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Abstract. A review of literary sources shows the prevalence of the problem of 
the development of oxidative stress as a side effect of many pathological processes 
in animals and humans. It is essential to develop ways and means of its prevention 
and correction since its correction can be a non-specific therapy in developing many 
pathological processes.

The development of oxidative stress caused deviations in redox processes, the 
permeability of cellular membranes, and their integrity. Overcoming the effects of 
oxidative stress requires bio-preparations with high bioavailability, which can stimulate 
the body's natural antioxidant defense system and neutralize the toxic effects of 
xenobiotics. Reducing the manifestation of oxidative stress is often adapting the body's 
natural antioxidant protection system to increase the supply or formation of reactive 
oxygen species and free radical oxidation products.

Macro- and microelements are absorbed by the body of animals and humans mainly 
through the digestive system. To correct deficiencies of certain elements, mineral, and 
vitamin-mineral supplements used in the diet, and drugs for parenteral administration 
- under acute deficiency.

Chelates of chemical elements are increasingly used in therapeutic practice, as they 
are characterized by higher bioavailability compared to organic and inorganic salts of 
the same elements.

The use of compounds with higher bioavailability makes it possible to introduce 
a smaller amount of the drug in terms of metal, which will avoid the irritating effect 
and improve the organoleptic indicators, preserving or even enhancing the therapeutic 
effect. Chelates have a lower irritating effect at the same concentrations as in saline 
solutions.
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Therefore, the study of the biochemical mechanisms of action of the drug (in 
particular, in the correction of oxidative stress) is an urgent issue that prompts us to 
study it to develop a drug with high bioavailability and confirm its effectiveness.

Key words: bio-preparations, chelate, magnesium, phosphorus, oxidative stress.

Introduction. 

It is known that the production of re-
active oxygen species (ROS) increases 
with the development of many patho-
logical processes in the body of animals 
and humans (Hybertson, B. M., Gao, B., 
Bose, S. K., & McCord, J. M., 2011). 
ROS cause the formation of free radicals 
and the development of oxidative stress 
when the amount of ROS formation is 
greater than the speed of their neutraliza-
tion and is accompanied by a violation of 
redox processes, the permeability of cell 
membranes, and their integrity (Tarallo, 
A.et al., 2021).

Oxidative stress occurs as a result of a 
wide range of pathological processes: in-
fection, inflammation, stress, xenobiotic 
poisoning, etc. Therefore, it is important 
to develop methods and means of its pre-
vention and correction (Melov, S., 2002). 
The development of drugs made based 
on available raw materials and effective 
methods of their application requires a 
fundamental study of the body's adapta-
tion mechanisms to the action of oxida-
tive stress (Barnes, P. J., 2020).

The antioxidant defense system 
(ADS) is responsible for the neutraliza-
tion of ROS and free radicals in the body, 
which includes the enzymes superoxide 
dismutase, catalase, glutathione perox-
idase, and glutathione reductase, and 
glutathione tripeptide together with co-
factors (Barnes, P. J., 2020).

Magnesium participates (as a cofac-
tor) in more than 300 catalytic reactions, 
due to which it is involved in energy, pro-
tein, lipid, and other exchanges (Morais, 

J. B. et al., 2017). Studies indicate a di-
rect relationship between the content of 
magnesium in the body and glutathione, 
as well as the activities of AOZ enzymes 
(Kaliaperumal, R. et al., 2021). Since 
glutathione is involved in the detoxifi-
cation of toxic metabolites, magnesium, 
which is necessary for its synthesis, ex-
hibits pronounced antioxidant properties 
(Chen, Y. et al., 2019). It should be noted 
that preparations containing phospho-
rus combined with organic radicals are 
used as a source of organic phosphorus 
to enhance metabolic processes (Hax, L. 
T. et al., 2019; Nuber, U. et al., 2016). 
They are characterized by a high meta-
bolic rate and low toxicity. Studies show 
that such phosphorus-containing drugs 
are not cumulative, and their use ensures 
the supply of phosphates to metabolic 
pathways, which are subsequently used 
for phosphorylation and the formation of 
macroergic compounds (Kreipe, L. et al., 
2011; Rollin, E. et al., 2010).

The combined magnesium and 
phosphorus preparation based on ca-
sein "Biophosphomag" (hereinafter the 
preparation) is chemically composed of 
artificially phosphorylated cow's milk 
casein as a ligand that chelates magne-
sium ions. The drug was created as a 
complex with a high therapeutic and 
preventive, adaptogenic, and stimulating 
effect, while it was made based on avail-
able raw materials (Калачнюк Л. Г. та 
ін., 2020, a, b).

