1 | RON- CARBOHYDRATE COVPLEX COMPOUNDS The invention
relates to iron-carbohydrate conpl ex conpounds which
contain iron(ll) in addition1to iron(l11), processes
for their preparation, nedi canents containing them and
the use thereof for treatnment of iron deficiency
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prophylactically in particular by parenteral
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out 50 kDa, IS commercia e as
Melasofreel rjake @pbiceron(l 1) preparations which are
avai | abl e on the market are, in particular, iron(ll)
fumarate, sulfate and glycollate. ‘dinical studies
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adm ni stered parenterally because of the high

toxicity. It leads to increased side effects on ora
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predominantly parenterally, but also orally. It is a

complex of iron(III) with maltodextrins having a dextrose

equivalent of from 5 to 20, the molecular weight of the

complex being B0 .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®.



The invention was therefore based on the object of
provi di ng an i nproved nedi canent by neans of which
iron is absorbed particularly well by the body
especially on oral adm nistration. In particular, the
iron should be absorbed as swiftly as possible and
shoul d have a better tolerability than pure iron(ll)
preparations. The object is achi eved according to the
inveﬂtlonﬂﬁx ﬁrOV|d|ng an iron-carbohydrate conpl ex
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amount of iron in i ron-carbohydrate conplex
conpound. Preferably, the content of iron(ll) in the
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prOV1d1ng an iron-carbohydrate complex compound which has a

high content of 1r9n(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



35 W.% in each case based on the total amount of

iron in the iron-carbohydrate conpl ex conpound. The

iron(ll1) content can be determ ned, in particular, by
atitrimetric determ nation (see, for exanple: Jander

Jahr, MaBanal yse [Vol unetric Analysis] 15th edition,

Verlag Walter de Guyter, 1989). In this analysis, the

total ironis first 4 deterningd usi ng 13202, and

then iron (L11) wthout the use of H2ZQ2, and the
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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 ixron 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 in
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). In this analysis, the total iron is first



contain other |igands, for exanple carboxylic acids,
such as gluconic acid, lactic acid etc. The content of
water in the iron-carbohydrate conpl ex conpound
according to the invention in this context can
expediently be up to 10 w.% depending on the drying
conditions. Preferably, the water content is 2 to 8
Wt.% An iron-carbohydrate conpfex compound according
to the inventiaon has, for exanple, the follow ng
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The amounts data based, in the context of the present
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.

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
0*"), optionally further anions and water. The jonogenic
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.

In addition to the carbohydrates, the iron-carbohydrate

complex compounds according to the invention can also



6 fromthe bases used, such as alkali netal and

al kal ine earth netal hydroxides, carbonates or

bi carbonates etc. The content of further elenents is

in general |ess than 15, nore preferably | ess than 10

wt.t, based on the weight of the iron-carbohydrate

conpl ex conpound according to the invention. The

fol |l owing conmposition is preferPed: 10 to 30 wt.t of

iron, of which preferably 5 to 40 w.t, based on the
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fromin the carbohydrates) and optionally further
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compound according to the invention in this context can
expediently be up to 10 wt.%, depending on the drying

conditions. Preferably, the water content is 2 to 8 wt.%.

An iron-carbohydrate complex compound according to the

invention has, for example, the following composition:

- 5 to 40 wt.% of iron, of which preferably 3 to
50 wt.%, more preferably 5 to 40 wt.%, based on the
total amount of iron, is present in the form of

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 irom,
carbon, oxygen, hydrogen and nitrogen, can result, for
example, from introduction from the iron(III) salt used
during the preparation and, whére appropriate, acids and/or
bases used during the preparation. They are thus, for
example, chlorine (for example from Cl7), sulfur, for
example from sulfate (S0,2"), nitrogen, for example from

nitrate (NO;') and alkali metals and alkaline earth metals



In a particul ar enbodi mrent of the invention, the

wei ght - aver age nol ecul ar wei ght of the

i ron-car bohydrate conpl ex conmpound according to the
invention is 10 to 80 kDa, preferably 12 to 65 kDa
particularly preferably 15 to 60 kDa. The

wei ght - average nol ecul ar weight is determned in this
context by gel pernmeation chron& ography agai nst

pul lulan as the standard (for exanple as described
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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



