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| RON- HYDROCARBON COMPLEX COVPOUNDS The invention
relates to iron-carbohydrate conplex conpounds which
contain iron(ll) in addition to iron(lll), 5 processes
for their preparation, nmedi canments containing them

and the useRON-HYDROCARBON GONMPOEX COMREBINDISENCY
anaem as. According to the prior art, anaem as caused
by iron 10 deficiency are treated by therapy or

rophylactically _in part I t
BB AP E pon HBi AR sAar e RS RS
@%gi[‘poﬂnagr Ev'kl‘i%lklarc:o%aqrrlallrcﬁ'ﬁ({ﬁﬂ' Sitf HdPtn to iron(III),

caments containing iron(l iron(lil).
Baoertseeal fadnithiestr @tnemﬁnﬁtuqmn(Iﬂelqlqai@réi%r@n‘l%lnlng

ShaE Pog on s ST neslh, BN [ sae o Lo W Siency

Rydieaiage- sucrose conpl ex (Daniel son, Sal ononson,
Der endorf, Geiser, Drug Res., vol. 46 615 20 621,
1996), which is particularly suitable for parenteral

[ I,0 /86 I
\%&/g:{ggr%ji tk%l e%hev%q]%é %%yd?dor% é@%ﬁr%ﬁ%@ﬁ% iron
dg?gﬁ)s?gy: alregﬂ;{rek:ftsegi;w Zﬂuqr&;@ommm¢ghylactlcally in
is a_co
Pﬁ&l’f(lﬂull)ar h PR G O‘lr al'?@/ ‘}Fgafal%}'éx {rpdg%élcaments
%%'t\é%%t; Qfr @y ,t a0, id hea ol @cid arbywesgit  of

the conpl'ex being 80 to 400 kDa. 30 A further
sdoded sftulklty ons ef meébalaa\tqrmﬁ Wit dga pel ron (I1) or

d d |1y b
ﬁggpg){‘}g[ repo%{}:rareﬁ]lttec;:sazl Caorrgql Lgs\[/lclllr]%r?gé%%%%rb II) therefore

WRleghthoef talkeutplafe kDa, which is conmercially
obt ai nable as Maltofer(r). 2 Oal iron(ll)
preparati ons which are available on the

A preparation frequently used in practice is a water-

soluble iron(III) hydroxide-sucrose complex (Danielson,
Salomonson, Derendorf, Geisser, Drug Res., vol. 46 : 615 -
621, 1996), which is particularly suitable for parenteral

administration.

W02004/037865 Al discloses a water-soluble iron(IIT)
hydroxide-carbohydrate complex which can be used
predominantly parenterally, but also orally. It is a
complex of iron(III) with maltodextrins having a dextrose
equivalent of from 5 fo 20, the molecular weight of the

complex being 80 to 400 kDa.

A further successfully used preparation which can be
administered orally is based on an iron(III) hydroxide-
polymaltose complex having a molecular weight of about

50 kDa, which is commercially obtainable as Maltofer®.
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mar ket are, in particular, iron(ll) fumarate, sulfate
and glycollate. 5 dinical studies have shown that
iron(l1) conpounds in general are absorbed nore
rapidly. There are theories according to which
iron(lll) is absorbed via a divalent internediate
stated on oral intake [Hentze, M W, Muickenthaler

M U and Andrews N. C. (2004) Bal ancing 10 acts:
N@t@buiaonCEhtrpreparahmnabiahibhoarwbaab@ﬂab&ﬁ ©el Ithe
117,. 285-297] ron nQt

i PLcafen Tpapent CPUL PG peERhLE ol ARGy Sulfate and
t@xiy6blyatkt leads to increased side effects on ora
admnistration. Oral admnistration of iron(ll) is
therefore not preferred. 15 The invention was

thergfone basadogmlhe GRLRE! tAbe RLBK (Y199 cBRoounds in
i mprove I cament by neans of which iron

apsoebat paet abababey welkk byptdéybodﬁhespeamalh%amrles

or al dm nj strat cul a e iron shoul d
e P S o AL R PR DRTY S8 Bhsekbed, "ahoa Siaent
ai Retteeql gt er abhtliyohharapukatiaken((hkhtpegpar.ati.gns.
The object is achieved according to the invention by

ﬁM@Qkﬂmﬁ@aéﬁrrrMn EarB@ﬁyaﬁdﬁéwéole§x déﬁﬁéun@&#@ﬂﬂing
gét OX§§%$§9T?ﬁOEBSEEo fokrﬁﬁgbghlgktgr%n & %%E&sm, Cell,

| ow e | nventi on rovi aes an
i 1ON; cas8 bohgdl at eHowapkex l@onnmamdpawhbthbesadministered

characterlzed in that its content of | iron( II% ased
TRt ebealY aRBGAESET OF r RS A1ORe tOFApEEY - 38t leads to

CORPPYAgdeqi Siak Leasttd Wh YraTh@dhfifRseabhobydraigal
conpl ex conpounds according to the invention are, in

pagnicisaratobhgof aropéffhuckeaheiredprg not preferred.

The invention was therefore based on the object of
providing an improved medicament by means of which iron is
absorbed particularly well by the body especially on oral
administration. 1In particular, the iron should be absorbed
as swiftly as possible and should have a better

tolerability than pure iron(II) preparations.

The object is achieved according to the invention by
providing an iron-carbohydrate complex compound which has a

high content of iron(II) with a tolerably low toxicity.

The invention thus provides an iron-carbohydrate complex
compound, which is characterized in that its content of
iron(II), based on the total amount of iron in the complex

compound, is at least 2 wt.$%

The iron-carbohydrate complex compounds according to the

invention are, in particular, oligo- or polynuclear iron
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conmpounds in which the iron atons are bonded to one

another in particular via oxygen atons and/ or

hydr oxyl groups, and wherein the carbohydrates are

present partly bonded as a conplex and/or via

hydr ogen bri dge bonds. Furthernore, 5 oxidized

car bohydrat e nol ecul es can be p¥esent bonded as a

conpl ex via carboxyl ate groups, as described bel ow.
Themppnodscanbghydhateecanmphextoospeurddot@red to one another
furthernore._al so, contain ter bon@ed %3 a conpl ex or

via R?G%ﬁ&ﬁaﬁr Vdge OX¥6fils 2 L PBISTREY Pon NSy diShePs, and

CRABLEXNCERABOURES AGELEHERT st w%_sén&v?ﬁtﬂtqry HFded as a
characterized by their content of iron(l'l). This
nEanslelatnid orh&ipr bivdzapkshpdisice bomslsex dovpdw@rore,

a ' i tian f.t I i
e T —_—
i conplexpreseptrbbrylheel yebupar,baky disatee ibepleXd ow. The

conpound according to the invention practically
ek%ﬂé?é%l"&?hﬁ’ﬂrﬁﬁ% 6RMBAEFoROFBPEINTSE Cagy furthergore also

| oAt ALH) watBeSBoakE ! BEr &f %ﬁlﬁq%xc@ﬂ &da" Wyedgen bridge
val ence" conmpounds, in which the netal is present in

2bosdveral oxidation |evels side by side. According to
the invention, the content of iron(ll) in the total
iron content is at least 2 w.% preferably nore than

3TM¢ . YrohasedbenythetkotahpasRubm@bounden aldddridg g &b the
25 carbohydrate conpl ex conpound. Preferably, the
conteRtieh arpoRPRIRCERTEREC BYalthichen cosneast dfs iFany(IT) .

SE W - X6 r referabl y, 5.t 0 articularl
SPnys. d ARl EnallEhTEAD Yl Babotlydtarhl L Idbmpound
tatabrdimgntoothier onventibhe ispowr- ofr bky drane iconplessent in

CRECUS TS SOLL| )30, CONEN' 1580 02, SELEL I 10 e
for exanpken-dardenydabte WBRBBaRR ¥$@pound according to the
invention practically exclusively in the oxidation level of
3+, i.e. as iron(III). These are therefore so-called
"mixed valence” compounds, in which the metal is present in

several oxidation levels side by side.

According to the invention, the content of iron(II) in the
total iron content is at least 2 wt.%, preferably more than
3 wt.%, based on the total amount of iron in the iron-
carbohydrate complex compound. Preferably, the content of
iron(II) in the total iron content is 3 to 50 wt.%, more
preferably 5 to 40 wt.%, particularly preferably 7 to

35 wt.%, in each case based on the total amount of iron 1in
the iron-carbohydrate complex compound. The iron(II)
content can be determined, in particular, by a titrimetric
determination (see, for example: Jander Jahr, MaRanalyse
[Volumetric Analysis] 15th edition, Verlag Walter de
Gruyter, 1989). 1In this analysis, the total iron is first



[Volunetric Analysis] 15th edition, Verlag Walter de
Gruyter, 1989). In this analysis, the total ironis
first 4 determ ned using H202, and then iron(lI1)
wi t hout the use of H202, and the content of iron(Ill)
is determned by obtaining 5 the difference. 5 The
content of total iron in the welght of the iron-
car bohydrate conpl ex conpound is preferably 5 to 40
wWie¥e rmpnetienabhy HO01,0 &30 wihén drora( pref exﬁi‘@ldout the use of
enbodlnent t he content of carbohydrate (or
h)?dlrdattéé% GH G VRS ghtebfL hel%oql&ﬁ%&m?c%%&%dobtalnlng
|§hgodlgge§gn@@.@@ preferably 20 to 70 wt. %
particularly preferably 35 to 65 wt.% The anounts
data based, in the context of the present 15

ihventio n _th ght of th i ron-.c rbo a
> ?he con@en% % §O%%malgopelatehto FH@I 2¥qﬁb

corpodn y
tberbbnpdraaéb@bmuake coarpLEX q&h@@@f@r@@l@f & RO t4® wt.%
the inventi on, |nclud|ng for exanple, the water

COREERF2RAVCAON&Y PEsHIt *-from the preparation, as

descri bed below. 20 In addition to iron(lll), iron(ll)

and one or nore carbohydrates, the iron-carbohydrate

cbnphepreﬁapoaddemaodéméth t@eth@nt@m&ntﬁbmamhuhydxate (or
0

roxyl ener.a ated O+
10 HOEBAReBER & abE fRdted 25 055 Cogptinadpound is 10
ftldSt Qﬁrw@nP/Qn@ré!ﬁ@r%t_L?r 20The HONQEERI,C pastinltilelr1y
witing as O+ or 02- in this context "does not of
ceueSersbl¥ 84t teh&P whede groups can have nore or
| ess coval ent bonding contents in their bonding to
iron cations. This is well-known to the person
ski¢ | edointshdaanat based, in the context of the present

15 invention, on the weight of the iron-carbohydrate complex
compound always relate to the total weight of the iron-
carbohydrate complex compound according to the invention,
including, for example, the water content which may result
from the preparation, as described below.