Chelates of chemical elements are 
increasingly used in therapeutic prac-
tice, as they are characterized by higher 
bioavailability compared to organic and 



Р. І. Пальонко, Л. Г. Калачнюк

16 | ISSN 2706-8382  Vol. 13, № 1-2, 2022БІОЛОГІЧНІ СИСТЕМИ: ТЕОРІЯ ТА ІННОВАЦІЇ

inorganic salts of the same elements 
(Grande, A. et al., 2020; Jahanian, R., & 
Rasouli, E., 2015).

Purpose of article. Therefore, the 
study of the biochemical mechanisms 
of action of the drug (in particular, in 
the correction of oxidative stress) is an 
urgent issue that prompts us to study it to 
develop a drug with high bioavailability 
and confirm its effectiveness.

Chelates of mineral elements and 
their application.

Macro- and microelements are ab-
sorbed by the body of animals and hu-
mans mainly through the digestive sys-
tem. To correct deficiencies of certain 
elements, mineral and vitamin-mineral 
supplements are used in the diet, and 
in the case of acute deficiency, drugs 
for parenteral administration are used 
(Breymann, C., 2017; Fong, J., & Khan, 
A., 2012). The lack of certain elements 
in animals is due to the intensification of 
productivity compared to natural condi-
tions, and in humans - due to the deep 
processing of food (Shah, N. C. et al., 
2014; Yamamoto, M., & Yamaguchi, T., 
2007). A common problem for humans 
and animals is the absence or imbalance 
of some elements in geochemical zones 
(Shenkin, A., 2006).

A chelate is an organic coordination 
compound consisting of a central metal 
atom and a polydentate ligand connect-
ed in a cyclic or ring structure. Chelates 
of mineral substances are most often 
obtained by the interaction of metal 
ions from a solution of their salt with 
free amino acids or peptides. The che-
lation process is characterized by the 
formation of two or more coordination 
bonds between one metal cation and 
two or more separate binding sites of 
one ligand. Usually, chelates are used, 

in which the ligands are amino acids or 
proteins, as they demonstrate the high-
est bioavailability (Cao, J. et al., 2000).

Chelates of chemical elements are 
increasingly used in therapeutic prac-
tice, as they have higher bioavailability 
compared to organic and inorganic salts 
of the same elements and, as a result, 
show more pronounced therapeutic ef-
fects (Grande, A. et al., 2020; Jahanian, 
R., & Rasouli, E., 2015). The use of 
compounds with higher bioavailability 
makes it possible to introduce a small-
er amount of the drug in terms of metal, 
which will avoid the irritating effect and 
improve the organoleptic indicators, pre-
serving or even enhancing the therapeu-
tic effect. Chelates have a lower irritat-
ing effect at the same concentrations as 
saline agents (Fouad, G. T et al.., 2013).

The use of peptides, rather than indi-
vidual amino acids for the synthesis of 
chelates, makes it possible to create com-
plex multi-element complexes with a 
single ligand. The high bioavailability of 
chelates with proteins as ligands can be 
explained by the fact that they can be ab-
sorbed as oligopeptides after hydrolysis 
to di- and tripeptides. It was established 
that di- and tripeptides are absorbed by 
enterocytes of the small intestine with 
the help of the PepT1 cotransport system. 
The PepT1 system does not participate in 
the absorption of free amino acids from 
the alimentary canal. The rate of absorp-
tion of amino acids in the form of di- and 
tripeptides using PepT1 is 70-80% high-
er than the rate of absorption of free ami-
no acids (Miner-Williams, W. M. et al., 
2014). This gives reason to assert that the 
main number of amino acids assimilated 
by the body is absorbed in the form of 
di- and tripeptides and that oligopeptides 
are effective conductors increasing the 
bioavailability of substances combined 
with them.
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The absorption efficiency of chelates 
is determined by several criteria of their 
bioavailability, namely: low molecu-
lar weight, the ability of ligands to be 
metabolized in the body, stability, etc. 
(Ashmead, S. D., 2001). An equally im-
portant factor that determines the high 
bioavailability of elements in the com-
position of chelates is that the ligand 
protects the metal ion from the forma-
tion of insoluble complexes (Thongon, 
N., & Krishnamra, N., 2011; Thongon, 
N., & Krishnamra, N.; 2012).

