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On the chemical mechanisms of interaction of diabetogenic toxic substances
with zinc in the pancreas and methods for its prevention

Article presents data on chemical mechanisms of binding of Zinc in pancreas of animals and human by dia-
betogenic chelate active chemicals (DZC) that result destruction and death of pancreatic B-cells within a few
minutes and of developing of diabetes mellitus. Authors presented and described a few mechanisms for pre-
vention of binding of Zinc in pancreas that result prevention developing of experimental diabetes in
95-100 % of animals. The authors analyze and substantiate in details on the basis of own investigations (1964
2018), the chemical mechanisms of zinc blocking in cells, which prevents the possibility of their destruction
caused by diabetogenic zinc-binding substances, the possibilities of human contact with which have signifi-
cantly increased over the past decades. According to the results of our own studies and literature data, the
chemical mechanisms of the preventive action of derivatives of Dithiocarbamic acid, amino acids — reduced
glutathione, cysteine and histidine, as well as the possibility of chemical neutralization of the blood of the DCS
before they reach the pancreas, were investigated.
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Abbreviationes: DZC — Diabetogenic zinc binding chemicals; DZ — Diphenylthiocarbazone (Dithizon);
GRF — Glutathione restored form; GOF — Glutathione oxidised form; NaDDCA — Na salt of Diethyldithio-
carbamic acid; 8TSQ — 8-para(toluenesulphonylaminoquinolin).

Introductrion

More than 80 years ago Scott and Fischer were separated insulin from the native pancreas as Insulin-Zn
complex and supposed that the presence of Zn-ions determined physiological activity of insulin [1, 2]. Interest
for this problem is increased after reporting that in pancreas of diabetic patients total amount of Zn is not more
than 50 % in compared with non diabetic men. They found 0.07 mg of Zn per 1g of pancreas tissue of diabetic
patients comparatively with 0.14 mg per 1g pancreas of healthy persons. Analogical result was obtained by
Eisenbrandt and coll. [3]. A large amount of Zn*?-ions was found in human pancreas of healthy men.
Okamoto K. discovered in pancreatic B-cells a large amount of Zn*? [4]. It is supposed today the important
role of Zn-ions in processes of storage of insulin in B-cells [5, 6]. There are proportional dependence between
content of Zn-ions in B-cells and in cytoplasm. Decreasing of content of deposited insulin accompanied by
decreasing of amount of Zn-ions in B-cells. It is known that Zn-ions take part in processes of synthesis as in
cristallization of insulin. It was showed that pancreas of mammals-animals, human, birds and in earth-water
animals contained a large amount of Zn-ions.

Today, more than 20 chemicals are known that can selectively damage B cells in the body, which leads
to their rapid death. Of these, 18 substances belong to the group of diabetic zinc-binding substances that form
in complex B cells intracellular salts (chelates) with zinc contained in B cells, which leads to their rapid death.
The authors investigated the chemical mechanisms of the formation of zinc-chelator complexes [7]. It was
shown which parts of the DCS molecules and through which atoms they form chelates with zinc. Based on the
studies, it was shown that the preventive effect of zinc blocking by non-diabetogenic substances is realized
through interaction with the sulfur and nitrogen atoms of the DZC, that is, through the same atoms with which
the DCS form complexes toxic to cells. Regarding the preventive action of the amino acids glutathione and
cysteine, it was shown that their preventive effect is due to the blocking of the zinc atom through the sulfur
atoms of SH radicals, which prevents the interaction of zinc with DZC. The Zn-ions in cytoplasm of B-cells
have the coordinate number 4 and 6 and interacted with chemicals which formed with Zn-ions chelat salts in
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which atom of Zn*?is fixed between a few other atoms [8]. The affinity of Zn-ions to formation of chelates is
evidently more high comparatively with other metals of main group.

Diabetogenic activity of Zinc-binding chelators Dithizon and derivatives of 8-oxyquinoline

From the more than 20 chemicals that cause selective destruction of B-cells, 18 are represented by deriv-
atives of 8-hydroxyquinoline and Dithizon (Diphenylthiocarbazone) (Fig.1).