8 The oxi di zed carbohydrate nol ecul es thus in
particul ar also contain carboxyl groups, which also

| ead to firmer bonding of the carbohydrate |igands to
the iron. It can furthernore be seen fromthe above
that the carbohydrates enpl oyed according to the

i nvention during the preparation of the

i ron-car bohydrate conpl ex conpoﬂnd are preferably

t.hos ich have the ability to reduce jron(lll) to .
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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
carbohydrateg in generél 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.



sugars) include e.g. glucose and fructose. The

di saccharides include e.g. crystal sugar, |actose and

mal t ose. The ol i gosaccharides include, for exanple,

raf fi nose. The pol ysaccharides include, in particular,

starch and derivatives thereof and dextrans

(exopol ysaccharides from bacteria). Starch

derlvatlves such as dextrins, &re particul arly
referre ordrn tQ the invention. The term
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content (dextrose equi valent) is calculated as
Ww./wt. of the dextrin dry substance. The follow ng
solutions, for exanple, can be used: 25 m of
Fehling's solution |, mxed with 25 m of Fehling' s
solution Il; 10 m of aqueous carbohydrate sol ution
(10 nol /vol .) (Fehlfing's solution I: 34.6 g of
copper(11) sulfate



di ssolved in 500 m of water; Fehling's solution II
173 g of potassiumsodiumtartrate and 50 g of sodi um
hydr oxi de dissolved in 400 M of water). 11 It is

al so possible to determ ne the DE val ues
titrinetrically by the nmethod of Lane and Eynon (ISO
5377 - 1981(E)), which |l eads to_conparable results in
a first approxi mation. The nunb%r-average nol ecul ar
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USRS | Dl dere0atiBesotnkhe IR USH M AHN OF
S&%&%¥H§§5§anrides from bacteria). Starch dérivatives,
such as dextrins, are particularly preferred according to
the invention. The term dextrins according to R&mpp-
Lexikon, Biotechnologie und Gentechnik {Rémpp's Dictionary,
Biotechnology and Genetic Engineering] (ibid.) is a
collective name for various lower and higher polymers of
D-glucose units of the general formula (Ce¢Hi00s)n X H20 which
are formed by incomplete hydrolysis of starch, e.g. with
dilute acids, by the action of heat or by the action of
enzymes. A carbohydrate which is preferred according 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



e) isolation of the iron-carbohydrate conpl ex conmpound
formed. According to the invention, iron(ll) salts or
m xtures 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 omitted. According to
the invention, it is furthernore possible also to add
during the preparation of the 1Pon- carbohydrate
conpl ex conpounds additional reducin ents, such as
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d qut by d ddi t f
EBRR o B g2 FRTRRE o et PERRN SR T on (11 1)
salts (C) |ron(II) salts) whi ch can preferably be used

er- e salts of in or anlc
g #g?eedlfnv%rﬂl%hoﬁs ﬁ% gtogeg’g;t AP0 ?e flaltose
syraplsf @ir@&eﬂarmy hyglwxpﬂ@Semmgl Ravee Dmpvlalymla of from 5
under ropriate condit Ph SIO| |ca
B 8 aBRe S S E . TreFSFaBTY FEER TAfond Prous
solution of iron(l11) chloride is part|cularly
referably used, preferab

] together with a

SPBSRIARLES Haih NYEHREThy PROpAFKFES S BEiplents are
et bahe neal, utiirpsaPdtb Wl xd Urgsavimeteichil) .salffor this, the
gg;gg'l’l%&?:a%aens aalu':seo xbeeaggeec(ij 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 ig 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
golution 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 wml of water; Fehling's solution II: 173 g
of potassium sodium tartrate and 50 g of sodium hydroxide

dissolved in 400 ml of water).



