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Fluid composition containing a source of iron in non-ionic form and methods of use

The invention relates to a fluid composition containing a source of iron in non-ionic
form with strictly defined particle size, as well as a method of use of the composition for
supplementation of iron deficiencies. The composition may be used as a pharmaceutical
preparation or a dietary supplement.

Iron is one of the most important chemical elements necessary for normal
functioning of the organism. This microelement is a main component of haemoglobin,
which transports oxygen. It controls the process of proper production of red blood cells and
haemoglobin, deciding on correct oxygen transport in the organism. [ron also plays an
important role in the proper functioning of the immune system, maintaining proper
cognitive functions, and in the cell division process. The daily demand for iron depends on
age, sex and state of health. The demand is different in adults, children, pregnant women,
breast-feeding women, as well as in persons after surgical interventions resulting in large
blood loss. It is assumed that the average daily demand for iron amounts to 10-20 mg,
according to Commission Directive 2008/100/EC of 28 November 2008, The RDA for iron
is 14 mg. Disturbance in iron management may lead to numerous adverse changes in
proper functioning of the organism, of which anaemia is the most important one. It is the
most frequent and the most globally widespread anaemia type, manifesting itself by a too
low haemoglobin level and a small number of red blood cells.

The availability of iron from food products is relatively low and ranges from small
amounts to 20% maximum. Therefore, many persons use iron-containing preparations, but
— as is shown by scientific studies — its availability in the form of soluble salts is not high
either, and it usually does not exceed 25%.

Because of the difficult parameters of iron availability, the element is used in
medicine in various chemical forms, adapted to specific pharmaceutical forms and routes
of their administration. The most popular and most frequently used forms include soluble
iron salts. They include both inorganic and organic compounds, such as: itron(II)
sulfate(VI), iron(Ill) chloride, iron(Ill) diphosphate(V), iron(II} fumarate or iron(Il)
gluconate. Also, preparations containing elemental iron are known. The form and

percentage of iron in a soluble salt determine the absorption of the element, as well as ifs
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subsequent biological activity. Considering the high molar mass and low percentage of
iron (10-36%) in its salts, and their hindered bioavailability, in order to obtain the desired
therapeutic effect, application of high doses of iron salts is necessary, leading to an
increase in side effects in the gastrointestinal system. Moreover, application of high doses
of soluble salts increases the risk of poisoning or overdose of iron-containing preparations,
and such events require a physician's intervention. The oxidation state of iron included into
the composition of the soluble salt is also of high importance — Fe®* ions exhibit a
significantly lower bicavailability than Fe*™ ions (the mechanism of iron transport is
connected with DMT (Divalent Metal Transporter)).

Some of these problems are solved by using elemental iron. Elemental iron is
transformed into ionised form not earlier than in the digestive tract, under the influence of
gastric juice and the hydrochloric acid it contains. Elemental iron is characterised by a high
iron content exceeding 98% and low molar mass, enabling use of its minimum doses in
order to satisfy the daily demand for iron, when compared to those of an iron(II}) salt.

A vast range of pharmaceutical preparations and dietary supplements,
complementing iron deficiencies or satisfying an increased demand for iron, is known.
These preparations are in the form of tablets, effervescent tablets, capsules and sachets, as
well as in fluid form, such as syrup or tonic.

An iron deficiency supplementation plan should have linear characteristics, adapted
to individual needs. The optimal solution is constituted by a preparation which allows for
dosing iron per kilogram of body weight. Preparations in the form of tablets, effervescent
tablets, capsules and sachets are characterised by threshold dosing, and they do not offer
any possibility of individual adjustment of the applied iron dose in a manner involving a
simple calculation. Products having forms of a syrup or an oral solution do offer such a
possibility; however, their use is connected with a dark staining of the teeth. Depending on
the iron source used, the effect of a metallic taste in the mouth also occurs, perceived as a
disadvantageous impression.

Known preparations containing elemental iron take the form of tablets or capsules.
Examples of fluid compositions containing non-ionic iron sources in the form of elemental
iron, based on water as a vehicle, are also known. Such compositions, considering the
oxidative properties of water, require the use of a broad range of additional substances,
conservatives and stabilisers such as: EDTA, tert-butylhydroquinone (TBHQ),
methylparaben or propylparaben. The necessity to use these substances and their

quantitative limits in medicinal or food products limits or even precludes the use of such a
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composition for supplementation of iron deficiencies in children and infants. Another
problem consists in the fact that as a result of the oxidative action of water, a ternary
mixture may form, containing iron in the unchanged form, as well as iron ions with various
oxidation states (Fe?*, Fe’™), and the proportions of these three forms in the mixture are
unknown.

An example of an oral veterinary composition containing elemental iron for use in
infants of mammals other than human, disclosed in Patent Application No. WO
2010/146155A1, is also known. This application pertains to a preparation having a form of
a gel with a high content of micronized elemental iron, with oil as a vehicle. The iron
content in the preparation may range from 5 to 30%, preferably from 10 to 25%, most
preferably 20%. The preferable particle size of elemental iron was defined in the range
from 3-7 um.

