exanple, by
rbPEc Beabogéee vabyg ang (he)vahueskqr 7 dohanaker iy
Satura érénce values for haean obi n,
edeﬂesmbnedfbyx&bew cytonetry or by the 20 photonetrlc
cyanohaenogl obi n nmet hod, and reference values for
iron, ferritin and transferrin are |listed, for
A%ﬁe’ebﬁ, irbh (rhe)reberanae odat abapk oaf cgﬂ@;dutr@s only
Institut fur Laboratorlunsned|2|n and Pat hobi ochem e
regudp: ﬁpmmmﬁéﬁwr#nér@éﬁﬁlBﬁrébﬁlﬁ@#ﬁéﬁ&ﬂﬁﬂ@Wﬁhrﬂﬁh%ﬁu§re

Igrfgalgggg?Fscﬁgkﬁgo% ran %%ﬁ%g %QEE%- A patlents

TwotnBOukni eenadef,i Coencyit.transflar7iyn saturation is
generally > 16 % In patients wthout iron
deficiency, the ferritin value is generally at |east

A%gogﬁ n@n@otﬁﬁehgﬁqgﬁkqghn ¥l Ue-dns lfileastc3& k3R is
According to M Wck, W Pinggera,

undhanramodaasebgnufgf a wealtselin ml@@né@tam@mm, iron and

Ther. plen der xt end | rj nger
g g s R e LT Sl
iberedgkest edhslchn h:@@uqtt%mlelalﬂeﬂuoéds Ux@dwf@'cﬁm rddtiuration.

concentration is generally acconpani ed, by way of
conpensation, by increased transferrin and | ow

T%ha%%kéf%'%nS%E#ﬁﬁg'é?%$tEE§:EJ%@?%ﬁEddﬂ%eﬁQ&QﬁgwﬁﬂatO
nvention can further 10 used for inproving
inwenne otefiendedasd iffon idgiiodiengybreaaemia and iron
deficiency without anaemia. The division can be made, for
example, by the haemoglobin value and the value for
transferrin saturation (%). Reference values for
haemoglobin, determined by flow cytometry or by the
photometric cyanohaemoglobin method, and reference values
for iron, ferritin and transferrin are listed, for example,
in the reference databank of Charité, Institut fur
Laboratoriumsmedizin und Pathobiochemie
(http://www.charite.de/ilp/routine/parameter.html) and in
Thomas, L. Labor und Diagnose, TH Book Verlagsgesellschaft,
Frankfurt/Main 1998. In patients without iron deficiency,

transferrin saturation is generally > 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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power. | nprovenent in immune defence within the scope
of the invention neans a significant inprovenent in
the i mMmune 15 responses as shown, for exanple, by a
significant inprovenent in the |ynphocyte response to
phyt ohaemaggl uti nin (PHA) usiipg the MIT net hod, by an
i nprovenent in the nitroblue tetrazoliumtest (MT)
using neutrophils, by an inprovenent in the

Agés%gihguggl gcawgﬂsw VWZOP%gasgg O@h' !Lghfmg%) @%@%ﬁg%ff_

ri¢ proces mpr overrent i n
wabheélonablaghbbﬁdkeandfmheeapmphedeﬁDanaﬁDén CB8hand

counted, for exanple ing_a BD c
S eROBAP b £OB: aPRF AGORE: Nl 1 dndrahrn 1oHE  “hid Eoaps of
158ﬁp88§§05@nE?aébﬁSbeHdetEEk@@néﬁ1ﬁﬁ@oL%h@ﬁﬂ%alﬂ2.2§
the last-nentioned cases, the use according to the

reduendi farrakés pbacenmapapnu égl genbyaildyr o¢cegrended, by
neut r.ophi | g, anti e /

R nBRoCy PR R PPon DY derer Brred FEFo Lk ghre 26, 10He

tkynpheeytin saea@tarc@anto phyt ohaemaggl utinin. 30 An
i nprovenent in brain power within the scope of the
invention includes in particular an inprovenment in 13

Tﬁgg? gggaE#Bﬁtbee5raﬁﬂge%9tEQ@aﬁnQ%B%KbQUEa%n@df%her be

expre or exanple, “in an inprovenent in the
usbdrEotenmprnemngylmmsne(Séwpncenamﬁefb@ngﬂ@@ﬁﬁﬂm@nﬁﬁwln
test (LTM, in the Raven's progressive matrices test,
PPH®fhe Wel scher 5 adult intelligence scale (WAIS)

and/or in the enotional coefficient (Baron EQi, YV
test; youth version). The preparation_according to the
IrRyeNEMeRtcaR AMBUnEe dgdeace withdn thg seaPePT

159%5&?85 h%gissﬁnglgﬁﬁnghﬁt §%§9J9@m@%t in the immune

responses as shown, for example, by a significant
improvement in the lymphocyte response to
phytohaemagglutinin (PHA) using the MTT method, by an
improvement in the nitroblue 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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10 as Ekbom s syndrone). This is a disease in which
patients are unable to sit still or even stand still.
Because of the irresistible urge to nove, patients
al so suffer from pronounced i nsomia. As soon as the
patient noves, the synptons 1§ sappear, but they
return i medi ately when the 15 novenent stops. |f
patients are forced to lie down, involuntary |eg

CBRHITRIY? Sl : QERELHER, chBk Lt e gethanatupas of

eZPrébeeqr, eﬁ@ﬁ:ab.bcammecoﬁ_dl Bg tioptrioe emerentimonhies short-term
further suitable for the_ treatnment of iron defici ency ;

mEMQEYs tRRt JETMant 0WEER dRPENTETTACEINTRE &7 Sodwel) -
tﬂbsﬁﬁ%gﬁ s'%ro%g%EEQQEa&aGEQQ%SSt@s%ea§§1Qﬁ@ @hidldner

ul cerosa. preparation according to the
adnléntinoelidgahse spaidei dWAIS)y agudi/abliea ftéxe ﬁﬁ@éthqiﬂ@l

def t
BN C R pAPErE BE Rhed s Loobane e (TeRer -

phar macol ogi cal | y active constituents in the form of
vitamns, with the exception of ascorbic acid, 30
Tmen@mp@ratt@a@ea@p@ﬁéﬁpg tRutHce ATy SRtd/er Qarhddso be used

1ﬁl%ﬁ%nk§eat%%n%e% hed 1hereirhel gﬁdy%mé'Tﬁﬂ§||leo known

conpl'ex conmpounds i ch can be “use n accor dance
aw tEIkbtohe si lsw@xﬂmOme)ar ghtilsose laaa\dma@aaser ednwvlpco;tkematalents

of frqm-324_nV to -750 ref from
ar@sel 1@0 to. 53¢ ﬁﬁﬁ&aﬂr. G ﬁF%@e %%C&%S%?zf the
10 st4 R Mrge E'&e%v‘éon@atﬂl@iﬁcsara@j‘&'sfdﬂﬂe&d fifdm
particular by specific iron(lll)-polynaltose

pg:@m@luelx:@si lnsempiiiel . ) AgedO0m asc dis @adsient moves, the

LR ) | (rddia RHGf Wfen the
S Pﬁ)—‘l exesdl%s)ﬁb\%éel%lr} %%31 %%%ﬁj(rrrfq) trans rin &
moRpleet. s@opishese, pautdre@ltlsl JariEo | ol dd seo dmmlchwes,

havi_n
1nvol&%tary leg movements are observed. For further
explanations of this indication, reference is made to

WO 2004/083693.