The addition of the iron(lll) salt (or of the iron(ll)
salt or of a mxture of iron(lll) and iron(ll) salts)
is expediently carried out according to the invention
at pH values of from7 to 13, preferably at a pH of
from9 to 12. In order to achieve these pH val ues and
to keep them constant in the course of the reaction,
bases are expedi ently added, suth as, in particular,

al kali nmetal or 13 alkaline earth netal hydroxides,

stEhigs 266 pRSSidts fuetereiven Bhe Rhgredrem
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or also alkali netal or alkaline earth netal

c&?%érﬁ&b ds whikihc demsimtts . copardahp| tesuhbspincas§irst
Pp?éx&ﬁ&%&%ﬁ_OUt such that an aqueous carbohydrate
ution is heated to the desired tenperature of, for
exanple, 50 to 70C and the base and iron(lI1) sal t
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const ant or exanpl e with a deviation a maxli nm o
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pH, the iron(lll) salt (or the iron(ll) salt or a
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SUESBAPAL 2ob e s Sl ds comppex compouna, wiicn
oaumpexseg mhbhsth@searbohydrate al so al ready takes
pl ace. Wen the addition of the iron(lll) salt
solution (or of the iron(ll) salt solution or of a
Xt urpreparaeiohl f aid dquEtdd )schhtisnl oti snspeasdon of a
of the base | uti on has ended, the solution or
suspeng?ﬁﬁ %ﬁﬁﬁgh is heated up. A further reaction
takes place, in which sone of the iron(III) IS

preferably reduced to .iron Ideh r S
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out to tenperatures above 80C, preferably above 90C,
particularly preferably at the boiling point of water
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step c) is expediently carried out for at |east 30

m n. The heat -treatnent in general does not | ast
l@ngercbhaing Bs Ehe L dS1ithedn COL! 8dspension and
preferably to 0OC to 30 in particular 25C (room

tenperature). 14 Wen the reacti on has taken pl ace,
é%*soigéigelsh 3%5Qﬂ@“fybﬂﬂgéﬁﬁﬁﬁ&&fa@éoééHpi@& compound
optionally diluted. After the cooling, the p

pr ef erE®¥fyeddj usted to a physiol ogically acceptable

val ue of between 5 and 9, preferably 5.5 and 8.5.

Aci ds which can be enployed are |norgan|c or organic
desiaprdingn keuthe thyeadfion.n igan {Bt) agahydr egepixtures of
AAPEERTE, e 2GR (331)) Bodes Gl 145 04 BaEEYRa in step
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such as e.g. vitamin C, dihydroflavones or hyperoxides,

which effect a reduction of the iron(III) to iron(II).



The iron-carbohydrate conpl ex conpounds according to
the invention are in general readily soluble in water.
According to the invention, this neans that preferably
nore than 30 g, nore preferably nore than 35 g,
particularly preferably nore than 40 g of the

i ron-car bohydrate conpl ex conpound according to the

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

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

SDhuki peefefrrelie cmbtiGibohyer e SasPbex £68BRURHS to the
preferably obtai ned according to the invention can be
u
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i'nventTon. Sterfl e aquéous sol uti ons i n particular can

ko nepen edrf suspehe iiomn-wieirls hytdiat sngonpregn (III) salts
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or filled into capsules in the conventional manner
\ﬁqlﬂ*‘tc’cﬁ%rﬁlil%n‘ﬁ?-xéiéﬂﬂeﬁi &ft 4ron(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 paﬁ:ticular, alkali metal or



16 Preparations which are stable over a relatively
| ong period of tinme, such as tablets (chew ng,
filmcoated, effervescent tablets), effervescent
granul es, powder m xtures, sachets, and in which the
iron(l11)(lIl) conplex is present are, for exanple,
al so suitable. Solid unit dosage forns for ora
adm ni stration contain, for ex Ie, 40 ng to 120 ng,
nDre ireferablé to 100jg9 of iron. Preferably,
WeR L iNC a8 RE s e SR it O iR redoeRBPPy Betassium,
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elixir, solution, suspension or juice. The nedi caments
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pharmaceutical carrier or auxiliary substances, such
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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, im

particular 25°C (room temperature).



copper, manganese, zinc, calcium phosphorus and/or

magnesi um and the nutrients am no acids,

ol i gopepti des, carbohydrates and fats, optionally in

the form of physiologically acceptable salts. Possible

physi ol ogi cal |y acceptable salts are all the

conventi onal physiologically acceptable salts,

preferably salts of inorganic &i ds or bases, such as
drochl ori des, . sul fates, chlorides, phosphates,