Such a small particle size and, consequently, the high surface area of the active
substance resulting from it leads to an increase in the rate of transformation of elemental
iron to Fe** ions. This results in reaching a high concentration of iron in the ionic form in
the organism over a short time. The effect of the rapid increase in ion concentration is
additionally enhanced by the high content of iron in the preparation. The high content of
elemental iron in the preparation, connected with the small particle size, might seem highly
preferable for a person skilled in the art in the context of supplementation of iron
deficiencies. Larger particles of elemental iron with a smaller surface area, having a lower
rate of transformation to Fe® ions, might then seems less preferable in the process of
supplementation of iron deficiencies, due to the lower concentration achieved in the same
time. However, a high concentration of iron ions is not tantamount to its high availability,
as the latter is limited by several biochemical processes occurring in the organism. The
level of iron in the organism is regulated by duodenum, as it is here that epithelial cells,
enterocytes, are responsible for absorption of iron from food. The best-known mechanism
of iron transport is that connected with DMT (Divalent Metal Transporter). The Divalent
Metal Transporter (DMTI1) transports iron cations and other metals at oxidation state I
from the intestine lumen into the enterocytes. In this stage, the presence of auxiliary
proteins is necessary, which reduce the iron present in food. It is only then that the iron
present in the enterocytes is transported to the blood vessels. A high concentration of Fe™
ions obtained over a short period, resulting from the use of particles with small sizes and a
large surface area for the reaction, connected with the biochemical limitations of the iron

assimilation process, leads to the formation of an excess of ions not used by the organism.
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The unused excess of ions present at a high concentration may lead to a range of
microbiological equilibrium disturbances of bacterial flora in the intestine of the organism.
Numerous studies, carried out using both animal and human models, confirm the argument
of the influence of iron supplementation on the immune system. As proven in the paper
entitled Iron and Infection EUGENE D. WEINBERG, MICROBIOLOGICAL REVIEWS,
Mar. 1978, Vol. 42, No. L, p. 45-66, infants subjected to an iron load exceeding the
absorptive capacity of the organism exhibit a distinctly lowered immunity to bacterial
infections. Similar associations were obtained in studies on infants wherein a relation
between an oversupply of iron and occurrence frequency of sepsis induced by Gram-
negative bacteria was statistically proven. Barry, D. M. J, and A. W. Reeve. 1977.
Increased incidence of gram-negative neonatal sepsis with intramuscular iron
administration. Pediatrica 10:908-912.

It was also undoubtedly proven that iron is a factor limiting the growth and
pathologic activity of some microorganisms colonising the human digestive system.
Followed by continual competition for a source of iron between the intestinal iron transport
system and it use by pathogenic microorganisms. As soon as the iron oversupply exceeds
the assimilation capacity of the organism, the iron is used by these microorganisms. The
redox potential of iron leads to its transformation from the II to III oxidation state, being in
turn a driving force for many pathogens, resulting in oxidative stress, and as a consequence
— in damage to the structures of DNA, lipids and proteins. Iron in Infection and Immunity
James E. Cassatl and Eric P. Skaar Cell Host & Microbe 13, May 15, 2013 “2013 Elsevier
Inc. Scientists report that natural immune mechanisms strictly depend on maintaining an
environment with a low iron supply — the organism is being aided in this by specialised
structures of iron-binding proteins, transferrin and lactoferrin (The Critical Role of Iron in
Some Clinical Infections J.J. Bullen, C.G. Ward, H.J. Rogers, Eur. J. Clin. Microbiol.
Infect. Dis., August 1991, p. 613-617). When iron becomes available in amounts exceeding
the capacity of natural iron capture mechanisms (free ions in an amount above 1075, the
mechanisms are disturbed (Bullen, J.J, Rogers, HJ. and Griffiths, E. (1978) Role of iron
in bacterial infection. Curr. Top. Microbiol. Immunol. 80, 1-33).

For these reasons, it is of utmost importance that iron preparations are characterised
by a very accurate release profile, most preferably a linear profile. Such a profile should
allow for obtaining high iron bioavailability, enabling — in connection with an adequately
long release time — optimal absorption by the organism, and in consequence — a reduction

of a harmful excess of unused ions.
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The present invention solves the problem of manufacturing a preparation
supplementing iron deficiencies or satisfying an increased demand for iron, without the
side effects described above, not generating any risk of poisoning and allowing for proper
dosing.

The composition according to the invention has a fluid form and consists of
elemental iron with an average particle size in the range from 7 to 10 micrometres in an
amount from 0.1% to 15.0% w/w and a vehicle selected from: glycerol, a vegetable and/or
fish oil in an amount from 85% to 99.9% w/w, individually or in a mixture. Preferably,
elemental iron has a particle size distribution with characteristics of 7um< Dsy < 10um,
Dgg < 15 pm.

