Vifor (international) AG Aqueous—iron- carbohydrate-— - e

conpl exes, their production and 5 nedi canents
contai ning them The present i.nvention concerns

wat er - sol ubl e iron carbohydrate,conpl exes which are
used for the treatnent of iron deficiency anaem a,
their preparation, nedi canents containing them and

" their use for the 10 prophyl axis or -treatment of iron

defyied i ridasHd JThe medi caments are especially

.useful for parentZra application. Iron deficiency

anaem a can be treated or prophyl actl cally treated by
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pressure at hi enper atures an
hﬁ@@%}%&*@%\guwépéor ereateriol apptiactiohydr at e conpl exes
are al so known for oral application. 25 The problemto
be sol ved by the present invention is to provide an
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for oral application.

- The problem to be soived by the present invention is to provide an iron
preparation which is especially to be applied parenterally and which can
easily be sterilized; the known parenterally applicable preparations on
the basis of sucrose and dexiran were only stable at temperatures up fo
100 °C, which made sterilisation difficult. Fur’rher the preparation to be
provided by the invention shall have reduced foxrcn‘y and shall avoid
dongerous anaphylactic shocks which can be induced by dexiran. Also,
the stability of the complexes of the preparation shall be high in order to
enobfe a high applicable dosage and a high rate of application.
Furfhermore the iron preparchon is to be producible from easily .
obtainable starting products and without great effort.




can be solved by.providing Iron (I11) carbohydrate

-conpl exes on the basis of the oxi dation products of

mal t odextrins. Therefore, an object of the present
invention 5 are water soluble iron carbohydrate

conpl exes whi ch are obtai nable from an aqueous
solution of an iron (I11) salt and an aqueous sol ution
of the oxjdatio

duct _ of | t odext
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In drder 1o prepare the ligands of the comp!exes of the invention, the
maltodexirins are oxidized in an aqgiieous solution with a hypochlorite
solution. Suitable examples are solutions of alkali hypochlorites such as a
solution of sodium hypochiorite. Commercially available solutions can be
used. The concentration of the hypochlori’ré solution Is, e.g. at leasf_lB % -
by weight, preferably in the order of 13 to 16 % by weight, calculated as |

-active chlorine. Preferably the solutions are used in such an amount that



The--oxi-dat-i-oA-1i-s--car+i-ed—-out--i-n—an-alk-kali-ne - sol ut i-en;

e.g at a pHof 8 to 12, for exanple 9 to 11, As an
exanpl e, oxidation can be carried out at tenperatures
in the order of 15 to 40 C, pr gerably of 25 to 35 C
The reaction tines are, e.g. In"the order of 10
mnutes to 4 hours, e.g. 1 to 107.5 hours. By this
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scatal yse the oxidation reaction of the maltodextrins.

The addition of bromde ions is suitable, e.g. in the
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staltbove, the addition of bromde is possi bl e

10 hohwe@ VIS not necessary. 25Further, it is also p033| bl e

to use other oxidation systens, such as e.g. the known

ternary oxidation system hypochlorite/al kal i
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‘oxj di ze nal todextrins catalytica
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e gmidye1d gfbabuesieEived)) dMneamMiLd; h 330
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present |nventi on. In order to prepare the

Cnfmb%b%o@fblbh@ ¢ Bkl 98 éﬂ@oﬂ@h@bﬁ@ﬂoﬁ)&lfqhé‘?ﬂolTodexfrins.
nﬂjl gﬁtrln are reacted with an iron (ill) tin

a d [leﬁﬁ iqQns lggwgpla@r q.¢- bthepoforfmef alkali
olxnodumaee @l dxetapld saWufaBrdRidsS olnt 88088%mouht of bromide
is not criﬁccﬂ The amount is kept as low as possible in order to achieve
an end product (Fe-complex) which can easily be purified. Catalytic
amounts are sufficient. As sfon‘é@bbove, the addition of bromide is
possible, however, not necessary.

Further, it is olsd possible to use other oxidation systems, such as e.g. the
known ternary oxidation system hypochlorite/alkali bromide/2,2.6.6,-

- tetramethypiperidine-1-oxyl (TEMPO) for the oxidation of the

maltodextrins. The process fo oxidize maltodexirins catalytically with
alkali bromides or with the ternary TEMPO system is descrfbed e.g. by
Thaburet et al in Carbohydrate Research 330 {2001) 21 - 29, which
method can be used for the present invention.

In order TQ prepare the corﬁplexes of the invention the obtained oxidized'
maltodextrins are reacted with an iron () salt in an aqueous solution. In
order fo do so, the oxidized maltodextrins can be isolated and. '



4 redissolved; however, it is al so—possi-ble-to-use the——
obt ai ned aqueous solutlons of the oxidized

mal t odextrins directly for the further reaction with

‘the aqueous iron (ill) solutlogs 5 Water sol uble

'salts of inorganic or organic acids, or mxtures

t hereof, such as halides, e.g. chloride and brom de or
sutécaxmmﬂmdweewed iasldor p@ss(ulﬂb) tsaéd the bbtdihed aq ueous

pr ef e, red us iolo acceptabl e salts
it of the R e dafseibididneahepieestion
' I.rwhhfﬂhé|c)qL©|aJ|L@nldiﬁ(lH)]éblufforﬁhaS been found that the
presence of chloride ions favours the formation of the

conpl exes. The chloride ions can be used in the form

5 of womdrenismb weiie d:hh@rgodﬁ@ B Wk 8Ll or MEkAlres thereof,

chl ori de m chl ori de, potassium chloride or
arfvshi ‘Eﬁrﬁ@%‘ﬁ%‘\gl%g Cﬂzo 0B, DroFaider ensyifditg s cein be used as
pnefremawoytsused prérdifer) foouss ﬁfhyﬁlﬁ%gﬁbbw b@%ep*ébFe%ons It is
I nst an ous solution of the oxidized
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ter mxin { he IS raised to val ues of
cFofinihk. Fig SopiRasGriuion ebthe Sxldestt malfraeip ocs be
MJxeﬁZw:fﬂSJroﬁqﬂléoué' b@lu}ﬁblnldi‘ m@e«‘r@ﬁ abl yair #H segesicorbiy out
can,_be achi eved by