ﬁigtﬁ’b p‘Fﬁ%‘b‘h’a‘P’éshaﬂl E?H?Bg@ﬂraﬁﬁ’os éld’rtmn or
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exanpl e, the LD50 of Fe(ll) sulfate is only 11 ng of
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use i n_human and veterinary nedi ci ne.
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sBvention are thus also suitable for the preparation

of "a nedi canent for treatnent of patients suffering
fromsynptons of an iron deficiency anaem a, such as,
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anaem a as a result of blood | osses, such as by

gastroi ntestinal 'haenorrhages (e.g. as a result of

ul cers, carcinomas, haenorrhoids, inflammtory

di sorders, intake of acetylsalicylic acid),




19 deficiency anaema as a result of psilosis (sprue),
iron deficiency anaema as a result of reduced iron
intake with the diet, in particular in selectively
eating children and young peopl e, inmunodeficiency
caused by iron deficiency anaem a, inpairnment of

cerebral performance caused by iron deficiency anaem a
and restless | eg syndrone. The %% on-carbohydrate

g&lex conpounds used according to the invention are
HF%PEreaoriﬁﬁﬁﬂH¥QNPEuPrQﬁ%E%93%%°BaWéﬁPeFalP}COhOl
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i nprovenent of a inpairnment in cerebral performnce,
i mmune response or ‘synptons of restless |eg syndrone
Cehuseinvgntion dabioC peasiy damanmedildengnepacntadning an
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menory test (STM, in the long-termnenory test (LTM,
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|%ﬁﬂﬂﬁi%ﬂ%p$ﬁﬁgﬁpgﬁsly 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.



21 Preparation exanples: The results of Exanples 1 to
4 are sunmarized in Table 1. The percentage data

relate to percentages by weight. Exanple 1 300 g

dextrin (DE value 33) are dissolved in 750 m water at
60C. 341 g 12 t FeCl3 and 444 g 30 t NaOH are netered
in at 60C and a constant pH of _11 + 0.5 in the course
of 30 min. The reaction solutidf is heated up to 100C

and kept at this tenperature for 30 mn. The reaction )
SHRAH: 1 Qn oBhagh: Brosetand e [RYSIHS Fedditkety fiemg period

b1 81n8, OsiibhNad0thiclertEhq csRiwildON disintaidddaged

for 30 min at 7,000 rpmand then filtered over an
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(reaction solution : ethanol) and, after a settling

SIS thodFe. | Sorserampde. TR sG ISpidakde product i s

mxed with 92 t ethanol until a solid results (2 x

200 M), which is filtered off and then dried for 16

Fedisl anBpClepree fobuabipr ©28lgagigisitgetion contain,
%Q%M&: WOE4 e 9bt gapned. td

?QD%I val ue %%,) ar e‘ﬂ%i Egol&ggdﬁligﬁ %?%%ﬁﬁeé%%a% géédé:ﬁé; ko

100 mg of iron.

Preferably, however, aqueous solutions are administered
orally as in the form of drinkable formulations, such as

syrup, elixir, solution, suspension or juice.

The medicaments according to the invention can optionally
contain further constituents, such as conventional
pharmaceutical carrier or auxiljary 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 Biz2) .,
cholecalciferol (vitamin D;3), o-tocopherol (vitamin E) and
biotin (vitamin H), the cofactors pantothenic acid,

nicotinamide and folic acid, the trace elements/minerals



176 g 12 t FeCa and 229 g 30 t NaCOH 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 this tenperature for 30 min. The reaction
solution is cooled to 25C and the pH is adjusted from
7.2 to 8.0 with 30 t NaOH The_solution is filtered
over an AF-50 filter. The prodﬁz 22 is precipitated
out by addition of 92 %ethanol, in a volune ratio of 1
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The reaction solution is, heated up to 1910 C and k

HY rRggen bridge bonds, is presen in the compoun
according to the invention as a type of chemical matryix.
In addition to irdn(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 LDg; value of
from about 200 mg of Fe/kg of body weight to 600 mg of
Fe/kg of body weight. This LDs, value is determined
intravenously on mice. In comparison with thig, for
example, the LDs;, of Fe(II) sulfate is only 11 mg of Fe/kg

of body weight, likewise determined intravenously on mice



23 tenperature for 30 mn. The reaction solution is
cooled to 25C and the pHis adjusted from7.9 to 6.0
with 20 % NC].. The solution is filtered over an AF-50
filter. Half of the reaction solution is precipitated

out by addition of 92 %ethanol in a volune ratio of 1

. 2.4 (reaction solution : ethanol) and, after a
settling tinme of 1 hour, the ctBde product is

i solated. The oily crude product is mxed with 92 %
ABRERIIDANE 9t 2L ol 186Pesited (808 nRisfetoh M Baer, E.

