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use of iron-carbo ydrate conpl exes

| Prépers t eah nefitmedicaments for improving immune defence

and/or brain performance.

Iron defic

iency is the most fregquent trace-element

deficiency worldwide. Not only does it affect children,

from infants to adolescents, in the developing countries,

it is also
the rich,

teenagers

observed in a significant number of children in

a

industrialised nations. For example, 28 % of

in Canada show signs of ircn deficiency.

The use of iron(III) oxide as an active ingredient for the

treatment

of immune deficiency syndromes, especially AIDS,

is known from WO 95/35113.

Therapeutically usable iron injection preparations and

processes

Processes

for their production are known from DE 1467980 .

for the preparation of iron(IIT)-polymaltose

complex compounds which are suitable for parenteral

administration are known from US 3076798.
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prophyl axis of iron deficiencies is known from WO
2004037865. 5 Iron conpl ex conpounds w th hydrogenat ed
dextrins for the treatnent or prophylaxis of iron
deficiencies are known from WO 03/087164.
[ron(l11)-pullulan conmpl ex conmpounds and their use in
the 10 treatnent or prophylaxis of iron deficiencies
are known from WD 02/46241. It is known from
Baungart ner "New Aspects of Iron Therapy", Second
Ferrum Meeting, Lisbon 1994, that both the activity

15 and the cognitive performance of the |eft

Hﬁg?%g erg 9f-chhezPhahgdzaecdependentsonnamhe treatment or
individual's iron status. In that publication,

Baupbhaitres wéntirons dafdti@pcheswart 8ROWrade6hding to
whi ch iran-related anaem a significantly leads to
W@s@PP€P§38ﬁ§ntal and psychonot or devel opnent in 20
chil dren. The conpound used in the study was iron

sul fate. However, after adm nisterin

Ri
flopn75oaRex CPRIPOERIE #indt PYENGIRRY re:?{)%%\}/%%éﬁt%t Zgr the

%E% Q%gkﬁlo?n%ro syahorRt e devel epIeRten23cet Bee known
stadies nmenti 6ned in Baungartner show a significant

IffprmOWeNent i 1édgni ti ve performance with iron
therapy. Baungartner further presents clinica
studies which reflect the influence of the iron

stalus 199 -the 1umamnelbagieal 3opbundisi angl. t3eibr ose in the
sultate is known to cause, relatively fre uentl¥,
treatment or prophylaxis of iron deficiencies are known

from WO (02/46241.

I+ is known from Baumgartner 'New Aspects of Iron Therapy',
Second Ferrum Meeting, Lisbon 1994, that both the activity
and the cognitive performance of the left hemisphere of the
brain are dependent on an individual's iron status. In that

publication, Baumgartner mentions a study by Walter,
according to which iron-related anaemia significantly leads
to restiricted mental aﬁd psychomotor development in
children. The compound used in the study was iron sulfate.
However, after administering iron sulfate for 75 cays,
Walter did not find any improvement in the mental and

psychomotor development.

Other studies mentioned in Baumgartner show a significant

improvement in cognitive performance with iron therapy.

Baumgartner further presents clinical studies which reflect

the influence of the iron status on the immunolcgical

functions.
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unpl easant dose-dependent secondary reactions, such as
gastro-intestinal disturbances or discolouration of
the teeth. Iron fromiron salt conpounds is subject
to the 5 passive diffusion of free iron ions. The iron
can enter the circulation and thereby cause secondary
reactions or iron poisoning.- Gonsequently, the LD50
value in white mce, at 230 ng of iron/kg, is also
relatively low The use of iron salt conpounds is

t herefore di sadvantageous in particular 10 when
treating children, in whomiron is particularly

i pontanifabe fhekdevel opneatsef tdakabiaedhy afidedihently,

i mmune s%st§n1 Tge stgd% of Tucker "lron status and
YR hCFERTE | ONS S SErRMI ARt  BPTPRIAY eVRT ST HeiDei Bty a8
Wi B ASYIHBL £ 1 884 Of aCOF LR €l 8618 00RYSL @ OOV RNYE the
coghitive performance” (Am J. Cin. Nutr. 1984; 39:

105= 11 3) Irguni Ehem sindr osakht ¢oneeunds t he speubddeatd ophe

Tt 17 ol St GRS o 180 HE RIS B R o onper the
| & Dredhet Bpy ©fd Belthavdloy Pendorsmneedary MNonahem<€,or iron

I ron-Deficient Infants”, PED ATRICS 1983; Vol une 71;
ST BHYL s SR F A ALY ant D HePpar Bhter AR UBatEfMiFen at

dexd rgh 48 ﬁ}&@ﬂ&%ﬂtﬂg%@o because, & Hexdk anrihdueed, s 5 pon
25 anaphyl acti c shock can occur. The 7 nventors

tdreref ormeaetds hensetamst vt dbjettamfagdiyaling particular
Qgﬁdil tolerable.%&on conmpaounds whi ch. are sujtﬁpl%‘

FBr= nipr oV Y Brat HPET f of hafitet atd™t e defehcd it

important for the development of the brain and the immune

system.

The study of Tucker "Iron status and brain function: serum
ferritin levels associated with asymmetries of cortical
electrophysiology and cognitive performance" (Am. J. Clin.
Nutr. 1984; 39: 105-113), which is alsoc mentioned in ths
publication of Baumgartner, shows that brain performance is

proportional to the ferritin level.

Oski "Effect of Iron Therapy on Behavior Performance in
Nonanemic, Iron-Deficient Infants'", PEDIATRICS 1983; Vclume
71; 877-880, ﬁses iron dextran. The parenteral use of iron
dextran is disadvantagecus because a dextran-induced

anaphvlactic shock can occur.

