-1 USE OF IRON(II'l) COWLEX COMPOUNDS DESCRI PTI ON:

5 The present invention relates to novel therapeutic

uses of iron(lll) conplex conpounds wth

car bohydrates or derivatives thereof, in particular

with dextrins or oxidation products of dextrins, in

particular in the preparation of nedicanents for

i mprovi ng i nmune defence 10 and/or brain performance.

Iron deficiency is the npsti Frequent trace-el enent

deficiency worldw de. Not only does it affect

children, frominfants to adol escents, in the

devel oping countries, 15 it is also observed in a

signi ficant nupher -pf 1€kt | dren dofrpr.ERecoimeduNDs

i ndustrialised nations. For exanple, 28 % of

teenagers i n Canada show signs of iron deficiency. The

use géRiﬁ N 1) oxide as an active ingredient for the
Fredthent of i mune defi ci ency syndrones,

especially AIDS, is known from W 95/35113.
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mgéicaments for improving immune defence

10 and/or brain performance.

Iron deficiency is the most freguent trace-element
deficiency worldwide. Not only does it affect children,
from infants to adolescents, in the developing countries,

15 it is also observed in a significant number of children in
the rich, industrialised nations. For example, 28 % of

teenagers in Canada show signs of iron deficiency.

The use of iromn(III) oxide as an active ingredient for the
20 treatment of immune deficiency syndromes, especially AIDS,

is known Ffrom WO 95/35113.

Therapeutically usable iron injection preparations and

processes for their production are known from DE 1467980.
25

Processes for the preparation of iron{(IIT)-polymaltocse

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 knowmm 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 -l 2on Therapy", Second
Ferrum Meeting, Lisbon 1994, that both the activity
15 and the cognitive performance of the |eft

hem sphere of the brain are dependent on an

individual's iron status. Ln th l;icat,Lo ment or
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restricted nental and psychonotor devel opnment in 20

cHq #O8AC3TRR conpound used in the study was iron
sulfate. However, after admnistering iron sulfate

for 75 days, Wilter did not find any i Tent .
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I mprovenent in cognitive performance with iron

t Hercapy’C OBABRGHttner further presents clinica

studies which reflect the influence of the iron
status on the immunol ogi cal 30 functions.
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treatment or prophylaxis of iron deficiencies are known

from WO 02/46241.

It 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 restricted mental and psychomotor development in
children. The compound used in the study was iron sulfate.
However, after administering irom sulfate for 75 days,

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 immunological

functions.



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. Consequently, the LD50
~value in white mce, at 230 of iron/kg, is also
relatively low The use of irfon “salt conpounds is
t herefore di sadvantageous in particular 10 when
treating children, in whomiron is particularly
i nportant for the devel opment of the brain and the
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important for the development of the brain and the immune

U‘I

system.

The study of Tucker "Iron status and brain function: serum
15 ferritin levels associated with asymmetries of cortical
electrophysiology and cognitive performance” (Am. J. Clin.
Nutr. 1984: 39: 105-113), which is also mentioned in the
publication of Baumgartner, shows that brain performance is
proportional to the ferritin level.
20
Oski "Effect of Iron Therapy on Behavior Performance in
Nonanemic, Iron-Deficient Infants', PEDIATRICS 1983; Volume
71; 877-880, uses iron dextran. The parenteral use of iron

dextran is disadvantageous because a dextran-induced

25 anaphylactic 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

30 particular in children, including infants and adolescents.



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
carbohydrates, in particular with polymaltose

(mal todextrin), are particularly tol erable, have high
patient conpliance and 5 bring about a significant

i mprovenent in i mune defence and/or brain

per formance. Al so surprising-wds-the fact that an
early significant inprovenent in inmune defence and/or

brain performance is found even though iron(l11l)-

polynaltose conplex conmpounds result in only a slow 10
ease | fer itin lev t ' f i's
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t he nonocl onal anti bodi es, for exanple ,
result, they completed the present invention. 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 improvement 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 to phyto-
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



"

CD3, CD4, CD8 and CD56, counted, for exanple, using a
BD flowcytoneter with a sinple staining nethod,
and/or in the antibody response to neasles, a.