As an oil, the composition preferably contains: triglycerides of medium-chain fatty
acids, preferably with a chain length from Cé to C14, maize oil, rapeseed oil, linseed oil,
untreated coconut oil, fish-liver oil, cod-liver oil or other fish oils, olive oil, or any
mixtures thereof.

Most preferably, the composition contains a mixture of triglycerides of medium-
chain fatty acids with a chain length from C6 to C14, most preferably the chains with a
length from C8 to C10 constitute not less than 90% w/w of the mixture.

The composition according to the invention may be also enriched with additional
components playing an important role in the functioning of the circulatory system and
haemopoietic processes, in which iron plays a key role. The additional substances and
mechanism of their action determine the degree of suitability in cases of products intended
for children and infants and for pregnant women or women planning pregnancy. The
components that may enrich the composition include: a mixture of tocopherols (vitamin )
and/or a-tocopherol, organic compounds from the retinoid group (vitamin A) and/or
retinol, a group of chemical compounds being derivatives of 2-methyl-1,4-naphthoquinone
(vitamin K), the two most important derivatives of which are vitamin K; (called
phytomenadione, phytonadione, filoquinone) and vitamin K,; (menaquinone-6,
farnoquinone), a group of fat-soluble steroid organic compounds known as D vitamins, the
two most important ones from which are: ergocalciferol (vitamin Dj) and cholecalciferol
(vitamin Ds), vitamin C (ascorbic acid) and vitamins from the B group, particularly Bg, Bo,
and/or its reduced  stabilised tetrahydrofolates, e.g. L-5-MTHF, L-5-
methyltetrahydrofolate, and Bj;. Vitamin C aids iron absorption and also plays an
important role in the activation of folic acid (vitamin Bo) and in the cellular breathing

process, as well as stimulates the maturation of red blood cells. Folic acid plays an
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important role in haemopoiesis and cooperates with vitamin B, in regulation of formation
and maturation of red blood cells. Vitamin B, participates in the transformation of folic
acid into a biologically active tetrahydrofolate, and its proper level prevents such diseases
as pernicious anaemia. Vitamin Bg participates in the haemoglobin formation process and
also increases the immunity of the organism.

The composition according to the invention may also be enriched with substances
from the group of natural organic carotenoids, such as: lutein and/or lycopene, and/or
zeaxanthin, which, apart from having strong antioxidative and neuroprotective properties,
affect iron bicavailability and remove the so-called “coffee effect”, being of extremely
high importance for adults with an iron deficiency or an increased demand for iron who
consume large quantities of coffee.

The composition according to the invention may be also enriched with components
from the group of probiotic bacteria: Lactobacillus rhamnosus, Bifidobacterium animalis,
Lactobacillus casei, Lactobacillus bulgaricus, non-pathogenic pure culture yeast
Saccharomyces boulardii, or substances from the group of polysaccharides with prebiotic
properties: arabinogalactan, inulin. These substances favourably affect the function of the
immune system by having an influence on lymphocytes, or they exhibit strong prebiotic
activity by aiding the growth of useful intestinal microflora, being a natural barrier to
colonisation of the intestine by harmful microorganisms. These components may be useful
in the case of application of the preparation for patients highly exposed to pathogenic
disturbance of the intestinal microflora: persons with a weakened or compromised immune
system, and premature infants, particularly those treated with erythropoietin.

The composition according to the invention contains additional active components
in an amount from 0.001 to 10% w/w, depending on the component type.

The invention also includes the application of the aforementioned composition for
manufacturing of a preparation for supplementation of iron deficiencies and/or to satisfy an
increased demand for iron in mammals, including humans. Because of its unique
properties, the composition is intended particularly for administration, in treatment and
prophylaxis, to infants, children, pregnant women and women planning pregnancy.

The composition according to the invention is prepared by initial mixing of
elemental iron with the first part of the vehicle in an amount from 5 to 30% w/w and then
adding the other part of the vehicle, stirring vigorously in order to form a suspension. The

additional active components are added to the suspension in the last phase of mixing. The



CA 02968821 2017-05-24 c

WO 2016/118028 - PCT/PL2016/000008

process of mixing and packing the composition is preferably carried out in the protective
atmosphere of an inert gas, such as nitrogen, argon, helium.

The vehicle of the composition according to the invention may be mixed in any
ratio with another vehicle recommended to use in products intended for children and
infants, such as: glycerol, maize oil, olive oil, treated olive oil, generally in order to
improve the properties of the product: solubility of the enriching oil- and fat-insoluble
components, or to adapt to the taste preferences of individual recipients, as well as to
improve flavour. Simultaneously, the vehicle may not have an oxidative character, which
might cause an uncontrolled disproportion of iron in the atomic form in relation to iron in
the form of ions with various oxidation states (Fe**, Fe’"). Use of such a vehicle would
lead to a deterioration of iron bioavailability, due to the presence of an ionised form.

The composition according to the invention reduces the possibility of an increased
concentration of unused iron ions to arise. This property results from a prolonged rate of
conversion of elemental iron to iron ions with the participation of gastric acids, being a
consequence of the application of elemental iron with the particle size defined above.