20
In addition to iron(III), iron(II) and one or more
carbohydrates, the iron-carbohydrate complex compound
according to the invention contains hydroxyl groups (in
general designated OH"), oxo groups (in general designated

25 0%7), optionally further anions and water. The ionogenic
style of writing as OH™ or 0* in this context does not of
course rule out that these groups can have more or less
covalent bonding contents in their bonding to iron cations.
This is well-known to the person skilled in the art.

30
In addition to the carbohydrates, the iron-carbohydrate

complex compounds according to the invention can also
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30 In addition to the carbohydrates, the

i ron-carbohydrate conpl ex conpounds according to the

i nvention can also 5 contain other |igands, for

exanpl e carboxylic acids, such as gluconic acid,

| actic acid etc. The content of water in the

i ron-car bohydrate conplex 5 corpound according to the
invention in this context can expediently be up to 10
Woft atlepetdengl dgahhe, dfpirngxaaendi thabox yRrief ercdhllsy, such
the water content is 2 to 8 w.% An

i #onY 3?%%h9d?ﬁ%@'ciﬁﬁFé§ e6fo6h& according to the 10

i nvention has, for exanple, the foll ow ng conposition:
5to 40 wt.%of iron, of which preferably 3 to 50

wWEheq comtenprefevabey 3nt §h40 iwonycapaodydom tchegomplex
total ampunt of .iron, i resent .i.n the form of 15
oo B She B at8ur ooty ehar by 20t GTH0 eHExt can
paxpecubatiy berapeeablly I%.80 Gspehdinef enener dmfieg
carbohgdrates, 20 - remainder: oxygen and hydrogen in
boPAeHt  ORfn (aPARECrRBAYI nthRe "eaPKORPHTENE) 1and to 8 wt.
optionally further elenents. As stated above, the

el ements oxygen and hydrogen are 25 present in

pant icohacaasohydrexyl cgmplps, corpognoupscandiing to the
ogtion lI¥ wat er . Further ele nt%,lin addi tion 19 on:

i TORST LAY 3RS 7 0%§GeRi* RPIFogbRCah@ it oge s oL s L ELon:
result, for exanple, fromintroduction fromthe
iron(lll% salt used during the preparation and, where
approp?i 8Pe40actds afidispnaochayasd chsedederiahd vt e to
preparation.. Th r r anp| chl Qr|

(o canrbr st rigrly Bre2iippud” o S5°ME ey sl on ehne
sul f at eot{s&D42mdpunti bfogenn,f as exasphe fimomhe form of

oe

iron(II),

- 10 to 80 wt.%, preferably 20 to 70 wt.%, particularly

preferably 35 to 65 wt.% of one or more carbohydrates,

- remainder: oxygen and hydrogen in bonded form (apart
from in the carbohydrate) and optionally further

elements.

As stated above, the elements oxygen and hydrogen are
present in particular as hydroxyl groups, oxo groups and
optionally water. Further elements, in addition to iron,
carbon, oxygen, hydrogen and nitrogen, can result, for

example, from introduction from the iron(III) salt used

during the preparation and, where appropriate, acids and/or

bases used during the preparation. They are thus, for
example, chlorine (for example from Cl), sulfur, for
example from sulfate (SOf’), nitrogen, for example from

nitrate (NO3; ) and alkali metals and alkaline earth metals



10

15

20

25

30

nitrate (NG3-) and al kali netals and al kaline earth
metals 6 fromthe bases used, such as alkali neta

and al kaline earth netal hydroxi des, carbonates or

bi carbonates etc. The content of further elenents is

in general less than 15, nore preferably |ess than 10
W . % based on the weight of % the iron-carbohydrate
conpl ex conpound according to the invention. The

f 6kbowthg bespesiukedn issichr ekenlé&dl ilthetall anal 30 katl.i%e

iron, r ef er abl 5 to 40 wt . % based on
tﬁ%rFBtrﬁ?t%ﬁomﬂﬁ%rS 10rsn, cATPRPrasest o F?lFﬁé SPhSs ete-

| £08(LbhteR0 b8 ZQrwhe¥ ef pRALAr 1BDNE GaKRAAYANAES than 15,
15 remai nder: oxygen and hydrogen in bonded form

(mpaetpréfonabhyt h@sgartb@nydﬂaWés)‘%aﬂ@@S@p& ioonalhley weight of

f her el.e h Ialned above. 20 In _a
p5PEI Ch7 Ar CBRBO HERL SoF STRE SFnGRNPLORS RS MGG £o the
avevageionl ecul ar m5|ght of the iron- carbohydrate
conpl ex conpound according to the invention is 10 to

80 kDa, preferably 12 to 65 kDa, particularly
prgleEabl ¥ 1 teoﬁgo§§aloxh§swekg%erégarage mol ecul ar

wel ght is det rn1n In this context by ge
per meati on chronatography agai nst puIIuIan as the

T Ar ohdi 1 POr RENY) BY gt RBs. CA2 (1P, PERTCIERAY 5

1452 (4@9@ﬁsopabégéap6n2t365%ot§Q IReunt of iron, is present
I ron-carbohydrate conpl ex conpound according to the

i nventi®ntkenfarmnscénéren (Adde car bohydrates which are
present, for exanple, in the conpounds according to

the invention bonded as a conpl ex and/ or via hydrogen

bri dge20 to 70 wt.% of one or more carbohydrates,

- remainder: oxygen and hydrogen in bonded form (apart
from in the carbohydrates) and optionally further

elements, as explained above.

In a particular embodiment of the invention, the weight-
average molecular weight of the iron-carbohydrate complex
compound according to the invention is 10 to 80 kbDa,
preferably 12 to 65 kDa, particularly preferably 15 to

60 kDa. The weight-average molecular weight is determined
in this context by gel permeation chromatography against
pullulan as the standard (for example as described by
Geisser et al. in Arzneim. Forsch./Drug Res. 42 (II), 12,

1439 - 1452 (1992), paragraph 2.2.5).

The iron-carbohydrate complex compound according to the
invention contains one or more carbohydrates which are
present, for example, in the compounds according to the

invention bonded as a‘complex and/or via hydrogen bridge
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7 bonds to iron or iron-containing partia

structures. The iron-carbohydrate conpl ex conpound
contains at | east one carbohydrate, for exanple

chosen from natural carbohydrates or synthetic

car bohydrate derivatives, such as starch, 5 hydrolyzed
starches, such as dextrins (in particular

mal t odextrin, maltose syrup, glucose syrup),
cpchadexdrinsn odextrparspnsadehan gestiAdcetdiuagures. The

the invention, the termcarbohydrates or .10
céFBBﬁ?@FQ?QyFFGEﬁd§°Wgéﬁﬁd€§m§PPnﬁaF8P5@lns at least one

carbpbygdrares, rakl egunbhet bho@knsS &HonsS WARGHIC carbohydrates
car bohydrate derivatives and saccharides. According

tort Aenthebhti carbrhydretem derbyefdivatses stgh as starch,
further nor o i.ncludes,the carhbohydrate |igands

AW ERSLIPES, BREahPs rFR' AR AERIRIY B Bl iRy

| Raptefiextedn, ana0rdkBgsiyeubhe gilmeslk efrupf ,t keyclodextrins,
reaction of iron(lll) salts with carbohydrates with

0P YRERBA, oF2ERB2TddPBohydr at es and reduction of the
iron(ll1l) to form20 iron(ll) in the sense of a redox
reaction. In this redox reaction, an oxidation of the
ahdebydengntpothketiovgnoups, (takt éerrmeaprdogedeattesn or

an_al kal i.ne, medi. u of .th carbohydrates.in nera

R ER OBy HER o b s BayrE S PAdn Ot S R Do g ates,
exanps gnt h8eiknewnsdnt esihoReBthedsbdhyiehte derivatives
car bohydrates are al so based. The oxidi zed
carBohydacatBifpgand nol ecul es which formin situ to a
certain extent in this context and contain carboxyl

groups are of course also contained in the scope of
thecondenyi bo. théhénecanbdwyl, gheupsroaraldopyelxerntes

Dpnded w2 bydiogen, 20, Byl dge bonds 1 S0LONLS oo i
strHctYrRSd kRoflergbabrdbbeatli¥nt @rio@Rs, which is preferred
according to the invention, of the reaction of iron(III)
salts with carbohydrates with oxidation of the
carbohydrates and reduction of the iron(III) to form
iron(II) in the sense of a redox reaction. In this redox
reaction, an oxidation of the aldehyde and/or keto groups
(after rearrangement in an alkaline medium) of the
carbohydrates in general takes place to give carboxyl
groups, on which, for example, the known detection methods
for carbohydrates are also based. The oxidized
carbohydrate-ligand molecules which form in situ to a
certain extent in this context and contain carboxyl groups
are of course also contained in the scope of the invention.
The carboxyl groups can be present bonded via hydrogen
bridge bonds or anionic carboxylate groups to iron or iron-

containing partial structures, in general directly to iron.
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8 The oxidi zed carbohydrate nolecules thus in
particular al so contain carboxyl groups, which al so
lead to firmer bonding of the carbohydrate |igands to
the iron. 51t can furthernore be seen fromthe above
that the carbohydrates enpl oyed according to the
invention during the preparatif®n of the
i ron-car bohydrate conpl ex conmpound are preferably
tﬁbeeommﬁéhehaverbhhydbhtbtmoﬂecmé@acehusrdn(pbkﬁib@lar also
ironﬁll% 10, Car drates rg rate derd,vat i Ves
wh?th2 afteCapbare aB §UBhpl 85&& a€cardi ﬁ&dt &%t ﬁérmer onding
| f¥ephéO0BakBEhydeatdext fhAss $YChhASirbn . particul ar,
mal t odextrin and nmaltose syrup, as well as gl ucose
syrups. 15 Carbohydrates and derivatives thereof are
desc e e Xi