Dithizon (diphenylthiocarbazon) is one of most active chelators [4, 9]. Dithizon formed various
modifications of red colour chelates with 18 metals. It possesses a marked high affinity to Zn-ions and formed
very rapidly past injection chelate 2:1 that accompanied by destruction and death of B-cells within 15-30 min.
and developing of 1 type of diabetes 24-48 h later. It was showed that first changes in cytoplasm of B-cells
appeared 5 min past injection of DZ as small zones of destruction of cytoplasm. More detail analysis using of
transmission electron microscopy showed that process of destruction of B-cells started by destruction of

B-granules.
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From above: 1) red granules; chelat complex Zinc-Dithizon in B-cells and disposition of atom of Zinc in complex; re-
sult destruction and death of B-cells; 2) green fluorescence of chelat complex Zinc-8PTSQ in B-cells and disposition of
atom of Zinc in complex; result destruction and death of B-cells; 3) white granules: chelat complex Zinc-NaDDCA;
protect B-cells of destruction

Figure 1. Various chelat complexes Zinc-chelator

For the first, the 2—-3 B-granules are destructed with forming of small zones of destruction of cytoplasm
of B-cells [10], not more than 3-5 % of total surface of section of B-cells. 15 min later the sizes of these zones
rapidly increased until 30—40 % of surface of B-cells and 1-2 h past injection almost all cell’s matrix, 80—90 %
of section’s surface, is destroyed completely. It is showed that these changes are not visible on light microscopy
but very well discovered by transmission electron microscopy. Destructive histological changes developed a
few days later — are secondary changes as result of not visible destroying of B-cells within first few minutes
after forming of chelate complex in cytoplasm of B-cells. Thus, it was concluded that destruction of B-cells
past injection of diabetogenic doses of Dithizon and of 8TSQ is determined by action of complex Zn-DZ and
Zn-8TSQ on structure, for the first, on B-granules of B-cells, where is concentrated zinc as deposited form
“zinc-insulin complex” within first 15-30 min. past forming of complex in cytoplasm of B-cells (Fig. 1).
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Diabetogenic derivatives of 8-oxyquinoline

A. Albert in 1947 reported that 8-oxyquinoline which usually belong to not toxic substances, is very toxic
for cells in the presence of metals and for the first time — of Zn-ions. It was showed that this fact determined
by ability of 8-oxyquinoline to form with metals the chelate metal-complexes which are toxic for B-cells [11,
12] as complexes formed in B-cells by other chelate active substance as Dithizon. Studying of toxicity of
8-oxyquinoline for B-cells K. Okamoto [9] reported that injection of it to animals accompanied by developing
of experimental diabetes. Later it was showed that injection of 18 derivatives of 8-oxyquinoline and of
8-oxyquinaldin accompanied by rapid developing of heavy diabetes in animals. It was noted that all these
chemicals have in position 8 of quinoline ring OH-group or any other radical contained atom of S or atom of
O. Six isomers of 8-oxyquinoline not contained in position 8§ of the active group are not able to form chelate
complexes with Zn-ions and not induced experimental diabetes. Experimental diabetes is induced by deriva-
tives as 8-para(toluenesulphonylamino)quinoline /8PTSQ/, 8-para(benzenesulphonylamino)quinoline
/8PBSQ/, 8-para(methansulphonylamino)quinoline /8PMSQ/, 5-para(acetaminophenylazo)-8-oxyquinoline
/5A80X/, 8-hydroxyquinaldin, 5-amino-8-hydroxyquinoline and others (Fig. 2, 3). It was demonstrated [9]
that injection of these derivatives result selective necrosis of B-cells and developing of diabetes. Injection of
these chemicals in doses of 30-100 mg/kg accompanied by developing within a few days of heavy diabetes
with marked degenerative changes in islets.

On the chemical mechanisms of binding of Zinc-ions by derivatives of 8-oxyquinoline

It is known that most stable complexes are formed when atom of Zn is fixed between 2 atom of N, S and
O of molecule of chelator. Later it was reported that only derivatives of 8-oxyquinoline contained in position
8 of quinoline ring of the hydroxyl or other radical contained atoms of S, N or O possess diabetogenic
properties. Atom of Zn is fixed between atoms of O in position 8 and of N in position 1 or between two atoms
of O in positions 2 and 8 (xanthurenic acid) (Fig. 3).

It was reported, what is more, that extraction of these radicals from position 8 accompanied by complete
disappearing of diabetogenic properties of chelators [9]. Formation of chelats by atoms of O and N of chelator
result usually forming of pentagonal or hexagonal rings [8, 9] (Fig.3). Pentagonal rings are more stable. The
most stable are quadrangular complexes with atom of S. Electrons of indivisible pair are displaced from donor
atom of N in position 1 to Zn atom.