i nfluenza and tetanus. 30 An inprovenent in brain
performance within the scope of the invention
includes in particular an inprovenent in - 5
cognitive functions and enotional behaviour and is
expressed, for exanple, ir_ anS5iaAprovenent in the
short-term nenory test (STM, in the long-term nenory
test (LTM, in the Raven progressive matrices test,
in the Wechsler adult 5 intelligence scale (WAIS)

and/or .in the enotional .coeffjcien Baron EQi,. YV
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~in particular 1n respect of the preparation
pr ocessEsing oft deberime orporiarédahéres nthepref edprtrins

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 thereof. Examples of the preparation of the
iron(III) complex compounds according to the inventicon 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 various lower and
higher polymers of D-glucose units, which form during the
incomplete hydrolysis of starch. They can also be prepared
by polymerisation of sugars (e.g. WO02083739 A2,
US20030044513 A1, US 3766165). The dextrins include the
maltodextrins, or polymaltoses, which are prepared by
enzymatic cleavage of 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 enzymatti € cl eavage of maize or
potato starch with al pha 30 anyl ase and which are
characterised by the degree of hydrolysis, expressed
by the DE val ue (dextrose 6 equivalent). Polynaltose

can al so be_ obtained according . to. the inventign
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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 is preferred to increase the
temperature gradually. For example, heating to about 15 to
70°C can be carried out first, and then the temperature can

gradually be increased to boiling.



5

10

15

20

25

30

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. Exanples of strong
bases include alkali or alkaline earth hydroxides
such as sodium potassium calciumor magnesium ’
hydr oxi de. The reaction can be pronoted by heating.
For exanpl e, 25 tenperatures-iln-the order of magnitude
of from15C to the boiling point can be used. It is
preferred to increase the tenperature gradually. For
exanpl e, heating to about 15 to 70C can be carried

out first., and. then th e t
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3Q, tp GQ. M AUt 5. 6® Whendshe reaction has taken pl ace,
the resulting solution can be cooled to room

tenperature, for exanple, and optionally diluted and
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rea&tmﬁhyalue can be adjusted to the neutr % pOlnt or

slightly 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, for example, hydrochloric 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 isolation can
also 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

Q

water. It is possible to prepare therefrom neutral agueous

solutions having an iron content of, for example, from



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

such_a’ feverse sis t [

exanpl &t - Bétor &° tigv dV%yRIQTy nggorggl 6?51% g be
pr odeEtally usedidiseatly in 25 nedlcanents. The
resulting iron(ll1) conplexes have, for exanple, an
iron content of from10 to 40 %w./w.., in

paﬁéé&%ﬁﬁﬂg'&h@npraﬁafétiﬁh‘%ﬁwﬁrbmﬂlIﬂngokymalgeﬂerabmglex

readily soluble in 30 mat
e R e SRR RN A R e Rl s

10

15

20

25

30

content of, for exanple, from8 1 %w./vol. to 10 %
wt . /vol Such solutions can b
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pre erab y has a
500,000 daltons, 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(IIT)

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 one or more
maltodextrins is used. This is obtainable, for example,
from an aqueous iron(III) salt solution and an aqueous
solution of the product of the oxidation of one or more
maltodextrins with an aqueous hypochlorite solution 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

is, for example, from 30 kDa to 500 kbDa, preferably from 80



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 nmeans of ge

perneati on chromatography, for exanple as descri bed

by Geisser et al. in Arzneim Forsch/Drug Res.

