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Diabetogenic Metabolits of Tryptophan

The analysis of results investigations of mechanisms of diabetogenic activity of metabolits of abnormal tryp-
tophan metabolism as Xanthurenic acid (XA) are presented in review. Among more than 30 diabetogenic
chemicals widely known today XA only is formed in animals and elderly human as result of disturbances of
tryptophan metabolism. The influence of XA on histostructure of pancreatic islets and on insulin content in
B-cells as mechanisms of diabetogenic action and of its prevention are investigated by authors. It was showed
that Xanthurenic acid induced diabetes determined by: direct damage of B-cells by Xanthurenic acid accom-
panied by marked histological changes in islets as destruction and necrosis of B-cells, marked decreasing of
insulin content in cytoplasm of cells; by forming of complex XA-insulin that result overstrain of B-cells; by
alteration of islet’s capillaries and of blood microcirsulation.
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In 1935 Musajo L. and coll. reported about synthesis of Xanthurenic acid (XA). This chemical was sep-
arated from urine of experimental animals and identified as 4,8-digidroxyquinolin-2-xarboxylic acid, a de-
rivative of 8-oxyquinoline [1]. Formula: C,oH;NO,.

Accumulation in organism of large amount of fatty acids and tryptophan in the deficiency of vit. B6
(pyridoxine) result intensive synthesis of XA in tissue. It was followed by developing in animal symptoms of
diabetes [2—8].

Xanthurenic acid is a product of disturbances of Tryptophan metabolism, in routine conditions is me-
tabolised on serotonin and kinurenine ways (Fig. 1) which at the same time come to the end with forming of
a 5-oxyindol-acetic acid and NADF [9, 10]. The deficiency of pyridoxal-5-phosphat (P-5-F) result inhibition
of 5-oxytryptophan decarboxylase and of kinureninase that accompanied by inhibition of metabolisation on
both paths. As result — 4 substances are formed: Xanthurenic acid and 8 oxyquinaldine — from 3-oxyqui-
nurenine and kynurenic and oxyquinurenic acids — from kynurenine [10-12]. Main enzymes for synthesis
of Xanthurenic acid are kynureninaminotransferase and oxykynurenine-tryptophandecarboxylase, a coen-
zymes of P-5-P [10, 13]. XA is formed from 3-oxykynurenine. Under influence of a kynureninamino-
transferase from 3-oxykynurenine Xanthurenic acid is formed. In the deficiency of P-5-P synthesis of seroto-
nin is decrease and synthesis of XA and of kynurenine acid is increased [2, 14]. However there is, apparent-
ly, a contradiction: why deficiency of P-5-P inhibit synthesis of serotonin and stimulate synthesis of XA? On
the one hand this results based on fact that the pyridoxal enzymes of tryptophan metabolism differently react
for deficiency of P-5-P: if activity of a kynureninase decrease by 83 %, then of kynureninaminotrans-
ferase — decrease for only 42 % [13, 15]. On the other hand, studying of localization of enzymes in cells of
liver and kidneys it was established that the kynureninaminotransferase is both in mitochondria and in solu-
ble part of cells whereas a kynureninase — only in a soluble part of cells. In the deficiency of P-5-P in or-
ganism the content of these two enzymes in soluble part of cells significantly decrease, and of mitochondrial
kynureninaminotransferase remains at the previous level [16]. Increasing of excretion with urine of xan-
thurenic acid is explained by it. For the first time the high amount of Xanthurenic acid were found in the
urine of the white rats who were contained on diet enriched with tryptophan and in deficiency of vit. B6.

Addition of Pyridoxine accompanied by disappearance of Xanthurenic acid from urine [9, 12, 17].
However, marked avitaminosis of B6 result decrease of activity of kynureninaminotransferase that accompa-
nied by decrease of its excretion with urine [18; 32]. Later Xanthurenic acid was found in urine of rabbits,
dogs, guinea pigs and human [3, 11, 19-22].
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Figure 1. Disturbances of Tryptophan Metabolism

Increasing of excretion of Xanthurenic acid with urine is revealed at elderly patients with diabetes
mellitus. At elderly people [23] there is increase amount of Xanthurenic and of kynurenine acids in urine. In
spite of the fact that administration of Pyridoxin result decreasing of concentration in urine, there is not a
complete normalisation of their excretion [23]. Average concentration in daily urine at healthy persons fluc-
tuates from 2.1 mg to 8.8 mg [12].