The inventors therefore set themselves the object of
finding readily tolerable iron compounds which are suitable
for improving brain performance and immune defence in

particular in children, including infants and adqlescents.
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30 -particular in children, including infants and

adol escents. 4 In a study, they have been able to
denmonstrate that iron(l11) conplex conpounds wth

car bohydrates, in particular with polynmaltose

(mal todextrin), are particularly tolerable, have high
patient conpliance and 5 bring s hout a significant

i mprovenent in i mune defence and/or brain
performance. Al so surprising was the fact that an
early significant inprovenent in inmune defence and/or
brain performance is found even though iron(l11l)-

pohysaktogag, cenpl,exacenpedndsblesubt defoapkyadestbut 10
increase in the ferritin level. On the basis of this
r 850P( I I{ heyORBABKef BUPPHBODT B3 ERt CRAVBAYABALEThell

igX?EEbQﬂartQ§E§f86§¥ ﬁh@&@%okﬂaEESdé§€r9§ yLropLltt)

npl ex conpounds car ydrates or defivatives
tperEm&uﬂarthetpEepabheLohaoé hlghdpaament forpliance and

rOV|n% Egune de fﬁﬁ% t15 and/ or a|n erfor ng

Tﬁ 1Hprovehent A" mofie dé?%ﬁ%EeRFP At FEUURS pae pFRCe
tQﬁd/bBVBB&i@np@FﬁﬁﬁménéégnAié@aﬁﬁrpﬁPEQM nﬁ@& tHeth§ct that
i nmune _responses, as is shown, for exanple, in a

s@@n@@réhn@19@lfh@@@veh@mr0V@m@hé %?nb%@@y@ed¢§%%@%s@ﬂd/0f
tﬁrQDMt erPQPHQQQ%“Eén F%@ %Stﬁg?ég i MIT fred
e ni tr obl razolrum est

rovenen
(@5ﬂ§mw5t@ge aeth T epht bsponndanr ¢ 8Pl oveneat 1y na t Hitow
bactericidal capacity . of npeutrophils (PCA)  nea ured

tﬁﬂ?ﬁ%a%%rbﬁdF%%t e het POt V25 | AR anf Mpioven®ht tihe
thesppoct RoAl - &Rt 1 bodh esne f9F 848D €vention. The invention

therefore relates to the use of iron(III} complex compounds
with carbohydrates or derivatives thereof in the
preparation of a medicament for improving immune defence

and/or brain performance.

The imprcocvement in immune defence within the scope of the
invention means a significant improvement in the immune
responses, as is shown, for example, in a significant
improvement in the lymphocyte response te phyvto-
haemagglutinin (PHA) using the MTT method, in an
improvement in the nitroblue tetrazolium test (MBT) using
neutrophils, in an improvement in the bactericidal capacity
of neutrophils (PCA}) measured by the turbidimetric method,
in an improvement in the monoclonal antibodies, for example
CD3, CD4, CD8 and CD56, counted, for example, using a BD
flow cytometer with a simple staining method, and/or in the

antibody response to measles, H. influenza and tetanus.

An improvement in brain performance within the scope of the

invention includes in particular an improvement in
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CD3, CD4, CD8 and CD56, counted, for exanple, using a
BD flow cytoneter with a sinple staining nethod,
and/or in the antibody response to neasles, Xx.

i nfluenza and tetanus. 30 An inprovenent in brain
performance within the scope of the invention
includes in particular an imravenent in - 5

cognitive functions and enotional behaviour and is
expressed, for exanple, in an inprovenent in the
short-term nenory test (STM, in the long-term nenory
test (LTM, in the Raven progressive matrices test,

I Bo H@t%éhﬁhﬁ{:tﬁgﬁht afqdl BhethbgenCcEe862L 8ut VW) is
and in the enotional coefficient (Baron EQi,

t@gpreyé@ﬁh ﬁ@rseéﬁmplerohplPn)lﬁﬁﬁﬁveme@én@@uhhg ghent-term
PﬁéRSF?dEQE§S g FRNRE 18§§9t35§ %%ﬁ %théPe (LTM), in
on [y

inven pre éra I n¢l ude 0Sé
cahbohadéﬁtpSO@ressebecm&driceﬁwthetgrmnpth@owstﬁsl@g adult

of dextrans and derivatives thereof, dextrins and
deRF oLt +9RRCE hBFRbF Z I%is%n62?¥u+%nth%|?@%h%?%al

apgdlericderivatives theyeoby Parti %@&%@éﬁ@ﬁpe s
given to iron(ill) conplex conpounds with dextrins or

oxidation 15 products thereof Exanples of the

PO eSS PP e e PR E i SPEREER waich san be

mﬁé@ta&ﬂﬂﬂim§a&bﬁmk[Xiﬁéﬁgﬂ&@%meﬂ@l@&g@?&&ﬂ&ﬁetﬂ&se
3076798, WO 03/087164 and WD 02/ 46241 nmentioned at
tPREBRYE nfA TR He £ 1% ySoFed e df 59T 0t €3 2P of