d
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abaltm e chanich Iy haet@rme:um@abt #engxibiddhefalddMri and the iron
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ggfﬂtcnégrﬁ&%gr ..306? ']e f%ngBiX{Frg bt )éla és t%? %e&%h%e%fsl%?g in
the bsdgrraff @fr leedt Eofasraempfe up to 11,12, 13 or 14, The pH is-
preferably raised slowly or gradually whlch,' for example, ¢an be
achieved by first adding a weak base, for example, up to a pH of about
3, .ond then neutralizing further using a stronger base. Examples of weak
bases are alkali — or alkaline earth - carbonates, bicarbonates, such as
sodium and potassium carbonate or bicarbonate, or ammonia.
Examples of strong bases are alkali - or alkaline earth - hydroxides such
- as sodium, potassium, calcium or magnesium hydroxide.

The reaction can be impfoved by hécﬂng. For excmple}fempercfures in
the Qrder of 15 °C up fo boiling point can be used. It is preferred to raise




et he-tenper.at-ure.gradual-l y-Thus;-—f-or exanple;- it -Is
- possible to heat to about 15 to 70 C and then raise
the tenperature gradually up to boiling point. 5 The
reaction tinmes are, for exanpl & in the order of 15
m nutes up to several hours, e”g. 20 mnutes to 4
hours, such as 25 to 70 mnutes, e.g. 30 to 60
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acid ran or exanple, at In t e or

t odéou%aévé 10, °G anglkh et e maempﬁa@fum graduglsf up,fo bolling
bubongp,necessary to raise the pH during the

formation of the conplexes to higher values of up to

11, 12, 13 or 14. In order to conplete the reaction,
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i rﬁﬂv&m@m 199 29 @lrlla‘eadﬁd‘sh@wrswu@um 2t dofminutes, e.g.

esfieed ablminkysy ogen hal i de acids such as hydrogen
chl oride or aqueous hydrochloric acid respectively. As
stated above, the formation of the conplexes is

usyal rle)zﬁc'hHF?rc%?ge%’orh@@téJ}gn W&Mf&cfohx%ﬁe?ffgf E%dmple, at

enbodi nent of the invention, wher
10 1 & BHdn die aiget ak5 teotiomere. idnaebesn faunﬂea‘mf i isaunbful,
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work at first at |ower tenp eratu es in
t &° Thaiersid¢ensf 4o teol Eo@ B3 ! 1dbduprrdy o, compietsf ther

t Ry Pibd, ShEgsluees B8 :cy»aé.té%sméh )E?D%cm.ﬁ&ﬁ a {ggl‘oearét S

and the tenperature is gr adua ral sed over
t 6XBBIAI$N % fider 28 SThe 6 dde taasaiaie fe ssareorganiqer organic

| 15 Obéﬁfs &F mbdurd 1Mk &8, lé%pte‘élélﬁ)’ﬁ&%g@ﬁ%éhc%’@cm%shﬁﬁcﬁay

dependi ng on the reaction tenperature
p‘F 9N Ghigd ?l%d’q}tﬂow‘?W@ﬁﬂ%f‘%ﬂﬁéﬁi%@@%‘hﬂeb’f nor e
than 5, |t is, for exanpl e, possible to work 15 to 70
n nut es, % to 60 mnutes, at the 30 enhanced pH,
f%%sf@i%%ﬂb@ St W%rﬁa@?a{'w & 1ae aqplpxeeds usiaheiampigved by
theaitd. i Hub OMBﬂ@pFé?e?reEiaé‘rg\%dd?rﬁé?ﬁ Rt I nifdn, fv@r?e%m the

-5 and the reaction is carried out for a further

20 # i wiess dudng Ihedeestigd 'RirAGoes of 4t I@@ffp%.e@me@ve Up to

e] lgor UJFD it Gs, W@CIns%‘wﬁ’c@%b%b' % Rotbt hef ol W& i@nperatures
O mnutes, at higher tenperatures

6
‘ Llllb ﬂ@% odggr ?ﬂbﬁﬁglm C. sgch as 40 to 60°C, e.g. about 50 °C,
whereafier the pH is reduced to values in the order of at least 5 and the

temperature is gradually raised over 50 °C up to boiling point.

25
The reaction times are Inthe order of 15 minutes up to several hours and
they can vary depending on The reaction temperature. If the process is
carried out with an infermediate pH of more than 5, it is, for example,
possible to work 15 to 70 minutfes, e.g. 30 to 60 minutes, at the

30 enhanced pH. for example at temperatures of up to 70°C, whereafter the
pH is lowered to a range in the order of af least 5 and the reaction Is
ccrried out for a further 15 to 70 minutes, e.g. 30 to 60 minutes, at
temperatures e.g. up to 70°C, and opticnally a further 15 to 70 minutes,
e.g. 30 to 60 minutes, at higher femperatures up to boiling point.

35



After the reaction. the..obtained soluti.on.can be. cool ed .