Deficiency of P-5-F in organism developed as result of deficiency of vit. B6 and as result of inhibition
of synthesis of P-5-P from vit. B6. Synthesis of Xanthurenic acid is increased using of diet enriched by satu-
rated fatty acids and of casein. Two enzyme systems are known which provide biosynthesis of P-5-F:
pyridoxynphosphatoxydase (PPO) and pyridoxinkynase (PK). The diet enriched by fatty acids, stimulate de-
crease of activity of PPO in liver [24] which can be restored by administration of vit. B2, a co-enzyme of
PPO. Studying of disturbamces of tryptophan metabolism depending on age of patients showed that in the
first four days of life derivatives of kynurenine not found in the urine of newborns [25].

During the period from the 5th to the 20th day of life there are a minimal concentrations of Xanthurenic
acid in urine. Administration of a-tryptophan does not increase excretion of Xanthurenic acid [26, 27], but in-
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crease it at children at age of 4-6 years [28]. In patients age 70 years and over formation of kynurenine is in-
creased. Administration of 100 mg/kg of a-tryptophan is accompanied by marked excretion of Xanthurenic
acid. Administration of pyridoxine result normalization of excretion at elderly people [29]. There are a changes
of tryptophan metabolism at pregnant women [30-32]. Administration of a-tryptophan accompanied by active
excretion Xanthurenic acid with urine [33-35]. Administration of a-tryptophan, 100 mg/kg at pregnant women
followed by increasing of excretion not only of Xanthurenic acid but also of kynurenine acid [36].

At the same time, the increase of excretion of Xanthurenic acid was found within all period of pregnan-
cy and increase excretion of kynurenic acid was observed in the first 3 months [36; 82]. A high excretion of
Xanthurenic acid at pregnant women was decreased after administration of Pyridoxine [33, 34; 83, 84]. The
increased excretion of Xanthurenic acid — is a symptom of deficiency of vit. B6 in patients with diabetes
[37, 38].

Very often disturbances of Tryptophan metabolism are shown as dissociation of Tryptophan accompa-
nied by forming of a large amount of Xanthurenic acid. Deficiency of P-5-P result developing of disturb-
ances of Tryptophan metabolism [14].

Y. Kotake in 1957 [4] investigated processes of formation and of excretion of Xanthurenic acid in or-
ganism. He used administration of various sodium salts of fatty acids and of Tryptophan. The most marked
effect of endogene synthesis and excretion with urine of Xanthurenic acid — as 10.49 of mg daily — was
showed using of complex as Tryptophan + oleic acid. The least effect — 1.6 mg — past using of Tryptophan
only. Excretion of Xanthurenic acid after administration of Tryptophan in combination with fatty acid: Tryp-
tophan + acetic acid — 5.37 mg; Tryptophan + propionic acid — 8.79 mg; Tryptophan + oil acid —
9.87 mg; Tryptophan + valerianic acid — 9.64 mg; Tryptophan + palmitinic acid — 9.61mg; Tryptophan +
stearinic acid of — 8.57 mg.

The specific diet stimulate endogene synthesis of Xanthurenic acid was recommended by
Y. Kotake [4]. Percentage of components of diet: casein — 22, salt mixture McCollumn — 6, agar-agar — 3,
yeast — 2, oil — 10, sugar — 5, amylum — 52. This diet include the majority of above-named fatty acids in
the structure and each diet caused increasing of excretion of Xanthurenic acid with urine by 3,5-6,5 times in
compared with diet contain only Tryptophan. It was showed that biosynthesis of P-5-P depends of content of
fat or fatty acids in diet. And as conclusion: diet enriched by fats result decreasing of activity of
pyridoxalaminotransferase in liver [24]. Due to acceleration of kynurenine way of Tryptophan metabolism
its diabetogenic metabolites can collect at a stress [39, 40].

Meanwhile injection of vit. B6 10.0 mg in experimental conditions result decreasing of excretion of
Xanthurenic acid till 2.03 mg [42] per 24 h in compared with 8.42 mg without vit. B6. Y. Kotake in 1968
established that fatty acids suppress synthesis of P-5-P that result more active endogene synthesis of
Xanthurenic acid. Intraperitoneal administration to mice of 200 mg/kg of endogene formed Xanthurenic acid
followed by developing of diabetes [43]. It was showed a temporary hyperglycemia at rabbits after admin-
istration of Xanthurenic acid [44]. However, synthetic Xanthurenic acid, a dose of 200 mg/kg did not caused
developing of diabetes in dogs and rabbits [45].