The preparation according to the invention is further
suitable for the treatment of iron deficiency states in
patients with chronic inflammatory bowel diseases, in

particular Crohn's disease and Colitis ulcerosa.

The preparation according to the invention is also
particularly suitable for treating or preventing iron
deficiency states in 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 the nentioned redox potential are particularly
preferred. However, other iron(l1l) conplex conpounds
are also suitable, provided they have a redox
potential within the nentioned range. 15 Iron(ll1)
conpl ex conpounds whi ch can bg used in accordance

Wth the invention are in particular those with

car bohydrates. They preferably include those wherein

car rates.are selected f t [ [
e 3 REH ERED AR GRPPOREDc L ERE: GaF CHour Fin aag. ordance
wiehi ¥aki vaged0ivheneef thage pallitgan, reldogomertenaid/lort
derivatives thereof. The nentioned derivatives

PHNE| afe frampadedc®Vakce A8 OnJr o§&ciesader ifFam vasd mv to
—b%B”&bl'#a%%gghﬁérﬁgg§9%% Saphit EQAeXtRiBS off to -475 mv.

Ooxi dati on products reof are”particularly preferred.
Thesepkceadat ivhe prepdudtfiddedf ihear23 dulen byl specific

.compl di he i ) 1
S OMA TP SPORHRIEE S Foril iRt TS ha i c A ane e
c\%ﬂs@i%&%@ VWO-04Q3 1863 AltradS A E9%s WD I/8V(IG4 )and

2/ 46241 nentioned at the be inning, the totality |
sobrose comedleses @ o lihidsh byi Fhga ot 1T )ivF redgfecrin
of the 3Q pr rati, QG8S: aFmd' |
cﬁgpéﬁﬁf ﬁet%%%Fﬁ1Jgg§ﬁr|ns"?ﬁ) i<§?%§%§pg¥é é$%§%§q£§¥ing
theeehelnt iatedr dadee: patidnttild ianeemamm,cuilerly preferred.

col |l ecti t n f i I 1 hi
HOURy R COPeB. GIREPUSd Ln GO LRT, PR ATE A%
shd G TP %‘%Io%ll)ﬁé@’ ¢y 38de BEXidddIs goerdd i%0L Beithin the

prepared y polynerisation of sugars (e.g. WD 02083739
maAtioded0e30®@4513 Al, US 3766165). The dextrins

include the 5 maltodextrins, or polymaltoses, which
are prepared by enzymatic cl eavage of, for exanple,
TG TAIT )P A ¢ alcitbowriddh vl infta -y Ilss enssendtl Jar eeccordance

characterised by the degree of, .

with the invention are in particular those with
carbohydrates. They preferably include those wherein
carbohydrates are selected from the group consisting of
dextrans and derivatives thereof, dextrins and derivatives
thereof, and pullulan, oligomers and/or derivatives
thereof. The mentioned derivatives include in particular
the.hydrogenated derivatives. Iron(III) complex compounds
with dextrins or oxidation products thereof are
particularly preferred. Examples of the preparation of the
iron(III) complex compounds according to the invention will
be found, for example, in the patent specifications DE
14679800, WO 04037865 Al, US 3076798, WO 03/087164 and WO
02/46241 mentioned at the beginning, the totality of the
disclosures of which, in particular in respect of the
preparation processes, 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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hydrol ysis, which is expressed by the DE val ue
(dextrose equivalent). Polymaltose can al so be
obt ai ned according to 10 the invention by acidic
hydrol ysis of starches, in particular of dextrins. The
preparation of the iron(ll1) 1sconpl ex conmpounds which
can be used in accordance with the invention
gener?IIy t akes place by reaction of iron(ll) or
i O |) salts, in particular | ALl (o] |
=t R phet 1800kl neR ProgrBrel P ths Ynattoge i phen
sexi-dat i 8niprefpgteselof hiigodexkd. npeknragsecasn also be
al kaline solution (pH > 7) and subsequent _worki up.
DPEBRALHL PENPPAYRREIRRARPY &&i §He28A (Fafge™Ps O 083739 a2,
UB%%b?bMﬁ%’e)&ﬂ’ yal F@'s'@i%s@'?' ¥akUGS x@fi nkOfinclude the
example, > are preferred. 20 The pH value is
mgnebssabkynsmcDeasedyQEQWbyeen ghadbaking, prgivieciedc
e effecte

f le, by fi ddi
BEXB LF 6y CORANBPE B4 b 'O GFAbBrox CraTory 8L Pur RGP

wieHt babhsahhgn agan ahiedrke tarkicedragledudynghe degree of
stronger 25 base. Suitable weak bases _are, for
hgduaapleisal Waichods grpeaEssededdt khCaPbovatlee (dextrose

e§§E%EE%H% es o§§%gl%%s§9%%$“'§%% HOLRRSIi WAL A Rti® s to
brcarbonat €, “or anmmoni a. gtrong bases are, for
tﬁégﬁﬁb@nt&bh&by akcidlikahiyde odymrstils ofy dtexialess, sch as

sodi u pot assi um ,cal ci ym or nagnesi um hydr oxi
D8I FHAaFRtt FEH AR She TG EEPET %ﬁ%é&ﬁz?‘i&g For™ £223
c?ﬁ@q%&ecomb%ﬁﬁﬁka%%ﬁ%ﬁ.%%ﬂﬂﬁé‘ﬂééa'ﬂﬁ dRWYddide: afith the
from15C to the boiling tenperature can be used. It
inyepitéber geteral livhdedase nlrea dpaeadiriony () or

. For | e, heat.ing 5 fi e ri it f 0,2

AR TRy rr O PRI SRPHeR It e s A the
dext rhiesgr agualant iicureeased vinml tose, or oxidation products
of the dextrins in aqueous alkaline solution (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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boiling. The reaction tinmes are, for exanple, of the
order of 10 magnitude of from 15 mnutes to severa
hours, e.g. from 20 mnutes to 4 hours, for exanple
from25 to 70 mnutes, e.g. from30 to 60 m nutes.
VWen the reaction has been cafgied out, the resulting
15 solution can, for exanple, %e cooled to room
%erperaguref and optionally diluted and optionally
iltered., After _coqling, the pH.value can be adjusted
The FRECHAGTT SEBE T eReR S R PR P SRS
t%ﬁg‘é@ﬁ@%e@f olf" (P_Ei]eS ol B maREdidiRN o A% 18°c to the
ase. bases there can be used, for 20 exanpl e,
bbhosagnmeeinbered uakoven de tused.eddt iign prAdedyred o ude
hydrochl ori c acid and sulfuz#f cid, for exa

, e. he
LPESEPERN §1So IEGTPEREtEFE FEA Yand Ca i Be" edheaglng
ir I r I r.ati o ' t 700

oAb BB B S B O D R g 2
agdmehexes hier @@mipee a2mreolasn e drerdeddnyplimdnyeased to
precipitation with an al cohol, such as an al kanol,
bpalig@@anpl e ethanol . Isolation can also be effected

by spray drying. Purification can be carried out in a
conventional manner, in particular in order to renove
Thal treacthion camese agfef, e diced exeam lexargdl &hepyprdarerafe