-~ to eg. roomtenperature and can optionally be diluted
and optionally be filtered, After cooling, the pH can
be adjusted to the neutral poi nt or alittle bel ow,
for exanple, to val ues of 5 to®7, by the addition of

an acid or 5 base, IS p035|ble to use e.g. the
ackdls; MadRRIBH TWQ' & sBRAISTEAN NEdofe 1814 Vi,
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15 kDa, preferably 80 kDa to 350 kDa, especially
preferred up to 300 kDa (neasured by gel perneation
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Rexehebid, 1%5%0&§@$M@i%+9éﬁ§@hr4@&5&%,8“}220 Jré%l% 4452
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. preservatives, such as benzyl al cohoﬁ) or pﬁeno . ‘Such

As stated above, it is possible to provide aqueous solutions from the
‘complexes of the Invention. These solutions are especially useful for
parenteral application. However, it is also possible to apply them orally

30 -or topically. Contrary to the known parenterally applicable iron
preparations they can be sterllized af high temperatures, e.g. at 121 °C
and above, at short contact times of, e.g. 15 minutes, by acquiring F,>-
156. The contact ﬁr'nes' aré 'correspondi.ngly shorter at higher -
tfemperatures. Preparations hitherto known had to be sterilely filtrated

35 on'd mixed with preservatives, such as benzyl c!cohol'or phenol. Such
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-laddi-tives.-are-not--necessary.i-n -t he-i-pvention;--Hence; - - e

It Is possible to fill the solutions of the conpl exes,
for exanple, into anpoules. it is, for exanple,
possible, to fill solutions ha$|ng a content of 1 to

20 % by weight, e.g. 5 %by wei‘ght, into vessels such
as anpoul es or phials of 5 e.g. 2to 100 M, e.qg., up
t Ooégifmes &@%&r%s%iﬁﬂ b 1hDenfah enérES llr ¥s possible to fill
i cabl e solutions can be carried out as known in
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espec use e parenteral, intravenous but

aISQé)ufl@& cm:m m&muéme&ppl usht PoraREatehey &t be adrainisiered

O e AP R 1RPRYE ! BRI, BE, FRAH Bililon, For ine

or t treat nent of iron de I ency anaem

f mr@her fcubp@b@p@ﬁcqlw iTrig @aseigie ife f@ff@@ﬁf%@f%@@mfortsn@fh

| k80af bidibidis bplwydaatgegonp! exes according to the

| nventl on or the treatnment and prophylaxis of iron
defici ency anaenia or the production of 20 nedi caments
e?ﬁ@@@lfuthéroch;BB?oPﬂ{@m\ferr@iloﬁ ERALBEBLUS F¥bicaments which

defici'ency anaem a. medi canents can be used In
h@nﬁﬁsﬁﬁ@'q}@t@ﬁf*ﬁdw ”?\%@Pé?'hf@f alfHefraRHsaRidsaMAi ch
afrﬁrcﬁ’ﬁhk@M@F*o §iBatiBk dshwéi k! 1ol ’rt‘?@b‘?&%’r%ﬁ?@ol%phcoﬂon

npl exes of e invention are the above-nenti oned
hfrg?rv @t&e?ﬁ@?%’ﬂi'v é‘ﬁei%ﬁ%fem U?é’émﬁ’é” weirengefigigneygnaemia.

tMbﬁhbvoe[&ft&embeﬂv@ﬁ%rd&na@b 21 Wﬁﬁlea%m ¢nghock.

he t oxi Ci he conpl exes accordi ng t
I‘ﬁ‘?@?ﬂhyéjfﬁatesCQQ]Weﬂ‘ch‘ﬁ@“ﬁ@HG ﬂ"?é§v%@“‘?ﬂ/8?r fggdoegﬁnenf ‘

_ F@/}Jﬁ%roﬁﬂmfse& :Fd-’h HBAci @ﬁoéhﬁa K—HQM@ éﬁ@bhé‘ﬁ@ﬁ of

conpl exes, lies at 1 0i n vi ew of

tm@qwgwew%swwy“bffowg eamf@@sﬁ%qgm% ifafy gRfiFknCY

| dndisri@STHdhredigarneant Be Jsabian MimaR R icdinanp
wel | as the dosages. Thus, It is possible to apply the

mB&&iRent s of the invention parenterally in the form

- of a single dose. Such a single dose |s for exanple
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500 to 1000 ng iron; it can be %PP for exanp
diei Agvanages W ah <e srchigkedgnih The frﬂf’t(WérCQé'a?%\Yf?‘é’é%

|d 3 pldkels sy fhbghv&@lﬂirﬁér@frhe - &tédﬂoh)édorﬁaghfteermsanon
mal t odextrins used as st artlrg\gtdpro ucts, which are,

degperedire ctsi el ¢ VAl PUEPY AT TR 'edHaaR dapsieT of

. RIREINAA O SREYRITHE tokitityer e eBRipI8RSEaEBbIdING t8She
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wel | asmthefolovvlng]exa npl es, the 5 dextrose

AR e te s few nfss HPw disgrah PHet ?@%%mg/ Felkg. sipates fo

e $8,, SNSRIV DXl DihSc SR IERES Wtlch ied 0I400Ehg Fe/kg.
aqueous sol ution with Fehfing's solution. The reaction

irs viear ef e bigh af@mwtoétfh@ecrcqule@s el inypgtion, It is
FeRibRY1S ePBLHEEORE! (&1d0ot aw.rca@mc@ #ul e th&gosages.

reci pitated copper (I) oxide is
hus, It is possible to apply the medicaments of the invention

parenterally in the form of a single dose. Such a single .dose is, for

| -example, 500 to 1000 mg iron; it can be applied, for example, during

- 35

-the course of one hour. A further advantage lies in the high dégree of




—dri-ed-at--105C-unt-i-l---a- const-ant--wei-ght—i-s--achi-eved--and o

measured 10 gravimetrically. The gl ucose content
(dextrose equivalent) is calculated fromthe obtained
results as % wei ght/wei ght of the maltodextrin dry
substance. It is, for exanple, 8possl ble to use the

- follow ng solutions 25 m Fehling's solution I,

i é@@n&ﬁbﬁﬂi\/ 35”@ il ddigriss §§E %)Q‘cn?l"ggtﬁfgdmcfsaq'\%?g”%re

mal t odextrin- sol ution 10/0an vol
soPud i @r@“ﬂmesqloﬁy@Vﬂgdl@iﬁ)ﬁé‘ﬂ”(\/lefs)ins‘t}BffaDé rrosestingdndustry.