P Setnor so s nahe B 2ok P SRRbne < E80e, thatarpe
Eh@tb@hpdkagysaeﬂpﬁbpeﬁlaccquun@embnghe GaQ@@tﬁmmaaaring
Vérlg% 1999, and in Lehrbuch der 2%vLebensn1tt | chem e
[ Tkt B%RaBPtF88dOEhEH?s%F9P carbphydgaiter £ogRd oy compound
C%E@CﬁreﬂéPasgyttQBSeSQBhBHehaV%rEﬁ% abhey thneludeqas
the person skifled in the art knows, in particular
theomat UEal teubsoanté) ¢l ass of 25 pol yhydroxycar bonyl
conpounds and oligo- and pol ycondensates thereof.
Non- condensed representatives, such as the

noapisaeghast desorhaxebenybentehaiers vaaviveg ahidheaste
three C atons and at |east one chirality centre. The
i proeherahly nerpdesedl fCEAEILBEMELs theudhves tdonudigrlade

3@e%§ﬁf§§5'sﬁgﬂn5éon§ﬁs Etgbﬁgg%re%ﬁﬁ%%de%&rﬁ%eand maltose
carbpo rat es msnfl one accordi ng to the invention

amﬁrmDEIasdeelﬂaasvgkucose Syrups.

Carbohydrates and derivatives thereof are described, for
example, in Rompp-Lexikon, Biotechnologie und Gentechnik
[Rompp's Dictionary, Biotechnology and Genetic
Engineering], Georg Thieme Verlag 1999, and in Lehrbuch der
Lebensmittelchemie [Textbook of Food Chemistry], H.-D.
Belitz and W. Grosch, 4th edition, Springer-Verlag.

They include, as the person skilled in the art knows, in
particular the natural substance class of
polyhydroxycarbonyl compounds and oligo- and
polycondensates thereof. Non-condensed representatives,
such as the monosaccharides, have carbon chains having at
least three C atoms and at least one chirality centre. The
invention includes all the isomers, such as structural
isomers, enantiomers or diastereomers, of the carbohydrates
mentioned according to the invention and their derivatives.
The most widespread are monosaccharides having five or six

C atoms. Di- and multi-sugars are mono-sugars linked in
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The nost w despread are nonosacchari des having five or
six Catons. Di- and nmulti-sugars are nono-sugars

linked in 9 chains via glycosidic bonds. The
nonosacchari des (nono- sugars) include e.g. glucose

and fructose. The disaccharides include e.g. crystal
sugar, |lactose and naltose. THe ol i gosacchari des

i nclude, for exanple, 5 raffinose. The pol ysacchari des

| cedude, viia paytbetibae, bostar. ch Tard mdeniswaicheed des (mono-
t hereof and dextrans éexopolysaccharides from

b2RTRFPh) TPNBLHFENCdEr | YatFPES, andudkussogsxt rilhs are

Parsheuharlepr ¢hefnad acgor ding+ha st d NMeRtcdR and
The term dextrins according to Ronmpp 10 Lexi kon,

Bhat echaol oghe ahdoCGesatebhmiiklepRamepusiedi doiroraeyple,

Bi ot echnol ogy..and neti c, Engineer.in i bi,d.) 1s.a
R P e T B LY S PFEna R oe: ThRdEgndr Baryisrdar.
oftab-Bl HAESEeuniyh810Est BBegeREr ahdf AemtlrancC6HLPO5) n
X H20 which are forned by inconplete hydrolysis of
stareRoLlESgCChpthdes drplt bagérddalby harsdt ideriortives,
h oL .b act i 0 - . I r ;
WRch s MekP RSy 2Be0bar FIEHTaT LY rERRa B Bfording to
ptle¢ eiabeytinooonpieeetyrhydealtyied astarchnghitoh Rdappra

val ue of ,between. 0 and 100, According to the _. .
Fther . 21 PEFTENH4es Bekif Rentebth s 1BomPE S Dictionary,
ney & edexhbi BgyananebhesecsyhyRscecsne! l(ids lhugese
syru The mal t odextrins which are particularly

S.
p¢@$£¢¢bavea@é@¢dfﬁg veripnesi ARt endahd gpeaf @odhmgrs of
epar y..epnzymatig _c f i.ze star or :
o AP aee Y anEReYHE Lfien 1B RUaHE SR G BUth 7 0 wnitch
hytks of ysinsdi bycongenpiienal hyd2blgkakedfi atbliese e.g. with
product s b;dthe so-cal |l ed DE val ue (dextrose

et Vaf eRt YIS FoPYt hE 68F58§e9ftH§aFn€Fe§§étpﬁ aqdon of
abih} {hysof A shapchy8eLULi QRike ekf eel reeduet R ASIing to

the invention is a preferably incompletely hydrolyzed
starch which has a DE value of between 0 and 100.

According to the invention, it includes dextrins, such as
maltodextrins and maltose syrups, as well as glucose
syrups. The maltodextrins which are particularly preferred
according to the invention are preferably prepared by
enzymatic cleavage of maize starch or potato starch with
alpha-amylase. The degree of hydrolysis is conventionally
stated in these products by the so-called DE value
(dextrose equivalent). For this purpose, the increase in
the ability of a starch solution to effect reduction as
hydrolysis progresses is determined. Native starch has the
value DE = 0, after complete hydrolysis to glucose the
theoretical DE value is 100, and a complete cleavage to
maltose leads to a DE value of 52.6. The hydrolyzed
starches maltodextrin and maltose syrup which are preferred

according to the invention expediently have a DE value of
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hydrol ysis progresses is determ ned. Native starch has
the value DE = 0, after conplete hydrolysis to

gl ucose the 30 theoretical DE value is 100, and a

conpl ete cleavage to nultose |leads to a DE val ue of
52.6. The hydrolyzed starches nmaltodextrin and
mal t ose syrup which are preferiéd according to the

i nvention expediently have a DE value of 10 { from
abeuh 3bbot50. tbns0hi s IG0Ahext cohliextr,ansid itansition
bet ween mal t odextrins and nmal tose syrups is as a rule
f PEEWBBRNMAASOderESHRE 6% REILEOPEWSY IYeGT d€ &S 2 rule

hydrgtysi sas Halbadext bingneh LCauLse RRVE dOWsr HEarolysis,
val ues than maltose 5 syrups. d ucose syrups in

geatratiekhvenhi giiecobDEsgahass tflvane miEt osd usa s imaltose
particularG?Iso nor e _t han.50), herg' al.so Lok}hi§E 1

ex¥ 8PSt heCLPEREPt SYRUBEL dle R PIs 838yt (PN T Values
gLHEASRaSYbURS sgsudsh Ulie Beirtdcameet Bl sl idie coRireX0), here
of _the present Invention, glucose syrups in genera
ap&s?0teatrBifocKaPRIDENRaltdas SAf 1REr Pettv@ebaltose syrups

Agﬁgrghﬂgogg EgguFQV%@tioQulEh eq%gthﬁ%hﬁLnslﬁthe context
mal tose syrups p &f &t ab y used preferably have DE
vafuekeoprésent5intventdonpantluculisar Isy rprcef emalendrnadmare

7 to 40. 15 Accordi to the invention, the dextrose

6t aFentavar B JBLERM REATOFR pREM cll-ar,
gravimetrically. For this, the carbohydrates are

reacted in aqueous solution with Fehling s solution
whtterdonti hg. tithe insgotiion t dkes mpllaegle2rins and maltose

UL BLYEL gy B ML S o W e
whb chhshasarpiealprlgt ede@etrabs ydifirech t70 teonst.ant
wei ght at 105 C and

According to the invention, the dextrose equivalents are
determined, in particular, gravimetrically. For this, the
carbohydrates are reacted in aqueous solution with
Fehling's solution while boiling. The reaction takes place
quantitatively, i.e. until no further decolouration of the
Fehling's solution occurs. The copper(I) oxide which has
precipitated out is dried to constant weight at 105 °C and
determined gravimetrically. From the values obtained, the
glucose content (dextrose equivalent) is calculated as

$ wt./wt. of the dextrin dry substance. The following
solutions, for example, can be used: 25 ml of Fehling's
solution I, mixed with 25 ml of Fehling's solution II;

10 ml of aqueous carbohydrate solution (10 % mol/vol.)
(Fehling's solution I: 34.6 g of copper(II) sulfate
dissolved in 500 ml of water; Fehling's solution II: 173 g

of potassium sodium tartrate and 50 g of sodium hydroxide

dissolved in 400 ml of water).
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determined gravinetrically. Fromthe val ues obtai ned,

the glucose content (dextrose equivalent) is

calculated as 25 %wt./wt. of the dextrin dry

substance. The followi ng solutions, for exanple, can

be used: 25 m of Fehling's solution |, mxed with 25

m of Fehling's solution Il; 1® m of aqueous

car bohydrate solution (10 % nol/vol.) (Fehling' s
sotuitsoalko Bds6iplef toeopperefhbnhesthikatDe 3G ldiessol ved

in, 500 mM of ter; Fehling's solution I1: 173 f
pB%BE%W%HéSBﬁ% Eé{r Fsﬁt @egHSdSQfg L@Pesd?’ﬂ’idur%yﬁvg‘r o&isé)e 5377 -
di 5g0l¥ed, i pn408 Mkaek WAt ebhpalhbikt re1AltS0 iROSSIAI L
to determne the DE values titrinetrically by the
nephodxohatane.and Eynon (I1SO 5377 - 1981(E)), which

| eads to conparable results in a first approximation.