30 Q is,. it bei ossi bl e faor_suc Verse
m&%&@set 5 fbgrogbnl?’?é‘gméfﬁefs ?Coor RS aenﬁ)a}rie,%l%ué% or & the TXOM
29Pmavudas ’e @ Heefrey,e fdrhesthinded flisen i35 rediTmnentstes,

17 The resultig% iron(ll1) conmpl exes have, for
Seganpirem 3 Hor &Y EBMUERS of from 10 to 40 % wt ./ wt .,

in particular from 20 to 35 %w./wt. They are

generally readily soluble in 5 water. It is possible
Whenp réyea reatdtdroef hem edr alamgusbusit sdhe s Heviag

an iron conte of , for, ex I
sglutlon can,lyﬁr example, %ﬁ? é%oféé”go 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 the
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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1 %w./vol. to 20 %wt./vol. Such solutions can be
sterilised by neans of heat. 10 Wth regard to the
preparation of iron(ll1)-polymaltose conplex
conmpounds, reference may al so be made to US 3076798.
In a preferred enbodi ment of qt-he invention, an
iron(l1l) 15 hydroxi de-pol ymal tose conpl ex conpound
is used. This iron(lll)-polymaltose conplex conpound
“preferably has a nolecular weight in the range from
20,000 to 500,000, in a preferred enbodi nent from

TRE, PAG1 0188, 988ndaltonsompdekesnmhare by oiearampfll egelan
perneati on chronmat ogr aphy, for 20 exanpl e as descri_bed
ibgnGepssentepfafromn 1Ar £Reft ¥ -t/ DitigPRE$Icular from

2(11) . 12, 1439-1 (1992 i 1% kollble i
2@a§9i%3|§rW§'2§§fe??§X %?%nPFFF?%ﬁl&OQe%ﬂal§'ko ©
whyaroxirgde4 pobyeslibige toopplepr reoheued rios Meutafdr @dueous

from Vifor (International) AG,_ Sw tzerland ich.is
SQYBFLaBFe NaBtBgnAEr ¢FEM heRTy ph e fﬁx@?_%’f@%d%mm
19%’93 LU%R. 20 bf anGk! |/ ca0MBhen GIRAURESNddn &k

oxi dation product of one or nore naltodextrins is
stieedli%kids bys mebnsi wdbheatf.or exanple, from an

aqueous iron(lll) salt solution and an aqueous

sol ution of the product of the oxidation of one or 30
WARhe regbiadext hes picpa rart iaguedu s deyypaa Jernddlgmal tose

solution at a pH value in the al kaline range, wherein
CRREA S8n £ OMPRNEGEe x ST e8GR 8RY % SRS 6‘%9%&19 ent
35%69@%”‘5 to 18 37 and when a mxture of a plurality
of ‘'mal'todextrins is wused the dextrose equival ent of
the m xture is from5 to 37 and the dextrose

CURERE AL MR P
hgg*f%%ld@-ﬁéﬁiy&mw%éﬁcd@ﬂ@@r&&n@mm@Oi@b,tsaémedmjss
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(IITI)

® from

hydroxide-polymaltose complex compound is Maltofer
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 aqgueous iron(III) 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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exanple, from 30 kDa to 500 kDa, preferably from80 to
350 kDa, particularly preferably up to 300 kDa
(determ ned by neans of gel perneation
chromat ogr aphy, for exanple as described by Ceisser
et al. in Arzneim Forsch./Drug Res. 10 42(11), 12,
1439- 1452 (1992), Section 2.2.5.). Reference nmy be
made in this connection to WO 2004037865 Al, for

39X§HB|%hehh% hﬁ%ﬁb&%yo%f al u@bﬁﬁl35Qﬁ£n%ﬁﬁgaéﬁlffﬁg(ls

Incorporated 1 n the présent application
usegalthet detdieopee pajudtviadendal oifr drﬁuecampdte»ra:arspdxm 5 to 37

=08 DBROBPHT S CHUREGAATE 6% hepregihat OF | fodextrins

ihr @6l bk ktpeel ylsam 28 ool @ . CQ@E@M&Q@hﬂﬁéwﬁﬁﬁﬁﬁ may
be made to WO 02/46241. As redox-active substance(s)
mpheFelegnvwied gtsedvi @f é@@oﬁ@ﬁ@é@x\w s b tadwast iign for

ic Y% m , BQ% €
e%%@@%?éngggtho#b pgﬁygﬁgno S 2 %9§€ﬁg% 3d %o
350|kablepahyibuﬂagﬁqabr¢f@&@&ﬂ&ah@eto 300 kDa (determlned
phenol s/ pal yphenol s are, for exanple, quercetin,

VuF‘FﬁnS PEaPSte DSTBEREL 0N SPERBPHS LY cdiph&rarple as

daBdri R¥Er gguicR9Resr idt %@rth%Uhﬁ&nQH%fc%Gﬂ@%hi%bfﬁﬁ|Res
as derivafives of the nentioned conpounds. Ascorb

43¢1Ld) i s130 pdpsti-ddlbar |y 9p2ef, elSestiotne .or. Smjreftﬁference

th b b I
TV ePer BRES 10 bTen THLTG ¢ Lohe oo R Pt

ekaiblle, agker ltloﬂi:aaﬁltg' ¥ th@S@(ifslaﬂl@saﬁled ofl are.cH nd h® be
preparation accordlng to the invention, the 5
mp@ﬁpprri)teéoﬁﬁ Slaec BRESERE PP LA tiddox- act i ve
substance(s), in particular ascorbic acid, are
preferably present in a weight ratio of fron11:0.05
Wiohlr2@ard 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, quercetin, 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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preferably from1:0.3 to 1:2, particularly preferably
from 1:0.4 to 1:1.8, nost preferably 1:1.5 (based on
the 10 iron(l11) conplex compound, not on iron(lll)).
The preparation according to the invention can
optionally conprise further jpharmacol ogically active
constituents which are selected fromthe group
consisting of vitamns, 15 with the exception of
ascorbj ¢ acid, trace el ewe%t nera nutrd entss

thRqCeBPARALICh 9FeVEGATHET iﬁ’ﬁ&Pnﬁ‘éSP& 1€a|a101d &e

age5§bhgugega anenpreferably the vitam ns O-carotene,
hiam ne (vitamn Bl), riboflavin (vitam n B2),

yrldOX|ne (vitami n B6), cyanocobalam n 20 (vitamn

3%%@ ngs%%%%%h;&" gegg' ol gmtg) fe@ehlavte GaRBer ¢he

vita e COo actors
1@aﬁtch@nb@mp&ékdcompbuhﬁnamﬁdahefmbﬁ@x&ewd;v&he trace

el enents/ mnerals cq nma I
SHH§§6H6?A§>anaPoPaﬁ§¢E masgﬁef Cegp(ffrﬁ%f ably
p2ekdsc o QO%Eﬁh@eiratl@ ocfarf%wqr @t &S %d 1f :ates,

optlonally in the formof physiologically acceptable
psaﬁEsab$u|ﬁabmelp@y§|@boéléalD@rta@@é@ﬁdwl@E§£Qﬁ§t&&éfrom

| | | ]
1382 Ao oty Lo B 8B Hr e Vot de Sor R S, o
1 hydrachl) ocioa®s exs doldloesid , ¢ Moar icte d.ra30 J@sphat es,

hydrogen phosphates, di hydrogen phosphat es,
hydr oxi des, or salts of organic acids, such as, for