‘500 m water: Fehling's solution Il: 173 g potassi um

sodiumtartrate and 50 g sodi um hydroxi de di ssolved in
40l te REssen) desguapipe as well asoio @mfwmpwmemmpqgs 6he

5 Seééfﬁl&% §8va&?érﬁ@%r@?ﬁé&§tggd%r%‘(/krﬂEH ofn? LrV %:roaérgo do so, the

i ssolved by stirring in
oxXM@iTpe@xtinsarrei eicsite @ fin gobgjlingdiauetygpemulion wiks Fehliing’s

SQldifGn Wréd?:ﬂla@xh:‘é’%cgf‘éd %‘%ﬁ%ﬁ%ﬁqfﬁ%h@f&i 2y Bf.hftf‘?x)e Ahiing’s

pH 10. At first e oxi dr zed n-so ion
arf@!uitnisssa l@@@mﬂmf@ar&ﬁﬁa@pmﬂpﬁum CoPpaYYl) oxide Is
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a stirred i welr'ght
bﬁf%'ﬂ@%*!"cpéy Therp IMOSBI@rﬁHﬂT éd@dfweduwmem bycalcuiated
a i QX t [

ey 0 SRR RV 50 v ARSI GPI Bty arv

asv@stenest iHoa. fas %(Gmplﬁ Possibles 1o Lisefthedobawing solutions: 25

A8l AR g sdIVAORT KL w2 iR HARENLIANdP1iX P
theh 3 eat ed

for a further 30 m nutes an o 97
Oggeeuaﬁrdalﬁqa.@eﬂém@ﬂgmr@ 0 % ruptvol)dFeBngrs natudionat 34.6 g

t Bbpper (iBNdfratédifbiveRPin 8 th%é%r%éﬁl&g{)?s&ﬁ‘ﬁgh H:173 g

tenperature, the pH Is adjusted

aBalqssén épdwlfgmﬂ?d?wﬁél@ SOdlumﬂYélf@@d@tdf@@Mesi in 400

thewdibht ered through a sterilisation filter and then

5 exam ned for sedi ments. Thereafter, the conplex is

isolated by 'precipitation with ethanol In a range of

Ixin@Sieand then dried in vacuumat 50 C The yield

is 125 g (corresponding to 87 % of the theoretical

vaI ue) of a 10 brown anorphi c powder having an iron
?ﬁhoﬁf)dé%ﬁ Ok yRicahbidRi@iN ale AR AReHsRfbd gravimetrically)

exonetrlcarly).
qre dzssolved by stirring in 300 ml water at 25 °C and oxidized by
addifion of 30 g sodium hypochlorite solution (13 to 16 weight percent

active chlorine} at pH 10.

At first, the oxidized maltodextrin solution and then 554 g sodium
carbonate solution {17.3 % weight/weight) are added at room’

- temperature to 352 g of a stirred iron (ill) chloride solution (12 % weight

by weight Fe).

Then, the pH is adjusted to 11 by addition of sodium hydroxide and the -
solufion is heated fo 50 °C and kept at 50 °C for 30 minutes. Then,
acidification to a pH of 5 fo 6 is effected by addition’ of hydrochioric
acid, the solution is kept at 50 °C for a further 30 minutes and then
heated to 97 - 98 °C and the temperature is kept for 30 minutes at this




mal t odextrin (9.6 dextrose equival ent neasured
gravinetrically) are dissolved by stirring in 300 m

water at 25 C and oxi dized by addition of 30 g sodium

hypochl orite solution (13 to 16" wei ght percent 20
active chlorine) at pH 10. At first the oxidi zed

m'r&r%’@“ﬁéf‘c%@hh’é ItR8 s@ﬁlﬁlloﬁwhi%nsﬁﬁ 1@ e. V%ﬂe??tg%%rﬂﬁg%djusfed

solutton (17.3 % wel ght/weight) are a
t efpérafl @vefh@ocggrzw@ @ff sagligiy hy@dpxiden (111) chloride
solution (12 % wei ght 25 by weight Fe). Then the pH
is adjusted to 11 by addition of sodi um hydroxi de and
t hEha aPlyticars ifkem éilieear tyo8ghar atrtiliseion ffiber 3Maniheut es

5 at e%ﬁeﬂmecﬁm&f; 1R datl dnd @Aﬂnggeé.s .gplé 495 by
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effrected by addition ydroch oric

soPiggiRifaiien péiht etiansd ircafronge ¢Ul t:HBBS I dhihmut dsedrid
t hedbutgadiesh e, 97 - 98 C and the tenperature is kept
for 30 mnutes at this range. After cooling the
solution to roomtenperature the pHis adjusted to 6 -

7 1% i8Ry ed]déigqe?ﬂl té&%Mt@ #?Jygyg)('oqqpe fﬂrgore-l’;[&%l value) of a

solution Is t ered t’hrough
f idrewp amerphencewdat hedngorn sr@dn oentest of 126 2486 weight/weight

t e\ SRIR &% {éplleg(g}ﬁgéggam_ precipitation with ethanol

in arange o then dried In vacuum at 50
C. 5 The yield is 123 g (correspondi.ng to 65 % of -the

t RRAEBLIL: AbeidAt H?\)/ 9% @dPrown anor phi ¢ powder having

an Iron content of 22.5 % wei ght/wei ght (measured
conpl exonetrically). 10 Mol ecul ar wei ght mv 141 kDa.
ExRdmipte 3 100 g mattodextrin (9.6 dextrose

equi val ent neasured gravinetrically) 15 are dissol ved
by stirring In 300 Ml water at 25 C and oxi di zed by

200 g maltodextrin (9.6 dextrose equivalent measured gravimetrically)
are dissolved by stirring in 300 m! water at 25 .°C and oxidized by
addition of 30 g sodium hypochlorite solution (13 to 16 weight percent
active chlorine) at pH 10,

At first the oxidized maitodexirin solution and then 554 g sodium
carbonate solution (17.3 % welght/weight) are added at room
temperature to 352 g of a stirred irén (1) chloride solution (12 % weight
by weight Fe). o

Then the pH is adjusted to 11 by addition of sodium hydroxide and the
solution is hed?ed to 60 °C and kept for 30 minutes at 50 °C. Then,
acidification fo a pH of 5 to 6 is effected by addition of hydrochloric
acid, the solution is kept at 50 °C for a further 30 minutes and then
heated to 97 - 98 °C and the temperature is kept for 30 minutes at this
range. After cooling the solufion fo 'rqom temperature the pH is adjusted
to 6 - 7 by the addition of sodium hydroxide.




