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1. Introduction

Minerals are necessary for implementing biochemical
and physiological processes, maintaining the constancy
of the internal environment, building structures of living
tissues [1, 2]. Among them, iron is particularly important for
the normal functioning of the human body. This essential
microelement is part of proteins and heme enzymes,
providing oxygen transport in the respiratory chain and
tissue respiration. As a cofactor for nonhemin enzymes, iron
is involved in energy metabolism, biosynthetic processes
and the metabolism of many biologically active compounds.
It promotes cell proliferation and differentiation and is
also necessary for the functioning of the cellular, humoral
immunity and nonspecific protection factors [3—5].

Imbalanceofthismicroelementtowardsthe predominance
of its expenditure over supply leads to iron deficiency. There
are three stages of iron deficiency. When prelatent iron
deficiency, decline in microelement reserves in the body
tissues without reducing the serum iron concentration is
observed. Latent deficiency is characterized by the depletion
of iron stores in depot while maintaining the hemoglobin
concentration in the serum blood above the lower limit
of normal. A decrease in hemoglobin concentration below
the physiological values results in the third stage of iron
deficiency — iron deficiency anemia. It is a circulatory

system disease, which is accompanied by changes in iron
metabolism parameters, quantitative and qualitative changes
of red blood cells, clinical manifestations of anemic hypoxia,
sideropenia and metabolic intoxication [3, 6].

Correction and prevention of iron deficiency are a global
problem of mankind since, according to the WHO, latent
iron deficiency is found in about 3.6 billion people around
the world, and iron deficiency anemia is found in 1.8 billion
[7, 8]. Because of the low absorption of iron, contained
in food in the gastrointestinal tract, the solution of this
problem using only dietotherapy is impracticable [9]. This
necessitates the development of new effective drugs and
dietary supplements with antianaemia properties that can
restore a positive balance of iron in the human body.

2. Analysis of literature data and formulation of the
problem

Depending on the method of administration to the body,
iron preparations are classified as parenteral and oral [10]. The
latter are the most often used in the iron deficiency treatment
due to the proximity of their absorption to the physiological
process of iron absorption, as well as the absence of side
effects, inherent in parenteral drugs, simplicity and ease of
use [11, 12]. In turn, oral preparations are divided into ionic




and nonionic. They differ in structure and properties of the
main active substance, and as a result, the metabolism in the
conditions of the gastrointestinal tract [11].

The main component of ionic preparations is various
ferrous salts. They are absorbed by means of passive
diffusion. This mechanism works even after saturation of
the transport system, so in the case of drug overdose or its
application by healthy person there is a risk of intoxication
because of free penetration of iron in the blood flow [11, 12].
Furthermore, in conditions of the gastrointestinal tract, the
degree of its oxidation varies from +2 to +3. This process
is accompanied by the activation of free radical reactions
that damage cellular membranes [13, 14]. These drugs may
also cause local irritation of the mucous membrane of the
alimentary canal, which leads to dyspeptic disorders. To
increase the portability, they are recommended to be taken
during meals. However, this leads to a decrease in the iron
bioavailability since a number of food ingredients inhibit its
absorption [11, 12].

Nonionic preparations are complexes of soluble
polysaccharides with ferric hydroxide. Although they
differ in the carbohydrate component (pullulan, inulin,
arabinogalactan), a mandatory requirement for them is the
solubility, since only such complexes are active [15-17].

Dextran (polyisomaltosate) and dextrin (polymaltosate)
are the most commonly used. Herewith, preference is given
to the latter since the drug on its basis has a low allergenic
potential [17]. This complex consists of polycyclic ferric
hydroxide (FeOOH) ,, coated with non—covalently bound
polymaltose molecules. Due to high molecular mass, it is
not diffused through the intestinal mucosa membrane. It is
believed that iron is absorbed by means of active transport,
based on competitor ligand exchange among biopolymers,
which determines its absorption rate. Therefore, when the
body is saturated with iron, its absorption it terminated
according to the principle of feedback, which eliminates
toxicity [11, 18]. Furthermore, the complex does not possess
prooxidant properties, does not cause dyspeptic disorders
and does not interreact with the food components and drugs
[12, 14, 19]. At almost the same efficiency of correction and
prevention of iron deficiency states, this drug has significant
advantages over ion due to the good tolerance and high safe-
ty profile [12, 18-20].