T%Z%%%%’a};%%g%ﬂt &cd %att%s tH@l BRAIER i 1At @prifitally

urther pharnacol ogically active constituents
c@m@r&b&ofheth@mes@mwmacdﬂugﬂnaﬁhyﬁadgmueﬂqgﬂsﬂltuents

ql vat es i S referabl add d the_f.or
oG i Gh FEAE Ry B TE SR eee - g of % EdilEns,
with the exception of ascorblc ac1d trace elements,
minerals, nutrients and cofactors. The further

pharmacologically active constituents are preferably the
vitamins B-carotene, thiamine (vitamin B;), riboflavin

(vitamin B;), pyridoxine (vitamin Bg), cyanocobalamin

(vitamin Bj;2), cholecalciferol (vitamin D3;), 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 phosphatés, dihydrogen phosphates,
hydroxides, or salts of organic acids, such as, for

example, acetates, fumarates, maleates, citrates, etc. The
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Because ascorbic acid is oxidised with atnospheric

oxygen at neutral pH to give dehydroascorbic acid,
preparations in the formof conventional solutions

that are exposed to the air are not very suitable to

not at all suitable accordinggl1l0 to the invention.
However, preparations that are stable over a | onger
period, such as tablets (chewing tablets, filmcoated
tablets ef fervescent .tabl et.s), effer t

P ARG o S PR B o1 OT8 CHLYUASE L Vea SOl oe COEaiRecan 20 be
pakgenki 8 itheWfioghh bife hyidreresl b solpl®esan®hosphorus is
optionally further constituents are _present in
DEEEErRERY PELCExARPIEES o3t Qfe DHOSPLETSF Sifs Nydrogen

and the redox-active substance(s), in

pg%%?%%ﬁﬁgf ascorbic acid, preferably in powder or
granule form is/are 20 added i nmedi ately before
consunption, .are very .suitahl.e. . Water inter.ali.a is
BgcaSgs 2867 ERC F&rldyﬁé |°é%%—lﬁ€r‘?t iwa—r?ild AEIHTRIGAS e
aGORLEREINAH TV ¥R vRASRh YA daldlcerBHidf @IS0 prafadraions in
Particul ar preference is given according to the
thevéprmoRft conviegitd ongde sedmtdions: $hat are esgsised op the
aBLeLeLably (e ligla3s hose s desidned Ak dbraing
confarner for the Yedox-actl ve s stances, I'ch are
tbhehe iinteoddoand and mxed with the contents shortly
before consunption by pushing the bottomof the lid

into the vessel. Such single-dose containers are

HoRRYR rand ayailahle s 300 Girdldne Akr ld lichger period,
further provided according to the invention to
soehs ase tiefd atisor(chiem) ngo rgibde teo mfdda osiaRdd drrddhesisy

ith or close.in.termnms tine tqQ the r % -act |
Lbdvanests) oHIF St R RO bI o 1 R aer
mi &EVredGl icePssukst, ancefsH pirefl enald wihel ng eanstnethe
in the formof a solution, )
iron(III) complex and optionally further 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, but 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 1id into the
vessel. Such single-dose containers are known and available

commercially.
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particularly preferably in the.-formof fruit juice, in
particular orange juice. Cose in terns of tine here
nmeans that the two conponents 10 are admi nistered at
an interval of not nore than 2 hours, preferably not
more than 30 m nutes. There aje preferably consuned
from40 ng to 120 ny, nore preferably from60 ng to
100 ng, of iron(lll) (calculated 15 as iron(lll), not

as.iran(ll1) conpl.ex), in the.formof . a t.ablet..
TS Ry DEUI 0D APRGREIEY GEneP Cordr BhieR &°
cBhepakatihen i rant(t 1300 coinpaexOarg@eund ¢&multaneously with

corresponding to an ascorbic_acid content of about
or5@lege Par tiegoraPt Fidretentds §egioveratd asdssance(s) .

iﬁogggkikﬂgago 8. 591 100 1Y 2Q1af [ EldivFWii®hnce (s)
ph rnacologlcglly active constituents as nentione
pabd@eeabady bplingnabhyubedpriesdahte dodrernfi m tskdution,

preparation of the iron(lll) c | ex or_in.the. :
PESEACPORTON DERE FERIY. (aL@t i% Koy &ﬁgef(r o W ot .
P82t 1B€1rOREEHe Bydrexi de conpl ex compounds and the

redox- active substance(s), and optionally further

constituents, can be brought into the suitable

har maceut i cal form w C fi ar.npc '
nglslei éps%gﬁfmguﬁfloit&%e tglu BS gln%\ézls% t%#ve‘%% ona %t)éltdl?gjeresnts
afe kbdbrindatiesedidtuent Inted@radi sifntregr ataares tHar 12edisurs,
etc. can be used for this purpose. Tablets can be
PEGEEEG LAYt RotoMPER ithR& 30 PGSR ng 22 agents.

Fl avourings, taste-inparting substances and

col ourings can al so be added, if desired. The

Tiveane( kelre) phnederabdy comsiumedc dmpourids mes e 2 G mg, more
SSRGS LD S NET PR AUl aLe o0 el e
als’ QH0H (ID7193Y mft admificst (TatT )orsonfpld:@ntin Wil fomm of a
tablet, capsule, drop, juice, dragée or other oral galenic
preparation, with 100 ml of orange juice, corresponding to
an ascorbic acid content of about 150 mg. Particular
preference is given to tablets comprising 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 or 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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deficiency or iron deficiency anaem a consune, for
exanple, 100 ng of iron(lll) from2 to 3 tines daily,
and pregnant 10 wonen consune 60 ng of iron(lll) from
1to 2 tinmes daily (in each case calculated as
iron(l11), not as conplex). obhe daily dose of
redox-active conmpound, in particular ascorbic acid,
|s,ffoerxaane, from50 to 300 ng daily, 15
preferably approxi mtely 150 .wWhi ch. roughl
agBrF s pBAAEOUFATERe GPALS SFPBFEARE FhPEsaiTRE 2nd
CBESBéﬁfI&bOeaﬁaalee admsplsker e¢ ewer ragperiod of
several "nonths, w thout hesitation, until the iron
statusI 20 inp{oves, as reflected by the patient's
aeno % e, transferri rati.qn ferritin
rhar geong i P eEhet FesoREd s PhbERESE" v, AT,
abe¥eBafkbel MEAEC thespakeatisn ack ededndstieledsyrpildys The
of restless Ie%s syndrone inprove. 25 T%@ g{ep%ration
y

daddur GPRG £6 t ROTi AYEAPLEn C&R™he Ot &Rer it dren,

i¥8HQ§EE?98§§ %%da?ﬁﬂbﬁ§tr£Q§o%§eP%%%%&Q%U%i%%.ﬁ&%n
i'nvention takes place in particular by inproving the
defanichagnogl dion, dediciencyamtacddat camsiae. for example,

val ues. I Mpr.ov nt i he ,short-term [
16&TE; o JERE Org- CEPM ety LOBES( LAY A Arth conant
WBRKEN COHRLAG @S Imie oFRL e IT9Stfrom 1t he \Mltdatar daily
adult 23 intelligence scale (WAI%&)and/or in the