On the base of data obtained by A. Albert, it was supposed that toxic effect of 8-oxyquinoline is deter-
mined by its ability to bind and eliminate ions of metal from B-cells. But later this hypothesis was not
confirmed: it was showed that long time prolonged elimination of Zn-ions from B-cells result any effect on
the state of histostructure and function of B-cells [10].

Finally, S. Rubbo and A. Albert established that toxic effect of 8-oxyquinoline determined by its ability
to form in cells toxic complexes with metals [11] that many times was confirmed later. It was showed that
presence of chelate a short time in cytoplasm of B-cells accompanied by alteration of cells. In experiences with
using derivatives of 8-oxyquinoline — a various isomers of the azaoxyquinoline (azaoxyn) — it was
demonstrated dependence: most toxic are isomers formed chelats 1:1 with metal have logarithm of constant of
stability as 7.6 and more high, until 9.4. Meanwhile toxicity of chelats of other isomers of azaoxyn with
constant of stability 5.8-6.7 were clearly more less [12]. It was showed that very toxic chelats of derivatives
of 8-oxyquinoline with Zn-ions have a more high logarithm of constant of stability as 8.5. Weitzel G. and coll.
showed that complex 1:1 contained 1 molecule of 8-oxyquinoline and 1 atom of ion of Zn is most toxic for
cells [13].

Stability of formed complexes 2:1, as complex Dithizon-Zinc, is depended not only of affinity of chelator
to metal but in added — by 2 properties of chelator and metal: 1) presence of additional radicals in para-
positions molecule of chelator, especially — in zones which contacted with part of molecule, reacted with ions
of metal conduce to forming of the steric effect; as result, two molecules of chelator are not able to approach
for to put atom of metal in stable ring; 2) size of diameter of atom; in case if atom of metal have a small
diameter, ring may be not formed; atom of Zn have radius as 0.74 nm between Berillium (0.31 nm) and Ru-
bidium (1.49 nm). A high stability of complex Zn-Dithizon is determined by stretch form of molecule of Di-
thizon and by location of 2 phenol rings on the 2 ends of molecule. That is why atom of N and S are easy
approach to atom of Zn. More over, atom of Zn is fixed between atoms of N and S. Meanwhile it is known
that affinity of Zn to N and S is more high comparatively with affinity of Zn to O. In added, complex is formed
by two molecule of Dithizon each of two have a great number of double couplings (Fig. 3).
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Figure 2. Mechanisms of damage of B-cells caused by diabetogenic chelat active chemicals
(& — synthesized in human) (by Meyramova A.G. and Meyramov G.G., 2016)

Stability of complexes 1:1 formed by derivatives of 8-oxyquinoline is determined by a: 1) great number
of double coupling in molecule of chelator; 2) forming of quadragonal ring; 3) derivatives of 8-arensulphonyl-
aminoquinoline formed chelat-complex by aid of atom of S. Stability of the complex Zn-Xanthurenic acid is
determined in added by fixation of the atom of Zn between 2 atom of O [9] (Fig. 3).
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Compounds: 1 — 2,4-dimethyl-8-oxyquinoline, 35 mg/kg; 2 — 5-phenylazo-8-oxyquinolin, 20 mg/kg;

3 — 5-para(toluene)-8-oxyquinoline, 20 mg/kg; 4 — 5-orto(toluene)-8-oxyquinoline, 40 mg/kg; 5 — 8-oxyquinoline,
50-60 mg/kg; 6 — 5-para(diethylaminophenylazo)-8-oxyquinoline, 20 mg/kg; 7 — 5-meta(hydroxyphenylazo)-8-
oxyquinoline, 30 mg/kg; 8 — 5-para(dimethylaminophenylazo)-8-oxyquinoline, 45 mg/kg;

9 — 5-para(acetylaminophenylaso)-8-oxyquinoline, 50 mg/kg; 10 — 8-oxyquinaldin, 10 mg/kg;

11 — 5-para(aminophenylazo)-8-oxyquinoline, 10 mg/kg; 12 — 5-amino-8-oxyquinoline, 30 mg/kg;

13 — 5-para(diethylaminophenylazo)-8-oxyquinoline, 40 mg/kg; 14 — 9-oxy-7-jodoquinoline, 50-60 mg/kg;
15 — 4,8-dihydroxyquinolin-2-carboxylic acid (xanthurenic acid);