5 The nunber-average nol ecul ar wei ght of the
canbohydbateaveprgbemabkyulaedwes gixped emd vatbdhgdrates
about 50, 000. The invention also provides a preferred
pPbeessaPby PREA1HSpLERSFALIER YoM Pakd P tarfoPdr-at e
conpl ex conpound, which conprises the steps: a)
preparation of an aqueous sol ution or suspension of a
cénbohydeat epnlBlby addiviides ef paefieraed Krocsals for the

pref erab at const ant in the range.of 7 - 13, :

O FHRAF Bt oFhatagaEBuS-EhPIV SR TS, ColbagisiisTPotss, which
dyoppl 589 het Beepdueous sol ution or suspension and

e) isolation of the iron-carbohydrate conplex conmpound

a) preparation of an aqueous solution or suspension of a
carbohydrate,
b) addition of an iron(III) salt, preferably at a

constant pH in the range of 7 - 13,

c) heating of the aqueous solution or suspension,

d) cooling of the aqueous solution or suspension and

e) isolation of the iron-carbohydrate complex compound
formed.

According to the invention, iron{(II) salts or mixtures of
iron(II) and iron(III) salts can also be employed in step
b). 1In this context, the use of reducing carbohydrates can
be omitted. According to the invention, it is furthermore
possible also to add during the preparation of the iron-
carbohydrate complex compounds additional reducing agents,
such as e.g. vitamin C, dihydroflavones or hyperoxides,

which effect a reduction of the iron(III) to iron(II).
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formed. 25 According to the invention, iron(ll) salts
or mxtures of iron(ll) and iron(lll) salts can al so
be enployed in step b). In this context, the use of
reduci ng carbohydrates can be omtted. According to
the invention, it is furthernore 30 possible also to
add during the preparation of &HBe iron- carbohydrate
conpl ex conpounds additional reducing agents, such as
e.g. vitamn C, dihydroflavones or hyperoxides, {

whi ch effect a reduction of the iron(lll) to iron(ll).
128 ?npseg?ara?r@@baﬂﬁaapﬁeﬁﬁ BFetﬁégﬁF88e§§CQEéd&@iﬁ§ the

tontberibAyenrten. ca8bt ehgceel tRe ahukbesagueouson or
solution or suspension in step d), step d') of

agpsgenngophénpeitep the 5tggudousofokdiushiog the pH of the
suspensi on si gl .oqi cal.l cept.abl.e

p?%¥eou%|so£ot§982¥{osgs LEEL Y +8CK %&ysggﬁ%%é%%ﬂﬁ%%

eraply abou S carriea ou

naycbetdpl sedalluei 6g phefeeabliyoabane 5sepavatied ceffried out.
in particular after step d'), after which the 10 iron
conpl ex can be precipitated out and isolated. The

asigﬂagnwﬁicﬁhﬁayree( EbbhedalilirG A @het BRALEABE! lo)kre

salt or of a mxture of iron(lll) ang rron(ll) salts)

i pepaeptd® of§ tarphetioutarf eftexaspee, diy ,dedpwirserthich the
addi tion oi a 15 spolution,.or sus ensitonh whi | g

SHT 971 AT PBnERTI FoSRF £S L OE5R LPROREI 7 Sar 8 Ak

can preferably be used are water- soluble salts of

i norgani c or organic acids or mxtures thereof, such
asheapidesion. gf EhRpoiraedIléy salfatles. ofr §he iron(II) salt

YESK HELERI-0) 50 DEBTRLG)CANIEL.ATE OBATLS P svep o
ptefeambigdused, Anraguenpsesobyt deppeflser addliltiion of a
chlpride, 1s particularly preterably used. Brefgnag!y, g
(or iron(II) salts) which can preferably be used are water-
soluble salts of inorganic or organic acids or mixtures
thereof, such as halides, e.g. chlérides, or sulfates.

Iron hydroxides can also be employed under appropriate
conditions. Physiologically acceptable salts are
preferably used. An aqueous solution of iron(III) chloride
is particularly preferably used, preferably together with a
carbohydrate having reducing properties. Fe(III) sulfate

solutions and mixtures of iron(III) salt solutions can also

be used.

The addition of the iron(III) salt (or of the iron(II) salt
or of a mixture of iron(III) and iron(II) salts) is
expediently carried out according to the invention at pH
values of from 7 to 13, preferably at a pH of from 9 to 12.
In order to achieve these pH values and to keep them
constant in the course of the reaction, bases are

expediently added, such as, in particular, alkali metal or
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car bohydrate having reducing properties. Fe(lll)

sulfate solutions and m xtures of iron(lll) salt

solutions can also 25 be used. The addition of the
iron(lll) salt (or of the iron(ll) salt or of a

m xture of iron(lll) and iron(ll) salts) is

expediently carried out accordildg to the invention at

pH 30 values of from7 to 13, preferably at a pH of
faoka9ihe &2rthlmedaliehytieoadhiesye stbasaspHoddings patcssium,
to keep them constant jn the course of tge reactlip

bgééglameanaxﬁaaﬁeﬁ%Pv qudEg*idgenPastirH gty oaederably
aé&éihm”ﬁ?@ko?idé3 oal kakbngiganthpeetal chydn@sindes earth
such as sodi um potassium cal cium and magnesi um

hyetaki derbpaatesubarbycprbbapiblisy $odi exahpdeoxitde, process

or algo ggggké netgl or alﬁallne earth

meta
car%onat es or I car bona es. afEOfi |O ) tcﬁléflbf))rh ((,‘jerSaSte5

C@@lb@l@ﬂriseﬂe@uédsﬂéhthbaﬁeaﬂr@@UQQM§eQathQﬁy@ﬁatﬁor
solution is heated to the desired tenperature of , for

eEABP &S, 500t 5O70E° anAnEhENEadESEna P dHORI(LE Idals@lt
Sob bt 90n 8L 80 29080406 0BM 5SB! RAL ! RACPEH 9 KGRt

constant (for exanple with a deviation of a naxi num of
ooemsﬂ@npréferabkymplé thhnbtQﬁviamdoopbfoaamHWMManof one,

t he u s _kept substanti al | onst ant

RFREBERBIY b Prai W F] S 4al EEoPPERGNEASN( PIoF s EHE o

at@ihﬁiéb'é@u@é ikrpapt! khpandnicran(hl ):oﬁ@'tbhtr ea@ls this pH,

substantially to form iron(lIl)-

iR (iren{hydl okpde KeAdsheALrohdI é\méaiS Pirme, mixture of
h. b K a 0 I -

B P bt Ea ERLnoar Sy eBaBhR pRpF ALK o218 ro fomn

sntuﬁKDDI(er (ot ihen (LIdhEhiprealiiesbbutison @t afhea same

m xture of jron III nd. 20 ir%n%ll) sal t solu |on%?

antof tABPHEEE %oW%Fﬁthﬁa§ar ydrate also R y takes

place.

When the addition of the iron(III) salt solution (or of the
iron(II) salt solution or of a mixture of iron(III) and
iron(II) salt solutions) and of the base solution has
ended, the solution or suspension obtained is heated up. A
further reaction takes place, in which some of the

iron (III) is preferably reduced to iron(II) by aldehyde
groups contained in the carbohydrate employed. In this
context, heating of the solution is. preferably carried out
to temperatures above 80°C, preferably above 90°C,
particularly preferably at the boiling point of water (100°
under normal pressure). The heat treatment of step c) is
expediently carried out for at least 30 min. The heat
treatment in general does not last longer than 5 h. The
solution is then cooled, preferably to 0°C to 30 °C, in

particular 25°C (room temperature).
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ended, the solution or suspension obtained is heated
up. A further reaction takes place, in which sone of
the iron(lll) is preferably reduced to iron(ll) by

al dehyde groups contained in the carbohydrate
enployed. In this 25 context, heating of the solution
is preferably carried out to flénperatures above 80C
preferably above 90C, particularly preferably at the
bwhéhnghporebcofonahas €iRen wideke,nahedlscpiessur e)r
The heat treatnent of step c) is expediently carried
oBESPBRSAPN| @RER 186Nt A. C?ﬁéeﬁeépdSQPFﬁ&%ﬁ%%ﬁ diguted.

9§B€é§|tH895089£n535EhE0 gen st %%f%r%blgh%dj%@ﬂéﬁ U a
is then cooled, preferabfy to 30 in

thYchﬂangSCiyraonepeﬁpéeawad@ﬁ e bex@eGMhénamwe9,

PSSR 0L Rk, PRRRP MR 2 SUIRBIRRD o

CQﬁbt@@nlbh@rpbkgénﬂ&eﬁéﬁa@|braml&$hQ@stQh@reof in
physi ol ogi cal | y acceptabl e val ue of between 5 and 9, 5 ,
pP@FE%ﬁB §r5h5daﬁaee BalpgiedgciRiseh segh Be dnpireped chloride

?5? a%ﬂ@&génhgdg H&S?chaéigdso%r PR s %ﬁﬁfeo%ollds and

rtrcul a rogen hali dé aci ds, such as ydr ogen
chMpurdeleerpaqaebMy pydsenhlaamctﬁemdbeoseydﬁﬁﬂed:off for

acid. Soljds_a [mpurities i bly .present can then
e Sp LR abEaToF T 0T 6 e P RROES By PP at  onor
centrifugation. Under the abovenentioned condi ti ons,

the iron-carbohydrate conplex conpound according to
t%@deﬁvéheu@hOMﬁmﬁnt@@nedoﬁp@dﬂt@pnav t@@sﬂr@nwpa%hﬂhydrate

LEOROALY: oBABEHLANLASAUBUNL o 1RO Rl AR RS 1cs

I ron-car rate conp ex conp
a@@ntdhﬁgoEOathEeasﬁvenWto% afelm@ngenerabameadmkythe amount

soluble in water.
of iron, can be obtained.