V\@&I‘f@lsﬁ:[h&acgf '&éﬁt@faﬂé‘ éﬁ%lﬁtfws pt‘fl?eplaé@f' Ofbxtrins

processes, is to be iIncorporated herein. The term
and derivatives thereof and also pullulan, oligomers and/or

derivatives thereof. Particular preference is given to
iron(III) complex compounds with dextrins or oxidation
products therecf. Examples of the preparation of the
iron{III}) complex compounds according to the invention are
found, for example, in patent specifications DE 14679800,
WO 04037865 A1, US 3076798, WO 03/087164 and WO 02/46241
mentioned at the beginning, the totality of the disclosures
of which, in particular in respect of the preparation
processes, is to be incorporated herein. The term
"dextrins', which are preferably used according to the
invention, is a collective term for wvaricus lower and
higher pclymers of D-glucose units, which form during the
incomplete hydrolysis of starch. They can alsoc be prepared
by polymerisation of sugars (e.g. WO02083739 AZ,
Us20030044513 A1, US 3766165) . The dextrins include the
maltodextring, or polymaltoses, which are prepared by
enzymatic cleavage cf maize or potato starch with alpha-
amylase and which are characterised by the degree of

hydrolysis, expressed by the DE value (dextrose
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"dextrins", which are preferably used according to the
invention, is a collective termfor various |ower and
hi gher pol.yners of D-glucose units, which formduring
the 25 inconpl ete hydrolysis of starch. They can al so
be prepared by polynerisation of sugars (e.qg.
W02083739 A2, US20030044513 Al, US 3766165). The
dextrins include the nualtodextrins, or polynaltoses,
whi ch are prepared by enzymatic cl eavage of nmize or
potato starch with al pha 30 anyl ase and which are
characterised by the degree of hydrolysis, expressed

Jike l@%b val gg 16dextiese Bin adoV dlelilaiRely mldesang to
can al so be obtained according to the invention by

abied Jlm?v:w;rmllpsm dyofacdex twidrolyEie ofr deartatinen dhet he
iron co mh h
BEE a&dopbn&Lgéi gﬁpﬂ%q% IC Canc% dﬁ%ﬁ% Whlc fan be

on |s ge eral Earried
@s%@ﬁ%hb@&dh&@ﬁ&b'kh@r1hh@&¢hbh)1Sabb&erbﬂl@ambw¢db@'out by
iron(l1l) chloride, with the dextrins, in partic Iar
FelyEIngos& ond Iox Cdatiren (Frdduced t6r ﬂﬁep@§%ﬁﬁqi

3%%%qg%l§l%ﬂho@§d%0|%ﬁ%%nt@%Hd%szlﬁgd Hﬁe@d@Qﬁ@dﬂ&r

~Preparation in the weakly acidic pHrange is al so
p@igmbﬂeosbo thmavadﬁtabmapm@dupﬁsv&Eué@eoﬁeXf ins in

exanpl e, are d Th vaI eis

SQEFQPébP}ka drEas8 ugﬁ8ﬂ gga&& g Fpen WieF &R PGan®
@‘?‘ce@;%@'a%%gl anFth%X@e@Bh{Qy B)t fillbsta@@h@@ dsweako bossible.
base, for exanple to a pH of about 3; further

Heweralri, s alkeR iogn PEheR BeSc &iri 68T 0GKMPLR  a st PoRgEr

preferred.

The pH value is preferably increased slowly, or gradually,
which can be achieved, for example, by first adding a weak
base, for example to a pH of about 3; further
neutralisation can then be carried out with a stronger
base. There are suitable as the weak base, for example,
alkali or alkaline earth carbonates and bicarbonates, such
as sodium and potassium carbonate or bicarbonate, or
ammonia. Examples of strong bases include alkali or
alkaline earth hydroxides, such as sodium, potassium,

calcium or magnesium hydroxide.

The reaction can be promoted by heating. For example,
temperatures in the order of magnitude of from 15°C to the
boiling point can be used. It 1s preferred to increase the
temperature gradually. For example, heating %o about 15 to
70°C can be carried out first, and then the temperature can

gradually be increased to boiling.
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base. There are suitable as the weak base, for
exanple, alkali or alkaline earth carbonates and

bi carbonates, such as sodium and potassi um carbonate
or bicarbonate, or 20 ammoni a. Exanpl es of strong
bases include alkali or alkaline earth hydroxides,
such as sodium potassium cal ciumor magnesium

hydr oxi de. The reaction can be pronoted by heating.

For exanple, 25 tenperatures in the order of magnitude
of from15C to the boiling point can be used. It is
preferred to increase the tenperature gradually. For

%ﬁ% e%ctq%%t§QQe%0a§QOUEO%5ek9mp1@C ganthe eaneiredf
i rst then the tenperature can gradually be

magm&asd@ td Booki N§. mM30uresThe seyerpdnhevmes &-g. from
%r exanpleggvgr%E%E%L?%%rogxampggl%%gg 9k Egoqblﬁlnutes,

S rom mnutes to

QO%I‘S,frfOQ{ sexaeplke fiemtds.to 70 minutes, e.g. from
30°to 60 mnutes. 5 Wien the reaction has t aken pl ace,
the resulting solutlon can be cooled to room

Leaperatur %Fc g@gpkgkeﬁnglaggt'QﬂélEﬁs@ﬁkgh%ds@mdtlon

opti onaII After cooling, the pH value can
benameu&bedeﬁotbheonmuteapepatnreorf@@ skaght ey BeFow,

R e b T
meat aned 1i,aclkude vthesg urketi enedhabaveti-al bhent or
;iighkgg below, for example to values of from 5 to 7, by
addition of acid or base. Examples of bases which may be
mentioned include those mentioned above for the reaction.
Acids include, feor exanple, hydrochlorid acid and sulfuric
acid. The resulting solutions are purified and can be used
directly in the preparation of medicaments. However, it is
also possible to isolate the iron(III) complexes from the
solution, for example by precipitation with an alcohol,
such as an alkanol, for example ethanol. The isoclation can
zlso be carried out by spray-drying. Purification can be
carried out in the conventional manner, in particular for
the removal of salts. This can be effected, for example, by
reverse osmosis, it being possible for such a reverse
osmosis to be carried out, for example, before the spray-

drying or before the product is used directly in

medicaments.