16 — 8-para(toluenesulphonylamino)quinoline, 30-50 mg/kg; 17 — 8-(benzenesulphonylamino)quinoline,
30-100 mg/kg; 18 — 8-(metansulphonylamino)quinolin, 40-81 mg/kg;

19 — diphenylthiocarbazone (Dithizon), 45-50 mg/kg

Figure 3. Complex salts of Diabetogenic zinc-binding chelate active chemicals with Zn-ions
and its Diabetogenic doses (by Meyramova A.G., 2003)

Using of transmission electron microscopy method it was established that 2h past injection of Dithizon a
strongly marked destruction of B-cells was developed: total devastation of cytoplasm of cell’s matrix;
destruction of mitochondria, endoplasmic reticulum and B-granules were discovered in the most parts of cells
with remained matrix [7, 12]. Same results were obtained 1h later injection. Shortening of period since starting
of injection showed that 15 min past injection in the contrary to 2h cell’s matrix was remained on 80-90 % of
B-cell’s surface but 30—40 % appeared as zone free of matrix or zone of complete destruction of ultrastructures
of B-cells [10]. Mechanisms of diabetogenic action of DZC are presented at Figure 2.
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Chemical mechanisms of the methods for prevention developing of diabetes caused by chelators.
Mechanisms of protective effect of aminoacids Gluthathione and Cystein

The aminoacids Glutathione and Cystein formed not toxic chelates with atoms of heavy metals due to
sulfhydril radicals which have high affinity to ions of Zn*?, Pb*2, Cd*? and Hg*?. It is suggested that by these
radicals aminoacids formed not toxic chelates with Zn-ions. The constant of stability of complex Zn-Gluta-
thione is very high — 17.1-18.2.

Diabetes caused by DZC is prevented by Restored form of Glutathione (GRF). Preventive injection
GRF,1000 mg/kg protect B-cells of rabbit’s pancreas of binding of Zinc ions by DZ (Fig. 4) and from
destruction and of developing of diabetes in all animals: normoglycemia and B-cells — without changes [14].
Meanwhile, oxydation of GRF result: two molecules of GRF formed one molecule with formation of disulfide
connection (Fig. 5). Thus, oxidized form of glutathione (GOF) have same structure but contrary to GRF not
contain in structure of molecule of SH-radical not protect B-cells of formation of complex Zn-DZ that result
destruction of cells. Injection to animals of 1000 mg/kg of GOF not protect B-cells of destruction by DZC and
diabetes developed in all animals [15, 16].

1 2 3
1 — Negative fluorescent reaction for Zinc in B-cells (absence of fluorescence) as result of binding of Zinc with GRF;
high specific for Zinc reaction with 8PTSQ; x140; 2 — Injection of GRF and 3 — 10 min later of DZ; prevention of
formation of complex Zn-DZ as result of blockingof Zinc by GRF; darc microscopy; x280

Figure 4. Red granules of complex Zn-DZ in B-cells of rabbit; staining by DZ; darc microscopy; x280
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Figure 5. Disposition of Zinc atom between 2 atoms of S of two SH-groups from 2 molecules of GRF
(by F.M. Rubino. Toxicity of Glutathione-Binding Metals: A Review of Targets and Mechanisms.
Toxics, 2015, 3(1), 20-62)

The GREF easily reacts with free radicals among which it should be noted hydroxylic and carbon radicals,
giving Hydrogenium atom. Similar interactions provide protection, neutralizing the fissile OH™ radical which
is considered as the most dangerous among the free radicals. Decrease of amount of GRF increases suscepti-
bility of animals to cytotoxins [17]. SH-radical possess chemical resistance against influence of peptidases.

Its polygonality determined by chemical properties and allows to be simultaneous both the nucleophilic
agent and the fissile reducer, interacting with numerous elektrofilny and oxidizing components, such as N2O,
0, and OH". GRF as active reducer plays an important role in processes of a detoxification.

Glutathione is used for prevention and treatment of diabetic neuropathy in the streptozotocin-induced
diabetic rat [18]. It was supposed that inactivation or change of SH-group of sulthydril radicals in molecules
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of Glutathione result complete disappearing of protective properties of the formed in result of Oxidized form
of Glutathione.