The iron-carbohydrate complex compounds according to the
invention are in general readily soluble in water.
According to the invention, this means that preferably more
than 30 g, more preferably more than 35 g, particularly
preferably more than 40 g of the iron-carbohydrate complex
compound according to the invention dissolve in 100 g of
water at 25°. The maximum solubility is, for example,
about 100 g to 120 g, in each case per 100 g of water at
25°C.

The solutions of the iron-carbohydrate complex compounds
preferably obtained according to the invention can be used
directly for the preparation of medicaments. For this, the
solutions are purified by reverse osmosis or dialysis. The
purification can serve in particular to remove salts.
However, it is also possible first to isolate the

iron(III) (II)-carbohydrate complex compounds from the
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According to the invention, this neans that preferably
nmore 20 than 30 g, nore preferably nore than 35 g,
particularly preferably nmore than 40 g of the

i ron-car bohydrate conplex conpound according to the

i nvention dissolve in 100 g of water at 25. The

maxi mum sol ubility is, for exahple, about 100 g to
120 g, in each case per 100 g of water at 25 25C. The

sebutit 088, ofothexhmphecBiybphydi ptie atorpl & thospodndshol,
preferably obt ai ned according to the invention can be
ugegh @freet PykpBPlr héOBr BFAIRL Pofi CHANEdCEaRERPEN OFor The

thi8n % F%stgbeyramﬁ agg pHEI Eh@@nkﬁXo'he\’)%Fc%?Ln%\?imi%' $his

or dia puri fication can serve in particul ar
tmayeuameaddhtsona&byeberafterrsrab$@dpd©slﬁwethemst

0 late.the _iron(ll] carbo drate.co

Lo aeCPBm hE Sharbhb, YRS Sraie By hatoL,
Prectdkiali eReWnt Rtaneabeahobhcuusleht yasi@rhel kanak,. The
for exanple ethanol or propanol. The iron conplex

ateetdi hgnt 8anhalpAveAt FARTdBEaPHE] DIYN SPiRY AR ngartter
aggb%fggaggﬁogﬁ agkealgpggggd Eth %%ﬁ%tl%n contalnlng the
or “exanp

urrfrcatiron mxing it wth etha
fitbﬁfcagbbhgdnhxéucempmdxvaompmuddylng t he SO|Id The
i solation can also be carried out by spray drying
after reverse osnosis or dialysis of the solution

CoRL al Ay 89§ BR angenpgee@eegdaah%dqggab%& cRARAYRd ngl@n
The invention al so provides a nedi canent containin an

|annc@abbhyﬁdaaéeccﬁmpéﬁXC@ﬁmﬁen@da@@@pmdmyqcﬁq
Igr\{\?nt %:b%?ed sf; aqgagggu%o!ﬁléolﬁy&% S 1%arl$%{rcclilc%ﬁa§fa%an be

I'ron-cCcar e Co
Cpﬁ@paﬁédlﬁraﬁCehélmgohecthohgweﬁtEO@omplex compound

according to the invention.

The solutions according to the invention are suitable in
particular for oral administration, but they can also be
employed parenterally for injections or infusions, for

example intravenously or intramuscularly.

Solutions which can be administered parenterally can be
prepared in a conventional manner, optionally co-using
conventional additives for parenteral solutions. The
solutions can be formulated such that they can be
administered as such by injection or as an infusion, e.g.

in saline solution.

For oral administration, the complexes according to the
invention can be pressed to tablets or filled into capsules

in the conventional manner with conventional excipients.
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The sol utions according to the invention are suitable

in particular for oral adm nistration, but they can

al so be enployed parenterally for injections or

i nfusions, for 20 exanple intravenously or

i ntramuscul arly. Sol utions which can be adm ni st ered
parenterally can be prepared LA a conventiona

manner, optionally co-using conventional additives

f prepargvienal waokHt hessstibee2bveel ut irenstdarllye long period
formul ated such that they can be adm nistered as such
b9t i hjBeti ®RCBr 28staRiPhPUSFBRWIBTy. tilH—SRRtRE
SOFHLEPDscERE PLBH cRAM NLSEERLEQR kNG 1SORNI@X €D owder
according to the 30 invention can be pressed to
tmbketsesy Hathedsinaodcapswhésh ithet HeoadAviént(iIgnalcomplex
manner mﬁtg conventi onal eﬁcipignts. 1 bFireparations

whf ohrersE . BFe B0&r SAoFEra(| Gary FHIGRer od o

time, such as tablets (chewing, filmcoated,

effervescent tablets), effervescent granules, powder ,

| okt wpék, degepet SOrRAJIPH REPeh 2CHE NLSEHEILLOP [qoptaln,
c I LS esent .a r [ :
ST e e R i T
cond any, of f broexanple, 40 ng to 120 ny, nore

preferably 60 ng to 100 ng of iron. 10 Preferably,
however, aqueous solutions are adnm nistered orally as

| préherfo1 i ofodekBkabhgubenuRULal L@ABNSWER A%misHisHbred
elixir, solution, suspension or juice. 15 The
neds thveassincebedifrgmt oft Asinmeene d9rdwd aggansnalgueh as

ng}:é‘ n g ££E$E %8%%&5&46”%%?%&&%%%5 ogro{}\{ﬁ%te'.ona'
phar mateutical "cariier of auxrliary substances, such
as binders or lubricants, diluents, disintegrating
a%ents, . . , . ,

he medicaments according to the invention can optionally
contain further constituents, such as conventional
pharmaceutical carrier or auxiliary substances, such as
binders or lubricants, diluents, disintegrating agents,
fillers etc. Tablets can be coated with conventional film-
forming agents. Aroma substances, flavourings and

dyestuffs can furthermore be added, if desired.

The medicament according to the invention can optionally
also contain further pharmacologically active constituents,
which are chosen from the group consisting of vitamins,
such as ascorbic acid, trace elements, mineral substances,
nutrients and cofactors. The further pharmacologically
active constituent(s) is/are preferably the vitamins
B-carotene, thiamine (vitamin B;), riboflavin (vitamin B),
pyridoxine (vitamin Bg), cyanocobalamin (vitamin Biz),
cholecalciferol (vitamin D3), a-tocopherol (vitamin E) and
biotin (vitamin H), the cofactors pantothenic acid,

nicotinamide and folic acid, the trace elements/minerals
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fillers etc. Tablets can be coated with conventiona
film20 form ng agents. Aroma substances, flavourings
and dyestuffs can furthernore be added, if desired.

The nedi canent according to the invention can

optionally also contain further pharnmacol ogically
active constituents, 25 whichldre chosen fromthe

group consisting of vitam ns, such as ascorbic acid,

t caspe ] enBngsneBenecahcsubatances, phogbhoeniss aaf or
cofactors. The further pharnmacol ogically active
c%%%@?%h%%t?%? FQFaPétﬁﬂépéﬁaﬁmﬁnPhécﬁﬁ€an1 go?eptldes'

pc&?ﬁ@ﬁ?&?atég'QHH”%aE¥'tégkﬁoﬁéhlyrhQOEh%VE%r&VkH3”1n
B2), 30 pyridoxine (vitam n B6), cyanocobal am n

(NhYanthBizyllychobepabbﬂéesaﬂt@V|t@wsﬁlbap phys1olog1cally
a-toco i otin

BT SERET S RaRP b RORFE Atid ienreRr FRRoHE AR o bteal 1y

agt8epthp1Er 86t 8l epeBtrslabLNG @b&tyofcqpmrg,amc acids or
manganese, zinc, caIC|un1 phosphorus and/ or _magnesi um
JdpRSehe PUERi 8At BYdrPABLaEiESs  oSlddpéssidedlorides,

P NGE e 0S8 BB QBB B BN Blpases ox

ogi ca ept e
physr@kngesalby Saatsepfabkgaﬂabtacade abhchh@s e.qg.
conventi onal siologic accept abl e s
tufe

oPEFEF BBy 2525 IRl ey esaoteR AR SRS Tha, further

hpfﬂ&%b&@ibgﬁéalwl batege @Bh@rul@%ntspl&%p@@ts%s,be present
hydr ogen phosphates, di hydrogen phosphates or

hydlroxddeses oprsapLyaseser gRRPSPAGTYS, iSupFederahdy Foided in
a&@% aL &3 %gfﬁég LER Bl ‘ﬁ?t ﬁgzdr%'gte %}%%s b G che

her o i"cal tiv St uents can
al so be present as hydrates or sol vates. Phosphorus

is preferably added in the form of phosphate

hyd? ogeh*PROEPRERES. CPBPPHEASN REFOFAI-SRCE < lﬁﬂﬂ?”tlon
ageer QtQEléanBechV%@ﬁbgge arenstrall e and LA el ease
iron(l'l) or iron(lll) to a

physiological environment in a controlled manner. Without
being limited to one theory, polynuclear iron hydroxide, to
which the carbohydrates are bonded as a complex and/or via
hydrogen bridge bonds, is present in the compounds
according to the invention as a type of chemical matrix.

In addition to iron(III), iron{II) is also present in the
iron-carbohydrate complex compounds according to the

invention, but surprisingly has a reduced toxicity in this

form.

The majority of the iron hydroxide-carbohydrate complex
compounds according to the invention have an LDsy value of
from about 200 mg of Fe/kg of body weight to 600 mg of
Fe/kg of body weight. This LDsy value is determined
intravenously on mice. In comparison with this, for
example, the LDsy of Fe(II) sulfate is only 11 mg of Fe/kg

of body weight, likewise determined intravenously on mice
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physi ol ogi cal environnent in a controlled manner.

Wthout being limted to one theory, polynuclear iron
hydroxi de, to which the carbohydrates are bonded as a
conpl ex and/or via 20 hydrogen bridge bonds, is

present in the conmpounds according to the invention

as a type of chemical matrix. 1Bn addition to

iron(l1l), iron(ll) is also present in the

i (Bareabhahydtate. cmsﬁbexltempmnn@s gedeseimg M.o Baker, E.