.addition of 30.g.sadi.um hypochl.orlte solution (13..to

16 wei ght percent active chlorine) and 0.79 sodi um
brom de at pH 10. At first the oxidized maltodextrin
solution and then 554 g sodi um 20 carbonate sol ution
(17.3 % wei ght/wei ght) are addéd at room tenperature
to 352 g of a stirred iron (Ill) chloride solution (12

2 VLSRR SR G BB SRl e

heakemmem 56 edindritefheteaft60 thertepial is5biGied gn,

 aontgaefiEhe TRy a Bl fLaderge ohd <Shefth i edse oy
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50v<ﬁ:cmmm<35@1r¢:her 30 m nutes and then heated to 97 -

98 C and the tenperature is kept for 30 m nutes at

this range. After cooling the solution to room

t efieeyiatdiisel 2hg (pdriespadiingt ©ds 804t the fhéoké’ndcilelcluej of @
addi ti on of The so] utiq

ol oDt BB BOPHocSh 1B e oriedl hng-Bbielghtiveight

eXemaarete d @orspdixorndigcallfjereafter, the conplex is

‘isolated by precipitation with ethanol In a range of 1

: 0.85 and then dried in 35 vacuumat 50 C. 11 The
yiNebld cukar MaSight aewresipandi ng to 88 % of t.he

t heoretical value) of a brown anorphic powder having
an iron content of 26.8 % wei ght/wei ght (neasured

ca@mpmpledetrically), 5 Ml ecular weight mwv 140 kDa.
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‘Exanple 4 10 A m xture of 45 g maltodextrin (6.6

dextrose equi val ent neasured gravinetrically) and 45 g
rrmDchj er)dlfdd‘fa)(frlrzsl(@ w@wfrmee@@ubwlfenbom@wg Rl imetrically)
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At first the oxidized malitodexirin solution and then §54 g sodium
carbonate solution {17.3 % weight/weight) are added at room
temperature to 352 g of a stirred iron (lll) chloride solution (12 % weight
by weight Fe). '

“Then the pH is adjustfed to 6.5 by addition of s@dfdm hydroxide and the

solution is heated to 50 °C and kept for 60 minutes at 50 °C. Then,
acidification to a pH of 5 to 6 is effected by addifion of hydrochloric
acid, the solution is kept at 50 °C for a further 30 minutes and then
heated to 97 - 98 °C and the temperature is kept for 30 minutes at this
range. After cooling the solution to room temperature the pH is adjusted
to 6 - 7 by the addition of sodium hydroxide.

The solution is then filtered through a sterilisation filter ond‘ then
examined for sediments. Thereafter, the complex is isolated by
precipitation with ethanol in a range of 1 : 0.85 and then dried in
vacuum af 50 °C,




15 At first. .the oxidized..malt.odextrin.-sol uti onand e e
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| then 554 g sodi um carbonate solution (17.3 %
“wei ght/wei ght) are added at roomtenperature to 352 g

of a stirred iron (I1l1l) chloride solution (12 % wei ght

by weight Fe). 20 Then the pH i1$ adjusted to 11 by

addi tion of sodi um hydroxi de and the solution is

heated to 50 C and kept for 30 minutes at 50 C, Then,
acidification to a pHof 5to 6 is ef fected by

adiine iyeid of 159@ (dhtespiondaty to 88he 60ihe ﬂ‘@bréﬁc&%fu@gof a

2B el PENEY SV FB (b RGNty th-Auboseianiweion

t hireetaungel. cdhbasxcenetricegyf.he solution to room
tenperature the pHis adjusted to 6 - 7 by the
addi tion of sodi um hydroxi de. The solution is then

fiMbesadat welgma B4®kDL) sation filter and then 30
exam ned for sedinments. Thereafter, the conplex is

i solated by precipitation with ethanol in a range of 1
. Bxodplengl then dried in vacuumat 50 C. 12 The yield
is 143 g (corresponding to 90 % of the theoretical

val ue) of a brown anorphic powder having an iron

C@ntremjreobf 26. @n%lﬂhﬁﬂ@hhv‘) \(\@légbéxt(rcﬂﬁéélﬁ%lenf meosured
ar. we gqr;t nmw 189 kDa.

it ?B' J%% 43e9 ma‘g%ilfl%fﬁ"((iﬁ daéw%%auwo!em
equeasa]redtgramaseﬂrnedxllgr a\@im\vw ezdyl Stk | n dbesal wesklw 25 -c

‘ nd - oxi ed b
SE:'nrdchxqgizeQ g’yogdmﬂon oFr25 \c}s dium ?\ypochlorh‘e soiuh%n (1310 16
weight percent active chlorine) and 0.6 g sodium bromide at pH 10.

At first the oxidized maltodextrin solution and then 554 g sodium
carbonate so.luﬁon (17.3 % weight/weight) are added at room
temperature to 362 g of a stirred iron (lll) chloride solution (12 % weight
by weight Fe). '

Then the pH is adjusted to 11 by addition of sodium hYdroxid-e and the
solution is heated to 50 °C and kept for 30 minutes at 50 °C. Then,
acidification to a pH of 5 to 6 is effected by addition of hydrochloric
dcid. the solution is kebt at 50 °C for a further 30 minutes and then
heated to 97 - 98 °C and the temperature is kept for 30 minutes at this
range. After cooling the solution to room temperature the pH is adjusted
to 6 - 7 by the addition of sodium hydroxide.