42(11), 12, 1439-1452 (1992), 15 paragraph 2.2.5). A

particularly preferred iron(lI1)

hydr oxi de- pol ymal t ose conpl ex Sonpound is Maltofer(r)

from Vifor AG Switzerland, which is available

comercially. In a further preferred embodinent, an
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e Sy

ob%a na a'fg ngmﬂ é¥§ E%?gkﬁ%qaggﬁggpron%lll)

s?hm?&nhuhﬁdnbanneamsaqhe@aspesmé@thn1qﬂ*omhéogrQQMti for

of the .oxi_dati on nore odext th an

R B o R L

al ke ddr DraggRe s W @in ,when a4a@&r@ﬁbﬂﬂ99ﬁ)25 mhose

dextrose t f 5
Sa-RﬁS&QEQQqu za%fgr%ﬂ fggg]nat?%de %%% ﬁzegg§use%gh?ﬁ$lOn

dﬁ@@ mgseoequsv%aerm Off drhexminxl &y ethies tfortaﬂnsyt@f 3meand
t he extrose_equj val ent of the individ

nﬁpﬁﬁﬂéfPFan hitfed® % tﬁ%c%ﬁgﬁﬁﬂﬁg |s Bt R YTt
4Qipplineavebght 30 average nol ecul ar wei ght Mv of the
conpl exes so obtained is, for exanple, from30 kDa to
500 kDa, preferably from80 9 to 350 kDa,

1C)DQQ$§é¥dhﬁ§|Yh@rﬁﬁéﬁéﬂﬁﬂioﬂpofolﬁﬁﬁ)ddﬁ@le&debﬁpnmmE§1Wn¢h

15

20

25

30

nmeans of gel perneation chromatogr r o gxa l e
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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 also 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 value, 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 preferably
administered, in particular to children, in the form of

syrups or juices, drops, etc. To this end, the iron{III)



Forsch/Drug Res. 42(11), 12, 1439-1452 (1992), 5
paragraph 2.2.5). Reference may be made in this
connection to WD 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 conplex conpounds wth

hydr ogenat ed dextrins, reference nay be nade to WO
03/087164. Regarding the prepar@ti on of
iron(l11)-pullulan conplex 15 conmpounds, reference
may be made to WO 02/46241. The iron(l11) hydroxide
conpl ex conpounds used according to the invention are
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people.

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 fiir 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 adm nistration 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 the invention 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
according to the invention proceeds in particular by

roving the neutrophil. |ev ti Ie e

S e Py ABRSCVPT i BPEHET b B o rp By S i ency
exaﬂgkgeraylythe1$yaphocyte reaction to
phyt ohaemaggl uti nin. The use according to the

i nvention can serve to treat patients with iron

deficieney apagmigici f on dehbgeeacyr 2Q.annkhayt anaeni a
as well as patlents wi thout iron deficienc anaeni a

orEisanstedtrerhary, - fHecerably o ARG Ipht PRHTSD

Wiih ig0n-dehi £4entn, Ir$ngbaSedf 1 £Ai@RNES 1998, all
de endent on the age and sex of the atlent and can

Hmvaﬁylf@@nﬁiﬁ&%ﬂﬂ¥cﬁcCﬁ@rg%rﬁe?§9iﬁﬁ FiLéatFon can
b%ﬂ%%,alﬁgf 25 &x a8 GerbYtihechaasmal-ebon val senand 1y

the value for trans- ferrin saturation (%9 . Reference
vaiqmlpfaérieﬁaebmgrzﬁblq’f coWBERF T HEY Y EPERERSEONet Iy

(%%%%}F&ﬁ)an&y t%%g@gl_@bﬁnsar@;mqonare listed,

for exanple, in arit I nstitut fur
Laborat ori unsnedi zi n and Pat hobi ocheni 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 action of the invention is explained and

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

Di agnosti k and Therapi en der Anamen, 4., enlarged
edition, Springer Verlag Vienna 1998, all forns of
iron deficiency can he detected clinico- chemcally. A
reduced ferritin concentratiomeis generally
acconpani ed, by way of conpensation, by increased 10
transferrin and low transferrin saturation.

Sur prisingly, inmprovenents in inmmune defence and/or
brain performance have al so been achi eved accordi ng

t ERAYELE| nvention in patients who had a nor nal
haemat ol ogi cal 15 result in respect of iron status.

