Muxkpoanemenmul 6 meduyune 15(4): 23-28

I[NPOBJIEMHA CTATbBA

METAL-LIGAND HOMEOSTASIS
AS A POSSIBLE EPIGENETIC FACTOR
OF DIFFERENTIATION OF BLASTOMERES
AND A CAUSE OF DRUG DISEASES
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ABSTRACT. The analysis of 31 trace elements (TE) content in 20 different organs and tissues of male
guinea pig (Cavia porcellus) using the optical and mass-spectrometric atomic emission method revealed a
marked difference in the ratio of TE. These differences apparently account for causes of drug diseases due to
characteristics of functional groups in medicinal preparations. They affect metal-ligand homeostasis (MLH) of
individual organs and tissues in different ways. They can act as epigenetic factors (EF) in the differentiation of

blastomeres as well.
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INTRODUCTION

One of the most mysterious phenomena of nature
can be considered a process of histo- and ontogenesis
in the embryonic development of animals. The differ-
entiation of blastomeres of different germinal layers
into cells of tissues and organs is a little-studied phe-
nomenon. The formation of chemically and function-
ally distinct tissues and organs from the same genome
cannot be explained from the standpoint of the
genocentric biological paradigm. The chromosome
theory of heredity sidesteps this question too. This
phenomenon is explained by the influence of hypo-
thetical “epigenetic factors” (EF). They participate in
the time and spatial control of gene activity in the de-
velopmental process (Holliday, 1990).

Thus, the term “epigenetic” may be used to de-
scribe any internal factors that affect the development
of an organism except DNA sequence itself. Among
the known EF, there have been named the proteins of
some genes (Takahashi et al., 2007) and enzymes as-
sociated with methylation of nitrogenous bases of
DNA and deacetylation of histone nucleosomes
(Vanyushin et al., 1968; 1970; Zakiyan et al., 2012).
The gene expression is suppressed in both these pro-
cesses. Other EF are still unknown.

The disclosure of their nature is very important
not only in terms of a theory, but also for understand-
ing the nature of side effects of pharmaceuticals and
drug diseases caused by them. The development of
bioinorganic chemistry (BIC) and research at the ion-
molecular (the lowest) level of organization of life
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processes allowed to assume that metal ions, their
composition and ratio are of maximum value among
the possible EF.

MATERALS AND METHODS

The laboratory animals, namely, guinea pigs
Cavia porcellus (3 adult males, 1.5 years) were taken
to study trace element contents. After euthanasia with
diethyl ether, tissues and organs developed from dif-
ferent germ layers were collected:

From mesoderm: 1) whole blood; 1c) serum;
2) bone (femur); 3) striated muscles (buttocks); 4) kid-
neys; 5) heart (syncytium); 6) blood vessels (aorta);
7) testes; 8) skin of the neck; 9) spleen; 10) adrenal.

From ectoderm: 12) cerebrum; 13) large (straight)
intestine; 14) teeth.

From endoderm: 15) mid-intestine (narrow intes-
tine); 16) lungs; 17) liver; 18) thyroid body; 19) uri-
nary bladder; 20) eye.

All the samples (tissues and organs — about 0.2 g
each, blood and serum — 0.5 ml) were placed in
polytetrafluoroethylene vessels, therein was added the
mixture of H,O,, HNO; and H,O (1:3:1) and they were
burned in a microwave Berghof MWS-2 according to
the program P, (T; — 160°C, t; — 5 min, p; — 80%; T, —
210°C, t, — 15 min, p, — 90%; T; < 100°C, t; — 15 min,
ps — 0). The sample volume was adjusted to 20 ml with
water.

Then the samples were assayed for elements.
They were roughly divided into two pools: pool 1 in-
cluded 10 macroelements (Na, Mg, Al, P, S, K, Ca,
Fe, Cu, Zn), and pool 2 included 21 trace elements
(Li, Be, B, Si, V, Cr, Mn, Co, Ni, Ga, As, Se, Rb, Sr,
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Ag, Cd, I, Cs, Ba, Pb, U). The optical instrument
ICP-OES Optima 7300 and mass spectrometer ICP-
MS-DRC ELAN(e) (Both devices made by Perkin
Elmer) were used for this study.

