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Aim. The Department of Biochemistry and Physiology of Animals, named after Academician Guly
NUBIP of Ukraine, developed magnesium and phosphorus combined medication based on casein. Our
aim was to test its bioavailability based on the ability to be hydrolyzed by a mixture of pancreatic
digestive enzymes trypsin and chymotrypsin, also check the absence of cytotoxic effects on cell
cultures.

Methods. To assess bioavailability, we used hydrolysis of the medication with a mixture of trypsin
and chymotrypsin, followed by detection of hydrolysis products by polyacrylamide gel electrophoresis.
A standard MTT-test performed on both MT-4 and Namalva cell lines was used to assess cytotoxic
effects.

Results. Based on electrophoresis data, it was found that despite chemical modifications of the
natural casein, the medication based on it is characterized by a high ability to hydrolyze by digestive
enzymes under the same conditions as casein. Also, an MTT-test demonstrates that the medication
has no cytotoxic properties against cell lines MT-4 and Namalva.

Conclusions. Since the negative effects of the drug associated with its digestibility and toxicity
have not been observed, it is recommended to continue the study of its effects on living organisms.
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ty, MTT reagent, NADH (nicotinamide adenine dinucleotide).

Magnesium is the fourth most common
cation in the body, so it is indispensable
for the organism, and its deficiency causes
severe disorders [1]. The biological action of
magnesium is mainly due to the formation
of complexes with intracellular ligands
and antagonism with calcium for binding
with proteins and membrane structures. As
mentioned above, properties determine the
participation of magnesium in the synthesis
of macromolecules such as nucleic acids
and proteins. Over 300 enzymes require
magnesium as a cofactor for their activity
[2]. The participation of magnesium in
the antioxidant defense of the organism
is explained by the magnesium-dependent
synthesis of glutathione [3, 4].

Medications containing phosphorus
combined with organic radicals are well-
known compounds. These compounds are used
as a source of organic phosphorus to enhance
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mineral, carbohydrate, fat, and protein
metabolism. Also, they are characterized by a
high rate of metabolism and low toxicity [5, 6].
Macro- and microelements enter the body
of animals and humans mainly orally. The lack
of certain elements is corrected by the mineral
and vitamin-mineral supplements in the diet
and in case of acute deficiency — parenterally
[7, 8]. The lack of certain elements is caused
in humans by the impoverishment of the diet
due to deep food processing, and in animals —
the intensification of productivity compared to
natural conditions [9]. A common problem for
humans and animals is the lack or imbalance of
some elements in geochemical zones [10].
Assimilation of magnesium in the body
is carried out through the digestive system.
Metal ions chelated by amino acids are
absorbed in the small intestine similarly to
dipeptides. The intensity of ion chelation
directly correlates with the degree of their
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assimilation [11]. After assimilation, chelates
are hydrolyzed to release two amino acids.
Then they are used for peptide synthesis and
magnesium ion, which acts as a cofactor for
apoenzymes [12—14].

Studies demonstrate numerous
advantages of chelates of microelements and
macroelements compared to inorganic and
organic salts of these elements. The main
advantage of chelates is higher bioavailability,
which allows to decrease the dose and thus
improves organoleptic parameters, and
reduces the possibility of toxic or irritant
effects due to overdose [15, 16]. The
Department of Biochemistry and Physiology
of Animals, named after Academician Guly
NUBIP of Ukraine, developed magnesium and
phosphorus combined medication based on
casein [17].

The task of this study was to investigate
the bioavailability of the developed
medication, namely the possibility and rate
of its hydrolysis by digestive enzymes, as well
as its effect on cell viability, and to prove the
absence of cytotoxic effects.