I pvention, but sur y.has a reduced toxicity |n
{RFRTaB81 | BFAne THa i, Spgﬁyhapgtﬁéuﬁrgﬁsearch 42 9(1D), 12,

hygdsoxi gdg-caibobydrate conplex conmpounds according to
the invention have an LD50 value of from about 200 ngy

of Fe/kg of body weight to 600 ng of 30 Fe/ kg of body
SELON o IE S hIBD ¥R S deteem ngd ool Bliavengus ) -

exa
LDE@n@IIFeébkboﬁyHEat@ b@m@nbxeblaﬁgoaﬁlﬁglk@ tofe Hediention
ght, |ikew se determ ned intravenously on mce 18

(Eef chbaimert aPnd1960PENtedien op. 1eensseflqhensyeanaenias
(I?§§?853H9e é%ég %E%%gg%?rﬁégﬁ%gmgh%g %%%e%&%%t%%nt of

5 The i nvention al so
pinohdéefiheeusg efatheaisr. onChel nedicaments are suitable for
i ron( car boh grat conpl exes according to the

fieBr ap

|ﬂ%%nf?oﬁu eg? AEDaRd Brdpfiyl&xis of iron

defici ency anaem as and for the preparation of
medi canents for treatnment of iron deficiency
aPlaeni 880 - FacbabfcakenEoMRleXs GPrRBMEIFoR CEP IgE@ Y (+o the

2%H9€n@EQnV§£SrEH§EVaE§ %h %ab@% £FolOgpeal Q%Q%ﬂ%&?%n of a

ex conmpounds accor |nvent are thus

ameolsuméﬁblEOfotrEBEmphepaEapaomentsasuﬁé@nﬁﬂgﬂﬂrdmn

treat nment ofgaUenusstenngfromlSsym)mm of _ an
S

| FORPHETP cPenc) ARSBnf&T 1§dERCYs ADAGRIa, SUCh as, for

example: fatigue, lack of drive, lack of concentration, low
cognitive efficiency, difficulties in finding the correct
words, forgetfulness, unnatural paleness, irritability,
acceleration in heart rate (tachycardia), sore or swollen
tongue, enlarged spleen, craving in pregnancy (pica),
headaches, loss of appetite, increased susceptibility to

infection and depressive moods.

The iron-carbohydrate complex compounds according to the
invention are furthermore suitable for the preparation of a
medicament for treatment of iron deficiency anaemia in
pregnant women, latent iron deficiency anaemia in children
and young people, iron deficiency anaemia as a result of
gastrointestinal abnormalities, iron deficiency anaemia as
a result of blood losses, such as by gastrointestinal
haemorrhages (e.g. as a result of ulcers, carcinomas,
haemorrhoids, inflammatory disorders, intake of

acetylsalicylic acid), menstruation or injuries, iron
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exanple: fatigue, lack of drive, |ack of

concentration, low cognitive efficiency, difficulties

in finding the correct words, forgetful ness,

unnatural paleness, irritability, acceleration in

heart rate (tachycardia), sore or swollen 20 tongue,

enl arged spl een, craving in pré&fnancy (pica),

headaches, | oss of appetite, increased susceptibility
t@efinfestioanassli depsessireeunpods. ptheosis (sprue), iron

I ron-car bohydrate conpl ex conpounds according to t he
2@efh9éﬁ]ﬂ?}éna%?@m¥ér BRePnBPEUSE PAbFEINGET Heon intake with

d ?Qaaﬁéfonlﬁf%Qrtﬂggig§n§HtSEQECEE%@&%EQEtQEd ¥ 1dren and

I clency anaem a In pregnant wonen, "l atent “i ron
debucgepeyphaaemaunndeliikdeery andspduby peopl eefiicgrncy

defici t of t t est I
GEROPRGT1 | R0 FRORC Bt 1 EEEREy“AnRERTA BE"40 £oFoadd Py izon

Ofic bt @08ntPS8BSemSHCANAS rBY tdaskr akpt eshidiaie .
haenorrhages (e.g. as a result of ulcers, carcinonas,

haenorrhoi ds, inflammtory di sorders, |ntake of

aﬁ{?éyg?é% ?XH)Sh §hd)e OBARYLUALLA 88{;101' ”Ju‘ére' esa'cc'or%fing to

I Cl en y anaema as a re
(snéufmventoon deéladmmnysaeaedlalaSpart&suubroforally or
reduced iron intake with , dn particular in

s%?%%??%%?%lﬁat|Fﬁecﬂ?PéVeHO§ﬁdlsyoéﬁ§ F&GpPee, between 10

| ppynodefhgi sacyGavsed, 9X1ﬁr05e§eﬁb9'%@0$s@ anggiidnts with
i npai rment “of cerebral perfornance caused by iron

defogi éatycaemen arahdonedelfésdehey epagrmime takigee.g. in

FECnOEREI RO ahS SAnkhPCLGrah! (LA pir Ercd Gircgr sy and

opre@nAQtpﬁ@ﬁ@hetakéy6ong dalh¥onSQII IﬁorleK@ﬁQ|Q¢mes
between 10 and 500 ng of iron(ll1)/(11) per da%
udellpaf 1Bne3Chi EASE| FaACHERILEPeASy 16PN (A ) ddfildireAdF s

aPRAEM.Zmb RKE) €- 9. i N

The administration can take place without objection over a
period of several months until the iron status has
improved, reflected, for example, by the haemoglobin value,
the transferrin saturation and the ferritin wvalue of the
patients, or until there is the desired improvement of a
impairment in cerebral performance, immune response or
symptoms of restless leg syndrome caused by iron deficiency

anaemia.

The preparation according to the invention can be taken by

children, adolescents and adults.

The use according to the invention proceeds, in particular,
by means of improvement in the iron, haemoglobin, ferritin
and transferrin values, which, in particular in young

people and children, but also in adults, is accompanied by



each case 100 nmg of iron(lll)/(l1l) 2 to 3 tinmes daily,

and pregnant wonen take 60 ng of iron(lIl)/(11) 1 to

2 times 15 daily (in each case cal cul ated as

iron(l11)/(Il1), not as the conplex). The

adm ni stration can take place w thout objection over a

peri od of several nonths until20he iron status has 20

i nproved, reflected, for exanple, by the haenogl obin
vahugmprbhembhanshethenspatyrakiren mafd riyhe efser risti) , in the
value of the patients, or until there is the desired

| APPBVEFERt METORY ERBai (M) /i ADc ENEHRAITSPe PESIRESEE. Ve
'HQHPS %§3989§e 9?.tﬁ¥”ﬂ%€ﬂ%l%& %%%h%ei%ﬁ%ﬁqlgﬁ%ﬁf Tale
caused by i1ron deficiency 5 anaem a e preparation
aé@éiabngndéorhen|nhenemon10aalbeo@éﬁ&mi@mt dBelrdme®Q-1) , YV

adol escent s, and adul . 30 _The use accordlng

'ﬁ t.xﬂuﬁPoxsaaéon n Bar fFcdf&F OV By e dhs tbﬁ 1%e1s of
| ARLOYEPBM ek the 1e@BIshagmaakabiodicfseahid/ior 18Rhocyte
transferrin values, which, in particular in young
pEepreiand chlldren but also in adults, is

acconmpani ed by 20 an inprovenent in the short-term
menory test (STM, in the |ong-term nenory test

(LTM, in the Raven progressive matrices test, in the
Wechsler adult intelligence scale (WAIS) and/or in

the enotional coefficient (Baron EQi), YV 5 test;

yout h version), or an inprovenent in the |evels of
neutrophiles, the levels of antibodies and/or

| ynphocyte function. tl 21 Preparation exanples: The
results of Exanples 1 to 4 are sunmarized in Table 1.
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5 The percentage data relate to percentages by weight.
Exanple 1 300 g dextrin (DE value 33) are dissolved in
750 M water at 60C. 10 341 g 12 % FeCl3 and 444 g 30
% NaOH are netered in at 60C and a constant pH of 11
0.5 in the course of 30 mn. The reaction solution is
heated up to 100C and kept at £his tenperature for 30
mn. The reaction solution is cooled to 25C and the
pblrepaadiuishedxbmpied:9 to 8.0 with 20 % HC1. 15 The
solution is centrifuged for 30 mn at 7,000 rpm and
then filtered over an AF-50 filter. The product is
prgei pLtat ed QQtEQXmB@@thOQOOM %%é%ﬁﬁﬂﬁﬁyﬁzéde% Tahle 1.
volume ratio of : 2.4 (reaction solution : ethanol)
and, after a settllng time of 1 hour, |s |solated
ﬂﬁ de Zg R roduct t|s m xed W % et han

71 p% 8P| d9FesHi esreﬁﬁ X ﬁé’opr%rcer\}aff‘]gceﬁ g fwellt
off and then dried for 16 hours at 50C under 125
nbar. 126 g of a bl ack, anorphous powder are
obkaiRed. 125 Exanple 2 194 g dextrin (DE value 33) are
d 0 r t C. 9
andl 236055615 (R AR 2Pl a3h HiRERadet S TER T water
canhséanhc. pH of 11 0.5 in the course of 30 mn. The

3 eac tion. i eat 100C and kept ,at o
SRl e p ol BRR T [ Bra he a S§ 8 veluc Ron SaratEmnifsat 60°C
CQ@&GQ tens2aktapd 5581@H+l® @dhkﬁ&%% fdPst 24 838 in. The
with 30 % NaOH. The solution is filtered over an

AFeaotipnt epluthenpisdbented up. tios 19086 pincatkedtogt this

b LL] 0 2 °o ano [, [ f

Y SRPE L L AR FoR? 2t S ANO ekl sRATHTE S A M 4 feooted ko
25°C and the pH is adjusted from 7.9 to 8.0 with 20 % HCI.