The results are shown with respect to the refer-
ence element. The reference element is chosen to be
Ca as the main inorganic messenger (Williams,
Frausto da Silva, 1997). The relative values allow ex-
cluding non-systematic errors of sampling and sample
preparation (Barashkov, 2007). The content of Ca is
shown separately.

RESULTS AND DISCUSSION

Upon preparation of supposedly pluripotent cells
from mouse fibroblasts, it was found out that the pro-
teins of 4 genes Oct3/4, Sox2, K1f4 and c-Myc are in-
volved in this process (Takahashi et al., 2007). How-
ever, the biochemical mechanism is not ascertained.
The conclusive evidences of changes in potency of
finally obtained “stem” cells were not obtained.

Our results are given in Tables 1-3. The content
of macro- and trace elements, respectively, in all ob-
jects in the form of relative values (E/Ca). Figures 1
show a histogram of the TE content of the st pool in
some tissues and organs, as illustrative examples of
the whole picture.

The results clearly testify that all the studied or-
gans and tissues contain the markedly differing ratios
of all 31 elements. Despite the actual co-involvement
of derivatives of all three germinal layers in the dif-
ferentiation of organs and tissues. The cell differen-
tiation in ontogenesis and histogenesis occurs accord-
ing to their own “templates” regardless of other struc-

tures. Undoubtedly, the same is the case for the re-
maining elements of Mendeleev's table.

For example, Ca is abundant in brain, kidneys and
spleen, its content in teeth is almost 4 times as much
as in bones; Zn is eminently abundant in bones and
liver; Fe is abundant in spleen, lungs and liver; Cu —
in liver, B — in blood, marrow, spleen and adrenal
gland; Si — in testes and urinary bladder; Se — in kid-
neys, adrenal glands and lungs; I is eminently abun-
dant in blood and brain. The details of the TE distri-
bution in humans may slightly differ. Moreover, there
are the preliminary data on gender dependence of
metal-ligand homeostasis (MLH).

The obtained results may be considered in several
aspects: 1) metal-ligand homeostasis and etiology of
drug disease; 2) MLH and epigenetic of differentia-
tion of stem cells.

1. The discovery of prions and affected diseases
have shown the possibility of transmission of heredi-
tary information «from protein to protein» and inde-
pendence of metabolism in different brain divisions.
Depending on the place where the conversion of a
normal prion protein into a virulent one have oc-
curred, 5 different diseases manifest themselves. If in
the brain stem — Bovine Spongiform Encephalitis
(BSE), in the thalamus — Fatal Familial Insomnia
(FFI), in the cerebral cortex — Creutzfeldt-Jakob dis-
ease (CJD), in the cerebellum — Kuru disease and
Gerstmann—Straussler—Scheinker (GSS) (Prusiner,
1998). The cover and membrane properties of differ-
ent parts of the same organ ensure their physiological
and chemical peculiarities. One can assume that MLH
of different tissues and organs retains its specificity in
life activity.
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Fig. 1. Content of some trace elements in different tissues (a) and organs (b)
Table 1. The content of Ca in all objects (ppm)
Samples
Element
1 1c 2 3 4 5 6 7 8 9
Ca 63,4 36,8 219591,6 264,5 101,7 55,9 97,1 49,2 195,3 65,3
10 12 13 14 15 16 17 18 19 20
Ca 47,2 2887 259,8 778343,5 | 207,8 | 129,5 63,1 238,4 156 807,6