fddu.efadl. Qifz@é‘ﬂni@@@lgE)k%@hﬁﬁ@ bQutg,O%%earc'iném@m, 12,
125 nbar. 37 g of anor phous powder are

FEA kB2 TERI 22 )1+ Parameter Ex. 1 Ex. 2 Ex. 3 Ex. 4
Fe content Os)

The invention also provides the use of the iron(III) -
iron(II)-carbohydrate complexes according to the invention
for treatment and prophylaxis of iron deficiency anaemias
and for the preparation of medicaments for treatment of
iron deficiency anaemias. The medicaments are suitable for

use in human and veterinary medicine.

The iron-carbohydrate complex compounds according to the
invention are thus also suitable for the preparation of a.
medicament for treatment of patients suffering from
symptoms of an iron deficiency anaemia, 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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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 caﬁsed by iron deficiency
anaemia, impairment of cerebral performance caused by iron

deficiency anaemia and restless leg syndrome.

The iron-carbohydrate complex compounds used according to
the invention are administered, in particular, orally or
parenterally. The daily dose is, for example, between 10
and 500 mg of iron(III)/(II) per day of use. Patients with
iron deficiency or iron deficiency anaemia take e.g. in
each case 100 mg of iron(III)/(II) 2 to 3 times daily, and
pregnant women take 60 mg of iron(III)/(II) 1 to 2 times

daily (in each case calculated as iron(III)/(II), not as

the complex).

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 value of the
patients, or until there'ié 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
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an improvement in. the short-term memory test (STM), in the
long-term memory test (LTM), in the Raven progressive
matrices test, in the Wechsler adult intelligence scale
(WAIS) and/or in the emotional coefficient (Baron EQ-i), YV
test; youth version), or an improvement in the levels of
neutrophiles, the levels of antibodies and/or lymphocyte

function.
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Preparation examples:

The results of Examples 1 to 4 are summarized in Table 1.
The percentage data relate to percentages by weight.

Example 1

300 g dextrin (DE value 33) are dissolved in 750 ml water
at 60°C.

341 g 12 % FeCl; and 444 g 30 % NéOH 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 7.9 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
gsettling time of 1 hour, is isolated. The oily crude
product is mixed with 92 % ethanol until a solid results

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

powder arxe 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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is precipitated out by addition of 92 % ethanol in a volume
ratio of 1 : 2.4 (reaction solution : ethanocl) and, after a
settling time of 1 hour, is isolated. The oily crude
product is mixed with 92 % ethanol until a solid results (4
X 200 ml), which is filtered off and then dried for 16
hours at 50°C under 125 mbar. 75 g of a black, amorphous

powder are obtained.

Example 3

300 g dextrin (DE wvalue 11) are dissolved in 1,200 ml water
at 60°C.

660 g 6.2 % FeCl; and 440 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 9.4 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. 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 hoﬁrs at 50°C under 125

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

Example 4 _

251 g maltose syrup (agqueous solution 80 % - DE value 39)
are dissolved in 1,200 ml watexr 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
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temperature for 30 min. The reaction solution is cooled to
25°C and the pH is adjusted from 7.9 to 6.0 with 20 % HCI.
The solution is filtered over an AF-50 filter. Half of the
reaction solution 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, the crude
product is isolated. The oily crude product is mixed with
92 % ethanol until a solid results (300 ml), which is.
filtered cff and then dried for 16 hours at 50°C under

125 mbar. 37 g of a black, amorphous powder are obtained.

Table 1:

Parametexr Ex. 1 BEx., 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 7% / 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
M2 16,000 18,000 43,000 16,000
M, | 10,000 | 12,000 18,000 | 11,000
P’ A 1.6 1.5 2.5 C 1.4
Fe yield (%) 1 - 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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CLAIMS:

1. Aniron-carbohydrate complex compound, characterized in that the

content of iron (II), based on the total amount of iron in the complex

compound, is at least 2 wt.%.