The resulting iron(III) complexes have, for example, an
iron content of from 10 to 40 % wt./wt., in particular from
20 to 35 & wt./wt. They are generally readily soluble in

water. It is possible to prepare therefrom neutral aqueocus

solutions having an iron content cf, for example, from
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Aci ds include, for exanple, hydrochloric acid and
sulfuric acid. The resulting solutions are purified
and can be used 15 directly in the preparation of

medi canments. However, it is also possible to isolate
the iron(l1l) conplexes fromthe solution, for
exanpl e by precipitation with an_al cohol, such as an
al kanol, for exanple ethanol. The isolation can also
be carried out by spray-drying. Purification can be 20
carried out in the conventional manner, in particular
for the renoval of salts. This can be effected, for

exafphe, /<Ryl . reyerses asosisl . idudiei g possidlenrd oe
such a reverse osnpsis to be carried out, for

“eblegipnal Libettrel kdedpray- drying or before the

product is used directly in 25 nedi canents. The
resulting iron(ll1) conplexes have, for exanple, an
i Faare it ntheo fofammm a0l dro D %oat (TN, —pdrympdritdseulamplex

LS B0 g Wy TR0, 08 o g 1

t herefrom neutral aqueous solutlons having an iron
content of, for exanple, from8 1 %w./vol. to 10 %
VD /av gtz e feute s Gimid rttamﬂoethet Heviealiiprst e [ireed L1 1)

Re r di.n t rati f 111 |40

B DO BRI L el L A XL 036
3Q%ﬁ3@&1|4pdﬂjﬁéﬂﬁﬁﬁ£dxﬁ¢ﬂ@&Iﬁﬂﬂpdﬁhdﬂpiaﬁ@aﬂﬁﬂyﬂhas a
an iron(l!Il) ydr oxi de- pol ymal t ose COEE*FX compound

|¥9%ﬁﬁﬁ%arﬂﬂﬁquﬁnﬂﬂlqhﬁ gérpralitrsde 40 compound
Fgﬁﬁfﬁ@ﬁ”déﬂ%ﬁhé% in a preferred embodiment from 30,000 to

80,000 daltons (determined by means of gel permeation
chromatography, for example as described by Geisser et al.
in Arzneim. Forsch/Drug Res. 42(11), 12, 1439-1452 (1992),
paragraph 2.2.5). A particularly preferred iron(III)

hydroxide-polymaltose complex compound is Maltofer® from
vifor AG, Switzerland, which is available commercially. In
a further preferred embodiment, an iron(III) complex
compound with an oxidation product of cne or more
maltodextrins is used. This is obtainable, for example,
from an aqueous iron({III) salt solution and an agqueous
solution of the product of the oxidation of one or more
maltodextrins with an aqueocus hypochlorite sclution at a pH
value in the alkaline range, wherein when a maltodextrin
whose dextrose equivalent is from 5 to 37 is used and when
a mixture of a plurality of maltodextrins is used, the
dextrose equivalent of the mixture is from 5 to 37 and the
dextrose equivalent of the individual maltodextrins
contained in the mixture is from 2 to 40. The weight-
average molecular weight Mw of the complexes so obtained

ig, for example, from 30 kDa to 500 kDa, preferably from 80
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10 nol ecul ar weight in the range from 20,000 to
500, 000 daltons, in a preferred enbodi nent from 30, 000

to 80,000 daltons (determ ned by neans of gel

perneati on -chromatography, for exanple as described
by Geisser et al. in Arzneim Forsch/Drug Res.
42(11), 12, 1439-1452 (1992),. &5_paragraph 2.2.5). A
particularly preferred iron(lIl)

hydr oxi de- pol ymal t ose conpl ex conpound is Maltofer(r)
from Vifor AG Switzerland, which is available
comercially. In a further preferred enbodi nent, an
I t@on{$0 |RDL o ei colpolndowe fdranl yoximatd ot riauct
of _one or%engre 20 mal todextrins is used. This is

ot AT FEBI e £o¥ BSAIMDIY, 9%y &ﬁ%%ﬁﬁb@%%fm%ph% for
Sé&émﬁpé Ut d Qi A 19 At eSS 5501 it | ON. Of, the, Rrsaduct

of thHe oxidation of one or nore nmltodextrins with an
aﬁuml’s/mpmd%ﬁi@rlftié 'siol utidn 1a‘-t333-1p4—$2 valagzlin the

al kal i ne .r g€ n_when odetrln 5 whose p
c%%&ar%saé&ég{] a? ent efse?errbcn% gnaty RS used ancf \ﬁhOnnec Lon

adring wEaf3 e ad wal itor afxaiml teodextid itisdls tised; ke
dextrose equi valent of the mxture is from5 to 37 and
thes S IRStTosE etftii Vallent® P REGHAYTRFA +» the present
podextid s contained in the mxture is from2 to
The weight 30 average nol ecul ar wei ght Mwv of the
conpl exes so obtained is, for exanple, from30 kDa to

f b f 80 to 35
Ao | DAy b Yo 400" RRAP e CPRNEE Tyt
RaANS ffnaeld Q@Mﬁson GO haRhbe frrﬁ,trde exanpl e

as descrl bed by Geisser et al. in Arzneim
WO 03/087164.