Note: here and elsewhere in the table the samples are: From mesoderm: 1 — whole blood; 1¢ — serum; 2 — bone (femur); 3 — striated muscles
(buttocks); 4 — kidneys; 5 — heart (syncytium); 6 — blood vessels (aorta); 7 — testes; 8 — skin of the neck; 9 — spleen; 10 — adrenal. From ecto-
derm: 12 — cerebrum; 13 — large (straight) intestine; 14 — teeth. From endoderm: 15 — mid-intestine (narrow intestine); 16 — lungs; 17 —
liver; 18 — thyroid body; 19 — urinary bladder; 20 — eye.
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Table 2. Relative content of elements against Ca (E/Ca), pool 1
Samples
Elements
1 1c 2 3 4 5 6 7 8 9

Na 16 14,32 0,028 4,17 10,38 12,83 12,9 7,1 4,77 10,1
Mg 1,9 0,26 0,016 0,76 1,64 4,06 2,35 1,7 0,23 2,69
Al 9,4 0,41 0,23 14,81 20,01 30,01 0,25 5,22 5,21 36,5
P 47,4 4,57 0,003 18,22 21,54 49,85 0,26 10,01 13,6 34,1

S 69,7 3,15 0,22 37,24 37,51 80,97 17,64 28,62 11,01 75,5
K 26,9 0,9 0,0012 6,78 16,43 27,31 31,34 28,62 2,24 44,74
Fe 2,33 0,04 0,00001 0,036 0,595 0,95 0,4 0,21 0,041 8,74
Cu 0,14 0,009 0,00044 0,052 0,23 0,31 0,012 0,063 0,09 0,27
Zn 0,2 0,55 21,92 0,046 0,31 0,2 0,092 0,3 0,4 0,2
Na/K 0,97 8,66 26,33 0,12 0,51 0,28 0,41 0,35 1,28 0,2
S/P 9,48 7,31 471,7 18,33 26,1 14,13 68,1 21,66 8,15 16,9
Mg/Al 1,8 1449 249674 13,43 44,88 38,94 5,61 134,5 143,9 25,8
Zn/Cu 4,1 0,6 175,3 6,094 1,71 3,41 7,48 8,23 15,2 14,33
Fe/Zn 168,2 12,1 0,033 3,66 7,1 11,22 4,35 6,96 2,17 72,85

10 12 13 14 15 16 17 18 19 20

Na 11,37 3,96 4,31 0,024 11,53 14,58 21,1 6,82 10,55 3,14
Mg 3,16 3,32 2,3 0,073 1,87 2,3 7,15 2,15 2,98 0,18
Al 47,54 0,002 0,05 0,00004 0,028 0,007 0,39 0,02 0,036 0,006
P 37,81 29,5 5,61 0,26 6,73 15,6 36,38 10,91 9,26 0,63

S 96,26 5,92 12,3 0,26 18,5 27,65 77,2 14,7 24,9 2,67

K 47,87 6,11 16,6 0,012 18,69 30,2 79,3 17,76 343 2,21
Fe 1,81 0,11 0,35 0,0001 0,32 2,06 2,92 0,26 0,19 0,015
Cu 0,19 0,007 0,01 2,50E-06 0,044 0,011 1,394 0,011 0,01 0,001
Zn 0,19 0,08 0,09 0,0006 0,15 0,11 0,38 0,066 0,18 0,006
Na/K 0,19 0,51 0,26 1,92 0,93 0,49 0,26 0,4 0,3 1,34

S/P 24,63 21,2 12,2 312,2 10,83 14,7 10,3 13,8 6,9 4,3
Mg/Al 101,2 23649 59 60274 108,1 1165 19,3 159 78,2 444
Zn/Cu 2,96 6,85 11,2 244,1 4,51 9,3 0,26 6,01 20,6 10,9
Fe/Zn 17,73 2,08 5,28 0,24 2,43 21,4 11,5 5,27 1,5 2,02

Therefore, the same impacts of the environment,
elemental composition of foods and drinks, including
mineral content, unequally affect different tissues and
organs. On the one hand, consumed metals interact
with other metals in an organism in compliance with
the law of substitution and its consequences
(Barashkov, 2011).