Duration of treatment by antianemic drugs ranges from
3 to 6 months [18, 20]. During this time, the immune system
activity is reduced since iron deficiency causes the immune
response dysfunction [4, 6]. In order to avoid the develop-
ment of immunodeficient states, allergic and autoimmune
diseases with the general anemic syndrome, for the preven-
tion and correction of iron deficiency it is advisable to use
drugs and dietary supplements that combine antianaemia
and immunomodulatory properties. This can be accom-
plished using the carbohydrate component, exhibiting this
activity. In this case, to reduce the risk of allergic reactions
it is preferable to prepare complexes based on the non—mi-
crobial polysaccharides.

As such carbohydrates, soluble p—(1—3)/(1—6)-D-
fungal glucans, which belong to the group of the most active
immunomodulators can be considered. The source of these
polysaccharides is cultured mushrooms, in particular, Agar-
icus bisporus [21, 22].

In the literature, there are no not only information about
the physiological activity of soluble iron complexes based
on polysaccharides of mushrooms, but also mentions of the

possibility of preparing them. In this regard, preparation,
characterization of their properties in comparison with the
known carbohydrate-based iron complexes for further re-
search in the in vivo conditions are relevant.

3. The purpose and objectives of research

The purpose of the work was the preparation and
primary characterization of soluble iron complexes based on
polysaccharides of Agaricus bisporus.

To achieve this goal, key objectives of the study were
identified:

—to examine the impact of the preparation process
parameters of iron complexes (ratio of components,
concentrations of their solutions, pH of the reaction medium)
on the yield and composition of the resulting product;

— to characterize the iron complex sample.

4. Methods of preparation and study of iron complexes
based on polysaccharides of Agaricus bisporus

4.1. Isolation of polysaccharides from Agaricus
bisporus

Dried mushrooms were crushed, treated with 70 %
alcohol at 60 °C for 40 min. The solid residue was separated
by centrifugation and treated with 3 % boiling sodium
hydroxidesolution for 4 hours. The liquid phase was separated,
acidified with HCI to pH=2, the precipitate formed was
separated by centrifugation, the alcohol in a volume ratio 1:4
was added to the liquid phase, the precipitate was separated
by centrifugation, dissolved in water and analyzed. The
carbohydrate content of the solution was determined by
the anthrone method [23], protein — by the Lowry method
[24]. The sample was hydrolyzed with 2 % HCI solution
for 4 hours, and then monosaccharide composition of the
hydrolyzate was determined by gas-liquid chromatography
on Hewlett—Packard 5890 A gas chromatograph [25].

4. 2. Preparation and chemical composition of iron
complexes
Concentrated alkali solution in an amount, necessary
to produce the predetermined level of the pH medium
was added to aqueous solution of polysaccharides, heated
to 90 °C, and then, when mixing, an equal volume of iron
chloride (I1T) solution with concentration of 0.075 % was
added. The process was carried out at this temperature for
10 min. To vary the mass ratio of iron: polysaccharides from
1:0.25 to 1:3.00, the polysaccharide solution concentration
was changed from 0.019 to 0.230 %. For more concentrated
solutions of complexes, 0.45 % polysaccharide solution and
0.30 % iron chloride (IIT) solution were used. The process
temperature in all experiments was constant — 90 °C. The
resulting solutions were separated from the precipitate by fil-
tering and the content of carbohydrate was determined by the
anthrone method, and iron — by the thiocyanate method [26].
Ferric hydroxide (IIT) was prepared in a similar way,
using water instead of the polysaccharide solution. The pre-
cipitate was separated by centrifugation and dried.

4. 3. Characterization of the iron complex
The complex, as well as source polysaccharides, were
characterized using gel chromatography on Sephadex



G-150 (h=38 ¢cm; d=3,1 cm; Pharmacia, Sweden). The
column was calibrated by markers — dextrans (Sigma) with
known molecular masses, eluent — water. The content of
carbohydrates and iron was determined in fractions [27].