The aforementioned property was confirmed in studies on in vifro rate of
dissolution of elemental iron in 0.1 M hydrochloric acid carried out by the authors of the
invention. Elemental iron with defined characteristics of particle size, by comparison to a
particle size median, was used: 8.5 pm, 9.5 um, and for comparison, 5.2 um (from the
range disclosed in Patent Application No. WO 2010/146155A1). For iron with a particle
size median of 5.2 um, maximum absorbance was already achieved after 15 minutes. For a
median of 8.5 pm, maximum absorbance was achieved after 20 minutes, and for 9.5 pm —
after 60 min, while in the latter case, a linear dependence of iron release for up to 45 min
was obtained.

Basically, the smaller the iron particles, the faster the reaction of its dissolution in
hydrochloric acid runs. The authors of the present invention found that there is a very
narrow range of particle sizes, for which this process changes from an exponential to linear
dependence and then approaches the zero-order characteristics. This border is in a particle
size range between 7 and 9.5 micrometres.

The characteristics of dissolution of iron particles in 0.1 M hydrochloric acid
translates into the characteristics of iron release from pharmaceutical preparations
containing particles with a defined size. A preparation manufactured according to the
description of Patent Application No. WO 2010/146155A1 in the form of a gel based on

MCT oil and particles with a size of 5.2 micrometres (median Dsg) exhibits a tendency for
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exponential release of iron ions. On the other hand, use of particles with a size of 8.5
micrometres in the preparation based on MCT oil leads to linear kinetics, and a maximum
concentration is obtained in the time corresponding to gastric passage. As a consequence, a
pharmaceutical preparation prepared based on the particle size range defined according to
the invention, in connection with the dose determined as the highest possible to assimilate,
constitutes a preparation with very efficient availability and minimised side effects
connected with the introduction of iron to the organism in an amount exceeding the
assimilation capacity, when the excesses of iron ions forming in the intestines may
promote growth of non-physiological bacterial flora.

The influence of the reduced concentration of unused iron ions on pathogenic
bacteria under conditions simulating the small intestine was shown in another in vitro
study carried out by the authors of the invention. The study was carried out using the
following strains: E. coli ATCC 25922, Klebsiella pneumoniae BAA-1705, Enterococcus
faecalis ATCC 2912 and Staphylococcus aureus with the MRSA ATCC-BAA-36
mechanism. The selected strains represent the flora of the human digestive tract and are of
particular importance for newborns and infants, because of the fact that these strains are a
main cause of sepsis. As a source of iron, the preparation being the subject of the invention
(sample A) and the preparation disclosed in Patent Application No. WO 2010/146155A1
{sample B) were used. Both sources of iron were used in the same amount of 300 pl. In the
study, significant differences both in the amount of released iron and iron used by the
studied strains after the same incubation time were observed for both samples. Aftera 24 h
incubation period, the following was found: iron consumption higher by 3 times for the
standard strain of S. aureus, iron consumption higher by 13 times for the standard strain of
E. faecalis, iron consumption higher by 187 times for the standard strain of E. coli
ATCC25922, and a slight difference (ca. 1 time) in iron use by the standard strain of K.
pneumoniae from sample B in relation to sample A.

In the case of the preparation being the subject of the invention (sample A), 35.6
mg/l was released to an aqueous phase after 48 h, while for the preparation described in
Patent Application No. WO 2010/146155A1 (sample B), this concentration amounted to
132.1 mg/l. As in the result of recalculations, it was proven that with an iron concentration
equal to 0.026 mg/ml, a 1 log growth of E. coli ATCC 25922 population is observed, and
in both studied samples, the number of microorganisms grew to a similar degree after 48 h.
However, due to significant differences in the concentrations of released iron and iron

absorbed by the microorganisms, a reduced growth of the population of pathogenic
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under in vivo conditions. Results of the in vitro study show, in an obvious manner, a
dependence between the particle size of elemental iron and the release rate of ions, as well
as the capacity of bacteria for increased absorption in the case of an increased
concentration of unused iron ions. As is indicated by the numerical data, the absorption
capacity, and therefore the ability of the pathogenic bacteria population to grow, is
considerably limited in the case of an inventive composition with strictly defined particle
size of elemental iron.

Thanks to the mentioned properties and possibility to use low doses, the preparation
according to the invention, containing elemental iron with a strictly defined particle size, is
characterised by infinitesimal toxicity, and the occurrence and intensity of side effects is
reduced to a minimum. In studies using animal models, it was proven that elemental iron 1s
30-150 times less toxic in comparison to soluble iron salts. The possibility to reduce the
dose of such iron to a minimum causes that — in spite of the fact that participation of gastric
juices in the transformation of elemental iron to its ionic form - disturbances in the
management of gastric juices playing a key role in nutritional processes do not occur.

The fluid form of the composition according to the invention offers a possibility to
select the preparation dose individually, by a simple recalculation of the preparation
amount per one kilogram of body weight. Such a product fully eliminates the
disadvantages of the threshold dosing characteristic for solid formulation and those
connected with a risk of overdose, which may lead to poisoning or intensification of side
effects, or receiving a dose not sufficient to satisfy the increased demand for iron.