It is evidently easy and clear to suppose that preventive effect Restored form of Glutathione is determined
by inactivation of SH-radicals of two molecules of GRF and fixation of atom of Zinc between two atoms of S
to which Zinc possess a high affinity (Fig. 5).

Injection of Cystein, 1000 mg/kg prevent formation in B-cells of toxicchelat Zn-DZ an complete pre-
vention of diabetes in all animals within 6 h; 12 h past injection diabetes was prevented in 6 animals from §
and 24 h past injection of Cystein — in 2 animals from 4. Cystein protect B-cells of destruction caused by
diabetogenic derivatives of 8-oxyquinoline [19]. Aminoacid Serin, which contains hydroxyl radical in
molecule instead of sulthydril radical in molecule of Cystein, not possess diabetogenic properties.

H H
O\\ | /H o\\ I /H
JC—C=N, AT
HO CH2 H HO (I:Hz H
|
SH OH
Cystein Serin

Aminoacid Hystidine formed with Zn-ions high stable complex 2:1 which logarithm of constant of sta-
bility is 12.0. Contrary toother aminoacids chelat activity of Hystidin is determined by the presence in molecule
of the imidazol ring [8]. Injection to animals 1000 mg/kg of the Hystidin Hydrochloride (HH) result complete
prevention of diabetes past injection of Dithizon followed 5 min past injection of HH and — in half of total
number of animals injected of Dithizon 0.5-1 h past injection of HH [20].

Chemical mechanisms of protective effect of derivatives of Dithiocarbamic acid

Derivatives of Diethyldithiocarbamic acid (DDC) possess a high affinity for Zinc ions as EDTA were
conducted. Na salt of DDC is able not only to prevent developing of diabetes caused by DZ but to displace of
DZ from formed in B-cells complexes as Zinc-DZ due to more high affinity to Zinc. EDTA as chelator possess
more high affinity to Zn and constant of stability of its chelats with Zn is 13.1 meanwhile with ions of Mg*?,
Ca*? and Fe*® correspondly 5.4, 7.3, and 10.9 (10). It was showed that EDTA prevent diabetogenic action of
streptosotoCin by binding of Zn-ions. More detail investigation of processes of interaction of Zn-ions contained
in B-cells with NaDDC showed that injection of 1000 mg/kg to rabbits result complete binding of all amount
of Zn-ions in B-cells that accompanied by formatuion in B-cells of not toxic chelate complexes 2:1 as Zinc-
NaDDC (10) (Fig. 6). Atom of Zinc is fixed between of two atoms of S from the two molecules of NaDDC.
Followed injection of DZ not accompanied by formation of toxic Zn-DZ complex in cytoplasm of B-cells and
diabetes not developed. Thus, finally it was confirmed that presence of toxicchelat complexes of DZ and dia-
betogenic derivatives of 8-oxyquinoline in B-cells within first 15-30 min after its forming result not visible
for the first a few hours incorrigible destructive changes in B-cells. Formed more later degenerative
histological changes in islets is result of action of chelators in the first 15 min.

CaHs AOHs

N S S N
CIH;/ \i_/ \Zn/ \(_'/ \(—sz5

5 ]

Figure 6. Fixation of atom of Zinc between two atoms of S of the two molecules of NaDDC

It is known that Streptozotocin possess chelate properties and have high affinity to Zn-ions. Alterative
action of Streptozotocin may be prevented or eased by preventive action of EDTA [21].

Investigation of diabetogenic properties of Dithizon and derivatives of 8-oxyquinoline have theoretical
significance because these chemicals are not formed in human and really. In added peroral administration of
its is not effective because they are not soluble and not absorbed in intestinum. Parenteral injection of dia-
betogenicchelators result developing of diabetes only. Solutions of all these chelators are not stable and only
injection of the fresh prepared solutions (ex tempore) result diabetogenic effect. Meanwhile some antimicrobial
drugs widely used for treatment of skin diseases contains derivatives of 8-oxyquinolin as main antimicrobial
component.
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Among 18 diabetogenic derivatives of 8-oxyquinoline the Xanturenic acid (XA) only is formed in animals
and elderly humans in deficiency of Pyridoxine. It is known that XA is accumulated in organism of old human
as result of disturbances of Tryptophan metabolism. Low doses of the XA accumulated in human gradually.
May be that is why diabetes caused by XA developed gradually as type 2 in opposite to type 1 diabetes caused
by injection of diabetogenic doses of other chelators. High concentration of XA in the urine decrease by long
time prolonged using of Pyridoxine [22] that accompanied by decreasing of blood glucose concentration as
weakening of symptoms of diabetes.