IR spectra were recorded on FT-IR spectrometer
FTIR-8400S in the range of 400...4000 cm™'. UV spectra
were recorded on spectrophotometer SP—102. Electron
microscopy was performed on a transmission electron
microscope TEM 100-01.

5. Results of studying the effect of the preparation
conditions of iron complexes on their yield, composition
and their discussion

The polysaccharide component, used to produce the
complexes was a product, containing 88.5 % of carbohydrates
and 3.8% of protein. Glucose (85.0 %), the presence of which
was mainly caused by the cleavage of p—(1—3)/(1—6)-D-
glucans prevailed in polysaccharide hydrolysate composition.

Most authors use mass ratio of iron:carbohydrates in the
range from 1:30 to 1:19 at a pH of the reaction medium of
12.0-12.5 [15, 16, 28, 29] for the preparation of complexes.
To study the possibility of increasing the iron content in the
composition of the desired product, the complex formation
process, reducing the share of the carbohydrate component was
investigated. Thus, Fig. 1 shows that reducing the mass fraction
of polysaccharides from 75.0 to 50.0 % of the reaction mixture
composition does not influence the yield of water soluble target
product. Its value is at the level of 99,1-96,0 %, i.e. starting
components are almost completely included in the complex.
The maximum iron content in the formulation reaches 47,9 %.

Decrease in the mass fraction of polysaccharides in
the reaction mixture (ratio of iron:carbohydrates 1:0.75)
is accompanied by a sharp drop in yield of target soluble
complex with a slight decrease in the iron content in it.
Further reduction in the amount of polysaccharides, added
to the inorganic component leads to the fact that the
liquid phase contains only 11,2-15,6 % of the complex. It
is noteworthy that the amount of iron therein is very little
and makes up 0,8-7,4 %. In these conditions, an insoluble
product, in which metal accounts for more than three
quarters is mainly formed.
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Thus, it can be assumed that at low polysaccharide
content in the system, there is an interaction of inorganic and
organic components in two directions. In one case, the iron
compounds react with carbohydrates with the formation of
soluble iron complex, characterized by a low metal content.
At the same time, the process of interaction among the
inorganic component and alkali soluble polysaccharides
with the formation of an aggregatively unstable system
that, as a consequence, leads to the occurrence of insoluble
iron associates. Further, these compounds have not been
investigated since insoluble forms of iron do not exhibit
physiological activity [11].

The preparation process and composition of complexes
are significantly affected by the pH of the reaction medium.
When the pH drops from 11.5 to 8.5 there is a tendency
of reducing the yield of the desired product (Fig. 2). Thus,
with a minimum content of polysaccharides in the reaction
mixture, it falls to 72.1 %. When approaching a neutral pH
medium value, a sharp decrease in this indicator is observed,
which is 9.8-75.7 %, depending on the component ratio.
Herewith, there is a direct correlation between the mass
fraction of the organic component in the reaction mixture
and the yield of preparations. It is interesting to note that pH
almost does not affect the system, containing the maximum
number of polysaccharides.
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Fig. 2. Dependence of the iron complex yield on the pH medi-
um and the mass ratio of inorganic and organic components:
1—1:3.0;2—1:2.5;3—1:2.0; 4 — 1:1.5; 5— 1:1.0

Similar patterns are observed in changing
the mass fraction of iron in samples (Fig. 3).

At a high mass fraction of the
carbohydrate component (71.4-75.0 %) in
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the system in the pH range 8.5-11.5, this
figure remains practically unchanged, while
for samples with fewer polysaccharides in
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Fig. 1. Dependence of the yield of iron complexes and the iron content in them
on the mass ratio of inorganic and organic components at pH = 12.0:
1 — yield of the complex; 2 — iron mass fraction in the complex
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the reaction mixture there is a tendency
to its decrease. Under conditions, close
to neutral medium, the iron content in all
samples except the system with a maximum
of carbohydrates, greatly reduces. When
using mass ratio of inorganic and organic
components of 1:1.5 and 1:1.0, it is only 9.9 %
and 4.8 % respectively of the theoretical
value.