Regarding the preparation of iron(III)-pullulan complex

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

The iron(III) hydroxide complex compounds used according to
the invention are preferably administered orally. In
principle, however, they can alsc be administered
parenterally, such as intravenously, or intramuscularly.
The daily oral dose is, for example, from 10 to 500 mg of
iron/day of use. Administration can continue, without
hesitation, over a period of several months until there is
an improvement in the patient's iron status, reflected by
the haemoglobin wvalue, the transferrin saturation and the
ferritin value. Oral administration preferably takes place
in the form of a tablet, a capsule, an agqueous solution or
emulsion, in the form of granules, a capsule, a gel or in
the form of a sachet. Solutions or emulsions are preferabliy
administered, in particular to children, in the form of

syrups or -uices, drops, etc. To this end, the iron(III)
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Forsch/Drug Res. 42(11), 12, 1439-1452 (1992), 5
paragraph 2.2.5). Reference may be nmade in this
connection to WO 2004037865 Al, for exanple, the
totality of the disclosure of which is to be
incorporated in the present application. 10 Regarding
the preparation of iron conplexyconpounds wth

hydr ogenat ed dextrins, reference nay be nade to WO
03/087164. Regarding the preparation of
iron(l11)-pullulan conplex 15 conmpounds, reference
may be made to WO 02/46241. The iron(l11) hydroxide

coppl-8%i80URAYRHSNUSBRHAE GOk BnPGuh@s £hE HBVBAbLGA: Al €to the
preferably adm nistered orally. In §r|n0|ple

hauevebletﬁeymcgﬁ aﬁ@enbétaéﬁiﬁnswet degpventional
gg%gégh u%Q*ﬁ%e%Qt §3638#§%¥ar9rsub tances. o thig

H ranmiuscu ?y e da| y oral dose’is or exanple
féﬂﬂ1160h0a56@oﬁgloblnﬁéﬁn/daygbidaseS Adniuestsatlon

can conti nue, w thout heS|tat|o over a period of
sEVEIAFSHABATAES unBFF - t ARt ePF sUS &Y |nprovenent in the
patient's iron status, reflected by 25 the haenogl obin

val ue, the transferrin saturation and the ferritin
vihaeus€r atcaddi ng ste at heni prefeiabl gar akalse ppheee i

h f b
(e QLM 8,887 2118, SRS, can 201S0LE, LAY B0kos

gela@E Eor the ﬁﬂéﬁ&ﬂit@oﬁa@he& m&O] thhems Hfr treating
emul si ons are greferabl 30 adn1n|stered in

paRtieuear €l tRTedr SRClrde thR 3okt 91 9P ipEceRts or young
jgég§§e_drops, etc. To this end, the iron(lll) 10

The use according to the invention proceeds in particular
by improving the neutrophil level, the antibody level
and/or the lymphocyte function, determined, for example, by

the lymphocyte reaction to phytohaemagglutinin.

The use according to the invention can serve to treat
patients with iron deficiency anaemia, iron deficiency
without anaemia as well as patients without iron deficiency
anaemia or iron deficiency, preferably for treating
patients with iron deficiency. This classification is
dependent on the age and sex of the patient and can also
vary from person to person. Classification can be made, for
example, by the haemoglobin value and the value for trans-
ferrin saturation (%). Reference values for haemoglobin,
determined by flow cytometry (photometric): cyan-
haemoglobin method, are listed, for example, in Charite,
Institut filir Laboratoriumsmedizin und Pathobiochemie

(http://www.charite.de/ilp/routine/parameter.html).
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hydr oxi de-dextri n conpl ex conpounds can be brought

into the suitable formof admnistration with
conventional pharnaceutical carriers and auxiliary
substances. To this end, conventional binders or
glidants, diluents, 5 disintegrators, etc. can be

used. The use according to th1inyention can take

place in children, young people and adults. It
preferably takes place for the preparation of a

medi canment for treating 10 children. Children include

i nfants and adol escents or young people. The use

3ELCH LG 10 dhed e 1 QD RIoGeRds it At 1iGHrilde iency
i mproving the neutrophil |evel, the antibody |evel 15
argl/agmartel 3y phidcyte function, determ ned, for

exanpl e, by the |ynphocyte reaction to

phyt ohaemaggl uti nin. The use according to the

| peeitd iony can serie:id,0 i r editngdeatd ent.s Dwitnterinr,on
deficiency_anaem_a, iron deficiency 20 w thout  anaenj a
dot @19t el set s WAARERS G iro e IRGTEaRdyP D &ifdemirgmien,
of i T Hefd £iNWhorr %&ﬁrﬁ%eﬁf Qe L atiicGha RACELNTES ]
wth 1ron deficiency. This classification is

deperdent iownt e fdge camd sexe dfe tded qudtcidetl ianig¢ccan

al.so . vary from pgers Q rson. C assifi.cati.on
Eé‘%@i%’dr Azggg@é:r?%réerﬁ@ectlhne Taenog rc‘S:‘k%"llr(13"illva u %gl%gally
the e SOr Yy ans- dredonpsadatiali, 0y Ahcriefserence

val ues for haenogl obin, determ ned by flow cytonetry
(feteatsdreetdine ande HWRSFIGEHIM SPEtBEd 1 %are 1 st ed,

for exanple, in Charite, Institut fur

Labor at ori unsnedi zi n and Pat hobi ochem e

Surprisingly, improvements in immune defence and/or brain

performance have also been achieved according to the
invention in patients who had a normal haematological

result in respect of iron status.