The degree of assimilation of ions 
of many metals is directly correlated 
with the degree of their chelation (Rob-
berecht, H. et al., 2020). After assimi-
lation by the body, chelates are hydro-
lyzed with the release of a metal ion 
and amino acid residues. Amino acid 
residues are used for the synthesis of 
peptides, and the metal ion is transport-
ed through the circulatory system to the 
place of performance of its functions 
(Hertrampf, E., & Olivares, M., 2004; 
Jeppsen, R. B., 2001; Pineda, O., & 
Ashmead, H. D., 2001).

Since chelates have several unique 
chemical properties, their therapeutic 
use is not limited to the correction of 
the lack of macro- and microelements 
(Ibrahim, O., & O’Sullivan, J., 2020; 
Kwiatkowski, J. L., 2008; Kontoghior-
ghe, C. N. et al.,2015). Studies demon-
strate numerous advantages of chelates 
of microelements and macroelements in 
comparison with inorganic and organic 
salts of these elements (Name, J. J. et 
al., 2018; Ma, W. Q. et al., 2012; Case, 
D. R. et al., 2021).

Assimilation of magnesium ions in 
the body occurs in the digestive system. 
The divalent magnesium ion can com-
bine with two amino acids through ion-
ic bonds through carboxyl groups and 
donor-acceptor bonds with the amino 

groups of these amino acids (Figure 1).

Crystallographic studies show that 
the Mg2+ cation mainly has a coordina-
tion number of 6. Its radius is relatively 
small and is 0.86 Å, and according to 
the Pearson classification, it is a rig-
id ion, due to which the ligand-Mg2+ 
complexes are stable. The most stable 
complexes are formed with O-donors 
and less stable with N-donors. Many 
biological molecules can be effective 
ligands for magnesium ions, among 
them peptides and free amino acids due 
to free carboxyl and amino groups, nu-
cleic acids, and free nucleotides due to 
phosphate groups, water molecules, etc. 
(Rutkowska-Zbik, D. et al., 2013).

The use of magnesium preparations 
in the form of chelates has several ad-
vantages, since magnesium mineral 
compounds, for example, magnesium 
sulfate, has a pronounced irritating ef-
fect on the intestines in high concentra-
tions (Durlach, J. et al., 2005).

 Biophosphomag is a combined 
magnesium and phosphorus 
preparation based on casein. 

The combined magnesium and 
phosphorus preparation based on ca-
sein (Biophosphomag) is chemically 

 

Fig. 1. Chemical structure of 
magnesium chelate on the example of 

Magnesium bis-glycinate 
(Case, D. R. et al., 2020).
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composed of artificially phosphorylat-
ed cow's milk casein as a ligand that 
chelates magnesium ions. The appear-
ance of the finished drug is a homoge-
neous powder from white to pale yel-
low (Калачнюк Л. Г. та ін., 2020a). In 
aqueous solutions with neutral and acid-
ic pH, it is almost insoluble and easily 
soluble at pH > 8. It is recommended 
to combine the drug with vitamin B6 
to enhance and supplement the thera-
peutic and preventive effect (Калачнюк 
Л. Г. та ін., 2020b). The drug obtained 
during the original synthesis protocol 
is easily subject to further modification 
and can be used as a raw material for the 
further development of more complex 
drugs (Калачнюк Л. Г. та ін., 2020a). 
Cow's milk casein, which is a mixture 
of several phosphoproteins (Rehan, F.et 
al.,2019; Madende, M. et al., 2015), 
serves as the raw material for the syn-
thesis of the drug. The choice of casein 
as a chelating agent and carrier of func-
tional groups is determined by its phys-
icochemical and biological characteris-
tics. First, casein is a complete protein, 
so it has in its amino acid sequence all 
essential amino acids in the optimal ra-
tio for the body. Some serine residues 
in the structure of casein are naturally 
phosphorylated, which explains its abil-
ity to coagulate at low pH values. Co-
agulation of casein under the influence 
of low pH values is used by mammals 
for more effective hydrolysis and assim-
ilation, and this property is also used to 

isolate casein from whole milk (Rafiq, 
S. et al., 2016). Another advantage of 
choosing casein for the synthesis of the 
drug is its prevalence and commercial 
availability. The above advantages of 
casein should contribute to the effec-
tiveness of the drug synthesized on its 
basis and its introduction.