To obtain drugs with greater mass
fraction of solids, the possibility of using more
concentrated solutions of components was
considered. It was found that at increasing
the concentration of polysaccharides in the




solution to 0.45 %, and iron — 0.30 % at pH=12.0 and mass
ratio of 1:1.5 there is a decrease in the yield of the desired
product by 2 times. In this case, the mass fraction of iron
in it is 23.0 %. This indicates the feasibility of using dilute
solutions of reactants.
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Fig. 3. Dependence of the iron content in complexes on the
pH medium and the mass ratio of inorganic
and organic components:
1—1:3.0;2—1:2.5;3—1:2.0; 4 — 1:1.5; 5= 1:1.0

Thus, the possibility of preparation of soluble metal
complex based on polysaccharides of mushroom was shown.
Its yield and composition depend on the ratio of iron:
polysaccharides, concentration of reactants, pH medium.

6. Results of the study of iron complex with maximum
iron content and their discussion

Next, the characteristic of the sample with the maximum
content of iron, prepared with a mass ratio of organic and
inorganic components of 1:1.0 and pH=12.0 using UV
and IR spectroscopy, gel chromatography and electron
microscopy was given.

The IR spectrum of the studied drug is similar to spectra
of iron complexes based on dextran and pullulan [15, 29, 30].
Inthe IR spectrum of both ferric hydroxide (IIT), and starting
polysaccharides, absorption bands at a wavelength of about
3400 cm™! that corresponds to vibrations of hydroxyl groups
were found. In the IR spectrum of the complex it is shifted
towards lower values of the wave number, which indicates
the presence of strong hydrogen bonds. A simultaneous
absorption band shift from 690 cm™, caused by the presence
of hydroxyl groups in the IR spectrum of the ferric hydroxide
(I1I) to 700 cm™! in the complex confirms the above. It
should be noted that these bonds are stronger compared
with those in the starting substances. The presence of the
absorption band of about 1625 cm™! indicates the presence
of the crystallisation water in the structure of the complex.
The IR spectrum of ferric (IIT) hydroxide, absorption at
430-450 cm™!, caused by fluctuations of Fe—O---Fe was
revealed. The same band is present in the IR spectrum of the
studied complex that confirms the presence of this metal in
its composition.

The absorption spectrum of the resulting complex in
the visible and ultraviolet areas is identical to the spectra
of metal complexes, described in the literature [29, 31].
Characteristic absorption of around 300 and 500 nm
indicates that the iron is present in the octahedral form,

surrounded by oxygen atoms and there are hydrogen bonds
among polysaccharides and the inorganic component.
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Fig. 4. IR—spectra of samples: 1 —ferric hydroxide (lll);
2 — polysaccharides; 3 — iron complex

The data obtained suggest that the sample under
investigation is structurally similar to complexes, described
in the literature. It is believed that their core is polycyclic
ferric hydroxide (FeOOH),, covered by the carbohydrate
component, which is linked to it by hydrogen bonds
[15, 28-31].

Results of the study of metal complex based on
polysaccharides of mushroom by gel chromatography
on Sephadex G-150 have revealed that elution curves
of organic and inorganic components are combined. This
also confirms the formation of the complex. Moreover, the
carbohydrate component at a given ratio of the components
is fully included in the complex. Its molecular mass exceeds
that of the starting polysaccharides and is in the range of
100-120 kDa.

0.5

o N\ PN

s
o
[l

(=]
o
P
—
[
_-l-""'-'--
o,
[
1
| <]

Optical density, nm
=
J
T
—

=
\

' \%é" \\“‘—bn

20 24 28 32 36 40 44
Volume of the eluate, sm®

Fig. 5. Output curve of gel chromatography of
polysaccharide and iron complex on Sephadex G—150:
1 — polysaccharides; 2 — polysaccharides in the complex;
3 —iron in the complex

The size of the complex, according to the results of its
studies by electron—electron microscopy was 170-239 nm,
which can be attributed to its nanostructures. The
particles have an irregular ellipsoidal shape, the shape
factor is 0.80. This approximates to the corresponding
characteristics of iron complexes based on dextran and
pullulan [15, 17, 28, 31].