The nmode of action of the invention is §§Elggnedtﬁﬁgln
dém:'mgt aaffeamw»qw érBAple (WAY W BT G811 <o 9

#SbggaﬁiffddﬁI@@@tﬁgd£é&H&g i ZRango percdngiilest )

contalnl of aniron(lll)
hyﬁm@%ud& pméymamﬁﬁ%b,cmnpb@posde@%ﬂéuﬁ&o mg of iron, a
(Wl Loter (1)), cortespond: o, 100ungh chi ot 2,

SiSigIIeecE ora I'TOh suppl ementation in
aQKﬂdié%@BhﬁsWWiﬁhlﬂﬁM® defiiciency, withhoor withiytanaemia,

anaemia, in conparison w aceho
cdﬁrﬁéﬁpéﬁfsoﬁdmﬁﬁéaaP&FSFE?h%rgﬂ%ﬁggbfg%gyg?ngalmas

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
week 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

haematological criteria.
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of orally adm nistered iron(l11) hydroxide-pol ynmal t ose
conplex (100 ng of iron per day and pl acebo for 6 days
per week for 8 nonths) on the i mmune responses, the
haemat ol ogi cal status, the cognitive functions and the
15 behavi oural functions in four groups of adol escents
with iron deficiency anaema, wth iron deficiency,

wi thout iron deficiency and anaem a (iron

suppl enentation) and a further3 group without iron
deficiency and anaem a (placebo group). 20 To this
end, 500 apparently healthy adol escents of both sexes
aged between 15 and 18 were chosen at random and
divided into the follow ng groups using a plurality of
haemat ol ogi cal criteria. 13 G oup Haenogl obin (g/di)

Transferrimsaturatipn (Vv A iron defici DOYS}: o
-|&oY 5 < 16 anaemni & 51 %n%obln r( écﬂ)7 _@ragg%legj?gyg £ czho_n (%)

ron deficlency boys, 115 £416 (| D1egirls: ? 10.5
l“@'(ﬂg |ro% defl%ﬁéncy, boys: ?/11.5 2 16 no

angemi : . .
anaem a, nornal supp| @rest at i an1¢.NS) | giwel s: 2 10.5 ?

A=

16 D.placebe—no—bpys—2—115-2—16r—amaenia, normal

dlraceha ¢dP}igry| s: 2301@5 2116 < 16

(ID)
girls: 2 10.5 < 16

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

Each group consisted of 30 test subjects and there was a
total of 120 test subjects, who were divided into the

apove-mentioned four groups (NP, NS5, ID and IDA).

Test process:

Haematological evaluation:

Venous blood was taken from all 120 test subjects using
vacuum test tubes, and all the blood parameters were

analysed in a Sysmax blood test. The serums were separated

from the blood samples and stored at -20°C. Serum samples
were subjected to SFe and TIBC determinations by standard
methods (NIN-Manual 1983). TS was calculated from SFe and

TIBC and given as a percentage. Serum ferritin analyses

. . " . .
were carried out using an —enzyme linked immuno sorbent

assay" (ELISA)-



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 orocess Haematol ogi cal evaluation: 10
Venous bl ood was taken fromall 120 test subjects
using vacuumtest tubes, and all the blood paraneters
were analysed in a Sysmax bl ood test. The seruns were
separated fromthe bl ood sanpldes and stored at -20C
Serum sanpl es 15 were subjected to SFe and TIBC
determ nations by standard nethods (N N-Manual 1983).
TS was cal culated from SFe and TIBC and given as a
percentage. .Serumferriti,n analys were_ car.ri t
o RERanE AR Y FRRREPRAENG Y oFhgh: Tore ALl Bt by
( EklkSA%a2d ek hoBer.um f ol at e and cyanacobal am n (B12)
were determ ned by standard methods. | nmune
responses: 5 Neutrophils and | ynphocytes were
sepanated-dypamsesesh bl ood sanples by the
5single-stage doubl e density gradient nmethod, and the
f ol | owi ng i mmunol ogi cal assays were carried out for

al hed26of1eSls Stbj eghfhocytes were separated from fresh blood
samples by the single-stage double density gradient method,

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

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

- nitroblue tetrazolium test (MBT) using neutrophils;

- bactericidal capacity of the neutrophils (BCA) measured
by the turbidimetric method.