Usually the immune system of a healthy organism
easily copes with fluctuations in the composition of
natural products. The situation changes when chemi-
cally synthesized or genetically modified foods and
drinks are used. The same is in the case of various dis-
eases and treatment with pharmaceutical drugs in clas-

sical medicine (allopathy). In all this preparations there
are functional groups with different electron-donating
and stereochemical properties which provide a thera-
peutic effect. The physiologically active ligands enter
the organism, behaving in accordance with the compo-
sition and the ratio of TE in different organs. As a re-
sult of a long-term use, MLH in healthy organs and tis-
sues is disrupted and drug diseases arise.

Only one example: statins blocking the
mevalonate pathway of cholesterol synthesis by in-
hibiting HMG-CoA-reductase are widely used against
high cholesterol levels in blood. Because of the high
cost of natural statins, there have been launched a
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synthesis of their analogs. The active amide and im-
ide groups have appeared in these molecules. Their
ligand properties lead to the removal of metal ions

Table 3. Relative content of trace elements against Ca (E/Ca), pool 2

from normal metabolism enzymes. As a result, the
development of rhabdomyolysis and idiopathic poly-
neuropathy occurs (Betteridge, Khan, 2001).

Elements Samples
1 1c 2 3 4 5 6 7 8 9

Li 0,0002 | 0,00006 | 0,00000072 | 0,00009 | 0,00034 | 0,00025 0 0,00013 0,000078 0,00016
Be 0 1,00E-06 | 0,000000017 | 6,70E-07 | 5,95E-07 | 8,80E-07 | 8,14E-06 | 3,46E-06 0 0

B 0,0023 | 0,00054 | 0,0000052 0,0007 0,0003 0,0008 0 0,00115 |0,001400339 | 0,003
Si 1,3 0,053 0,0006 0,264 0,217 0,37 0,001 3,1 0,575 0,83
\% 0,001 0,0002 | 0,00000018 | 0,000045 | 0,00045 | 0,00031 | 0,00041 | 0,00022 0,00022 0,00025
Cr 0,0014 | 0,00022 |0,000000077 | 0,00015 | 0,00044 | 0,00022 | 0,0022 | 0,00078 0,00086 0,004
Mn 0,0016 | 0,000051 | 0,0000015 0,0005 0,01 0,0086 0,0036 0,0067 0,0012 0,0041
Co 0,00002 | 7,70E-06 | 0,0000014 | 0,000024 | 0,00032 | 0,00075 | 0,000095 | 0,000076 | 0,000029 0,00021
Ni 0,00015 | 0,000037 | 0,000027 | 0,000044 | 0,00024 | 0,00002 | 0,0015 | 0,00021 0,00035 0,0027
Ga 0,00007 | 9,20E-06 | 0,0000025 | 0,000031 [9,29759E-05| 0,00017 | 0,00002 | 0,000016 | 0,000014 0

As 0,0004 0,0001 | 0,00000025 | 0,00002 | 0,00012 | 0,000068 | 0,0001 0,0001 0,000087 | 0,000077
Se 0,008 0,002 0,0000005 0,0015 0,011 0,006 0,0017 0,0022 0,0009 0,0042
Rb 0,15 0,0073 0,000003 0,07 0,086 0,162 0,0014 0,07 0,027 0,154
Sr 0,0024 0,0016 0,0013 0,00086 0,0016 0,0021 0,001 0,0021 0,0016 0,0018
Ag 0,00003 0 0,00000009 | 0,000041 | 4,80E-06 | 4,10E-06 0 0,000013 | 0,000012 | 0,000015
Cd 0,00004 | 1,10E-06 | 0,000000044 | 0,000017 0,016 0,000085 | 0,00011 | 0,000081 | 0,000024 0,00021