The important factor in the construction
of the study scheme of the medication is
the expected path of its metabolism with
decomposition to peptides and individual
amino acids. Due to the clarity of the metabolic
pathway of the medication, the determination
of the biotransformation of the drug in the
classical sense is not required [18]. The study
of the ability to hydrolyze peptide medication
for oral administration is the main criteria
for assessing the bioavailability of the latter
because the rate of hydrolysis limits the rate
of absorption [19]. To assess the bioavailability
of the medication, the model hydrolysis with
a mixture of digestive enzymes trypsin
and chymotrypsin was used, followed by
electrophoretic analysis of the obtained
hydrolysis products. The comparison was
carried out with the starting material for the
synthesis of the medication, i. e. casein.

Possible cytotoxic and antiproliferative
effects were investigated by standard methods
for assessing cell viability and proliferation —
the MTT-test and trypan blue staining [20, 21].
MT-4 and Namalva cell lines were used for the
assay.

Materials and Methods

For the study, the magnesium and
phosphorus combined medication based on
casein was used, developed at the Department
of Biochemistry and Animal Physiology named

after Academician Guly NUBIP of Ukraine
(patent 139705 UA dated January 10, 2020).
The medication is a homogeneous powder, and
chemically it is artificially phosphorylated
casein from bovine milk as a ligand that
chelates magnesium ions. The magnesium
content is 10% , phosphorus — 12-15%, and
the rest is protein [22]. For the experiment,
the medication was synthesized in 2 identical
parallels (medication-1 and medication-2).

Hydrolysis. For the hydrolysis of the
medication, a digestive enzyme of the
pancreas trypsin with chymotrypsin trace
(=3%) (FERAK, Germany) was used. The
efficiency of the hydrolysis of the medication
relative to casein (#C3400, Sigma, USA) was
compared. The reaction mixture contained
50 mg/ml of the medication or 25 mg/ml
of casein dissolved in 0.05 M Tris buffer
solution, pH 7.4,containing 0.5 mg/ml of a
mixture of trypsin and chymotrypsin [23].
The reaction was carried out for 90 min
at a temperature of 37 °C in a water bath.
Samples for electrophoretic analysis were
taken after 0 min, 45 min, and 90 min from
the beginning of the reaction. Samples were
dissolved in the Laemmli buffer in a ratio
of 1:1. They were added to the wells of the
polyacrylamide gel approximately 100 ng of
starting material per track [24]. The reaction
products were analyzed with the analytical
electrophoresis, in 12% of separative and 4%
concentrating polyacrylamide gel to prove
the hydrolysis process [25]. The analytical
electrophoresis procedure was performed in
a vertical electrophoresis chamber (Helicon);
the molecular weight standard was estimated
with a use of a pre-stained protein markers
Page Ruler 26619 (10—-180 kDa). The process
of hydrolytic cleavage of the medication was
determined densitometrically by the color
intensity of tracks stained with Coomassie
brilliant blue R-250. Interpretation of results
based on the fact that the color intensity of
fractions of the medication after trypsin
treatment is inversely correlated with the
number of peptide bonds in molecules subjected
to hydrolytic cleavage [26]. Densitometric
analysis was performed using Image J
software.

Cytotoxicity. The studies were performed
using cell lines MT-4 (culture of T-cell
leukemia) and Namalva (B-cell line obtained
with Burkitt’s lymphoma). The following
equipment was used, such as laminar (LS,
laminar systems), CO, incubator (Medcenter
Einrichtungen GmbH MMM-Group),
centrifuge (K-26), multiwell spectrometer
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(Labsystems Multiscan MS). The calculation
and cell population visualization were
performed using an inverted microscope
AxioVert (Carl Zeiss) with Axio Vision
software. Cells used in the studies were
cultured in RPMI 1640 medium (Sigma, USA)
containing 10% FBS (Sigma, USA).

The cultivation was performed in a
humidified atmosphere with 5% CO, at a
temperature of 37 °C. Cytotoxic activity was
determined by the conventional method of
determining mitochondrial activity by MTT-
test, pre-determining the number of living
cells by trypan blue staining and counting in
the Goryaev’s cytometer [20].