At the same time, a large amount of fat in diet in combination with Xanthurenic acid or kynurenic acid
followed hyperglycemia and developing of histological changes typical for the experimental diabetes [10,
46-48]. Meanwhile disturbances of carbohydrate metabolism not developed in rats and rabbits after admin-
istration of Xanthurenic acid or containing of animals on free of vit. B6 diet [49].

Using of diet contains Tryptophan, 10 mg/kg in combination with hypovitaminosis of B2 [4] was fol-
lowed by developing of hyperglycemia and xanturenuria.

At the rats contained on diet by Y. Kotake hyperglycemia is increased for long period that accompanied
by glucosuria and and of polyuria. Animals had a tendency to increase of body weight on average from 140 g
to 220 g and until 260 g (obesity) as of xanturenyria for 2—3 mg/24 h [50, 51].

It was established that increase of blood glucose level besides Xanthurenic acid is caused by kynurenine
acid [52] which final products is quinaldine acid [53]. In our experiences with use within 3 months of a diet
of Y. Kotake also permanent increase in level of a glycemia was revealed which was, however, less ex-
pressed in comparison with observed after single-pass administration of diabetogenic doses of other deriva-
tives 8-oxyquinolines. Its influence by the end of experience was followed also marked — at 7—10 times —
increasing of xanthurenuria and decreasing of insulin content in B-cells. Xanthurenic acid is transformed in
8-oxyquinaldinic acid [17] which possess diabetogenic properties. Other metabolites of Tryptophan as
kynaldine and kynurenic acids possess insulin releasing activity [17, 50]. It is shown a large release of insu-
lin from the isolated islets at the first 30 min. after the beginning of incubation.
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Results of investigation of state of histostructure of pancreas of experimental animals: vacuolization and
destruction of cytoplasm, hydropic distrophya, destruction of nuclei [4, 5, 54, 55-57].

It was established that increase of blood glucose level besides Xanthurenic acid is caused by kynurenie
acid [58] which final products of metabolism is quinaldine acid [53].

Presence of quinaldine acid almost completely suppresses the second phase of release of insulin [59].
Incubation of insulin and of Xanthurenic acid result forming of stable complex [51, 60]. By using of
fluorimetric methods it was showed that two moles of Xanthurenic acid connected with one insulin dimer.
Hormonal activity of this complex decrease until 49 % of activity of native insulin [51, 61] and is increased
past administration in media of Zinc [60, 62].

E.Murakami [63-65] showed that incubation of Xanthurenic acid with insulin result formation of two
complexes. In one of them insulin is bound to 1 mole of Xanthurenic acid and in the second — with
1.5 mole. Xanthurenic acid easily formed complex with insulin in blood serum, without breaking structure of
insulin. This complex is stable [51]. It was supposed that chemical connection is carried out between atom of
Zinc and imidazole radical in a molecule of insulin [51, 43]. Xanthurenic acid shows a high affinity for ions
of Zinc [66]. Activity of insulin is restored after addition of ions of Zinc to blood serum contains of complex
XA-insulin [67].

Presented data about diabetogenic properties of Xanthurenic acid are interesting first of all that contrary
for other diabetogenic chemicals, Xanthurenic acid is synthesised in human and animals at disturbances of
diet in combination with deficiency of Pyridoxin.

On the mechanisms of diabetogenic activity of Xanthurenic acid

More than 60 years ago Y. Kotake noted a strong likeness of chemical structure of molecule and of
properties of Xanthurenic acid with other diabetogenic derivatives of 8-oxyquinoline (Fig. 2). He supposed
that diabetogenic properties of Xanthurenic acid determined by the —OH radical located in position «8» of
the molecule of Xanthurenic acid [68, 69]. Xanthurenic acid possess a high affinity for ions of Zinc [66]. In
1957 Y. Kotake and M. Kato confirmed that Xanthurenic acid possess diabetogenic properties only in case if
—OH radical is fixed in the position «8» of a quinoline ring similar as other diabetogenic derivatives of
8-oxyquinoline (Fig. 2). Extraction or replacement of it followed by complete disappearing of diabetogenic
properties of Xanthurenic acid [54, 69].