(émpeRehalcassoerflicilared Bar g BGILI ) YW Ids @S R %) -

version) or an inprovenent in the neutrophil level,
the anti body | evel and/or the |ynphocyte function. 5
Thie dade afosac tdfo i eafoxt-ae Himee mtdngrouirs e xipl aardd cadr

denonstrated by the foll ow EX@MF
ascorbic acid, yis, for exampqge,e)%%:rggrll %SO to d_%% 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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10 Exanple 1 Filmcoated tablets each conprising the
followng constituents were prepared in the
conventional manner: 15 (3-carotene 7.2 ng vitanmn
Bl (as thiamne nitrate) 2.0 ng vitamn B2 1.8 ny
vitamn B6 (as pyridoxine hydgpchloride) 2.7 ng 20
vitamn B12 0.0026 ng ascorbic acid 95 ng vitamn D3
10 g vitamn E 12 ng biotin 0.1 ng 25 cal ci um

.pantaqt.henate 7. i.cotinam de 2 fal.i cid
B SR snarad TuPd o mra us S THY” SHgS e
ceklranicdentet(mame afoe 111 v 3 tzi Routl faireéion) or an
nonohydrate 52 ng cal ci um hydrogen phosphat.e,

iammrpresesntadn e megiesiivhlodicyeliedhey efibody level
ir . | .ex 226 60 Fe(I 11
aérdgs%gallrtr%l fig@gﬁg}o i ure}mle?%%c'ol I oirTgaI( an@drglﬂs ))

silicon oxide 7 ng 5 nagnesium stearate 6 ny
m crocrystalline ceItJ ulLose 116 J9 (z%ade%l%FZ?&%%%d

Tpﬁ mﬁgﬁbpﬁiﬁﬁtdﬁghf) @&qn&nven aine

demonstrated by the following examples.
EXAMPLES
Example 1

Film-coated tablets each comprising the following

constituents were prepared in the conventional manner:

B-carotene 7.2 mg
vitamin Bl (as thiamine nitrate) 2.0 mg
vitamin B2 1.8 mg
vitamin B6 (as pyridoxine hydrochloride) 2.7 mg
vitamin B12 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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10 Exanple 2 Fil mcoated tablets each conprising the
followng constituents were prepared in the
conventional manner: 15 iron(l11)-polynaltose conpl ex
ascorbic acid 95 ng
Croscarnel | ose sodium 41 ng £l 1 o0i dal anhydrous
silicon oxide 7 ng 20 magnesi um stearate 6 ng
nicrocrystalline ceIIquse 116 ng Opadry 85F27316

226 ng (60 ng Fe(lll))

G h0r g, agent).

rreasure tS wer e

Sonlt <

5 Exanple 3 The

eniron(lIl)- po%fyrrarﬁlmo@g) ma

conplex with ascorbic aC|d (ascorbic acid) wae(III)
i nvestigated at pH 3.0, 5.5 and 8.0: 30 25 pH

Cregcergir iiore

on of Feet Formation of 4h]™d ons

drg@gg&r [ 9 222 479 52
dgﬁ1d¥a£ﬂ 2579 ingpfgggfﬁg{é%?sg$ed sol uti ons (éﬁffers

magnﬁayum B@@aabdme see
Ar nei m

e g i 21,35

CGei sser, P.,
1990, 40 (i1), 7 4- 760)
o of Fe(lll): ascort;lgesél1 Deid

6 mg

opadkiyl 85t 3aenaeitimaticdmiely Fefdrnd)) and asc@dinyg acid
In the m xture being 5 x 10-5 nol /|

Example 2

in each case, and

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)

investigated at pH 3.0,

5.5 and 8.0:

was
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I nvestigated using a conventional UV-VIS
spectrophotoneter. The operation was carried out with
the strict exclusion of oxygen. 10 The table clearly
shows that iron(ll1)-polynaltose conplex wth
ascorbic acid reacts only sloady within a period of 4
hours to dehydroascorbic acid and Fe(ll) at pH val ues
of from3 to 8 15 Exanple 4 dinical study 20 The

offort Nnf frochlyv copioczad Arane
LAY \v A |

p‘%’ea (i nhi bi tor e ‘absorpt{ QR ¢4; ed gaQfB ohdborbic
erythrocytes aftér the oral admnistration of acid [%]

— \NH —Segeezed—ot } } CE ( 'Zillatl&jﬁﬁa)t-gﬁltlbf
)f[{;alécﬁtnt glnbeso a!‘aﬂ‘éi’ﬁatignl S if
iron(l11)- poliymal tose conplex to subjects with and

3Vg thout Tron [@eficiency was szudied. 25 26 |Wethod:

Thic 1 o 2

| + Ariar—at il = ) " +
HH-S—-S5—a—S+HRgre-—€entEe—C€r oSS vetr—sStuay.—aghrest

subject tookipart in two perjods during whi¢h a

5si ngl e dose of| %5 100 ng of irpph was adm ni st ¢fed as

s xpFe-tabettedjiFon(111T)- pot yfal ToSe conpl ex| el abelTed
Maltofer(r) (Vifor (lnternatfonal) AG—Swi-tzesd )

and)
T ullu// .

Duri ng one perﬁod, the test sﬁbjects fasted|overni ght

prior to admnistration of the preparation; during

the other, they received specific 10 foaod (grqQup A and
THeobp LBRTEEf §10d WHONTe dPE4RSHS Wls deo%d%ﬁ#ﬂ%qg a(iiéﬁ{e ASEE

Ggﬁsgletrer Rat i e, e redi-cal iR WaReadmgyst ered im , 7,
the saturated state with an iron-absorption enhancer
764raBge weireemicredann romodlesomettion dinfeikIgy) :ascorbic
acid of 1:1, the concentration of Fe(III) and ascorbic acid
in the mixture being 5 x 107 mol/l 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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(black tea) (group C and group D). A total of 32
subjects 15 took part in the study. They were both
heal t hy subjects and subjects with iron deficiency.

In detail, the groups were divided as follows: G oup

A: Subjects with iron deficiengy, who received the 20
test nedi canent, successively, in each case in the

state after standardi sed food consunption or after
Mfgithpg overnight. Goup B: Normal test subjects, who
Pecerved the test 25 medi canent, successively, in each
case after standardi sed food consunption or after
fasting overnight. Goup C Subjects wth _iron .
THafi diSefcy INAHE COBETFe FHORS ~ Ve Yeaf@it test subject
cBURC BRIV 8L cofoh e Al Qs taRdardlis erb doort
consunption together wth orange juice or wth bl ack
108amg2 Bf Growpwds Komimlistehjesttas Whe-takel Ved then (III) -
test nedicanent, successivel in the state after
Dot A A FTBIEX ddRasHHEbHAIGETor Withor ange
(JIWa;.cé%n%rt WA \black daa-, e@&laﬂlcﬂr)o.u BSA R R 6)@1’% d€Slthe
nedi cament was admi ni stere together with 100 m of
teap walgecta tfaet edh overengtht stiomdie @Edminigftmtion of
fasting over.ni ght) ar a&%;r %?1sta ardised.br%?kfasthf.
I PR PPGErs O 'aft BIRG HetS &8t Hedi CHnediS el ¢ SPECHH1C
AR NigHRALA d Yfr RS EANdRIlRe Y eadd iasiman d Rwald)0

m of freshly squeezed orange juice (corresponding to
agmiassoeias -adisd anc gtte@rna tdater il st Coriv&htidsnal

tﬂ]ﬁds ’eroefd ]i%to trma) s%rturyé"\tt(gb ]soc%ttrg f la@r? klf(ﬁ'?— al}s%rption
a groups 't hére "'weré adm ni stere or the test,
caldncer (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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t hereby consunmed together, in each case 2 m of 59Fe-

| abel l ed Maltofer(r) drops, corresponding to 100 ny' of
iron, in each case in 100 mM of water, orange juice
or black tea 20 (Earl Gey, 1 tea bag to 100 m of
water, allowto brew for 4 m-nutes). The cup used was
i medi ately rinsed with 100 mMl of water and this

wat er was al so drunk. Wen the test nedi canent was

adm nistered in_the te 5 aft f C QNS
Gfrﬁgps an SF@Fgegug)Pgé%h: ast‘"h\%ag%cs?g&\?éig% %énut esé(ﬁ%ament’
specegst @eagn Ansthat iseatand thad tsaabhelarddinieshebod t hin