I 0,01 0,00058 0 0,00001 0,0016 0,001 0,00031 0,003 0,0008 0,0016
Cs 0,00008 | 0,000006 4,1E-09 0,00015 | 0,00023 | 0,00022 | 0,00008 | 0,000097 | 0,000034 0,00016
Ba 0 0,0003 0,00008 0,00024 0,002 0,00096 | 0,00094 | 0,00038 0,00048 0

Pb 0,0017 | 0,000066 | 0,000005 | 0,000045 | 0,00031 | 0,00093 | 0,000092 | 0,00021 0,00016 0,0073
U 0 0 5,3E-09 0 4,60E-06 0 2,70E-06 | 3,13E-06 | 9,30E-07 0

10 12 13 14 15 16 17 18 19 20

Li 0,00018 | 0,000091 | 0,000036 | 5,94E-07 | 0,000045 | 0,00018 | 0,00013 0 0,000067 | 0,000043
Be 0 0 0,0000017 | 1,20E-08 | 1,00E-06 | 8,90E-07 | 1,30E-06 | 8,10E-06 | 5,20E-06 0

B 0,0033 0,0012 0,00044 4,10E-06 | 0,00035 | 0,00015 | 0,0004 0 0,00058 0,00076
Si 0,92 0,65 0,027 0,0009 0,13 0,11 0,18 0,001 1,55 0,29
A% 0,00065 | 0,0006 0,00021 1,46E-07 | 0,000036 | 0,00048 | 0,00029 | 0,0004 0,00028 0,00026
Cr 0,00086 | 0,00084 0,00024 5,48E-08 | 10,0001 0,00047 | 0,00033 | 0,0022 0,00059 0,00075
Mn 0,025 0,00096 0,00004 1,39E-06 | 0,00028 0,0096 0,0063 0,0036 0,006 0,00081
Co 0,00049 | 0,000014 | 0,0000066 | 1,24E-06 | 0,000016 | 0,00028 | 0,0006 | 0,000095 | 0,000066 | 0,000022
Ni 0,00037 | 0,00011 0,000053 | 0,000024 | 0,000024 | 0,00017 | 0,00003 | 0,0015 0,00014 0,00025
Ga 0,000018 | 0,000034 | 6,30E-06 | 2,32E-06 | 0,000016 | 0,000079 | 0,000087 | 0,000019 | 0,000023 | 0,000021
As 0,00014 | 0,00025 0,00012 2,11E-07 | 0,0000165 | 0,00015 | 0,00008 | 0,0001 0,0001 0,0001
Se 0,013 0,0051 0,0018 5,72E-07 | 0,00096 0,0089 0,0047 0,0017 0,0032 0,00072
Rb 0,17 0,086 0,0047 2,73E-06 0,042 0,067 0,11 0,0014 0,078 0,016
Sr 0,0013 0,0018 0,0014 0,0012 0,00051 0,0012 0,0014 0,001 0,0016 0,0011
Ag 3,10E-06 | 0,000047 0 1,10E-07 | 0,000021 | 2,40E-06 | 2,05E-06 0 6,30E-06 | 0,000007
Cd 0,0007 | 0,000024 | 0,0000017 | 4,23E-08 | 0,000014 0,016 0,00008 | 0,00011 0,000081 | 0,000021

I 0,0018 0,005 0,0004 0 0,000015 | 0,0014 | 0,00074 | 0,00031 0,0016 0,0005
Cs 0,00033 | 0,000048 | 4,70E-06 | 3,50E-09 | 0,000092 | 0,00018 | 0,00016 | 0,000079 0,00012 0,000021
Ba 0,00024 0 0,00031 0,000076 | 0,00012 0,0019 | 0,00067 | 0,00093 0,00057 0,0005
Pb 0,00044 | 0,00094 0,00004 3,80E-06 | 0,000028 | 0,00023 | 0,00051 | 0,000092 0,00012 0,00012
U 0 0 0 5,00E-09 0 4,10E-06 0 2,70E-06 | 1,60E-06 | 8,00E-07
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The statins violate biosynthetic processes of
selenoproteins of iodinase and glutathione peroxidase
as well (Moosman, Behl, 2004), and it leads to a defi-
ciency of Se, Mn, Mg. One can give hundreds or even
thousands of such examples. The mortality due to
imbalance of MLH in drug diseases increases confi-
dently. Therefore, manufacturers of drugs are not in-
terested in publishing this statistics. Naturally, the
homeopathic treatment has less side effects.