G. Weitzel and coll. confirmed [45] that Xanthurenic acid form with Zinc a chelate complex 1:1 and at-
om of Zinc is fixed between hydroxyl and carboxylic groups of a quinoline ring (Fig. 2). It is known that
such type of complex of metal with derivatives 8-oxyquinolines is the most toxic for cells. E. Murakami and
Y. Kotake investigated interaction between insulin and Xanthurenic acid. For the first time the evidence of
ability of Xanthurenic acid to connect insulin in experiences of in vitro were presented by E. Murakami [65].

On the base of obtained results, Y. Kotake, T. Ueda and coll. (1975) proposed a follow mechanisms of
diabetogenic properties of Xanthurenic acid (Fig. 3, left part).

Meanwhile, T. Ueda and coll. [70] found that after dissociation of complex XA-insulin a new complex
as XA-Zinc is formed. However attention to this fact was not given and this ability was not investigated. In
experiences of in vitro it was shown that Xanthurenic acid interact with Zinc in B-cells that accompanied by
damage of cells [57, 71, 72].

Deficiency vit. B6 stimulate metabolisation of Xanturenic acid for final product as 8-oxyquinaldinic ac-
id whereas kynurenic acid metabolised into quinaldine acid. Both of these acids possess insulin releasing
properties on model of isolated islets [50]. On the other hand, these metabolits slow down formation of
B-granules as result of blocking of ions of Zinc in B-cells. 8-oxyquinaldine acid suppress proinsulin synthe-
sis whereas kynurenic acid is in this regard less effective [69]. Besides, Xanthurenic acid slows down syn-
thesis of insulin as a result of inhibition of binding of insulin with Zinc [28].

Disturbances of Tryptophan metabolism: as final product of metabolisation of Xanthurenic acid can be
collected 8-oxyquinaldine which possess diabetogenic properties and caused hyperglycemia and developing
of degenerative changes in islets [70]. Meanwhile, still nobody found this substance in blood, urine or in oth-
er biological liquids of animals. Nevertheless, it is impossible to exclude a possibility of its accumulation in
an organism at disturbances of Tryptophan metabolism.

Diabetes caused by derivatives 8-oxyquinoline can be prevented by preliminary binding of Zinc by not
diabetogenic chelat active chemicals or by elimination of Zinc from B-cells before action of diabetogenic
ligands that protect B-cells in 90-95 % of animals of destruction for 12—24h. Meanwhile such method have
not perspectives for practical application as well as method based on elimination of Zinc from B-cells: it is
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almost impossible to keep Zinc ions in B-cells permanently in complex with not dia- betogenic ligands as
well as to eliminate Zinc from B-cells for immeasurable period. Meanwhile, it is known that endogene syn-
thesis of Xanthurenic acid principally may be supressed by compensation of deficiency of Pyridoxine in or-
ganism which is one of main causes of endogene synthesis of Xanthurenic acid.
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a) 2,4-dimethyl-8-oxyquinoline, 35 mg/kg; b) 5-phenylazo-8-oxyquinoline, 20 mg/kg; c¢) 5-para (tolu-
ene)-8-oxyquinoline, 20 mg/kg; d) S5-orto(toluene)-8-oxyquinoline, 40 mg/kg; e) 8-oxyquinoline,
50-60 mg/kg; f) S-para(diethylaminophenylazo)-8-oxyquinoline, 20 mg/kg; g) 5-meta(hydroxyphenyl-
azo)-8-oxyquinoline, 30 mg/kg; /) 5-para(dimethylaminophenylazo)-8-oxyquinoline, 45 mg/kg; i) 5-para-
(acetylaminophenylazo)-8-oxyquinoline, 50 mg/kg; j) 8-oxyquinaldin, 10 mg/kg; k) S-para(amino-
phenylazo)-8-oxyquinoline, 10 mg/kg; /) 5-amino-8-oxyquinoline, 30 mg/kg; m) S-para(diethylamino-
phenylazo)-8-oxyquinoline, 40 mg/kg; n) 9-oxy-7-iodoquinoline, 50-60 mg/kg; o) 4,8-dihydroxy-
quinolin-2 carboxylic acid (Xanturenic acid); p) 8-para(toluenesulphonylamino)quinoline, 30-50 mg/kg;
q) 8-para(benzolsulphonylamino)quinoline, 30—-100 mg/kg; ») 8-para(metansulphonylamino)quinoline,
40-81 mg/kg; s) diphenylthiocarbazone (dithizon), 45-50 mg/kg