30 mnutes. Al test subjects additionally receive
cepgHERFdPEedOge thghc Hed 2FedGF0ant1S5Fals %‘ES* %ﬂqﬁngtea-

meal s about 4, 6 and 9 hours, respectively, after

adm nistration of the test nedicanent. 28 The test

Ipepsonpsf 8l Bnd &l tthe feisitowady ceagmitr e@sntegiministered
hae | obi.n. < 0 g/l _(iron deficien or_> _ 130 I
tﬁﬁsgﬁgﬂ wg Chy P&ﬁsf“ r Plf&] teR {PHS on 2 6 %5 Fertidin

stosBcl l(i(ker.onfrdef ifsiseneyy) ovierangfanr ior sadgatd on >_
16 %or ferritin > 30 g/l (normal) no further cause

stendandaned breakddsdeni a, malignant tunmpurs, chronic
infections, etc.) 10 Test product 100 ng of iron were
adm nistered orally as 2 ml of 59Fe-| abelled

Tihr gmrplubk) <pahnydmal,t ade ceaywll eedsalantandn wks (Avibitrofsrered

drops, Vifor, (I.nterpation AG. Swi.t zerl.an i n

o b REart FAEPOROR B8 %W@S&&% TFE MmO 4 ety
sglg;ét%%%; e¢dndfe GARIEX doPlapdrali it tarbdZMrbic 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 *°Fe-

labelled Maltofer® drops, corresponding to 100 mg of iron,

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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Label | ing of the test nedi canent Maltofer drops
obtained fromthe manufacturer was carried out at the
G N 20 Laboratory, Uppsala University, Sweden
according to our own preparation specification
corresponding to GW and G.P.oglwo single doses were
adm ni stered in each case, separated by an excretion
period of at |east 21 days. The radioactivity

adm nistered in the two periods was: 25 period 1: 1
MBq 59Fe period 2: 2 MBq 59Fe Pharnmacoki netics and
TREf tekenp¥rddngheuprimaey phar Fatabivield ececaridements:
ef ficiency variable was the incorporation of 59Fe in
* chyehootybes. < Tha0sgébndargn2defendepeivnt oWas LRE g9ke
aztivitiﬁin pl asma. Sanples for determ nation of 59Fe
i "BFA8Ma and erythrocytes were taken 96 hours after

0 | ngra ! < ) 1 (iron

A s arlat et onC5t Tt he red camont2’3 ¢
Thersamphes) Wereapk@eedinn sERTAattibas >ang cewtr ifieugedin
within a period of 60 m nutes, sanples of plasma and
eryB3Orpgyl esneemelst ored cool ed until anal ysed. The
foll ow ng paraneters were neasured:. 10 haemat ol _ogy:
*bhoofuksbabgrabbRr, tHrosaakad At 6ERLLSSHEEGE |

count. bl ood RBC, erythnocyte MCV, MCH,

?u5F008g5 gﬁglgkg%ggggﬁﬁYTl %[)serun1Fe, serum

transferrin saturation, serumferritin clinica

chem stry: serum cyanocobal am n (B12), serum 15
TRSLaPEOIREE fol ate. A plateau in the erythrocyte

upt ake curve was expected at about 20 days/3 weeks
after adm nistration of the test nedicanment. The
16l0oog wd irenwas e tegimiinied fnesmansel eiatht2 ml of

%pe-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).

® drops obtained

Labelling of the test medicament Maltofer
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 radioactivity
administered in the two periods was:

period 1: 1 MBg °Fe
period 2: 2 MBg °°Fe

Pharmacokinetics and efficiency

The primary pharmacokinetics and efficiency variable was

the incorporation of S9Fe in erythrocytes. The secondary
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20 and wei ght of the test subjects according to Nadler
et al. (Nadler, S.B., Surgery, 1962, 224-232). In
order to calculate the total anmount of 59Fe
circulating in the blood, the nmeasured bl ood
radi oactivity concentration was nultiplied by the
bl ood vol une. This value was divided by 25 the anpunt
of 59Fe administered in order to calculate the
REL e CLgACY - RAI N, 1.t 'eggﬂgl
etﬁeﬁgg ﬁ]%%étgrgd 5%2%’t gpiﬁ%dlgégﬁﬂﬁﬁforpora?%%fﬂﬁ%e
depeakénsal orsoéf tere Anvedlesmeerand heery s tors twere 3kken
tatistical evaluation. 2,Mq re adm.nistered_in the
98 cBHES: AELEReRETREY FOHREARE Bor COPdIAFLROTER T AOM ERe 22YS
7admnhshr ati ep1 bwinlyBaafiihiiBE rile ohi 6%t tper nediekment .
study 30 could be expected. The 3-week uptake val ue
Thet epmpagai weser Riperdoin2ERNBY ithbeke a8dc 6ra tpafiuged
.1 her ef ot rpec su i.ng -t -
wUBRihes, BrBiB, B OChEREs) L RRhRTER 01 Bl R
etieRtopgtesdwebeAscompdr coonedf uhhe labsadptiedn of 59Fe
bet ween anaem ¢ and normal test subjects was al so
carried out, and an assessnent was nade of the 59Fe
Tﬁgtf8nixw&ﬂgtBsreﬁaégésaab%@ m@Edh -adm ni stration of
rron(l1)-polymal tose conplex by 10 descriptive
o phashi®t bl oy achl b yhpendbsl ebinFvhl uatli haecnbtbheidat &®lood
was carried out by conventional statistical_mnethods

1EeGkARKFS 6PURRe Pésaft BBExpPesldES t REVIFBFACYFE MCV,
| ea) PAEAE! 0B18ba! b9A;blet 8! VEBLORY 83BChOLRAGS e, serum

subjects wth rron Iciency and those w thout iron
detansEacyibenefiredibnonsehmem2@esicitiinaneous
adm ni stratjon of the orange juice_enhancer