The solution is then filtered through a sterilisation filter and then
examined for sediments. Thereafter, the complex is isolated by
precipitation with ethanol in a range of 1 : 0.85 and then dried in
vacuum at 50 °C.



16 wei ght percent active chlorine) and 0.6 g sodi um
brom de at pH 10. 15 At first, the oxidized

mal t odextrin solution and then 554 g sodi um car bonat e
sol ution (17.3 % wei ght/wei ght }2are added at room
tenperature to 352 g of a stirred iron (I11) chloride

SOkt i (; t e [ :
aa et SR AR IO Rt RS alog B Lot o
o sobmwrmmmcsrpﬂmp@wdan Hetvirngy anmdirdee oo nfamt c3‘02dsn5n%t\eeim:ﬁ/weigh1
50 oapHof 5to6is
o rggtogdr%'ac ){dcgﬁgg %ﬂlygrochl oric acid, the
' soI ution is kept at 50 Cfor a further 30 m nutes and
th and the tenperature is kept
-SfO&%é%&?nEﬁg’te 9% k§g range. After cooling the
solution to roomterrperature the pHis adjusted to 6 -
7 by the addition of sodium hydroxide. The solution is
then filtered through a sterilisation filter and then
exEwdmpel@® §or sedi nments. Thereafter, the conplex is
| sol ated by 30 precipitation with ethanol in a range
of 1 0.85 and then dried in vacuumat 50 C The
10 yi¥l g meit@B8éxtgn((ddrd dspivosk eguiva 83t %e@fsutdftegrcwmehwauy)

t
| 58 ThcfRq EEetiinctin Sl b R e S Wi b By ™"

c ovglibounn e 1361 @ abHim hyb@chﬂxbrﬁemoamhcwe(lgi‘lto my viidig hk Barcent
E’&%’ﬁpflsecrﬁoéne) and 0.6 g sodium bromide at pH 10,

- =

15 Af first, the oxidized maltodextiin solution and then 554 g sodium
carbonate solutlon (17.3 % weight/weight) are added at room
| temperature to 352 g of a stirred iron (lil) chioride solution (12 % weight
by weight Fe). |

20 Then the pH is adjusted to 11 by addition of sodium hydroxide and the

' solution is heated o 50 °C and kept for 30 minutes at 50 °C. Then,
acidification to a pH of 6 to 6 is effected by addition of hydrochloric
acid, the solution is kept at 50 °C for a fun‘her 30 minutes and then
heated tc 97 - 98 °C and the fémperofure is kept for 30 mintﬁes at this

25 range. After cooling the solution to room temperature the pH is adjusted
to 6 - 7 by the addition of sodium hydroxide.

The solution is then filtered through a sterilisation filter and then
examined for sediments. Thereafter, the complex is isolated by
30 precipitation with ethanol in a range of 1 ; 8.85 and then dried in

vacuum at 50 °C,

The yield is 131 g (cotresponding to 93 % of the theoretical value) of a
brown amorphic powder having an iron contenfof 29.9 %. weight/weight

35 (measured complexometrically).
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—A.mxture.of .45 g-malt-odext-ri-n (5.4 -dextrose - - e

equi val ent neasured gravinetricafly) and 45 g

mal t odextrin (18,1 dextrose equival ent nmeasured
gravimetrically) is dissolved E% stirring in 300 m
water at 25 C and oxi di zed by dition of 31 g sodium
hypochl orife solution (13 to 16 10 wei ght percent
active chlorine) and 0.7 g sodium brom de at pH 10. At
first the oxidized maltodextrin solution and then 554
g Motiauimcaelgivate 9@ kiaon (17.3 % wei ght/wei ght) are
added at roomtenperature to 352 g of a stirred Iron
(111) chloride solution (12 % wei ght 15 by wei ght Fe).
Thxxample §H i s adjusted to 11 by addition of sodium
hydr oxi de and the solution is heated to 50 C and kept
for 30 mnutes at 50 C Then, acidification to a pH of
5 A mifiures oé#beg tredl tdjexidinli($ ioderfrodey dgoivhletirae2bured

acj u t, .50 furth
et Reg aiEfee8nAta 1 kot g bR

t enpesmtedr@owsnkmpnnt/ms B aiv el tgsstiating I 800 angﬁm‘er at 25 °C

A fORb4 e bR B b9 PR SRR BRI 0o 16

hys@@bm derce2® Hadiveathibiing) aadtheng todiuen mm@mmml 0.

sterilisation filter and then exam ned for sedi nents.

Thereafter, the conplex is isolated by precipitation
WAL firsetthemaldized enaltonipxtoh sél @icdBbaaddhéhéd 4dg isedium

¢ BEHES, afon fsd of B el & SR AT R Ron e
ptawdperdiaie hy 388 g pbr diotceinbn d@ftl) 2hiQids seiujbt/(Wei%weight

( onpl exonetrically). Mol ecular weight mv 178
k@%%ﬁp%)anpl e 7 100 g nmal todextrin (9.6 dextrose

equi val ent neasured gravinetrically) are dissolved by
St 1HphMs 38fsP o W68 bPlucfttiSh 2P Lot 8fofde and tre
solution is heated to 50 °C and kept for 30 minutes at 50 °C Then,
acidification to a pH of 5 to 6 is effected by addition of hydrochloiic
acid, the solution is kept at 50 °C for a further 30 minutes and then
heated {o 97 - 98 °C and the temperature is kept for 30 minutes at this
range. After cooling the solution to room temperature the pH is adjusted
to 6 - 7 by the addition of sodium hydroxide.

The solution is then filtered through a sterilisation filter and then
examined for sediments. Thereafter, the complex is isolated by
precipitation with ethanol in a range of 1 : 0.85 and then dried in

vacuum at 50 °C.