The number of diabetogenic chelators human have contacts is increased year by year. As example
Tetracycline hydrochloride is active chelator which have high affinity to Zn-ions and formed with it complex
1:1 and 2:1 with high constant of stability as 9.0 [11]. Direct action on B-cells of high doses of tetracycline
result hyperplasia and degeneration of cells. Isoniazid, a drug for treatment of tuberculosis, formed pentagonal
stable chelats with Zn-ions. May be more high frequency of diabetes among patients treated by Isoniazid de-
termined by this fact? This interest is increased taking into consideration fact that in this case concentration of
the Xanturenic acid in urine is high because Isoniazid in antagonist of Pyridoxal-5-Phosphate.

Dehydroascorbic Acid (DA) which is formed me symptoms of diabetes on animals as of solucose level
id in organism as result of metabolisation of Ascorbic Acid, possess diabetogenic properties and result direct
alterative effect on B-cells. Concentration of DA in organism of diabetics is evidently increased in opposite to
decreasing concentration of Ascorbic acid.

It is known that chelators which formed with Zn-ions tetragonal or pentagonal rings possess diabetogenic
properties. Chelators contains in molecule as least 4 or 5 double chemical connections possess diabetogenic
properties also in opposite tochelators contained 1-2 or not contained its which not possess analogical
properties. As example — derivatives of Diethyldithiocarbamic acid of Dimethyldithiocarbamic acid,
aminoacids Cystein, Glutathione and Hystidine. Complexes formed by noted above protectors not contains in
molecule tetragonal or pentagonal rings and not containsor contains minimal number (1-2) of double
connections. Administration of large amount of these chelators not result destruction of B-cells and protect, in
opposite, B-cells of destruction caused by diabetogenicchelators.

Noted above data put us to look on these chemicals as on one possible factor in ethiology of human
diabetes. The significance of this possibility is increased taking consideration fact that human pancreas con-
tains large amount of Zn-ions possess to form chelat complexes with diabetogenic chelators.

Obtained results demonstrated that Glutathione reduced form's protective activity determined by its abil-
ity to prevent formation of toxic chelate complexes with DZC due to high affinity for Zinc and more suitable
for to elaborate of methods for prevention of diabetes caused by DZC synthezised in human.

Conclusions

1. Diabetogenic zinc binding chemicals formed toxic for cells intracellular chelate salts with zinc in pan-
creatic B-cells by fixation of zinc atom between oxygen and nitrogen atoms, between two atoms of oxygen or
between sulfur and nitrogen atoms due to high affinity of zinc for high affinity of zinc in relation to these
chemical elements.

2. Non-diabetogenic zinc binders as derivatives of Dithiocarbamic acid, as well as amino acids — a Re-
stored form of Glutathione and Cysteine formed intra-complex salts with zinc by fixation of zinc between two
sulfur atoms of two molecules of the aminoacids in all cases; such complexes do not cause damage and death
of B-cells, preserving their function.
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I'.T". Meiipamos, B.W. Kopuun, A.2K. [llaitbek, A.Il. Aunpeesa,
I'.0. XKy36aeBa, /I.A. Meiipamosa, A.I'. A6npanmoBa-MeiipamoBa

J{uabeTorenaii ybITThI 3aTTAPABIH YHKbI 0€3iHiH MBIPBIIIBIMEH 03aPa IPEKeTTEeCYiHiH
XUMHUAJIBIK MeXaHU3M/EePi K9He OHBIH AJ/IbIH aJ1y dicTepi