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 order to
calculate the total amount of °°Fe circulating in the blood,
the measured blood radiocactivity 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 MBg during the first period of study
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with Maltofer(r) drops. A conparison of the iron
uptake in erythrocytes between anaenm c and nor nal
test subjects was carried out by the 25 Student's
test inthe 5 %level (one-sided). The results of the
erythrocyte uptake after treafgrent with Mltofer(r)
drops after fasting and after food consunption are as
fol lows: 30 31 Table 2: lron deficiency No iron

enc raneter Aft r..fo ft ter
C?BE Fag ggnsEE t?bngﬁa L%%akgo%g&é t?gﬁéEQFe
a&ﬁiﬁk@tﬂa818n808 2IMquyhhtthBESOnﬁ%beMEad yaBélBherefore
1.941 1.411 0.924 Ceom 0.766 1. 866 _nean

ceprecsed by1gubpraesingrshe pew G%Pé?a ez’s’ailufo aft58
aMuQn thgFQto 408 §1ﬁlgq3§n Mt £4+2% $e3302.85 1.39 The

resur e erythrocyte uptake after admnistration
of Maltofer drops MAth orange juice (enhancer) or

bl ack 5,teaNg|nh r are as hb
BAEPMBPEREPING T - EP&&&& Cﬁgraﬁ%té$migﬁ£bf% seih{ OMand
ngQﬁéﬂC%%skn@b%b%@EsE%B@n@Q%o carried out, and an
assessment was made of the 9Fe 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

gtudent'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:



59Fe uptake N8 8 8 8 in erythrocytes (% Mean 4.105
6.588 1.381 1.864 Geom 2.510 4.530 0.928 1.279 nmean
SD 4.342 7.159 1.126 1.590 Median 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 $0 % confi dence interva
of 10 the ratio of the geonetric neans for the
relative incorporation of iron in erythrocytes
Taghween the state after fasting and after food
consunption and between inhibitor and enhancer (PP

Set) are as follows: 32 Ifaabldefzﬂm@t:até Nof iRat def Rdkenty

nce TtLEryat—S g T THGFRE;  UPPe] afcer food
“Tower Iron| Fasti Nalakeod; 0. G@O&uﬁﬁtlbn% fd8f i encyconsumption

FEOIbCaRAI DI OF 7 erfrancer U. b 0. 36 U. 86 | gdef 1 cl enclysNo

ihron Fastijng/food 1.39 0.9 1.99 defigiency No ifon

ervtiirorytors/ lenhancer 0.73 0.41 1.28 defijci ency The

(bbint estijmation, the p value and the 90 % caonfi dence
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
5°Fe 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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5 interval of the ratio of the geonetric nean for the
relative incorporation of iron in erythrocytes between
anaem ¢ and normal subjects after fasting, after food
consunption, with an inhibitor and with an enhancer
are as follows: 10 Table 5: $fate of Ratio Point p
val ue 90% confi dence subject estimtion (one-

interval sided) |ower upper Fasting ID)ND 0.63
0.2324 0.22 1.81 Food IDDND 1.35 0.2551 0.63 2.88
Wth IDDND 2.70 0.0440 1.04 7.03 inhibitor Wth
ThbLMD4 :3. 54 0. 0082 1.56 8.02 enhancer 1 ID = iron

def ici-enc\. ND—_ng i-ron—defici ency T

Stat a 5 %"’u”fldéﬁce 1nterval
SE@.QEEBI es |3 E\h%l 3, of the ‘Qﬁ;mg §o%ke PR® °pB

) ] : ) 1T T 1T UTI UC &llby [ 4 NIV Lower
| _those without iron deficipncy, after i;flfétlnc afit er.

Ifgod cons@ﬁﬁﬁ@ﬁfm vvlth 6r%§nge jui ¢8-3 e summari-3&d

d?f‘ictlﬁﬁcy table bel ow - deficiency No
E}gﬂgg&z' ¢i I@hwt@éﬁﬁ’é‘nf%ﬁ £8-5Pea Fasti Ag°Food Or 4rigl®

1 o441 1 QA
LW 1 I Vv vy 1 I MOLJ II N . L UJ L. ») J T ot L L. =
J{gi gy4j 10 £o Oﬁ;e resu t3;9 show t hgt'ﬂlLron 199

N&LEféhPl' U"IhthfHdEYéhhahHéf) poOTsAt T O Of oI oI 11 1.28

agfydiBr@cyties) in subjects wth

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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5 iron deficiency was i nproved when Maltofer(r) was
adm nistered with food or orange juice, the eff
orange juice on the iron absorption being markedly

greater than that of food. An effect of the inhibitor
conpared with food is not diszernible. Nornal )
subj ects also 10 benefited from orange juice conpared
with treatnment with Maltofer(r) together with an

rhBhbgtor, al though the ef fect
subjects with iron deficiency.

is less than in
In normal __ test

ect of

t est

Isubpe&hgﬁnthe i ron absorpti on| ¥ tiepn faedt ¢ rRpcvas

OBLRA B ddT ’"I‘eé)n GFIELS

15 reverse si_tua

Fatd

Lon i

oL PPETI W +dE f

%!Stlw

subiects wWwth irlon

Food

Sd¥ft i ci ency 3 ¥q5lﬂm§1Fur1

ﬁe?“bls%r?%onf i r mep” 4t

%.ﬁll

0.924

subjects wwth 1ron deficlency,

the 1ron absorp

tion on

adm ni stration of Ml tofer(r) together with food, an

TBRhAREBE t6r SheMi Fihedr 1Kes

@E%g%étl@he% | tr% S?.E’xpte'

cts when

nlstere

S§ﬁ§5¥%ﬁ“tl¥%¥@ﬁ1vﬁbrnal
t%@%erl\ﬁe%dﬂg YA

fter

ifast Hegi cNensevebe ah@%e,fefdemrpf»aawotf@fx@r Wak drops
were found during 25 the study. The nost fre uent

agdpdaistraedts Wwikhe fipodd@ehesandd Jirissea tAiRd et

o

nmore . iron(l1]) conplex

Epefensi AP filﬁlqe?m&ﬂo fr-om

redox-active

Maltofer®

is less than in subjects with iron deficiency.

zblr?t

together with an inhibitor,

pt

f
% SRR IR S e
tWen PAREND fCIEALNS: AnSeIfeEmem&r&maminhmnMﬁom|qpmparaﬂ'w1th
nds whi ch have a _.redox

%54 LR & & WIS HAy 3E %t i ve
peBed i RRETE-RY ¢rageR &t IRER NI i NG QR N tTRFi& h

test subjects, the iron absorption after fasting was

greater than on administration together with food, the

although the effect

In normal

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;

severe side-effects were observed.

no
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10 substances, wherein the carbohydrates are sel ected
fromthe group consisting of dextrans and hydrogenated
dextrans, dextrins, oxidised or hydrogenated dextrins,
as well as pullulan, oligomers thereof and/or

hydr ogenat ed pul | ul ans, and wherein the redox-active
15 substance(s) is/are selected fromthe group
consisting of ascorbic acid; vitamn E cysteine;

vg@¥§lQgggﬁgggk¥ﬁng§§eahable phenols/polyphenols

ect rom group consisting of quercetin,

Hr 68i a35f vavones, flavonoi ds, hydroqui nones; and

gl ut at hi one, and in particular is 20 ascorbic acid.
2. Preparation according to claim1, wherein the

phreRE! EEhTReIpl ex conpound is an iron(lll)-polymaltose
conpl ex conpound. 25 3. Preparation according to claim
2, wherein the iron(III) polynaltose conplex compound
has Iec ran fr n1 ,
1500, S50PAEPLGRE. HBEE L5l 2t Pon BESordORg Tt afy e

one ebmpbands fthEL@h3hav‘éhar @emobdw@oltm(llaﬂl )atC@ImpWeX)f from
compound is an iron(lll) conpl ex conpound with an
OX|da??énmﬁr68u6958fmHhéeéPtlﬁﬁréonélP@&@ﬁ@r@ﬁ@rQ§en