7. Conclusions

Possibility to prepare soluble metal complexes based
on polysaccharides of mushroom (Agaricus bisporus) was
proved. Their yield and composition depend on the ratio of
iron: polysaccharides, pH medium, concentration of reactants.
The maximum yields of complexes with high iron content
can be obtained at mass ratio of the inorganic and organic
components of 1:1.0 at pH=12.0 and 1:2.5 at pH=8.5.

According to IR and UV spectroscopy, the products
obtained are complexes of polycyclic ferric hydroxide, linked
with polysaccharide molecules by hydrogen bonds. The
complex, which includes 47.9 % share of iron, does not

contain the nonmetal polysaccharide component and has a
molecular mass of 100—120 kDa. The complex belongs to the
nanoscale structures.

By varying the process conditions, it is possible to
prepare iron complexes based on polysaccharides with
different ratios of components. This allows to predict the
effectiveness of their use in the prevention, correction of
iron deficiency and immune response dysfunctions, caused
by them due to the simultaneous presence of iron and
B—(1—3)/(1—6)—D-glucans — powerfulimmunomodulators
in complexes.

Currently in Ukraine there are no analogues of these drugs,
therefore, their further comprehensive study is of interest.
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Y cmammi nasedeno docaioxicenns ymos npose-
denns zazoxpomamozpapiunozo ananisy eipnux
onill HA KANIAAPHUX KOJOHKAX 3 MAKCUMATLHUM
nooislom mepnenosux 6Yyzne600Hi8 i KUCHeBMIC-
Hux xomnonenmie. ITio wac pospobnenns memo-
Odux nidibpano nepyxomi pasu, oéparo 2a3-nociii i
11020 wWeUOKicms, memnepamypu Hazpiey KoJOHOK,
demexmopa, inxcexmopa. Pospobaeni memoouxu
Modcymv Oymu euxopucmani 0N UEUEHHA CKIA-
0y epiprux onii ax eipoonitinux Kyavmyp, max i
NPAHO-APOMAMULHUX POCTIUH HOBOT CeNeKUil

Kantouosi cnoea: epipna onis, nepyxoma ¢pasa,
mepnenosi 6yzne600Hi, KUCHEBMICHI KOMNOHEHMU,
eazoxpomamoepadpiunuil ananis

=, ]

B cmamve npusedenvi ucciedosanus ycnoeuil
nposedeHUss 2a30xXpomamozpaduueckozo aHaiuza
AupHvIX Macen HA KANUNIAPHLIX KOJOHKAX C MAK-
CUMANbHLIM PA30eNIeHUEeM MEPNEHOBLIX Y2J1€6000-
P0008 U Kucopoocooeprcawux xomnowernmos. Ipu
paspabomie Memooux noooOpamnvl HenooeuNcHvLe
Qasvi, svLOpan 2az-nocumetb u €20 CKOpPOCMb, MeM-
nepamypul Hazpesa KOJLOHOK, 0emeKxmopa, UHMCeK-
mopa. Paspabomannvie memoouxu mozym Ovimo
UCNONB308AHBL 0L U3YUEHUSL COCMABA IPUPHLIX
Mmacen Kax 3QPupomacauuHbLx Kyaomyp, max u nps-
HO-apomamuuecKux pacmenuil HO801U CeeKyuu

Knioueevte caosa: apupnoe macno, nenoodsuic-
Has (aza, mepnenosvle Yy21e6000p00vL, KUCIOPOO-
codeprcawgue KOMNOHEHMbL, 2a30XPoMamozpadu-
yeckuil ananus

u] =,

1. Beenenne

Adupubie macaa (essential oils) — cioxkHbie cmecu
OpPraHMYeCcKUX COEAMHEHUIl, COCTOSIIIE, B OCHOBHOM, 3
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PA3PABOTKA METOAUK
KAMUINAPHOU
XPOMATOIPA®UU
TEPMEHOBbIX
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COJEP>XALLUX
KOMMOHEHTOB
3®DUPHbIX MACEN
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