OJe0neTKe MOoMyJa COHFBI OHKBUIIBIKTA alaMMeH OailaHbICy MYMKIH/IT1 OipTiHAET apThII, XUMUSIIBIK MbI-
PHIIOAITaHBICTHIPYIIBI 3aTTap TYBIHAATATHIH SKCTIEPUMEHTANB B! THA0CTTIH JaMybIH AJIIBIH Ay dicTepi Ty-
paJibl gepekTep KenTipinren. OnapablH apachlHa, HeTi3Ti Ha3ap OyphIH/Ia MaHBI3IBUIBIFBIHA a3bIpak KOHLT 06-
JIHTeH TIFOTATHOHHBIH aMHHKBIIIKBLUIIBI TONTHIH aJIbIH aly OeHiMaiTiK KabineTi 6ap eKeHIIri ecKepiireH.
Makanazna KepceTiinreHaei, MII0TaATHOHHBIH MBIPBIIIKA JIETeH JKOFapFbl OSJICEHAUTIN OHBIH KYPBUIBIMBIHIA
SH-Morekyna TonThIH OOJTyBIMEH, OCBI apKbLIbl HAa0ETOTeHAl eMeC MBIPBIITHIH OyFaTTalybl IHabeToreHai
XenaTopiapMeH OaiTaHBICHIH TYBIHAATIIANIbI, HOTHKECIHAE WHCYINH oHAiIpynI B-xacymanapst 15-30 MuHyT
nramasa sxoibiansl. Conmaii-ak, 1nabeToreH Al MBIPBIIOaiIaHbICTRIPY B 3aTTap (JAM3) TysIHAATATHIH AHA-
OeTTIH JaMybIHa KOJI OEpPMEHTIH, MOJIEKYJIa KYPBUIBIMBIHIA CYTbOTUAPIIBII TONTAPIAaH TYPATHIH TaFbl €Ki
AMUHKBIIIKBUIIBIH MYMKIH/IT] TypaJibl AepekTep OepiireH. One0ueTke Moy/Ja MBIPBIIIKA KaTHICTHI KEIIeH i
KaJIBIITaCTHIPYIIBI KacueTTepi Oap keitbip nopinik mpenapaTrap Typajbl aKmapaTTap KelaTipiiareH.

Kinm co30ep: Mpipbii, B-xxacymanap, 1uabeToreH i MpIpbIIOaiIaHbICTHIPY B XeaTTap, TITATHOH, Aude-
HUITHOKApOa30H (AUTH30H).
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G.G. Meyramov, V.1. Korchin et al.

I'.T". Metipamos, B.U. Kopuun, A.)K. [lait6ek, A.Il. Aanpeesa,
I'.0O. XKXy3baeBa, /I.A. MeiipamoBa, A.I'. AGnpanmoBa-MelipamoBa

XuMH4YecKHe MeXaHNu3MbI B3aUMOdeCTBUA TUA0ETOreHHBIX TOKCHYECKHX BellecTB
¢ HMHKOM MO/IZKeJTyI0YHOM Kejie3bl M METOAbI €ro NMpeaoTBpaIleHus]

B 00630pHOIt cTaThe MpUBEAEHBI JaHHBIE O METOAAX MPENOTBPALICHHS Pa3BUTHUs YKCIICPHMEHTAIBHOTO AUa-
OeTa, BEI3BIBAEMOT0 XUMHIECKIMH ITUHKCBS3bIBatoMu BemectBaMu (J{LIB). Ha ocHOBe naHHBIX MHOTOJIET-
HUX uccnenoBanuii (1964-2018) aBTopamun geTanbHO IPOAHATM3HPOBAHBI M 000CHOBAHBI XUMHYECKHE MeXa-
HHU3MBI OJIOKMPOBAHUS IIMHKA B KJIETKax, OJarojmapsi 4eMy IpeloTBpaIaeTcss BOSMOXKHOCTD MX Pa3pylIeHHs
Ma0eTOreHHBIMH IMHKCBSA3BIBAIONIMMH BemlecTBaMu. [1o pe3yiabpraraM COOCTBEHHBIX MCCIIEIOBAHHN M JlaH-
HBIX JIUTEPATYPbl U3yUEHBI XUMHUYECKHE MEXaHU3MBbI IPEIYIPEXTAIOIIEro AeHCTBHS IPOU3BOJHBIX JUTHOKAP-
6aMHHOBON KHCIIOTBI, IMHHOKHCIIOT — BOCCTAHOBJIEHHOTO IIFOTaTHOHA, IUCTENHA M THCTUANHA, a TAKXKE BO3-
MOKHOCTH XUMUYecKoi HeliTpanu3anuu B kpoBu JLIC 1o Toro, Kak OHU JOCTUTHYT MODKEITY IOYHOM jKeIe3bl.

Knioueswvie cnosa: nuHK, B-kieTku, 11abeTOreHHbIe IUHKCBSI3BIBAIOIINE BEIIECTBA, TIIOTATHOH, JH(EHUITHO-
Kap0a30H (JUTU30H).
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