The yield is 134 g (corresponding to 88 % of the ‘fhe_ore’riccl value) of a
brown amorphic powder having an iron content of 27.9 % weight/weight

{measured compliexometrically).

Molecular weight mw 178 kDa.
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16 wei ght percent active chlorine) and 0.7 g sodi.um
brom de at pH 10. At first the oxidized naltodextrin -
sol ution and then 554 g sodi um carbonate sol ution
(17.3 % wei ght/wei ght) are addéfl at room 10
tenperature to 352 g of a stirred iron fill) chl ori de
SOk} %(712 % wei ght by weight Fe). Then the pHis

adj usted to 11 by .addition of sodium hydroxide and the-
sol uti on S heat ed to 50 C and kept for 30 m nutes at

50166 gl {Sﬂb fde%?rto's% itﬂr&lewf_'n%o%régiéro\/ﬁnemcclly

effect ed oric aci
soRig ﬂ@ﬁoiwgdk@pwamg 5@3@0fmr waiteuat BEr°C7ondiaxidiesd by

Af { I tur
i Ségg}t%g\;%ef’d@‘tgg %ﬁ@_ﬁ@l Wd&ﬂ’\!&ﬁf dQc?lm Bﬁg‘fg 8 1% %elgt]'zef p?ercenf
hydpise galorpeTivads®l7ug p@diuns tirbevidei dit i é@ t hr ough a
sterilisation filter and then exam ned for sedi nents.
Thereafter, the conplex is Isolated by precipitation

wiAtt Hirglt thenetidizadamalingexith sbiution 8Fdaihent £%h gdyddidmi n

di
! SlBpte Mlion 27 SR Wb S S ST AR o
pooRIeerabwerig 32 §rdm gareaeironofli2hisride wei ghin (e ghwveight

( BRASLLAH g npl exonetrically). Ml ecul ar wei ght mw 137
k%g. 3%] : le 8 126 g maltoclextrin (6.6 dextrose

equi val ent msasur ed gravinetrically) are dissolved by
Sthém kg pimis%%umed"i@t B b lalRitiGn ot Al f%\%jro;?i)ée and the
solution is heated to 50 °C and kept for 30 minutes at 50 °C. Then,
acidification to a pH of 6 to 6 is effected by addition of hydfochforic
acid, the solution is kept aft 50 °C for a further 70 minutes. After cooling
the solution to room temperature the pH is adjusted to 6 - 7 by the
addition of sodium hydroxide.

The solution is then filtered through a sterllisation fliter and then
examined for sediments. Thereafter, the complex is Isolated by
precipitation with ethanol in a range of 1 : 0.85 and then dried in
vacuum at 50 °C,

-The vield is 155 g {corresponding to 90 % of the theorefical valiue) of a
brown amorphic powder having an iron content of 24.5 % weight/weight
(measured complexometricaily).

Molecular weight mw 137 kDa.

Example 8

126 g maltodexirin (6.6 dex’fros_e equivalent measured gravimefricol!y]
are dissolved by stirring in 300 m! water at 25 °C and oxidized by




.15 addi-t--0n-0f.-24..g-sodi-um-hypochl-orl-t-e--sol-ut i on--(-13

to 16 weight percent active chlorine) and 0.7 g sodium
brom de at pH 10, At first the oxidized maltodextrin
solution and then 554 g sodium5 carbonate solution -
(17.3 % wei ght/wei ght) are addé@ at room tenperature
to 352 g of a stirred iron (I1l) chloride solution (12

% ) u d.to 11

oy o B S S b I T e e Bl SR arh (Pl 5 bB ucent
he&'ﬁé’det@'e@n@ and Océ @t sddiumBbramide e$ pit 160 C. Then,
aC|d|f|cat|ontoapHof 5to 6 is effected by :

addi tion of hydrochloric acid, the solution is kept at
50ALfifshitha oxigHzert maitoaeiin esiutiaint end ¢beh i5%g ¢ Bedium
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sofampeiiie théh2fg bt erSéldemrr@zmglIH) ahgdriete bolsdbhgh2 % weight

flﬂj\}e‘;i hen exam ned for sedinments. Thereafter,
ex |s i sol at ed by precipitation with ethanol
|n a range of 1 : O 85 and then dried in vacuum at 50

di t %, of -
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sucrose conplex
cadditoreahanadivdn wnleomcher mal treatment can be carrl ed
out at higher tenperatures and the toxicity

The solution is then filtered through a sterilisation filter and then
examined for sediments. Thereafter, the complex is isolated by
_precipitation with ethonol in a range of 1 : 0.85 and then dried in

vacuum at 50 °C.

The yield Is 171 g (corresponding to 86 % of the theoretical value) of a
brown amorphic powder having an iron content of 21.35 % weight/weight

: (measure_d complexometrically).
Molecular weight mw 170 kDa.
Comparative iest

in the fol!owing the characteristics of the iron carbohydrate complexes
are compored with a commercially available iron sucrose complex. It
can be seen that the iron content can be enhanced, the thermal
freatment can be carried out at higher temperatures and the toxicity
{LDso) can be lowered in accordance with the invention,



K-ty

v

(| . D50) can be | owered-t+n-accordance—wth the-- mm——

i nventi on, 16

- 7 10,5- 11.0 nw [ kDol " 80 - ?20 34 - 54

According to the invention Iron
hydr oxi de/ sucrose conpl ex Fe content [%4 5.0 2,0 pH 5

Acco_rding to the Iron hydroxide/éucr_ose
invention complex '

Fe content [%] 5.0 2.0

pH 5-7 10.5-11.0

mw [kDa}"! 80 - 350 34 - 54

Thermal treatment 121 °C/] 5 100 °C/35’

LDgp L.v., w.m. [mg > 2000 > 200

Fe/kg body weigh_f]