Figure 2. Complex salts of Diabetogenic zincbinding chelat active chemicals with Zn-ions
and its diabetogenic doses
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Figure 3. Mechanisms of Diabetogenic Activity of Xanthurenic Acid

As result of disturbances of Tryptophan metabolism the 8-oxyquinaldine may be accumulated in organ-
ism. Meanwhile 8-oxyquinaldine, a derivative of 8-oxyquinoline, is diabetogenic chemical which are able to
induce hyperglycemia and degenerative changes in B-cells. However XA is eliminated from the organism
with urine and now there are not reported facts that XA is transformed in 8-oxyquinaldine in organism. Nev-
ertheless, we cannot to exclude this possibility.

These methods protection of B-cells which we have used in our investigations of mechanisms of devel-
oping of diabetes induced by chelat active chemicals, not have perspective for practical using because it is
not possible and not expediently to keep Zn-ions in B-cells permanently connected with not diabetogenic
substances or to eliminate permanently Zn-ions from the cytoplasm of B-cells or to keep cells free of Zn-ions
permanently.

Thus, despite of fact that by aid of both methods is possible to prevent developing of experimental dia-
betes in 95-100 %, these methods are not suitable for protect of B-cells of XA-diabetes in human.

Now it is possible to suppose that among all metabolits of abnormal Tryptophan metabolism the main
role is belong to XA. Other metabolits of tryptophan are able to aggravate diabetes induced by XA.

However it is known that synthesis of XA in organism may be prevented by administration of vitamin
B6. This way for prevention developing of XA induced diabetes is, as we think, more perspective. Besides
this method not need additional researches regarding practical using of vitamin B6.

Injection of other diabetogenic derivatives of 8-oxyquinolin (Fig. 2) result a few days later developing
of heavy 1 type diabetes due to ability to form into cytoplasm of B-cells of toxic chelat complexes that result
destruction of cells within 15-30 min. and developing of diabetes (Fig. 4, 5). Diabetes induced by XA in the
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contrary developed like diabetes of 2 type. It is explained by a followed circumstances. Other diabetogenic
derivatives of 8-oxyquinolin were used as one injection of diabetogenic doses of substance. In the contrary,
more less amount of XA is formed in human more slowly, day by day permanently as changes of Tryptophan
metabolism especially in old organism.
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Figure 4. Mechanisms of damage of B-cells caused by diabetogenic chelat active chemicals

Interest to diabetes induced by XA is increased due to followed factors:

1) XA in the contrary to other diabetogenic derivatives of 8-oxyquinolin is formed in human organism
as result of disturbances of diet in deficiency of vit. B6;

2) a large amount of XA is discovered in the urine not only of diabetic patients in middle or old age, but
in the urine of persons in same age without diagnosis of diabetes;

3) deficiency of vitamin B6 is discovered in organism of old persons with registrated diagnosis of dia-
betes or without it.
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1 — Intact Rabbit. Injection of Ditizon (DZ), 31 mg/kg. Granules of complex Zn-DZ concentrated around capillaries;
frozen section, 4 mem; darc condensor; x280; preparat and photo — by Meyramov G.G., 1964;

2 — Intact Rabbit. Injection of Ditizon (DZ), 50.6 mg/kg. Large amount of granules of complex Zn-DZ in cytoplasm
of B-cells; frozen section, 5 mcm; darc condensor; x280; preparat and photo — by Meyramov G.G., 2012;
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3 — Intact Rat. Aldehydefucshin. Maximal concentration of violet granules of zinc-insulin depot form of insulin in
B-cells around capillaries; x280; preparat and photo — by Meyramov G.G., 2008;

4 — Rat with diabetes induced by endogen synthesized of XA. Aldehydefucshin. Destruction and degranulation of
B-cells in central part of islet; x280; preparat and photo — by Meyramov G.G., 2001;

5 — Rat with diabetes induced by streptosotozin, 34 mg/kg. Aldehydefucshin. Destruction and degranulation of
B-cells; x280; preparat and photo — by Meyramov G.G., 1998;

6 — Rabbit. Diabetes induced by Dithizon, 50.2 mg/kg; frozen section; darc condensor; x280; complete destruction of
B-cells in islet 30h past injection of DZ; preparat and photo — by Meyramov G.G., 1972;

7 — Intact B-cell of Rabbit. Transmission electron microscopy. Cell matrix without changes; a large amount of
B-granules in cytoplasm; x4450; preparat and photo — by Meyramov G.G., 1973;