The solution is centrifuged for 30 min at 7,000 rpm and
then filtered over an AF-50 filter. The product is
precipitated out by addition of 92 % ethanol in a volume
ratio of 1 : 2.4 (reaction solution : ethanol) and, after a
settling time of 1 hour, is isolated. The oily crude
product is mixed with 92 % ethanol until a solid results

(2 x 200 ml), which is filtered off and then dried for 16
hours at 50°C under 125 mbar. 126 g of a black, amorphous

powder are obtained.

Example 2

194 g dextrin (DE value 33) are dissolved in 387 ml water
at 60°C.

176 g 12 % FeCl; and 229 g 30 % NaOH are metered in at 60°C
and a constant pH of 11 * 0.5 in the course of 30 min. The
reaction solution is heated up to 100°C and kept at this
temperature for 30 min. The reaction solution is cooled to
25°C and the pH is adjusted from 7.2 to 8.0 with 30 % NaOH.
The solution is filtered over an AF-50 filter. The product
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settling time of 1 hour, is isolated. The oily crude

product is mxed with 92 % ethanol until a solid

results (4 5 x 200 m), which is filtered off and then

dried for 16 hours at 50C under 125 nbar. 75 g of a

bl ack, anorphous powder are obtained. Exanple 3 10

300 g dextrin (DE value 11) areé2di ssolved in 1,200 n

water at 60C. 660 g 6.2 % FeCl3 and 440 g 30 % NaOH

ate petetedtiamedt oG@Chyanddd tdamstoeanto2ph efthlhol0.in iah volume
the course of 30 mn. The reaction solution |s heat ed
uﬁaFéolééclandzképtrﬁﬁcFHP§ PR LUEHEY 4t G anst 3@ﬂﬁnwafter a

TherEeapy ‘EElm%O'o'ft '10'Plo'u§ cqql ed 110+ 2PC aik tdhe PR A Re
adjusted from9.4 to 8.0 with 20 % HC1. The sol’ution
|§reénctlﬁsgdeEer3®hw9ﬁ &t eThe0Oer pmtdnd a tdwenid results (4
fil ed.over_ an. AE- 5 filter 400 of t

BatbPoR 201 HPROH &Fe Tareeradt atad 200 B adiiIbE 16
9Rotr20aet Banal undead \lQ|5UﬁE>arrat| gofy bf 2.4 {dgadnHphous
solution ethanol), and after a settling tine of 1
hBQWdthérepP@@@ﬂpﬁgte is isolated. The oily crude

product is mxed wth 92 %ethanol until a solid

results (300 m), whichis filtered off and then
dexedpier 316 hours at 50C under 125 25 nbar. 50 g of a

h bt d. Example 4 251
a0 o TEGF AR AReBaL Eor i O B0 O Varud 1A T water

ase dpssolved in 1,200 mM water at 60C. The pH of the

30 solution is adjusted to 11.0 with 16 ml 30 % NaCH.

6000 99662293 FEEL3 s azvald 3920 g9 38096 NePHaprsenpeepagd an at 60°C
0 onst ant .pH of 1,.0.24n the

6% it g & ﬁS%apéa |§% sglut|o§ ﬁg ﬁéﬁieég%s o%ggg)%hn'

aﬁdakepbnaboﬂhtiohtls heated up to 100°C and kept at this

temperature for 30 min. The reaction solution is cooled to

25°C and the pH is adjusted from 9.4 to 8.0 with 20 % HCI.

X

The solution is centrifuged for 30 min at 7,000 rpm and
then filtered over an AF-50 filter. 1,400 ml of the
reaction solution are precipitated out by addition of 92 %
ethanol in a volume ratio of 1 : 2.4 (reaction solution :
ethanol), and after a settling time of 1 hour, the
precipitate is isolated. The oily crude product is mixed
with 92 % ethanol until a solid results (300 ml), which is
filtered off and then dried for 16 hours at 50°C under 125

mbar. 50 g of a black, amorphous powder are obtained.

Example 4

251 g maltose syrup (aqueous solution 80 % - DE value 39)
are dissolved in 1,200 ml water at 60°C. The pH of the
solution is adjusted to 11.0 with 16 ml 30 % NaOH. 600 g
6.2 % FeCl; and 372 g 30 % NaOH are metered in at 60°C and a
constant pH of 11 £ 0.2 in the course of 60 min. The

reaction solution is heated up to 100 °C and kept at this



15

23 tenperature for 30 mn. The reaction solution is

cooled to 25C and the pHis adjusted from7.9 to 6.0
with 20 % HCL. The solution is filtered over an AF-50
filter. Half of the reaction solution is precipitated

out by addition of 92 %5 ethanol in a volune ratio of

1: 2.4 (reaction solution etBanol) and, after a

settling time of 1 hour, the crude product is

| sehptedtufbe foirl Bocmide produciacs ikirkesd Wttion 92 %ooled to
until a solid results (300_m which is

hanol |
TR pdlthe i BReAcrREE o S ote s - Lot hindsr # HCL.

1@hé2§oﬂﬁeﬁon3lsgf@ﬁt%r%ba%&eraggf@ﬁa%% EQWQ%h:af%alf of the
obt ai ned Tabl e 1: Paraneter Ex.

ee@gh@ents@@@tZOnilﬁ6p@etapit25e@ o@é(hﬂ)addwnxnn of 92 3

( 16.7 22. 1, .Fe(ll) content .
1E03RGT BB P OB Rt p6 Yo Do Aok Gy Yo igkion ¢
86thatbl)Nagh, C@ﬁt%mta(%kt%lEn% 4i3e?2 0k 6 hour, the crude
Carbohydrate cont ent ' f% 57 63 63 53 pH 8.3 8.7 8.4
6PBOANEL 18, 6601282900 €006 1¥6 covgle Mrrdurtpge mixed with
14,00 0 6 yi 9
6%26 %ﬁggg%5a%§9%arbo%léghf%ﬁ?lgeternlnggg ”ﬂf&ﬂ‘@s
aﬁibtdaadeoﬁfthnASTanD@29kdaﬁ©rCé%CMdﬂﬂﬁiéﬁNSO C under

10 LY B ananra® sF P Eleter RHOCBERy M SHREH y1d I

4 ya)rq |0bta1ned

Table 1:

Parameter Ex. 1 Ex. 2 Ex. 3 Ex. 4
Fe content (%) 20.7 16.9 18.1 25.9
Fe(III) content (%) 15.5 11.7 16.7 22.1
Fe(II) content (%) 5.2 5.2 1.4 3.8
Fe(III)/Fe(II) ratio 75 / 25 69 / 31 92 / 8 85 / 15
NaCl content (%) 2.5 2.4 3.2 1.6
Carbohydrate content! (%) 57 63 63 53
pH 8.3 8.7 8.4 6.3
M, 16,000 18,000 43,000 16,000
M,2 10,000 12,000 18,000 11,000
p’ 1.6 1.5 2.5 1.4
Fe yield (%) 64 60 33 52
1) Carbon content determined in accordance with ASTM

D5291 and calculated for anhydroglucose

2) Determined by GPC against pullulan as the standard

3) P = Mw / Mn

(polydispersity)
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24 PATENT CLAIMS: 1. Ilron-carbohydrate conpl ex
conpound, characterized in that the content of
iron(ll), based on the total 5 amount of iron in the
conpl ex conpound, is at least 2 w.% 2.

I ron-car bohydrate conpl ex conpound according to claim
1, characterized in that the coatent of iron(l1l), 10
based on the total anobunt of iron in the conpl ex
coapenndcrasmMErkom 3 to 50 wt. % 3. Iron-carbohydrate
conpl ex conpound according to claim 1 or 2,
characterized in that the content of 15 carbohydrate,

based he_i - car.bah te.c 0 ' -
R e B B e e
accor dthgtt bheneoatent! aifnd rdbnt(d I3, thaeactcer ithed tatal

that the content .of 2Q iron, based on the ,

i ron- cAaPBBRY Pt eFEBNPPReXx REoMPBRAGE SPRPSURG 4G Sw topl €ast
5. Irop-garhohydrate conpl ex conpound according to one

of «clains 1 to 4, characterized in that it contains

25 5to 40 wt. % of iron, of which 3 to 50 wt.% based

0p. 1181 OHDL Ol LaRL5, BEREENI Ao DB o camim

car bohydr ahesacfe?2dzedernn naar: thxygentamdt Rydriagen 1M,
bonded form (apart fromin carbo?ydrates) and
opti onBPF§d PUr ther telerespount of iron In the complex

compound, is from 3 to 50 wt.%.

3. Iron-carbohydrate complex compound according to claim
1 or 2, characterized in that the content of
carbohydrate, based on the iron-carbohydrate complex

compound, is 10 to 80 wt.%.

4. Iron-carbohydrate complex compound according to one of
claims 1 to 3, characterized in that the content of
iron, based on the iron-carbohydrate complex compound,

is 5 to 40 wt.%.

5. Iron-carbohydrate complex compound according to one of

claims 1 to 4, characterized in that it contains
- 5 to 40 wt.% of iron, of which 3 to 50 wt.$%,
based on the total amount of iron, is present in

the form of iron(II),

- 10 to 80 wt.% of one or more carbohydrates,
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5 6. Iron-carbohydrate conpl ex conmpound according to
one of clains 1 to 5, characterized in that it
contains 10 to 30 wt.%of iron, of which 5 to 40 w.%
based on the total ampunt of iron, is present in 10
the formof iron(ll), 20 to 70 wt. % of one or nore
carbohydrates, - renmai nder: ox¥f§en and hydrogen in
bonded form 15 (apart fromin carbohydrates) and

optional ly réuatheerel 6RBgks. ahd hiaRroganbehydeatied form
conpl ex conpound according to one of <clains 1 to 6,

charact eri zedPrAtt RPN 8 GBrHRRYID2L¢6) agBdnePEd gl 1Y

wei ght is 19u£gh§9 kba, .8+l ron-carbohydrate conpl ex
conpound according to one of clains 1 to 7,

characterized in that the carbohydrate is chosen from

t he group which consists of: _natural 25 carbohydrates
b~ synt haRT Ca EEP BB O e SOUBH PaalPoBe Ao BERORULRG €0 one of

starchg1 g ol yeedsst ahghgscedexthi A8 that Par bogklaams
mal t odextrin, maltose syrup, glucose syrup),

cycl odextrins, dextrans and saccharides. 30 9.