Cell suspensions were added to 96-well
plates in the amount of 100 pl/well, at a
concentration of 1:105/ml. The medication
was applied to a final concentration of
0.031, 0.0625, 0.125, 0.25, 0.5, and 1 mg/
ml in a culture medium in three independent
parallel each. Four hours before the end of
incubation of cells, 20 ul of MTT reagent
(Sigma, USA) dissolved in PBS were added to
a final concentration of 0.5 mg/ml. After four

1 2 3 4

hours, the plates were centrifuged at 400 g for
10 minutes, and the supernatant was removed.
100 pl of DMSO (Serva, Czech Republic) was
added to each well, after which the plates
were placed on a shaker until the formazan
crystals were dissolved. The optical density
was determined at a wavelength of 540 nm.

Statistical analysis. Statistical processing
of the results was performed by the
conventional method of variation statistics
using MS Excel software. It determined the
mean (M), deviations of each measured value
from M (a), quadratic deviations for each group
(o), and mean error (m). Statistic significance
of the results was determined by the Student’s
t-test and the degree of probability of the
difference between the values of P. The results
with P < 0.05 were reliable.

Results and Discussion

The electrophoregram (Fig. 1, A) shows
the comparability of the molecular weights of
the casein fraction, the starting material for
synthesis, and the final medication (1, 2, 4, 7).

5 6 7 8 9

Fig. 1. A — electrophoregram of the hydrolysate products of the magnesium and phosphorus combined

medication based on casein:

1 — casein, 2 — starting material for synthesis, 3 — starting material after treatment with trypsin 45 min,
4 — medication-1 before treatment with trypsin, 5 — medication- 1 after trypsin treatment 45 min, 6 —
medication-1 after trypsin treatment 90 min, 7 — medication-2 before trypsin treatment, 8 — medication-2
after trypsin treatment 45 min, 9 — medication-2 after trypsin treatment 90 min;

B — the results of densitometric analysis of electropherogram A:

the intensity of the color of the tracks in conventional units

58



Experimental articles

Reducing the color intensity of tracks 3, 5, 6,
8, 9 obviouslyindicates that the medication has
no worse ability to hydrolyze trypsin than the
starting material for synthesis.

Hydrolysis followed by the detection of
protein fractions in the polyacrylamide gel
demonstrated that despite modification of
the peptide bonds of the casein molecule,
the medications retained the ability to
be efficiently hydrolyzed by trypsin and
chymotrypsin. The presence of high molecular
weight zones (more than 30 kDa) can be
explained by the ability of x-casein to form
stable complexes. The formation of these
complexes depends on exposure to high
temperatures. In the literature, chemical
complexes between milk proteins are known
as milk protein coaggregates [27, 28]. Due
to the formation of stable coaggregates of
casein, hydrolysis followed by visualization
by electrophoresis demonstrates a particularly
good visualization of the process.

Both medications showed identical results
in the test for hydrolysis, so further there
was used a homogenized mixture of them
(hereinafter the medication).

The data obtained by vital staining of cells
line MT-4 with trypan blue did not show a
significant increase or decrease in proliferation
compared to control (Table). Since the MTT-
test did not show a significant difference in the
effect of the drug on the MT-4 and Namalva
cell lines, vital staining of the Namalva line
with trypan blue was not performed.

Similar results were demonstrated by the
MTT-test (Fig. 2).

The studies of the cytotoxic properties of
the studied protein preparation showed the
absence of obvious toxic influence against
the cell lines MT-4 and Namalva in the all
above-mentioned concentrations, so the data
are presented for a concentration of 1 mg/ml
as potentially the most toxic one (Fig. 2).
The choice of MT-4 and Namalva cell lines
as models for the evaluation of cytotoxic
properties is explained by the subsequent
test plan of the drug as an immunostimulant.
The proliferative activity of the MT-4 line in
the presence of the medication was slightly
higher than in control, and the Namalva line
was lower. However, a significant difference
between the proliferative effect of the

Fig. 2. The results of indicating no cytotoxic effects of the studied protein preparation in MT-4 and Namalva
cell lines (n = 3)

The results of determining the number of living MT-4 cells by trypan blue staining

Control

Medication

Concentration of living cells MT-4

34.4-10%+1.2-103

37.4-10% = 5.6-10°

Concentration of dead cells MT-4

2.6-10% = 0.7-10%

3.8-10% = 2.2:103

% of dead cells MT-4

9.22%

Note: * — P < 0.05 compared to control.
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medication on cell cultures, compared with
controls, was not observed. Therefore, it was
found that the magnesium and phosphorus
combined medication based on casein does not
inhibit cellular respiration and does not have a
marked cytotoxic effect on cells.