15
Using fresh samples of whole blood, counts of the

monoclonal antibodies CD3, CD4, CD8 and CD56 were carried
out using a BD flow cytometer by the single-staining method

and expressed as a percentage for all 120 subjects.

20

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-guantitative method.

25

Cognitive functions and emotional behaviour

The cognitive functions and the emotional behaviour of the
120 test subjects were determined in accordance with the

30 most frequently used tests and according to established

methods:



10 - lynphocyte response to phytohaemaggl utinin (PHA)
using the MIT nethod; - nitroblue tetrazoliumtest
(MBT) using 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 flow cytoneter by the
singl e-staining nmethod 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 method. 25 Cognitive functions and
enpt | it -behavineds i heecogeird) ve functions and t he
enotional . behavi our of the 20 test subjects were

def er G SR ﬁ%@%?ﬂdﬁ?g\&QW6fhe 3C nost frequently

US@d H85hS p@agraggwalmﬂl@egstrapm shed nmethods: - 15
short-term menory t est term menory

5te%{ achwytes. agalent ?Qﬁﬁ%ﬁ??%@esﬁﬁ}$|@gg:(RPND 5 4.
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Vechsderr iaduht ohot eddd geneenseal e; (WAIR)st; youth version).

Evaluation of achievement in school

The achievements of the 120 test subjects in school were

determined individually by means of a school achievement

test.

Anthropometric evaluations, physical examinations, urine

and stool examinations were carried out by standard

methods.

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 required. 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 duration (points of time)
between the groups and, if present, interaction between
duration and group. Multiple comparisons between different

groups were carried out automatically by the repeated



5. enotional quotient (Baron EQi; YV test; youth
versi on)- Eval uation of achievenent in school 10 The
achi evenents of the 120 test subjects in school were
determ 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 by standard nethods.
Statistical evaluation: 20 E€ohpari son 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

L
e e AP 0! Ba U 0P 60 8% UaT1 e WAT eh eera s

23 cAarehatedesOonsequent |y, the repeated neasures
test is the suitable neans, and the statistica

anal ysis was carried out using SPSS software. The
metdmd tlsests the significance of the paraneter val ues
over the duration (points of tine) between the groups

Sand, if present, interaction between 30 duration and

10

15

20

25

30

OruRn thgbbipl &f earpaniesengobhat weernidi fiher entts graupssd
were carried out autonatlc ly. by the repeat e

meadur 8$TEAEL 1R ¥FPRIE &id E? %%%?%ﬁéi%ﬂ%cﬁﬁgﬁ??%ﬁ%négﬁ
di ffemenceatest )thdReintisive function and the emotional

behaviour.

Significant increments were found for all iron-related
haematological 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 tetrazolium test and the levels of
antibodies towards measles and Haemophilus influenza in the
three groups with supplementation (IDA, ID, NS) 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 cognitive 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.



Advant ageous effects were found in all the tests
carried out, nanely in respect of the haematol ogi ca
status, the inmmune status, the cognitive function and
t he enotional behaviour. 10 Significant increnments

" were found for all iron-related haenatol ogica
paraneters fromthe baseline to four nonths and again
fromfour nonths to eight nonths of the

suppl enentation in all groups 1o which the iron
preparation 15 was given, nanely the group with iron
deficiency with (I DA) or without (ID) anaem a and the
group with normal haemat ol ogy which received

su Iemsntatlon r .Locr e
RS SHERORTE rbs BoAne o S S e RgaT Ut i,
bth@ﬁhahvklf&de}dnﬁ MBuEromp@ftamnxnipnlnaﬁr@b¢mkiicance
tetraz I|un1test t.h vel s_of t Qwar.

me &Yl &8 At H lpﬁfgrﬁ? %%ﬁ%ge¥h1$~5Q9?Ff2%§grodg%
Wt 15ppt €8 daadd 1@k , Ilmunda Daeﬁ\ﬁ)cef endt heaipepdodgr@nce

to 4 nonths and nmont hs. antl d S

% eff3RuE® Wﬁér‘ﬂ“efdf'ely“éﬁg SBREUREH Vanf)cage i lﬁg %1%18 %é/
nonths was significant for these t hree groups.
The-cogni tive performance inproved fromthe baseline
to four nonths and from4 to 8 nonths in all the
tests, 30 including SAT, with the exception of EQ 17
These increnments in haenmatol ogi cal, immunol ogi cal and
cognitive functions have inportant clinica

si gni ficance.