To obtain the drug, casein is chem-
ically modified in two stages. The first 
stage of modification was protein phos-
phorylation. The reaction of direct ester-
ification of orthophosphoric acid with 
O-nucleophiles (free hydroxy groups) is 
covered in sources (Li, C. et al., 2016; 
Xiong, B. et al., 2018; Matheis, G. et al., 
1983). The main reaction mechanism is 
SN2 since the reaction by the asynchro-
nous SN1 mechanism involves a slow 
first stage of nucleophile dissociation. 
The attacking groups in this reaction 
are the hydroxyl groups of threonine, 
serine, and tyrosine. The electrophilic 
center is the Phosphorus atom of or-
thophosphoric acid, from which the hy-
droxyl group is split off. The reaction 
can be catalyzed by transition metal 
ions (Cu2+, Fe2+). The scheme of this 
reaction based on the example of ester-
ification of threonine with orthophos-
phoric acid is shown in Figure 2.

The second stage of the synthesis 
was magnesium chelation with addition-
ally phosphorylated casein. The mecha-
nism of chelation of magnesium ions by 
peptides is explained by their structure. 
Peptides are organized into primary, 

 

Fig. 2. Scheme of the esterification reaction of orthophosphoric acid with an 
O-nucleophile using threonine as an example
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secondary, tertiary, and some quaternary 
structures. The primary structure is a se-
quence of amino acid residues intercon-
nected by peptide bonds formed by the 
carboxyl group of one amino acid and 
the amino group of the next (-CONH-) 
(Li, Q. et al., 2014). Peptide bonds are 
characterized by reverse isomerism – 
tautomerism (Smith, M. B., 2001). The 
tautomerism of the peptide bond is ex-
plained by the migration of Hydrogen 
from Nitrogen to Oxygen, due to this, 
the peptide bond tautomerizes from the 
keto form to the enol (-C(OH)N-) iso-
form and vice versa. The enol form, due 
to the labile proton, is more reactive. 
The transition of one isoform to another 
and a stable balance between them can 
be achieved artificially (Kamiya, K. et 
al., 2006).

The formation of complex com-
pounds by peptides occurs after the 
tautomerization of their keto-enol form. 
The formed enol form of the peptide 
bond contains a hydroxyl group, in 
which the proton becomes labile due to 
a strong shift of the electron cloud from 
Hydrogen to Oxygen and partial attrac-
tion of this electron cloud by Nitrogen. 
Showing lower electronegativity, metal 
cations can displace hydrogen from the 
enol form of a peptide bond (Sproul, 
G. D., 2020). Metal ions, which have 
free unfilled electronic orbitals, are also 
able to interact with nitrogen by the 
donor-acceptor mechanism. With the 
simultaneous formation of ionic and 
coordination bonds, the peptide seems 
to wrap around the metal ion, which is 
called chelation (from the Greek Chelè 
- claw) (Flora, S. J., & Pachauri, V., 
2010).

The formation of complex com-
pounds by peptides occurs after the A 
review of literary sources shows the 
prevalence of the problem of the de-

velopment of oxidative stress as a side 
effect of many pathological processes 
in animals and humans (Hybertson, B. 
M. et al., 2011; Melov, S., 2002). Con-
sidering this, it is important to develop 
methods and means of its prevention 
and correction, since its correction can 
be a non-specific therapy in developing 
many pathological processes (Tarallo, 
A. et al., 2021) .

It was mentioned above that Mag-
nesium is involved in maintaining the 
functional state of the oxidative stress 
(Morais, J. B. et al, 2017). Studies in-
dicate a direct relationship between the 
content of magnesium in the body and 
glutathione, as well as the activities of  
enzymes (Kaliaperumal, R. et al., 2021; 
Chen, Y. et al., 2019). Since glutathi-
one is involved in the detoxification of 
toxic metabolites, magnesium, which 
is necessary for its synthesis, exhib-
its pronounced antioxidant properties. 
Preparations that contain phosphorus 
combined with organic radicals are used 
as a source of organic phosphorus to en-
hance the course of metabolic processes 
(Weiller, M., 2020; Pereira, R. A. et al., 
2013).

As a complete protein, casein con-
tains all proteinogenic amino acids in 
the optimal ratio for the mammalian 
body. Due to its availability, distri-
bution, and several physicochemical 
features, casein is used in the pharma-
ceutical industry as a carrier of active 
components (Głąb, T. K., & Boratyński, 
J., 2017).