2.  Aniron-carbohydrate complex compound according to claim 1,
characterized in that the content of iron(II), based on the total amount of

iron in the complex compound, is from 3 to 50 wt.%.

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

carbohydrate complex compound, is 10 to 80 wt.%.

4. An jron-carbohydrate complex compound according to any 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. Aniron-carbohydrate complex compound according to any one of claims
1 to 4, characterized in that it contains
- - 510 40 wt.% of iron, of which 3 to 50 wt.%, based on the total amount
of iron, is present in the form of iron(Il),
.- 10 to 80 wt.% of one or more carbohydrates,
- remainder: oxygen and hydrogen in bonded form (apart from in

carbohydrates) and optionally further elements.



CLAIMS: 1. An iron-carbohydrate conpl ex conpound,

characterized in that the cdftent of iron (H), based

on the total anount of iron in the conpl ex conpound,

is at least 2 w.% 2. An iron-carbohydrate conpl ex .
6.c onfio iiei-carbehydrate complex asempogndracspeding &g any aneuef claims

the content of iron(H), based on the total anmount of

i r ohto 6, tharactarizedXindbabib codtains from 3 to 50 w. % 3.

An iron-carbohydrate conpl ex conpound according to
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of carbohydrate, based on the |ron-carbohydrate

conpl and, . Qe -
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conpl ex conpound, is 5 to 40 wt.% An .
i r on- camaisedad: axygeroand Bydaggioiarkpndesbioamgpest fsem in
one of clainms 1 to 4, characterized in that it

cont aicasbohydratesyandioptiontlly futherdlemientsy 3 to 50
wt.% based on the total anobunt of iron, is present in
the formof iron(H), - 10 to 80 wt.% of one or nore
car bohydrates, - remminder: oxygen and hydrogen in

bo ' .
7. op%ﬂgfn%ﬁéﬁe é{;@g}sén{‘%&%BBHd Yedbkfing 'Any one of claims
1 to 6, characterized in that its weight-average molecular weight is 10 to

80 kDa.

8. Aniron-carbohydrate complex compound according to any 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. Aniron-carbohydrate complex compound according to any one of claims

1 to 8, characterized in that the carbohydrate is hydrolyzed starch.

10. A process for the preparation of an iron-carbohydrate complex
compound according to 'any one of the préceding claims, which includes

the following steps:



25 6. An iron-carbohydrate conpl ex conpound accordi ng

to any one of clainms 1 to 5,26characterized in that it
contains 10 to-30 wt. % of iron, of which 5 to 40 w.%
based on the total anmount of iron, is present in the
formof iron(ll), 20 to 70 wt.% of one or nore

car bohydrates, remai nder: oxygen and hydrogen in

bondgd pteparafiom af anfaquecus sodutiorhgdsaspenjsiemdf a carbohydrate,
optionally further elenments. 7. An iron-carbohydrate
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6, characterized in that its wei ght-average nol ecul ar

wei ght '§_1P3to 80 kDa. 8. An iron-carbohydrate

conpl ex conpdund according to any one of clains 1 to

7, characperized in that the carbohydrate is chosen
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particul ar mal todextrin, maltose syrup, glucose

syrep) isofativinasfethrirorscarteklyderate cangplercongouhesfordedAn

i ron-car bohydrate conpl ex conmpound accordi ng to any

one of clainms 1 to 8, characterized in that the
carbohydrate is hydrolyzed starch. 10. A process for

he ' s C .
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whi c(;:o%li'nacc;f !gg'g gqtuggug %uu?ivomnncgr ssl}s%%%sion in step d), step d’) of

adjusting the pH of the aqueous solution or suspension to a value of

between 5 and 9.

12. A process according to claim 10 or claim 11, characterized in that the
iron (1) salt is chosen from the group which consists of iron(III) chioride

and iron(IIl) sulfate.

13. A process according to any one of claims 10 to 12, characterized in that
in step c) the aqueous solution or suspension is heated at more than

80°C for at least 30 min.

14. A process according to any one of claims 10 to 13, characterized in that
during the addition of the iron(III) salt in step b) and/or during the heating

in step c), the pH is kept constant.