Thermal treatnent 121 C/ 15 100 ¢/ 35" LE)50 iv., wsn.
[mg Fel/ kg body weight] > 2000 > 200 17 Clains 1
Water soluble iron carbohydrate conplex obtainable
from an aqueous solution of iron (Il1l) salt and an
aqueous 5sol ution of the oxidation product of one or
nore mal trodextrins using an aqueous hypochlorite
solution at a pHvalue within the al kaline range,
where, when one maltodextrin is applied, its dextrose
equi valent |lies between 5 a 20, and when a m xture
of épveral 10mal t odextrins 1's applied, the dextrose
eqU|vaPent of the mxture lies between 5 and 20 and
t he dextrose equival ent of each individual

mal t olleXtatenselghtairprgorpo Ry aks celrdet PREIBEPIReER™2
and 40, qwhededdustsbestrad QCldd)rallllly\ledulghﬁﬁden theeous

oL oSBT AR SRR TR T e et veen
maltrodexirins using an agueous hypochlorite solution at a
pH-value within the alkaline range, where, when one
maltodextrin is applied, its dextrose equivalent lies
between 5 and 20, and when a mixture of several

10 maltodextrins is applied, the dextrose equivalent of the
mixture lies between 5 and 20 and the dextrose equivalent
of each individual maltodextrin contained in the mixture
lies between 2 and 40, wherein the molecular weight of
the water-soluble iron carbohydrate complex is between

15 80.000 and 400.000 Da.

2. A process for producing an iron carbohydrate complex
according to claim 1, wherein one or more maltrodextrins
are oxidized in an agqueous solution at an alkaline pH-

20 value using an aqueous hyprochlorite solution and the
obtained solution is reacted with an agueous solution of
an iron (lll) salt, where, when one maltodextrin is applied,
its dextrose equivalent lies between 5 and 20, and when a
mixture of several maltodextrins is applied, the dextrose

25 equivalent of the mixture lies between 5 and 20 and the
dexirose equivalent of each individual maltodextrin
contained in the mixture lies between 2 and 40, wherein
the molecular weight of the iron carbohydrate complex is
between 80.000 and 400.000 Da.

30

3. A process according to claim 2, wherein the oxidation of
the one or more maltodextrins is carried out in the

presence of bromide ions.



2. A process for producing an iron carbohydrate
conpl ex according to claim1, wherein one or nore

mal trodextrins are oxidized in an aqueous solution at
an al kal i ne pH 20val ue usi ng an aqueous hyprochlorite
solution and the obtained solution is reacted with an
aqueous solution of an iron (IIl) salt, where, when
one maltodextrin is applied, its dextrose equival ent
lies between 5 and 20, and when a m xture of severa
mal t odextrins is applied, tﬂp dextrose 25equi val ent .of
the m xture lies between 5 and 20 and the dextrose
equi val ent of each individual maltodextrin contained

i n thd. W xtogess bicesrdies e anai?n A 340 hefpieri8piramel!)

ol ecul @k eI ORtys8F dshﬁel.mnumafobohydr ate conplex is
bet ween 80. 000 and 400. 000 Da. 30 3. A process
according to claim 2, wherein the oxidation of the one
6r nose Anpldcedextrbrsngsocaninised ot 4.1 wheten prigizenice
8]; br omrr?@frog@%ﬁm 3§ 4Fon'ﬁ‘f Prsgﬁeéré AR Bemigh claim 2

3, wherein loride is used as the
iron (I IGIq)Ue;@éaiFtSO'UES” WVm%ée%"é Vet g 'RY W ai ns 2,

3 or 4, hnhesigiinooxicdir@eulnrlit & oclext wharearitbrithemH/k)
salt are mxed . to m, an a ou Ition having a
pH- val uéa'é%él?‘&v?/ Ttoh{fto KRy t||<§/nS|ng%84c§’lt he iron(111)
18alt occurs, whereafter the pHis raised to 5 to 12 by

the agdipt ,!:RPcth a@ct%ﬁﬁﬁg 18Qurfr oAcIBIAE TS 5AGHRIEIhNGet O
any of clains 3

to wherein the react rrled
out at ée"E’%"r‘l‘bré|‘5a°c‘UF'8d<J‘1t”J‘1“34 ?:“?fﬁp{sbmﬂ[ﬁ P 25 EoLth f or
15 m nuteesliingppbdiat seved alindtesiug. toldEverdl hmeds.cament
contai ning an aqueous sol ution of an iron carbohydrate
conpl ex according to claiml1l or 2 or obtained in
1accor dadceegicdmanty centadniapran gapgogs solution of aniron

carbohydrate complex according to claim 1 or 2 or

obtained in accordance with any of claims 3 to 6.

8. A medicament according to claim 7 formulated for

20 parenteral or oral administration.

9. Use of the iron carbohydrate complexes according to
claim 1, or obtained in accordance with any of claims 2 to
6, for the therapy or prophylaxis of iron deficiency

25 conditions.

10. Use of the iron carbohydrate complexes according to
claim 1, or obtained in accordance with any of claims 2 to
6, for the production of a medicament for therapy or

30 prophylaxis of iron deficiency conditions.



8. A nedi canent according to claim?7 fornul ated for
20parenteral or oral admnistration. 9. Use of the
i ron carbohydrate conpl exes according to claim1, or
obtai ned in accordance with any of clainms 2 to 6, for
the therapy or prophylaxis of iron deficiency
25conditions. 10. Use of the iron carbohydrate
conpl exes according to claim1, or obtained in
accordance with any of clains 2 to 6, for the
production of a nedi canment f&w t herapy or

I'e

Y,

30prophyl axi s of iron defi C it . 1f.
Vﬁter?EOW§6?%“$F%W'Sﬂ}ﬁgﬁv)rar%M%gﬁgﬁ@%!ggg%?%%ﬁgbto
clai m 1clgm i fier tygyapy opPophipliaxt of oPnidadiviedi ci ency
condi ti @RJgitions.