I ron- car bohydr at e,gonpl ex _coe nd_accor.din e Qf o
clainms 1 toyg,e%hggac éfi%gdggﬁHfhgg %ﬁégga%b%%ygﬁaﬁ§'°'
I s hydrol yzedsstiavahth26totfl Bmocessofodirbhe is present in

preparation of an iron-carbohydrate conpl ex conpound
accor di ng t®®nkoBR PﬁelEP@ééé?ng cl ai ms, which
conprises the steps: { 5 a) preparation of an aqueous
sol ution or suspension of a carbohydrate, b) addition
of an tron(201fosaltyvtpkebér abkyoat mareceonsbahtydpdties,
the range of 7 - 13,

- remainder: oxygen and hydrogen in bonded form
(apart from in carbohydrates) and optionally

further elements.

7. Iron-carbohydrate complex compound according to one of
claims 1 to 6, characterized in that its weight-

average molecular weight is 10 to 80 kDa.

3. Iron-carbohydrate complex compound according to one of
claims 1 to 7, characterized in that the carbohydrate
is chosen from the group which consists of: natural
carbohydrates or synthetic carbohydrate derivatives,
such as starch, hydrolyzed starches, dextrins (in
particular maltodextrin, maltose syrup, glucose

syrup), cyclodextrins, dextrans and saccharides.

9. Iron-carbohydrate complex compound according to one of
claims 1 to 8, characterized in that the carbohydrate

is hydrolyzed starch.
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10 ¢) heating of the aqueous solution or suspension,
d) cooling of the aqueous solution or suspension and
15 e) isolation of the iron-carbohydrate conpl ex
conpound formed. 11. Process according to claim 10,
characterized in that it conprises, after cooling of
t he aqueous solution or 20 sug8pension in step d),
step d') of adjusting the pH of the aqueous sol ution

0r0 suspessess teratMal peephrabebweed anandof-chzbohydrate
Process according to claim10 or 11, characterized in
25 t haBOPR&SKr BATPPYNAsAFEOFEinHoSsen OPLoRTL hBgPEEFeIing

whi ch SQEﬁ%Stv?hQEh' &8&1%&&% sChiar 's‘é% nd iron(lll)

sul fate Process according to on of claims 10 to

12, characterized in that in step c) the aqueous

solutlor 30 or S%E ensign i s heated at ngne t han 80C .
for at®l easPTeBBTATRON29T 27, 2BPE6CESs SREEHAG NGt §USkENSton
of clains 1@ftg égrbgh?a@gt@gized in that during the
addition of the iron(lll) salt in step b) and/or

during the heating in step c) the pH i s kept

const a PLOCESS Rg O l-ai
to 14, Bgcharég%5?§§e§§i %at a? g?e% Ef%f%ggﬁﬁﬁlat @
whi ch may benptesenpHate seaamahgé oﬁf7 af tt&r, whi ch

the iron- carbohydrate conpl ex conpound is
preci pitated out of 10 the solution obtained and is

separ at gd Oﬁéatiﬁg EOEﬁésaaﬁ%gh@'@%lh@l%hab@‘%@spen51on,
characterized in t he separating of

solids is carried out by

d) cooling of the aqueous solution or suspension and

e) isolation of the iron-carbohydrate complex

compound formed.

11. Process according to claim 10, characterized in that
it comprises, after cooling of the agqueous solution or
suspension in step d), step d') of adjusting the pH of
the aqueous solution or suspension to a value of

between 5 and 9.

12. Process according to claim 10 or 11, characterized in
that the iron(III) salt is chosen from the group which

consists of iron(III) chloride and iron(III) sulfate.

13. Process according to one of claims 10 to 12,
characterized in that in step c¢) the agueous solution
or suspension is heated at more than 80°C for at least

30 min.
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filtration or centrifugation. 15 17. Process accordi ng
to claim15 or 16, characterized in that the
precipitating out of the iron-carbohydrate conpl ex
conmpound is carried out with one or nore al cohols,
such as ethanol or propanol. 20 18. Process according
to at | east one of clains 15 t8717, <characterized in
that the iron-carbohydrate conplex conmpound i sol ated

i 341 heprbixed wetbrathgneb, ohke ofmcAtaume 119 fid tley,ed
off and the solid is vacuumdried. 25 19.

I r on- c&PBERFHPELESEorPI ERCoMYSIRG, e Fadlitd@rart the
| ron- cag Bahydrat ecomplek LaMpOUDY ObLAINANIE A heat ing in

process according to one of clains 10 to 18. 30

Medi caskerb cont ahei pf as kepr- cantsdlaydr.at e conpl ex
conpound according to one of clains 1 to 9 or 19. 28
21. Use of an iron-carbohydrate conplex conmpound

agsor dppgck@sonecskdehai A% bnled F @1ali%hsf an tdeeatayent
of iron deficiency anaemas. 5 22. Use of an

i ron- cahbeRytraLEcoApl ERaEoRESHT SEEF0ddiing Salg dnerhich may
of plabgs } Egn% ggelge%g& E.%.Qy a%%%é?*ﬁﬁiéh the iron-
medi cament £6r tréatnent “of iron déficiency anaem as.

23. Useamboardiraon- cambakydcatg ccorpliex peenpgurtthted out of
accordin% 10 to clajm21 or 22 for oral or arfptera

adni ni SPFafPoHT19R. P58 18 %AT drF- SER50 toefe :

conpl ex conpound according to one of clainms 21 to 23,
wherein the dosage form 15 used is a liquid

f b6 rul Brperssi ackadidaggater icdkdbl d5, characterized in that

the separating off of the solids is carried out by

filtration or centrifugation.

17. Process according to claim 15 or 16, characterized in
that the precipitating out of the iron-carbohydrate
complex compound is carried out with one or more

alcohols, such as ethanol or propanol.

18. Process according to at least one of claims 15 to 17,
characterized in that the iron-carbohydrate complex
compound isolated is then mixed with ethanol, the

mixture is filtered off and the solid is wvacuum dried.

19. Iron-carbohydrate complex compound, in particular
iron-carbohydrate complex compound obtainable by a

process according to one of claims 10 to 18.

20. Medicament containing an iron-carbohydrate complex

compound according to one of claims 1 to 9 or 19.
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formul ation, such as a syrup, elixir, solution,

suspensi on or juice. 25. Use of an iron-carbohydrate

conmpl ex conpound according 20 to one of clains 21 to

24 for the preparation of a nedicanment for treatnent

of patients suffering from synptons of an iron

defici ency anaem a. 26. Use of 28n iron-carbohydrate

conpl ex conpound according 25 to claim25, wherein

the. syupeoas ancluda-chabbgyeratkeackmpfll edr icompduaek aafcording

concentration, |ow ¢cognitive efficiency, difficulties
in finEPn@n?h@fCSF?é@g words ? OFoﬂéeFPﬁlﬁ§§§Fment of 1iron

unnatuagfiggggeﬁsgnagﬁ&ggqbiIity, accel eration in
heart rate (tachycardia), sore or 30 swollen tongue,

enl arged spl een, craving in pregnancy (pica),
increased., suscepti bi

15292CHES oL O3, 2LaAPBSELLS EISEe B389V REBRI Uokoraing

r 6ssive

accor dt8gohe efecdhifkalnmso2d be 26 fek the preparation of a

preparation of a nmedicanent for treatnment of iron ,

def i ci BREYCaRaBhi A°FntpregRant REmeAon deddcCiiensy anaemias.

deficiency anaemia in children and young people, iron

5 deficiency anaemia as a result of gastrointestina

abpor ndset c€sani onndekirbbégdyadraepnplas omgsulrtd efccording
astrointestinal haenorrhages

bl d R h
Lo o LS e o Y PR b o hae e et hor de.

i nfl anpahorysdiserdars, intake of acetylsalicylic 10
acid), nmenstruation or injuries, iron deficiency

anaem a as a result of psilosis (sprue), iron

df%ici y_an ' s I £r i.r ke a3

oPd L S BT RS R BRYRSL ESHITRY, Lot PR coraing

chil drea and yduafaprepbe, tbnmaBnodatirei @anehec ausedyehbyform
used is a liquid formulation, including a drinkable
formulation, such as a syrup, elixir, solution,

suspension or Jjuice.

25. Use of an iron-carbohydrate complex compound according
to one of claims 21 to 24 for the preparation of a
medicament for treatment of patients suffering from

symptoms of an iron deficiency anaemia.

26. Use of an iron-carbohydrate complex compound according
to claim 25, wherein the symptoms include: fatigue,
lack of drive, lack of concentration, low cognitive
efficiency, difficulties in finding the correct words,
forgetfulness, unnatural paleness, irritability,
acceleration in heart rate (tachycardia), sore or
swollen tongue, enlarged spleen, craving in pregnancy
(pica), headaches, loss of appetite, increased

susceptibility to infection and depressive moods.
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performance caused by iron deficiency anaem a and
restless | eg syndrone.

27.

29

Use according to one of claims 21 to 26 for the
preparation of a medicament for treatment of iron
deficiency anaemia in pregnant women, latent iron
deficiency anaemia in children and young people, iron
deficiency anaemia as a result of gastrointestinal
abnormalities, iron deficiency anaemia as a result of
blood losses, such as by gastrointestinal haemorrhages
(e.g. as a result of ulcers, carcinomas, haemorrhoids,
inflammatory disorders, intake of acetylsalicylic
acid), menstruation or injuries, iron deficiency
anaemia as a result of psilosis (sprue), iron
deficiency anaemia as a result of reduced iron intake
with the diet, in particular in selectively eating
children and young people, immunodeficiency caused by
iron deficiency anaemia, impairment of cerebral
performance caused by iron deficiency anaemia and

restless leg syndrome.