The application of elemental iron with a narrow range of particle sizes, defined
according to the invention, leads to very high bioavailability in the human organism and
reduces the effect of a high concentration of unused iron ions. This fact, when connected
with slow absorption from the digestive tract, causes that elemental iron is liberated
gradually and linearly. As a result, toxicity and the intensity of side effects are reduced,
and simultaneously, the time required for assimilation of the proper amount of ions is
prolonged, as is the time for medical intervention in case of accidental overdosing of the
preparation.

Vehicles of the composition according to the invention are characterised by a total
lack of reactivity with the iron source, and they do not have oxidative properties. Thanks to
this fact, both iron and the vehicle stably maintain their physico-chemical properties in

their interaction. Thus, not only water as a vehicle, but also the necessity to use any
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substances preserving and stabilising the composition were eliminated. Moreover, part of
the mentioned oils, particularly MCT oil, exhibit antibacterial and antifungal properties,
resulting from their specific chemical structure, additionally contributing to the high
stability of the composition. It should be emphasised that application of a mixture of
medium-chain oils as a vehicle, particularly a complex of oils from the MCT group
(mixture of medium-chain triglycerides), additionally affects the organism favourably,
considering the positive effect of the vehicle itself. Moreover, the composition according to
the invention provides a neutral taste and aroma.

The preferable profile of iron release from the preparation according to the
invention allowed for determining an optimum quantitative ratio of the active component
to the vehicle in the ingested dose of the final product. Safety of use and the organoleptic
properties of the vehicle (taste, aroma, colour) play an important role, particularly in the
case of products used in paediatrics. The amount of the vehicle used in relation to the
active component is also not insignificant in the case of preparations for children and
infants, as well as for pregnant women and women planning pregnancy.

The strictly defined size of used particles of elemental iron also allowed for
minimising the risk connected with induction of pathologic activity of bacterial strains
present in the physiological flora of intestines by providing exogenous iron in amounts
exceeding the assimilation capacity of the organism.

The combination of components of the composition according to the invention
solves the problems existing up to the present and constituting a common feature of all
iron-containing preparations, thanks to the fact that the combination has the following
properties:

- possibility of linear, continuous dosing adjusted to the needs of the individual patient;

- simple dose determination;

- high iron bioavailability;

- elimination of the necessity to use additional stabilisers or preservatives;

- stability over time;

- elimination of the risk of formation of an ionised form with an oxidation state which is
hard to determine;

- elimination of the necessity to use modified formulations in order to improve
bioavailability and protect the organism from high doses of iron;

- significant reduction of the intensity of side effects;

- reduction of the risk of an accidental or intentional overdosing of the preparation;
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- elimination of metallic taste in the mouth;
- elimination of teeth staining, which is characteristic for liquid products with iron ions;
- lack of unfavourable features characteristic for a preparation having the form of a gel:
hard and time-consuming restoration of homogeneity of the preparation after sedimentation
of iron particles, inconvenient application of the dose connected with high viscosity of the
preparation and tendency of the gel to adhere to mucous membranes of the oesophagus and
initial sections of the digestive system.

These features make the composition according to the invention a unique and
technologically advanced, up-to-date preparation supplementing iron deficiencies or
satisfying an increased demand for iron in the human organism. Thanks to the lack of
stabilisers and preservatives, the preparation according to the invention may be used by
children and infants, as well as pregnant women. The composition is also useful in
elimination of the so-called “coffee effect” in persons drinking large quantities of this
beverage.

The subject of the invention is described in more detail in the following examples.
Example 1.

A composition consisting of: elemental iron with a medium fineness of D5y=8.5
micrometres in the amount of 2.958 g and a mixture of medium-chain C6-C14
triglycerides, known as MCT oil, in the amount of 95.600 g was prepared in the following
manner.

The total weighed amount of iron was added to a tank containing 5% of the total
amount of oil. The content was stirred vigorously during dosing, at a rate of at least 50
rpm, and the powder was added in batches, in order to avoid possible agglomeration of the
material. Stirring was continued for 15 minutes after dosing of the powder. The obtained
suspension was completed with the remaining oil and mixed for 30 minutes at a rate of at
least 50 rpm. Mixing was continued for the entire duration of the process, and the whole
process was carried out at room temperature.

Example 2.

A composition consisting of: elemental iron with a medium fineness of Dsy=8.5
micrometres in the amount of 15.915 g. and MCT oil in the amount of 85.600 g was
prepared in the following manner.

The total weighed amount of iron was added to a tank with the total amount of the
oil. The content was stirred vigorously during dosing, at a rate of at least 50 rpm, and the

powder was added in batches, in order to avoid possible agglomeration of the material.
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After dosing of the powder, the mixture was stirred for 25 minutes more. The mixing
process was carried out at room temperature.

Example 3.