The electrophoregram of the medication
fractions before and after hydrolysis shows a
significant decrease in the staining intensity of
the fractions inherent in the starting material
after hydrolysis. It indicates the ability to
hydrolyze the medication by the digestive
enzymes under the same conditions as bovine
milk casein. Casein has high bioavailability, so
the medication with the similar properties can
be characterized as bioavailable [29].

An important factor indicating the high
bioavailability of the medication is that natural
casein is used for synthesis, not a mixture of
artificial amino acids. The presence of D-amino
acids in mixtures of enantiomers can reduce
bioavailability, in contrast to raw materials of
natural origin containing only L-amino acids
[30].

The increase in cell proliferation under
the action of the medication was not expected
from the beginning, because the cultural
medium RPMI 1640 is balanced by the
concentration of magnesium and phosphorus.
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Thus, the absence of antiproliferative effects
is a promising result for future application of
the studied preparation. Cytotoxicity studies
can be used to predict toxic effects on the
whole organism [31].

Conclusions

As a result of a set of studies, it was found
that the magnesium and phosphorus combined
medication based on casein is hydrolyzed by a
mixture of trypsin and chymotrypsin and does
not show an obvious cytotoxic effect on cell
lines MT-4 and Namalva. Studies of possible
cytotoxic properties did not show a statistically
significant difference in the proliferation of
cells under the action of the medication. Thus,
the medication can potentially be used for
animals after in vivo studies.
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Mema. ITepeBiputu 6iogocTynHiCTb po3pobJie-
HOro KOMOiHOBaHOTO IIperapary Martiio i ¢gocdo-
Py Ha OCHOBI KaseiHny, 'PYHTYIOUNCHh HA 3JJaTHOCTI
rigpojsisyBaTucsa CYMIIIIII0 TPaBHUX €H3UMIiB
M AIIIIYHKOBOI 3271031 — TPUIICUHY i XiMoTpUIICH-
HY, Ta MOKJIUBICTh IIUTOTOKCUYHOTO BIJIUBY Ha
KYJbTYPHU KJIIiTUH.

Memodu. [Insa nocATHEHHA MOCTaBJIEHOI MeTHu
BUKOPUCTOBYBAJIU TiIPOJIi3 IpernapaTy CyMiIIIIio
TPUIICUHY i XiMOTPUIICUHY 3 ITOAAJIBIIIOI0 JeTeKITi-
€10 IIPOAYKTIiB rifposizy Mmeromom ejiekTpodope-
3y B moJiakpuiaaMmigaomy reuri. I{na onminoBaHHA
IUTOTOKCUYHUX e(PEKTiB 3aCTOCOBYBAJM CTAH-
maptauit MTT-tect Ha KyabTypax Kiaitua MT-4
i Namalva.

Pesyavmamu. Ha ocHOBI janux exekTpodope-
3y 0yJIO BCTAHOBJIEHO, 1110, He3BaYKAIOUN HA XiMiu-
Hi Mmogudikaiii npuposHOro Kaseiny, npenapaTu
Ha HI0T'0 OCHOBIi XapaKTePU3YIOTHCSA BUCOKOIO 3/1aT-
HICTIO MO Trifpojisy TPaBHUMU €eH3MMaMHU 34 THUX
caMUX yMOB, 110 i kasdein. Kpim Toro, MTT-rtecT
IIOKas3aB, II[0 IpenapaT He Ma€ IMUTOTOKCUYHUX
BJIACTHBOCTEH II0 BiJHOIIIEHHIO A0 KJIITUHHUX JIi-
Hitt MT-4 ta Namalva.