The mode of acticn of the invention is explained and

demonstrated by the example which fcllows.
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30 (http://ww. charite.de/ilp/routine/paranmeter. htm).
11 Transferrin saturation in patients wthout iron
deficiency is generally > 16 % According to M W ck,
W Pinggera, P. Lehmann, 5 Eisenstoffwechsel -

Di agnosti k and Therapi en der Anmien, 4., enlarged
edition, Springer Verlag Vien 1998, all forns of
iron deficiency can be detected clinico- chemcally. A
reduced ferritin concentration is generally
acconpani ed, by way of conpensation, by increased 10
transferrin and |low transferrin saturation.

ggéﬁgbiingly, i nprovenents in i Mmune defence and/ or
per f ormance have al so been achi eved accordi ng

to the invention in patients who had a nor nal

haemat ol ogi cal 15 resu i,n . respect _of ir a L
ﬁﬁénﬁoéefé#maEFFGﬁdoFa%hgtiﬁégﬁtpgnpﬁg E%gﬁgﬁzeéggﬁ%lnl“g
%;ZpﬂshbaEQdagyiEB%(@K@thgdﬂﬁ&@ﬁeﬂpbﬂgmﬁlt&%e-complex
MPLE "Using a fil mcoated tablet (620 ng per tablet)
gohbainiingMaldbdrer@y ofcanrdsmmding to 100 mg of iron, a

hydr oxi de- pol ymal t ose _conpl.ex 5 conpound : ,
ENBEH ST EFOFFF, SCofFeShoRdrng £6™1605Ry “BF P60

gggﬁggagﬁ@gf%i%hug¥ogfd@&&bibhgg,sw@@heﬁenWchantlanaemia,
adolescents wth iron deficiency, with or wthout
anaepimaariksoncenphr espdagiebh arpRRCEBS §R6UPSHasyut -
carried out. 10 The aim of the conparative study was

to study the effects

The aim of the comparative study was to study the effects

of orally administered iron(III) hydroxide-polymaltose
complex (100 mg of iron per day and placebo for 6 days per
waak for 8 months) on the immune responses, the
haematological status, the cognitive functions and the
behavioural functions in four groups of adolescents with
iron deficiency anaemia, with iron deficiency, without iron
deficiency and anaemia (iron supplementation) and a further

group without iron deficiency and anaemia (placebo group) .

To this end, 500 apparently healthy adolescents of both
sexes aged between 15 and 18 were chosen at random and
divided into the following groups using a plurality of

hzematological criteria.
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of orally adm nistered iron(l11) hydroxide-pol ynmal t ose

conpl ex (100 ng of
per
haemat ol ogi cal
15 behavi oura
with

w t hout iron

aged between 15 and

the cognitive

group

18 were chosen at

iron per day and placebo for 6 days
week for 8 nonths) on the i mMmmune responses,
st at us,
_ functions in four groups of adol escents
iron deficiency anaem a, .with iron deficiency,
deficiency and ahaem a (iron

suppl enentation) and a further
defici ency and anaem a (placebo group).
end, 500 apparently healthy adol escents of both

t he
functions and the

Wi t hout iron
20 To this
sexes

random and

divided into the following groups using a plurality of

Eaegptologlcal crlteghgmgiﬁmlgrgygl eﬂgggggu@n(gyﬁﬂatlon
ransferrin saturati * iran ficiency boys: 7

A 11Jo eflcl'@nc@naem %OQEDAY) _gkriisy 7 |<<510. 5 < 16 B:
aﬁggﬁl ighency boys: 11.5 <16 (ID) girls: ? 10.5
<16 C noiron def@gkeﬁcw, -boys.5? (14.1% > 16 no
anaenm a,nor-hal—supplerentatter—NS—gtrts—210-5—>
£6 idn @daeeboy no Hoyss: 2 11.5 >- 16 <dfaemi a, nor nal
ptacebo (NP) girls: |? 10.5 > 16

girls: = 10.5 < 16

C: no iron deficiency, boys: 2 11.5 z 16
no anaemia, normal
supplementation (NS) girls: = 10.5 > 16
D: placebo, no boys: 2 11.5 z 16
anaemia, normal
placebo (NP) girls: = 10.5 > 16

Each group consisted of 30 test subjects and there was a

total of 120 test subjects,

who were

above-mentioned four groups (NP, NS,

Test process:

Hzematological evaluation:

divided into the
ID and IDA).

Venous blood was taken from all 120 test subjects using

vacuum test tubes,

analysed in a Sysmax blood test.

from the blood samples and stored at -20°C.

The

and all the blcod parameters were

serums were separated

Serum samples

were subjected to SFe and TIBC determinations by standard

methods (NIN-Manual

TIBC and given as a

were carried out using an

assay'" (ELISA).

1983).

percentage.

TS was calculated from SFe and
Serum ferritin analyses

"enzyme linked immuno sorbent
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Each group consisted of 30 test subjects and there was

a total of 120 test subjects, who were divided into

the 5 above-nentioned four groups (NP, NS, ID and

| DA). Test process: Haematol ogi cal evaluation: 10
Venous bl ood was taken fromall 120 test subjects

using vacuumtest tubes, and a{|_the blood paraneters
were analysed in a Sysmax bl ood test. The seruns were
separated fromthe bl ood sanples and stored at -20C
Serum sanpl es 15 were subjected to SFe and TIBC

determ nations by standard nethods (N N-Manual 1983).
Tevas £l £td aded &40 SFiea patelin TIBG ANk 8t Ve @dnfhed by
percentage. Serumferritin analyses were carried out

ust areCard "eaizlye@s | i nked i muno sorbent assay" (ELI SA)

20 14 Serum fol ate and cyanacobal am n (B12) were
determined by standard nethods. |Imrune responses: 5
Neutuophid spangkd ynphocytes were separated from fresh

bl ood sanples by the single-stage double density

gradi ent nethod, and the follow ng i nmunol ogi ca
ARSI B GAId | B fis lde 12O dastes W EEIS e blood
- lynphocyte response to phytohaemaggl uti nin (PHA)
usnles by the single-stage double density gradient method,

and the following immunological assays were carried out for
all 120 test subjects:

- lymphocyte response toc phytohaemagglutinin (PHA) using
the MTT method;

- nitroblue tetrazolium test (MBT) using neutrophils;

- bactericidal capacity of the neutrophils (BCA) measured

by the turbidimetric method.