A composition consisting of: elemental iron with a medium fineness of Ds=8.5
micrometres in the amount of 2.958 g, tocopherol in the amount of 0.050 g and glycerol in
the amount of 95.600 g was prepared in the following manner.

Tocopherol was added to a tank containing 5% of the total amount of glycerol, and
then the total weighed amount of iron was added. The content was stirred vigorously
during dosing, at a rate of at least 50 rpm, and the powder was added in batches, in order to
avoid possible agglomeration of the material. Stirring continued for 20 minutes after
dosing of the powder. The obtained suspension was completed with the remaining glycerol
and stirred vigorously for no less than 30 minutes at a rate of at least 50 rpm. The process
was carried out at room temperature.

Example 4.

A composition consisting of: elemental iron with a medium fineness of Ds5=8.5
micrometres in the amount of 2.958 g, tocopherol in the amount of 0.050 g, MCT oil in the
amount of 60.000g, olive oil in the amount of 35.500 g, vitamin By (0.1% solution in
glycerol} in the amount of 0.100 g was prepared in the following manner.

Tocopherol was added to a tank containing 5% of the total amount of MCT, and
then the total weighed amount of iron was added. The content was stirred vigorously
during dosing, at a rate of at least 50 rpm, and the powder was added in batches, in order to
avoid possible agglomeration of the material. Stirring continued for 15 minutes after
dosing of the powder. A weighed amount of olive oil was then added, and the contents of
the tank were mixed for another 15 minutes. The obtained suspension was completed with
the remaining MCT oil and stirred vigorously for no less than 30 minutes at a rate of at
least 50 rpm. The entire process was carried at room temperature.

Example 5.

Studies in vitro on the reaction rate of dissolution of elemental iron in 0.1 M
hydrochloric acid were carried out. The concentration of iron ions in the samples was
determined using the spectrophotometric method by measurement of absorbance at a
wavelength of 511 nm in relation to a coloured indicator — phenanthroline (according to the
literature data, this value corresponds to maximum absorbance for an iron(ID)-

phenanthroline complex).
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In the study, elemental iron (carbonyl iron — powder) was used with particle size
medians of: 5.2 pm (sample A), 9.5 um (sample B) and 8.5 um (sample C). Characteristics

of the 1ron particle sizes is shown in Table 1.

Table 1. Characteristics of iron particle sizes.

Sample Particle size distribution median | Dy [um] | Dgo [pm]
designation Dso [pm]

A 5.2 3.5 9.2

B 9.5 3.6 17.8

C 8.5 2.7 13.0

10.5 mg of each sample (A, B, C) was weighed. 5 ml 0.1 M of hydrochloric acid at
37°C was added to each of the weigh-outs, up to a concentration of 2.1 mg/ml (the acid
was thermostated earlier in an ultrasonic bath). The samples were kept in an ultrasonic
washer at 37°C for the entire period of measurements, and 10 pl of the sample in the form
of a suspension was collected after a specified time. Before coliection, the sample was
shaken in order to obtain a homogeneous concentration throughout the entire volume, and
then iron was isolated from the solution using a neodymium magnet in order to remove
non-ionised iron particles which might still be reacting during the absorbance measurement
and disturb the results. The measurements were carried out until a constant concentration
of iron(IT) ions was obtained — a plateau in the curve of concentration of iron(II) ions in the
sample vs. time. Portions of the investigated solution (10 ul each) containing iron(II) ions
in hydrochloric acid were transferred to cells containing a solution with the following

composition reported in Table 2.

Table 2. Composition of the sample in the measurement cell before iron(Il) ions were
added.

Composition of the sample pl
water 1720
sodium citrate 10% w/w 20
hydroxylamine hydrochloride 10%

wW/wW 40
phenanthroline (0.25% w/w in 0.1 M

HCD 200

The absorption spectrum was recorded immediately after a portion of the solution

containing iron(Il) ions was added to the cell containing other reagents. The spectra were
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recorded in the range from 360 nm to 700 nm, at a resolution of 1 nm, using a Perkin
Elmer Lambda 650 UV-Vis spectrophotometer. For the wavelength of 511 nm, a
maximum of absorbance was observed — according to data in literature, this corresponds to
absorbance of the iron{(II)-phenanthroline complex. Absorbance measurements were
carried out at the maximum corresponding to the wavelength of 511 nm. The obtained
absorbance values were used for calculations of concentration of iron(Il) ions in the
sample, based on the analytical curve and taking into account the dilution (the
measurement conditions were selected so as all obtained absorbance values were in the
range of linearity of the calibration curve). A dependence of changes in the concentration
of iron(II) ions in the sample vs. time was plotted.

Iron was liberated most rapidly from sample A — maximum absorbance was already
obtained after 15 minutes. Sample C dissolved relatively slower than sample A -
maximum absorbance was obtained after 20 min. For sample B, a linear dependence of
iron release was obtained over time up to 45 min. Maximum absorbance was obtained after
60 min.