The use of chelates of mineral ele-
ments has many advantages, which is 
the reason for the spread of their use. 
The main ones are higher bioavailabil-
ity and lower irritating effect in com-
parison with salt means of the same ele-
ments (Udechukwu, M. C. et al., 2016; 
Allen, L. H., 2002).
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Neutralizing the effects of oxidative 
stress requires drugs that can stimulate 
the body's natural antioxidant defense 
system (ADS) and neutralize the tox-
ic effects of xenobiotics (Barnes, P. J., 
2020). Since Magnesium can stimulate 
many metabolic processes, as well as 
maintaining the functional state of the 
ADS, its combination with Phosphorus 
as part of a chelate complex is potential-
ly promising for combating oxidative 
stress.

Based on the theoretical general-
ization and analysis of the results of 
our experimental studies, it is possible 
to propose a hypothetical biochemical 
mechanism of the adaptogenic action of 
the combined magnesium and phospho-
rus preparation based on casein under 
conditions of oxidative stress (Figure 3).

The mechanism of adaptogenic 
action of the drug is explained by its 
chemical structure and biological prop-

erties. After entering the digestive tract, 
the biological preparation hydrolyzes to 
oligopeptides. According to literature 
data, oligopeptides consisting exclu-
sively of L-amino acid residues are most 
intensively absorbed, those containing 
individual D-amino acid residues are 
assimilated less intensively, and di- and 
tripeptides, which consist exclusively of 
D-amino acid residues, are not absorbed 
in all. Since casein is the starting mate-
rial for the synthesis after the hydrolytic 
splitting of the drug only oligopeptides 
consisting of L-amino acid residues are 
formed (Rubio-Aliaga, I., & Daniel, H., 
2008).

After entering enterocytes, oligo-
peptides can be subjected to cytosolic 
hydrolysis or transported unchanged 
through the basolateral membrane to the 
portal system of the liver [209]. At the 
same time, the magnesium ions com-
bined with them are strongly absorbed, 

 

Figure 3. Hypothetical biochemical mechanism of the adaptogenic action 
of the combined magnesium and phosphorus preparation based on casein 

under conditions of oxidative stress. Note: * – bioavailability of the drug and 
magnesium content; ** – antioxidant properties of the drug; *** – research 

under conditions of induced oxidative stress.
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which are then used by the body to en-
sure the functioning of magnesium-de-
pendent enzymatic systems, etc.

Conclusion and Perspectives. 

Therefore, the investigation of the 
biochemical mechanisms of the bio-
preparation's action (in particular, when 
correcting oxidative stress) is an urgent 
problem, which prompts its study to 
develop a drug with high bioavailability 
and confirm its effectiveness.
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Анотація. Огляд літературних джерел свідчить про розповсюдженість проблеми 

розвитку оксидативного стресу як побічного явища багатьох патологічних процесів у 
тварин і людей. Зважаючи на це, важливе значення мають розробка способів і засобів 
його профілактики та корекції, оскільки його корекція може бути неспецифічною терапі-
єю при розвитку багатьох патологічних процесів.

В умовах розвитку оксидативного стресу спостерігають порушення окисно-від-
новних процесів, проникності клітинних мембран та їх цілісності. Подолання наслідків 
оксидативного стресу потребує препаратів з високою біодоступністю, які здатні сти-
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мулювати природну систему антиоксидантного захисту організму та нейтралізувати 
токсичні ефекти ксенобіотиків. Зниження прояву оксидативного стресу часто полягає в 
адаптації природної системи антиоксидантного захисту організму до збільшення надхо-
дження чи утворення активних форм кисню та продуктів вільнорадикального окиснення.

Макро- і мікроелементи засвоюються організмом тварин і людини переважно через 
систему травлення. Для корекції дефіцитів окремих елементів використовують міне-
ральні та вітамінно-мінеральні добавки до раціону, а у випадку гострого дефіциту – пре-
парати для парентерального введення.

Хелати хімічних елементів все частіше використовуються в терапевтичній практи-
ці, оскільки їм властива вища біодоступність порівняно з органічними та неорганічними 
солями цих же елементів

Застосування сполук з вищою біодоступністю дозволяє вводити меншу кількість 
препарату в перерахунку на метал, що дозволить уникнути подразнюючої дії та покра-
щити органолептичні показники зберігши або навіть посиливши терапевтичний ефект. 
Хелатам властива нижча подразнювальна дія за тих же концентрацій, що і в сольових 
засобах.

Отже, дослідження біохімічних механізмів дії препарату (зокрема при корекції окси-
дативного стресу) є актуальним питанням, що спонукає нас до його вивчення з метою 
розробки препарату з високою біодоступністю та підтвердження його ефективності.

Ключові слова: біопрепарати, оксидативний стрес, магній, фосфор, хелат.