By the regular adm nistration of an iron(lI1)
hydr oxi de- pol ynal t ose conpl ex, i nmune defence and
brain performance 5 can be inproved, w th enornous
advant ages to society. 18 CLAI M5: 1. Use of
iron(ll11) conplex conmpounds with carbohydrates or
derivatives thereof in the preparation of a
medi cament for inproving i mune defence and/or brain
performance in patients withfolt iron deficiency
anaenia or iron deficiency, wherein the iron(lll)
| ex conpound is an iron(lll)-polymaltose conpl ex
@é ¥8ad or an iron(l11) conplex compound with an
oxi dation product of one or nore naltodextrins. 2.
Use according to claiml1, wherein the iron(lI1)-
pol ynaseose odfonpl £xon¢ipdund hesural arol ecapmpounds ght with
in the range from 20, OOO to 500, Q00 dal th
accorﬂ?ﬁ@ogﬁd£?5?ﬁwl Ohyhe P& VePon(%ﬁ?feoconﬁ} ©

CONMPOYREp M4 i & Qﬁidéﬂﬁ%ﬂiﬁém%ﬁ% &Erommpﬁwvﬂmg81mmune
mal t odextrins is a water-soluble iron- carbohydrate

conpl@&f%®@%|n@@dé%ﬁon?ﬁﬁl%quéﬁﬁgoqm@ﬂﬂﬂIl}nsaM?tlents
sol uty opn a0 #PAGHERYS: SALYL LARRE S LB RLodudlsidfiency,

the oXl |on one or mal t odextrins with an
aqueom@ehgnmchtheltanmﬂﬂﬂﬂﬂﬂ1 atm@l pH vedmpoumdt hés an

ext reen LRV dlindLEd o spples * Bt 2%6r  an

iron(III) complex compound with an oxidation

product of one or more maltodextrins.

2. Use according to claim 1, wherein the iron(III)-
polymaltose complex compound has a molecular

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

3. Use according to claim 1, wherein the iron(III)
complex compound with an oxidation product of one
or more maltodextrins 1is a water-soluble iron-
carbohydrate complex obtainable from an aqueous
iron(III) salt solution and an aqueous solution of
the product of the oxidation of one or more
maltodextrins with an aqueous hypochlorite solution
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.



37 is used and when a m xture of a plurality of

mal t odextrins is used, the dextrose equivalent of the
mxture is from5 to 37 and the dextrose equival ent

of the individual maltodextrins contained in the
mxture is from2 to 40. 19 4. Use according to any

one of clains 1 to 3 in the preparation of a

medi cament for oral or parenteral adm nistration. 5.

Use according to any one of ldains 1 to 4 in the
preparation of a medi canment for treating children,

young people or adults. 6. Use according t n ne_ of

8k ai nE5¢ BEWRTUMRG i 2PKe OREdi Sank ?lﬁ§ gr3§%n iR the
the forapata8i5abLEt & dARRAMEOHSrSBIHLI @F Yarenteral
emul ston, 1n the formof granules, a capsule, a ge

or inathénfetnabion. sachet. 7. Use according to any

one of clainms 1 to 6 for inproving the neutrophi

| evel, the antibody |evel and/or the |ynphocyte
functiyes, adelediingedt dyatiie onky rphocys ems eactdcond t dn  the

hyt ohaemaggl uti ni n. ,
Py prepaggtion of a medicament for treating children,

young people or adults.

6. Use according to any one of claims 1 to 5, wherein
the medicament is present in the form of a tablet,
of an aqueous solution or emulsion, in the form of
granules, a capsule, a gel or in the form of a

sachet.

7. Use according to any one of claims 1 to 6 for
improving the neutrophil level, the antibody level
and/or the lymphocyte function, determined by the
lymphocyte reaction to phytohaemagglutinin.