The results are gathered in the graphs: Fig. 1 and Fig. 2 show absorbance of the
studied samples A, B and C vs. time at a concentration of 2.1 mg/ml. Fig. 2 shows a
detailed comparison of samples A, B and C for a concentration of 2.1 mg/ml in order to
illustrate precisely the essence of the invention.

As can be seen in Fig. 1 and Fig. 2, iron particles from the size range of 5-8.5
micrometres (calculated as a Dsp median) take on an exponential character of the reaction,
while a slight increase in the particle size beyond the threshold of 8.5 micrometres (in the
study — median of 9.5 micrometres) already causes a transformation of this dependence
into a linear form and has a further tendency to behave according to zero-order kinetics.
Example 6.

A study on pharmaceutical preparations developed based on A and C iron particles
was then carried out using the same analytical method. A preparation based on sample A
particles was composed according to the description disclosed in Patent Application No.
WO 2010/146155A1, while a preparation based on sample C particles was prepared

according to the description being the subject of the invention.

Table 3. Composition of the formulation of the pharmaceutical products based on particles
Aand C.

|Pr0duct Elemental MCT | Colloidal |A1uminium|
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designation iron silica oxide
A 25% Ad 100 g 0.625g 0.125¢g
C 1.52% Ad100 g - -

Before collection of a weigh-out of preparation C, homogenisation of the sample
was carried out — shaking for 5 min in a homogeniser (amplitude = 70%, cycle = 0.5) in
order to obtain a uniform mixture. A weigh-out of iron oil suspension (carbonyl iron in
MCT, 1.52%, Dsp= 8.5 um) ~ preparation with a weight of 668.7 mg — was dissolved in
0.1 M hydrochloric acid up to a concentration of 2.1 mg/ml. A series of measurements was
carried out as in the case of Example 5. A “linear” dependence of concentration of iron(II)
jons on the reaction time was obtained for 5-45 min for the maximum at 511 nm
(R2=0.999).

Before collection of a weigh-out of preparation A, homogenisation of the sample
was carried out — shaking for 5 min in a homogeniser (amplitude = 70%, cycle = 0.5) in
order to obtain a uniform mixture. A weigh-out of iron oil suspension (elemental iron,
25%, Dsg = 5.2 um) — preparation with a weight of 42 mg — was dissolved in 0.1 M
hydrochloric acid up to a concentration of 2.1 mg/ml. A series of measurements was
carried out as in the case of Example 5.

Comparison of the compositions is shown in Table 3, and Fig. 3 shows a
comparison of the release rate of iron ions from pharmaceutical preparations based on
elemental iron vs. time.

Pharmaceutical preparations made using the particles investigated in Example 5
confirm the tendencies of the release characteristics. Preparation A, in the form of a gel
based on MCT oil and particles with a size of 5.2 micrometres (median Dsg), exhibits a
tendency for exponential release of iron ions. Preparation C, containing iron particles with
a size of 8.5 micrometres, leads to linear kinetics, and the maximum concentration is
obtained in the time corresponding to gastric passage.

Example 6.

An in vitro study showing the differences in the amounts of released iron and iron
absorbed by pathogenic strains was carried out using an M9 minimal medium devoid of
ion ions, or TSB (tryptic soy broth). Standard strains of E. coli, Klebsiella pneumoniae
were grown in the M9 minimal medium at 37°C +/~1°C for 24 h. Standard strains of
Enterococcus faecalis, Staphylococcus aureus with an MRSA mechanism were grown in

the TSB (tryptic soy broth) medium at 37°C +/—1°C for 24 h. After this time, the standard



CA 02968821 2017-05-24

WO 2016/118028 PCT/PL2016/000008
16

strain culture was centrifuged (2000 rpm, 10 min), the supernatant was decanted, and the
sediment of bacterial cells that remained on the bottom was washed with 10 ml of the
corresponding medium, M9 or TSB, and then centrifuged once again. The procedure was
repeated twice. After washing of the cellular deposit, 10 ml of the corresponding medium,
M9 or TSB, was added and thoroughly vortexed. The so-prepared pure culture was
inoculated on a Columbia agar medium (Enterococcus faecalis, Staphylococcus aureus) or
McConkey agar (E. coli, Klebsiella preumoniae) in order to determine the initial number
of colony forming units (cfu/ml) (by the 10-fold dilutions method), and then they were
used for further tests. The so-prepared culture was diluted up to a suspension with a density
of 10%10° cfu/ml in the corresponding medium (TSB or M9). 300 ul of the suspension
were placed in an Ependorff test tube, and 300 pl of the corresponding sample A or B were
added. For each strain, 2 Ependorff test tubes for sample A and 2 Ependorff test tubes for
sample B (the first one for the iron concentration measurement, the second one for the
cfu/ml and OD measurements) were prepared in this way. 2 control samples without
cultures were prepared in the same way: by adding 300 pl of sample A or B to 300 pl of
M9 medium. All of the above were incubated at 37°C +/-+/- 1°C, then the measurements
were carried out after times of: 30 min, 8 h, 24 h, 48 h, using only the aqueous phase. The
aqueous phase was centrifuged as a whole, and the cellular pellet (in order to investigate
the amount of iron absorbed by the cells) and the remaining supernatant were used for the
test separately. In order to free iron from the cellular pellet, the latter was incubated at
60°C for 3 h and then disintegrated using glass beads. Inductively coupled plasma mass
spectrometry (ICP-MS) using an ELAN 6100 spectrometer (Perkin Elmer, USA) was used
for the measurement of the level of iron ions. Next, the samples (pellet and supernatant)
were mineralised by adding 1.2 ml of ultrapure nitric(V) acid, then 100 pl were collected
and diluted to 5 ml with distilled water. For the same times, OD was also measured, and a
quantitative culture was carried out by the serial dilution method, and simultaneously,
positive control was also carried out for the individual strains. The obtained results of
concentration of the released iron for samples A and B are shown in Table 4 and in Fig. 4.