Bucnosxu. OckinbKku HeraTuBHUX e(eKTiB
mpemapary, OB’ si3aHUX 3 HOro IepeTpPaBHICTIO
i TOKCUUYHiCTIO, He BUSBJIEHO, PEKOMEHIOBaHO
IIPOJOBKUTY BUBUEHHSA MOr0 BIJIMBY Ha MOJEJi
in vivo.

Kanamwuwosi crosa: maruiii, pocdop, Kaseiu, xejar,
rigposis, KyJabTypa KJITHH, IUTOTOKCUYHICTB,
MTT-pearear, NADH (mikoTuHamizameHin-
ITUHYKJIEOTH).
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HCCJEJOBAHUE KOMBUHUPOBAHHOI'O
ITPEITAPATA MATHUA U ®OCPOPA
HA OCHOBE KASENHA
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Ifenwv. IIpoBepuTs GMOJOCTYIHOCTH paspado-
TAHHOTO KOMOMHMPOBAHHOTO IIperapara Maruus
u (pochopa Ha OCHOBe KadenmHa, OCHOBBIBAsACh Ha
CIIOCOOHOCTY TUAPOJIN30BATHCA CMECHIO ITUIIleBa-
PHUTEJBHBIX SH3UMOB IOMKEJYIOUHON Kejesbl
TPUIICUHOM U XUMOTPUIICUHOM, ¥ BOBMOXHOCTD
IIUTOTOKCUYECKOTO BO3IEHCTBUSA Ha KYJIBTYPHI
KJIETOK.

Memodbt. [l mOCTUIKEHUS MTOCTABIEHHBIX
1eJieii ObIJI MCII0JIE30BaH I'UAPOJIN3 UCCIeAyeMOTO
IpernapaTa CMechio TPUIICHHA U XUMOTPUIICUHA C
TIOCJIeIYIOIIell AeTeKIuell IPOAYyKTOB TUAPOJIN3a
MeTOZOM 3JeKTpodopesda B MOJUAKPUIAMUATHOM
rejse. [[na OleHKY IMUTOTOKCUYECKUX d(hGHEKTOB
ncmoab3oBaau craggaptubsiii MTT-tecT HA KyJIb-
Typax KjaeTok MT-4 u Namalva.

Pesyavmamot. Ha ocHOBe TaHHBIX 9JI€KTPOdO-
pesa OBLIO YCTaHOBJIEHO, YTO, HECMOTPS Ha XUMU-
YecKue MOAM(pUKAIINY IPUPOIHOTO Ka3enHa, IIpe-
maparT Ha ero OCHOBE XapaKTepPU30BaJiCid BBICOKO
CIIOCOOHOCTBIO K TUAPOJUIY MUIEBAPUTETbHBIMU
9H3UMAaMM IIPU TeX JKe YCJIOBUAX, UTO U Ka3eWH.
Kpome Toro, MTT-tecT mokasaj, 4To mpemapar
He 00JiafjlaeT ITUTOTOKCUUYECKUMU CBOWCTBaAMU
IO OTHOIIEHUWIO K KJEeTOUHBIM JuHuaMm MT-4 u
Namalva.

Bb1800bt. ITocKOJIbKY OTpHUIIATEIBLHBIX d(deK-
TOB IIpeliapara, CBA3aHHBIX C €TI0 IIeEPeBaPUMOCTHIO
U TOKCUYHOCTHIO, HEe BBIABJIEHO, PEKOMEHIYeTCs
TIPOJOJI’KUTH U3YUEHNE ero BIUAHUA Ha MOJIEJN
in vivo.

Knwuesve cnoea: marauii, ¢ocdop, KaseuH,
XeJiaT, TUAPOJU3, KYJIbTypa KJETOK, IIUTOTOK-
cuunoctb, MTT pearear, NADH (HuUKOTUH-
aMUAaTeHUHIUHYKJIEOTUN).