2. The second important aspect of MLH study is
the epigenetic of animal development at the lowest or-
ganizational level of living matter, including the con-
trol of gene expression and suppression. For example,
L. Bertini in his report on the exchange of copper at the
13th International Conference on BIC referred to the
fact of the “awakening” of the gene of protein or Wil-
son's disease, or Menkes disease. While another gene
remains in a “sleep” state (Bertini, Cavallaro, 2008).
The reason for this phenomenon has not been studied.
Most likely, it results from the different ratio of TE.
The importance of studying this problem is that Wil-
son's disease can be cured but not Menkes.

Here is an another example related to the differen-
tiation of blastomeres. The fantastical ideas of new
medical technologies have appeared. For example, in
2012 the Nobel Committee for physiology or medi-
cine recognized the return of differentiated cells into
a pluripotent state as possible. Until now, the embry-
ology laws excluded the possibility of artificial culti-
vation of differentiated cells from other ones. Stem
(totipotent) cells disappear after the third division of a
zygote and they are never formed again. Fibroblasts
can form only one tissue possible for their nature
which is a connective tissue. They cannot be trans-
formed into cardiomyocytes for formation of heart
syncytium. This also applies to transversal striated
and unstriated muscles, nerve tissue and even epithe-
lium. The “Hayflick limit” (Hayflick, Moorhead,
1961) about limited cell divisions of different tissues
has not been disproved.

The genome of all the cells at fission, gastrulation,
delamination, differentiation of germinal layers, organ-
ogenesis and histogenesis is the same. What manages
the processes of differentiation and how it occurs is
completely unknown. The genetic molecular level of
research in the geocentrically paradigm of natural sci-
ence is insufficient. Our data suggest that MLH, com-
position and proportion of TE in all tissues and organs
are different. This can be a key to understanding the
“work” of genes, and how and why the control of a ge-
nome occurs as well. Therefore it is necessary to de-
velop research at the ion-molecular level, in particular

research related to embryology. The development of
“elixir of immortality” is too early.
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PE3IOME. UccnenoBanune coaepxanns 31 Mukpoanementa (M) B 20 pa3HbIX OpraHax M TKaHSAX, pa3BUB-
LIMXCS U3 BCEX TPEX 3apOBILIEBHIX JIMCTKOB, y CaMIIOB MOPCKOM cBUHKHU Cavia porcellus ¢ IOMOIIBIO ONTHYE-
CKOTO U Macc-CIIEKTPOMETPHYECKOTO aTOMHO-3MUCCHOHHOTO Metona ananuza (ICP-OES u ICP-MS) BeisiBrI0
UX 3aMETHBIE OTIIMYMS MO COOTHOUIEHUI0O MJ. DTO MOXET UrpaTh pojb SMUTeHEeTHYecKoro (akropa rmpu aud-
(epernmanmy 61acTOMEpOB M3-3a pa3Horo BiusHUA Ha MJII" mpu rucTO- M OHTOTEHe3€e. DTHM Ke MOXKHO 00b-
SCHUTh TPUYMHBI JIGKAPCTBEHHBIX OOJE3HEH M3-3a pa3nuuuil CBOMCTB (DyHKIHMOHAIBHBIX TPYIH B JI€YEOHBIX
Ipenaparax.

KJIFOUEBBIE CJIOBA: Metamn-nmuradgasiii romeoctas (MJII), mukposnemenTsl (MD), snureHeTHueckue
¢axropsl (OD), nexapcTBeHHbBIE OOJIE3HH.
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