Concentrations of iron absorbed by the pathogenic bacteria are shown in Tables 5, 6.

Table 4. Amount of released iron for samples A and B.

Preparation A Preparation B
Time mg/L mg/L
30° 41.53 108.68
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8 h 36.45 109.29
24 h 37.85 103.96
48 h 35.63 132.13

Table 5. Concentration of iron absorbed by strains: S. aureus ATCC -BAA-36 and E.
Jfaecalis ATCC 2912 for samples A and B.

S. aureus ATCC —BAA-36 strain

E. faecalis ATCC 2912 strain

Concentration of Concentration of Concentration of Concentration of
iron absorbed from | iron absorbed from | iron absorbed from | iron absorbed from
preparation A, preparation B, preparation A, preparation B,
Time mg/0.3 ml mg/0.3 ml mg/0.3 ml mg/0.3 ml
0h 0 0 0 0
30 0.03 0.05 0.018 0.05
8h 0.04 0.12 0.029 0.06
24 h 0.05 0.159 0.04 0.54
48 h 0.122 0.157 0.09 0.98

Table 6. Concentration of iron absorbed by strains: E. coli ATCC25922 and K.

preumoniae BAA-1705 for samples A and B.

E. coli ATCC25922 strain

K. pneumoniae BAA-1705 strain

Concentration of Concentration of Concentration of Concentration of
iron absorbed from | iron absorbed from | iron absorbed from | iron absorbed from
preparation A, preparation B, preparation A, preparation B,
Time mg/0.3 ml mg/0.3 ml mg/0.3 ml mg/0.3 ml
0Oh 0 0 0 0
30’ 0.016 0.04 0.013 0.029
8h 0.019 2.88 0.023 0.026
24 h 0.0155 2.81 0.015 0.02
48 h 0018 0.01 0.025 0.028
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Claims

A fluid composition containing a source of iron in non-ionic form and the vehicle,
characterised in that it consists of clemental iron with average particle size Dsg in the
range from 7 to 10 micrometres in an amount from 0.1% to 15.0% w/w, and a vehicle
selected from glycerol and/or a vegetable oil and/or fish oil in an amount from 85% to
99.9% wiw., individually or in a mixture.

A composition according to claim I, characterised in that elemental iron has a particle
size distribution with the following characteristics: 7um< Dsp<10 pm, Dgo<15 pm.

A composition according to claim 1, characterised in that as an oil, it contains:
triglycerides of medium-chain fatty acids, glycerol, maize oil, rapeseed oil, linseed oil,
untreated coconut oil, fish-liver oil, cod-liver oil or other fish oils, olive oil, or any
mixtures thereof.

A composition according to claim 1 or 3, characterised in that as an oil, it contains
triglycerides of medium-chain fatty acids with a chain length from C6 to Cl4,
individually or in a mixture.

A composition according to claim 4, characterised in that it contains a mixture of
triglycerides of medium-chain fatty acids, in which the C8-C10 chains constitute at
least 90% wiw.

A composition according to claim 1, characterised in that it additionally contains at
least onec active component selected from a group comprising: a mixture of
tocopherols, o-tocopherol, organic compounds from the retinoid group, retinol, 2-
methyl-1,4-naphthoquinone derivatives, D vitamins, natural organic carotenoids,
vitamin C, vitamins of the B group.

A composition according to claim 1, characterised in that it additionally contains
components from the group: probiotic bacteria, non-pathogenic pure culture yeast,
polysaccharides with prebiotic properties.

A composition according to claim 6 or 7, characterised in that the additional active
component contained in the composition is in an amount from 0.001 to 10% w/w.

A composition according to claim 1, characterised in that it additionally contains at
least one pharmaceutically acceptable auxiliary substance.

A composition according to claim 9, characterised in that the auxiliary substance

contained in the composition is in an amount from 1% to 10% w/w.
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Use of the composition as specified in claims 1-10 for manufacturing of a preparation
to supplement iron deficiencies and/or to satisfy an increased demand for iron in
mamimals, including humans.

Use according to claim 11, characterised in that the composition is intended for
administration, in treatment and prophylaxis, to infants, children, pregnant women and

women planning pregnancy.
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