26 a) preparation of an aqueous sol ution or suspension

of a carbohydrate, b) additiZn of an iron (II1) salt,

preferably at a constant pHin the range of 7 - 13, c¢)

heati ng of the agueous solution or suspension, d) .
18.00AipTgcess aeeordingdornsene of elais Kutohbhsharaciglized in that

i solation of the iron-carbohydrate conpl ex conpound

f or after stép.d')Asplids edichanmyrse present areisepa@ted off, after which

characterized in that it conprises, after cooling of
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characterized in that the iron (111) salt is chosen

fromthe group which consists of iron(lll) chloride

and iron(l11) sulfate. 13. A process according to an
1GneA giroeess accordingdoiclaine A8y eharacterized in thakiheiseparapng off
c) the aqueous solution or suspension is heated at

moref theaolidd & tamieat olitdnsfiltratiomor ceatrifagatiartess

according to any one of clainms 10 to 13, characterized

in that during the addition of the iron(lll) salt in

step b) and/or during the heating in step c), the pH

17.5 KpRbc&s 5@ Ming to claim 15 or claim 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. A process according to any 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 thé solid is vacuum dried.

19. An iron-carbohydrate complex compound obtained or obtainable by a

process according to any one of claims 10 to 18.

20. A medicament containing an iron-carbohydrate complex compound

according to any one of claims 1 to 9 or 19.

21. The use of an iron-carbohydrate complex compound according to any
one of claims 1 to 9 or 19 for the preparation of a medicament for

treatment of iron deficiency anaemias.



27 15. A process according to any one of clains 11 to
14, characterized in that aBfer step d'), solids which
may be present are separated off, after which the

i ron-car bohydrate conpl ex conmpound is precipitated out
of the solution obtained and is separated off. 16. A
process according to claim 15, characterized in that

22 hdreepse of androvi-¢arbbhydmats comjdek sompaunddarordibg to claim

filtration or centrifugation. 17. A process according
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precipitating out of the iron-carbohydrate conpl ex
conmpound is carried out with one or nore al cohol s,
such as ethanol or propanol 18. A process according to
characterized in th
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m xed with ethanol, the mxture is filtered off and |
t h@1sot ¢laim 22y wheneindhe stpsage form of the medieament ik 2 liquid
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nmedi cament contai ning an iron-carbohydrate conpl ex
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21. The use of an irdn-carbohydrate conpl ex conmpound
according to any 22. one of clains 1 to 9 or 19 for

the preparation of a nmedicanment for treatnent of iron

24Ejetl'|hC| encXf anaem as

25.

26.

€ use of an iron-carbohydrate complex compound according to any
one of claims 21 to 23 for the preparation of a medicament for treatment

of patients suffering from symptoms of an iron deficiency anaemia.

The use of an iron-carbohydrate complex compound according to claim
24, 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.

The use according to any one of claims 21 to 25 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



28 22. The use of an iron-carbohydrate conpl ex
conpound according to clai m221 preparation of a

nmedi canment for oral or parenteral admnistration. 23.
The use of an iron-carbohydrate conpl ex compound

ac defidiengytanacniarased resultofblood dossese such astyy dosage
formof the nedicanent is a liquid fornulation,

I nJagtiolidestirtl ihaleadrendduyd. gt a9a.result bf akcess, vardpomas,
elixir, solution, suspension or juice. 24. The use of
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The use according to any one of clainms 21 to 25 for

t hge%%rb PHS-0on of a medicament for treatment of iron
defici ency anaem a in pregnant wonen, |atent iron
deficiency anaemia in children and young people, iron
deficiency anaem a as a result of gastrointestina
~abnormalities, iron 29 deficiency anaem a as a result
of bl ood | osses, such as by gastrointestina
haenorrhages (e.g. as a result of ulcers, carcinonas,
haenorrhoids, inflammtory di sorders, intake of
acetylsalicylic acid), nenstruation or injuries, iron
deficiency anaema as a result of psilosis (sprue),

iron deficiency anaem a as a result of reduced iron
intake with the diet, in particular in selectively
eating children and young peopl e, imunodeficiency
caused by iron deficiency anaem a, inpairnment of
cerebral performance caused by iron deficiency anaem a
and restless | eg syndrone.