Pr ep%‘i@k‘t%d@“{ﬁﬁﬁ' )N9ah@ %5%' %‘r4mo‘i‘ée&%'d%£—%%t§ve

iron(iTT) conplex compound is a water-sol uble iron-
car behpdtaneecsonphexedbt dhealclebohydiran esqaeeuselected

ironCll]) t _solution.,and _an aq solution aof the

b1 oQEEEMF R BN B RP L PTG S0 PGnd T e o PO Erige nat ed

W t hgart2gu8ougchyRe6BI, 0bixt @i SRIQUIDrOhyalr odyelild ted Wt ins,

10 the al kaline range, wherein when one nmal todextrin

is as well as pullulan, oligomers thereof and/or
hydrogenated pullulans, and wherein the redox-active
substance(s) is/are selected from the group consisting
of ascorbic acid; vitamin E; cysteine; physioclogically
acceptable phenols/polyphenols selected from the group
consisting of quercetin, rutin, flavones, flavonoids,

hydrogquinones; and glutathione, and in particular is

ascorbic acid.

2. Preparation according to claim 1, wherein the

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

complex compound.

3. Preparation according to claim 2, wherein the

iron(III)-polymaltose complex compound has a molecular

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

4. Preparation according to any one of claims 1 to 3,

wherein the iron(III) complex compound is an iron(III)
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used its dextrose equivalent is fromb5 to 37 and when
a mxture of a plurality of naltodextrins is used the
dextrose equi valent of the mxture is from5 to 37 and
t he dextrose equival ent of the individual 15

mal todextrins in the mxture 3s from2 to 40. 6.
Preparation according to any one of clains 1 to 5 for
oral adm nistration. 20 7. Preparation according to

any %Bﬁlg fexC lc%'n}%%&ldt Q\T'QH Ln td?ﬁéa%”ﬁrpfprto@lcﬁ; $f one or
granul es, capsules, effervescent tablets, powder

m xt moee effleodesdeninsgr anul es or sachet. 25 8.
Preparation according to any one of clains 1 to 6 in

the formof a kit conprising a preparation, in

sRar t ipgldlbak-ad 199l Wdcdraitly the di=anf 14, Jnrfed@leXhe
conpound and a preparation containing the redox-active
substgead () weicap liex seamicandy ise pam@ten-trarlafrleamim-

9. Pr ratj C i t |.a] [
singF%Eggg&b%%ﬁ%h%%égﬂQ%%c>f%?ﬁ%ﬁgg%ﬁgf%gﬁﬂgg% f%%ﬁg
to anyoangIal eleditscllutd ot aadiian Graldogusc@qinitsioly of the

one or nore pharnacolqgically active constituents )
sl cBEOHSEEo R bSgRBISEHSl 9ff RS PToMAH] dirodextrins

Wi Ehy LR eXCeRilOh RIS R 11 1268 £ 4B Sralue in

cofactors, mnerals and nutrients. 11. Preparation
accortdienglkelime aweasf, ofhwinesing when ®@ne weeradexttrin is

further pharmcol ogi cal | y .active 10 nstit uent(s)__can
be. pRESEnT L SRS eI BH T e 14 PanTt 13 )b bl e
or i Wistprepafatd @luefaltifg refdee] REd:Mrins is used the
subst ance(s) or in both. ) ,
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.

6. Preparation according to any one of claims 1 to 5 for

oral administration.

7. Preparation according to any one of claims 1 to 6 in
the form of tablets, granules, capsules, effervescent
tablets, powder mixture, effervescent granules or

sachet.

8. Preparation according to any one of claims 1 to 6 in
the form of a kit comprising a preparation, in
particular a solution, of the iron(III) complex
compound and a preparation containing the redox-active

substance(s) which is spatially separate therefrom.

9. Preparation according to claim 8 in the form of a

single-dose container.
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12. Preparation according to any one of clains 1 to
11, 15 wherein iron(ll1) conplex conpound and
ascorbic acid are present in a weight ratio of from
1:0.05 to 1:20. 13. Preparation according to any one
of claims 1 to 12 in the forzgof a nedicament for the
treatnment of iron 20 deficiency states. 14. Use of
iron(l11) conplexes with carbohydrates or derivatives
thereof, as defined in any one of clains 1 to 5, in
the preparation of a nedicanment for the 25 treatnent
16f. iEmﬁpamauﬂqaququnﬁnmg‘mmanacﬁﬂmiyﬁjdkaiM$ak1Khé
medi ¢ dm nistered close to in terns

o s PR R ant, T oo s it st PR 1 odteally
SUbSb@ﬁ@@éskoﬁ%ﬂ$ﬂﬁéﬁﬁi|§éﬂédﬁdaiEréﬁ)dﬁé d¥fup consisting

according to claim 14, wherein the nmedicament is used
in tRé Wﬂé&ﬂ%@ﬁt oF tiy ﬁ%@ﬁc(ﬁ%ﬁ@n é«“tfata@scqrrblc acid,

pat'%‘i}ta% bR ebini ¢ d fét%'?éa“ﬁ{ GRS 1 ddks .
Sl ar |t|s u

37 partlc oHn's |sease or cerosa, or
in pregnant monen 16. Use of iron(lll) conplexes

ith_carbohydrates or _.5 derivatives t
et | FEGPRE S e o RGOS g 10 Fiivs O Sl G i intes 8 to 10,
pPr epahatican @hed MBHHEATRMHarhicoldFIMIING ddFine
def ence, for |ncrea3|ng brain power and/or for the

t r caCOBSE idtandds)esan &5s pRAsdndnE . Warscherigedd rrhe
that 1}(3 E%Iﬁg%'o?n 'I%@{t 'rs %dryl{é %)treeﬂe%aqfa%losne tP the redox-

terms 0 rrultaneo one or

redoacadweveubs&b&kﬁﬂ@ﬁ(&k-asldﬁﬁﬂned in cla|n11. 17.
Use according to claim 16, wherein the redox-active 15
substance(s) is/are present in solution, in particular

12. Preparation according to any one of claims 1 to 11,
wherein iron(III) complex compound and ascorbic acid

are present in a weight ratio of from 1:0.05 to 1:20.

13. Preparation according to any one of claims 1 to 12 in
the form of a medicament for the treatment of iron

deficiency states.

1l4. Use of iron(III) complexes with carbohydrates or
derivatives thereof, as defined in any one of claims 1
to 5, in the preparation of a medicament for the
treatment of iron deficiency states, 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.

15. Use according to claim 14, wherein the medicament is
used in the treatment of iron deficiency states in

patients with chronic inflammatory bowel disease, in
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in the formof fruit juice. 18. Use according to any
one of clains 14 to 17, wherein the nedi canent
additionally conprises further 20 pharnmacol ogically
active constituents selected from the group
consisting of vitamns, wth 3he exception of
ascorbic acid, trace elenents, cofactors, mnerals
and nutrients.

particular Crohn's disease or Colitis ulcerosa, or in

pregnant women.

16. Use of iron(III) complexes with carbohydrates or
derivatives thereof as defined in one or more of
claims 1 to 5 in the preparation of a medicament for
improving immune 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.

17. Use according to claim 16, wherein the redox-active
substance(s) is/are present in solution, in particular

in the form of fruit juice.

18. TUse according to any one of claims 14 to 17, 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.