Using fresh samples of whole bleooed, counts of the
monoclonal antibodies CD3, CD4, CD8 and CD:56 were carried
out using a BD flow cytometer by the single-staining method

and expressed as a percentage for all 120 subjects.

The following tests were carried out using serum samples

from all 120 test subjects:
- antibody responses to measles, flu viruses and tetanus;

- C-reactive protein using a semi-qguantitative method.

Cognitive functions and emotional behaviour

The cognitive functions and the emotional behaviour of the
120 test subjects were determined in accordance with the .
most frequently used tests and according to established

methods:
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the MIT nethod; - nitroblue tetrazoliumtest (MBT)
usi ng neutrophils; - bactericidal capacity of the
neutrophils (BCA) neasured by the turbidinetric :
met hod. 15 Using fresh sanples of whol e bl ood, counts
of the nonoclonal antibodies CD3, CD4, CD8 and CD56
were carried out using a BD fjlsow cytoneter by the
singl e-staining method and expressed as a percentage
for all 120 subjects. 20 The follow ng tests were
carried out using serumsanples fromall 120 test
subj ects: - antibody responses to neasles, flu viruses
and tetanus; - C-reactive protein using a

sem -quantitative nmethod. 25 Cbgnltlve functions and
drotitod]- isaaviesnr yTHe sdodi®ve functions and the

ti onal, _hehavi fo Lh T%go test subjects were
1
et erm g-rﬁh%§§%b gﬁ%% %ﬁt the 30 nost frequently

medﬁ@ﬁ prangd cacticrdinkg rtiecast @#M)shed nmet hods: 15 -
1. short-termnnenory test (STM 2. Ion m menory
(o TIP3 REori g ESRIE STt CQICRPM 5 4

Vechslgr agul tqu'cﬁ:tl%hrllt' Q(%Q%ns@@—(i (WA Sk RiORRIrsion) .
quotient (Baron EQi; YV test; youth verS|on)

Evaluation of achievement in school

The achievements of the 120 test subjects in school were
determined individually by means of a scheoel achievement

test.

Anthropometric evaluations, physical examinaticns, urine

and stool examinations were carried out by standard

metheods.

Statistical evaluation:

Comparison of the average values of the parameters over
successive time periods gave a picture of the effect of the
treatment. The nature of the evaluation meant that a
repeated measures design was recuired. For each parameter
there were three sets of observations, which were all
correlated. Consequently, the repeated measures test is the
suitable means, and the statistical analysis was carried
out using SPSS software. The method tests the significance
of the parameter values over the duraticn (points of time)
between the groups and, if present, interaction between
duration and group. Multiple comparisons between different

groups were carried cut automatically by the repeated
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Eval uati on of achievenent in school 10 The

achi evenents of the 120 test subjects in school were
determi ned individually by neans of a schoo

achi evenent test. Anthroponetric eval uations,

physi cal exam nations, urine 15 and stoo

exam nations were carried out qgy standard nethods.
Statistical evaluation: 20 Conparison of the average
val ues of the paranmeters over successive tine periods
gave a picture of the effect of the treatnent. The
nature of the evaluation neant that a repeated

MRASHIRS: desitgRWas tRIWiIEedf FED each rardangiidicance
there were three sets of observations, which were all
25 fdsrresics d¢s™onsequent |y, the repeated neasures
test is the suitable neans, and the statistica

anal ysis was carried out using SPSS software. The
meidhdct s ests the significance of the paraneter val ues
over the duration (points of tinme) between the groups
and, if present, interaction between 30 duration and

HRMD = MU P& FERMRARIS NS helaen dirf frelceRltes 1@ QURS 1ed
were carried out automatically by the repeated 16

redsumeselesti nninesoErs gifd thie bSPrEtedsuisipgnisficdarfce the
di fference.test). R t.S . .age fe r
e N N e
behaviocur.

Significant increments were found for all iron-related
haematclogical parameters from the baseline to four months
and again from four months to eight months of the
supplementation in all groups to which the iron preparation
was given, namely the group with iron deficiency with (IDA)
or without (ID) anaemia and the group with normal

haematology which received supplementation (NS).

There was a significant increase in the lymphocyte response
to phytohaemagglutinin, bacterial killing by neutrophil
assay, nitroblue tetrazclium test and the levels of
antibodies towards measles and Haemophilus influenza in the
three groups with supplementation (IDA, ID, NB) for the
periods 0 to 4 months and 4 to 8 months. For antibodies to
tetanus, the difference between the baseline and 8 months

was significant for these three groups.

The cegnitive performance improved from the baseline to
four months and from 4 to 8 months in all the tests,

including SAT, with the exception of EQ.



out, nanely in respect of the haematol ogi cal status,

the immune status, the cognitive function and the

enoti onal behaviour. 10 Significant increnments were
found for all iron-related haematol ogical paraneters
fromthe baseline to four nonths and again fromfour
months to eight nonths of the ;supplenentation in all
groups to which the iron preparation 15 was given,
nanely the group with iron deficiency with (1DA) or

wi thout (I D) anaemia and the group with nornal
haemat ol ogy whi ch received suppl enentation (NS). There
WafedeSiABEELEANE EACREasetbNobheal y mDhacyd BotespONsed
20 to phytohaemaggl utinin, bacteri al k[l[lng by .
neagrobhve fasshyonai revdl YBPeetaakof{Ld¢@st Sawyl fheance.
| eve of __antibodies. sl es. | -
BT BRone? Bt he o R e B R R LBy (e R o PR
(bOByna D odNS) chapléhe ipenhedse Detoe Jandnbhsiandedf ¢omance
8 nonths, For antibopdies to 25 teéanusél the, difference
bethekf HHRX BERRI i T Bnan 8 RHONT 3V HRE ST Ynt Y i Cant =t or
these three groups. The-cognitive performance i nproved
fromthe baseline to four nonths and from4 to 8

nmonths in all the tests, 30 including SAT, with the
exception of EQ 17 These increnents in

haemat ol ogi cal, i munol ogi cal and cognitive functions
have inportant clinical significance. By the regular
adm nistration of an iron(l11) hydroxide-
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iron(l

pol ymal t ose conpl ex, inmune defence and brain
performance 5 can be inproved, w th enornous
advantages to society. 18 - CLAIMS: 5 1. Use of
iron(l11) conplex conmpounds with carbohydrates or
derivatives thereof in the preparation of a

medi canent for inproving i nuneg def ence and/or brain
performance. 10 2. Use according to claiml, wherein
the carbohydrates are selected fromthe group

consi sting of dextrans and derivatives thereof,
dextrins and derivatives thereof and also pullulan,
ol i gomers and/or derivatives thereof. 15 3. Use
according to claim1 or 2, wherein the carbohydrates
are selected from oxidised or hydrogenated dextrins.
20 4. U%%jgﬁﬁgrding to claiml or 2, wherein the

Il conpl ex conpound is an
iron(ll1)-polymaltose conplex conpound. 5. Use

according to claim4, wherein the iron(l11), .25
plol ynﬁist‘%%f éﬁﬁi}@g@o &L B cml?atp wETRE gy ates
the range;d+Qm 20000 Ho- 200,000 Al r H:1 dSSF a

according to any one of claims 1 to 5, wherein the .
i r on( Indd1ceorgtext o npamrey ding dmruyren @afoncsompidderatprain

conpound w th an oxidation product of one or nore
perrormance.

2. Use according to claim 1, wherein the carbohydrates
are selected from the group consisting of dextrans and
derivatives thereocof, dextrins and derivatives thereof
and alsco pullulan, oligomers and/or derivatives

thereof.

3. Use according te claim 1 or 2, wherein the
carbohydrates are selected from oxidised or

hydrogenated dextrins.

4. Use according to claim 1 or 2, wherein the iron(III}
complex compound is an iron(ITI)-polymaltose complex

compound.

5. Use according to claim 4, wherein the iron{III)-
polymaltose complex compound has a molecular weight in

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

6. Use according to any one of claims 1 to 5, wherein the
iron(III} complex compound is an iron(III) complex
compound with an oxidation product of one or more

maltodextrins.
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mal todextrins. 19 7. Use according to claim§,
wherein the iron(ll1) conplex conpound is a
wat er - sol ubl e i ron-carbohydrate conplex obtainable
froman aqueous iron(lll) salt 5 solution and an
aqueous sol ution of the product of the oxidation of
one or nore naltodextrins wth,an aqueous
hypochl orite solution at a pH value in the al kaline
range, wherein when a naltodextrin whose dextrose
equivalent is from5 to 37 is used and when a m xture
10 of a plurality of maltodextrins is used, the
dextrose equivalent of the mxture is fromb5 to 37
and the dextrose equivalent of the individua
Zgltgggﬁimﬁgsrddn@tabnedaﬁm thewhiextdne the firom{ZIfo
. . e according to any one of clains 1 to,7
the ~ SrEBARH FORPORTE MedPcATERE FoI1BIE Lopn-carhbnydrate

par enteral o 2dWi R Skhakl eRondanUsguaecer dirbg (ToTangalt
one of claims 1 to 8 in the 20 preparation of a
medi camentt ifor andeani AgUERdFeRLt1pBuRg bEEpPECGRCt of the

adul ts. .10. .Use r.di.ng a Lai
iy o i AR PI0E SR F0E.BR S ek, L Ao

t abl etyypokhanrize aglecusrsaltuti o oelesulsi the pakehéne
in, the f.orm of

formof granules, a capsule, % el or

a sacﬁ@@?ellwh8§§l§cﬂgﬁgiﬁgmﬁ& Qﬁﬁxgﬁénowh8ﬁgiﬁfxfr986

ﬂgvgf%qdi@%ﬁ%ﬁkngst@%o%e@t%gphw|ibemgbd_hha aRthbady; xture
of a plurality of maltodextrins is used, the dextrose
equivalent of the mixture is from 5 to 37 and the
dextrose equivalent of the individual maltodextrins

contzined in the mixture is from 2 to 40.

8. Use according to any one of claims 1 to 7 in the
preparation of a medicament for oral or parenteral

administration.

9. Use according to any one of claims 1 to 8 in the
preparation of a medicament for treating children,

yvoung people or adults.

10. Use according to any cne of claims 1 to 9, wherein the
medicament is present ih the form of a tabklet, of an
aqueous solution or emulsicn, in the form of granules,

a capsule, a gel or in the form of a sachet.

11. Use according tc any one of claims 1 to 10 for
improving the neutrophil level, the antibody level
and/or the lymphocyte function, determined by the
lymphocyte reaction to phytohaemagglutinin.



30 and/or the |ynphocyte function, determ ned by the
| ynphocyte reaction to phytohaemagglutinin. 20 12.
Use according to any one of clainms 1 to 10 for
treating patients with iron deficiency anaem a, iron
deficiency wthout anaem a and patients w thout iron
5 deficiency anaem a or iron_dehiciency.

12. Use acceording to any one of claims 1 to 10 for
treating patients with iron deficiency anaemia, iron
deficiency without anaemia and patients without iron

deficiency anaemia or iron deficiency.