8 — B-cells of Rabbit 2h past injection of Dithizon, 49.6 mg/kg. Transmission electron microscopy; 1 — destruction

of cell matrix on 85-90 % of cell’s surface; 2 — zones of cytoplasm free of matrix; 3, 4 — destroyed B-granules
in zones free of matrix; x5650; preparat and photo — by Meyramov G.G., 1973

Figure 5. Histostructure and ultrastructure of pancreatic islets in animals with diabetes
caused by zincbinding chemicals (ditizon and xanthurenic acid)

Previous our investigations of mechanismes of diabetogenic action of derivatives of 8-oxyquinolin,
which cannot be synthezed in organism or to come into organism outside, have theoretical significance only.
However data obtained during these experiences let us to understand more profoundly mechanisms of
diabetogenic action of XA. XA due to noted above data make us to keep our attention on this substance
which may to have significance in pathogenesis of human diabetes.

On the base of data obtained by other investigators and by us is proposed a followed point of view on
the mechanisms of diabetes induced by XA (Fig. 3).

Thus, noted above data show a potential role of diabetogenic metabolits of tryptophan in the pathogene-
sis of human diabetes. From presented data it is possible to conclude that main role among a few metabolits
as XA, kynurenic acid, oxyquinaldic acid, 8-oxyquinaldinic acid and 8-oxyquinaldin — are belong to XA.
Kynurenic acid and oxyquinaldic acid not contain, in the contrary to XA, in position 8 of quinoline ring of
active chemical group and not induced diabetes. But both these chemicals activate releasing of insulin from
B-cells.
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G.G. Meyramov, K.-D. Kohnert et al.

I'.T". Meiipamos, K.-JI. Konept, A.)K. [llaitoex, O.-H. dromont, A.I'. AGapanmoBa

TpunrodganHbIiH 1UA0ETOreHAiK MeTA00IUTTEPI

Makanana Oyriari tagma 30-1aH actaM 3aTTapAblH iIIiHAE TUA0CTOTCHIIK XUMHUSIIBIK 3aTTHIH Oipi OOJIBIIT
TaOBUIATHIH, OacKaslaplaH epeKIIeNri — epeceK >KAacTarbl ar3aja FaHa Tys3uryre KaOunerti, Tpunrodax
AMHUHKBIIIKBUIIAPBIHBIH aIMacy OHIMICPIHIH ITUabeTOTEHIIK ocep €Ty MEXaHU3Mi KOHE 3epTTey dcepiHe
KaTBICTHl 97eOM JepeKTepre capamnrama, e3iHJIK 3epTTeyiep HOTIKECl KelTipinreH. ABTOpiap KCaHTypeH
KBIIIKBUIBIHBIH THCTOKYPBUIBIM KYHiH jkoHe B-xacyimamapiarbl WHCYJIMH KYpaMblH Oy3y MeXaHH3MJepiH
JKaH-XKaKThl 3epTrereH. OChbl 3aTTap apKbUIbl TYBIHIAWTHIH AMA0ETTI OONABIPMAYABIH MYMKIH JKOJIAApBI,
COHBIMEH Karap ar3ajJa SHJOTCH/I CHHTE3JeNyHi HEFYpJIbIM HaKThIPaK OSCCHIETY JKOJIAAPbI jKaH-)KAKThI
KapacThIPbUIFaH.

I'.T". Meiipamos, K.-JI. Konept, A.K. lllaitoex, O.-H. dronont, A.I'. AGapanmoBa

JAnadeToreHHblie MeTa00JUTHI TPUNITOGaAHA

B crarbe maHbl 0030p M aHANU3 JUTEPATYPHBIX JAHHBIX, & TAKXKE PE3yIbTaThl COOCTBEHHBIX HCCIEIOBaHUMA,
KacalOIUXCsl N3yYEHHs] XapaKkTepa U MEXaHW3MOB JHAOETOTeHHOTo JeHCTBHS IMPOAYKTOB HAPYIIEHHOTO 00-
MEHA aMHHOKHCIOTH Tpuntodana. OHa sBIAETCS €IUHCTBEHHBIM ANa0ETOTCHHBIM XUMHYECKIM BEIIECTBOM
n3 6onee ueM 30 U3BECTHBIX Ha CErOHS, KOTOPOE CIIOCOOHO, B OTJIMYKE OT BCEX APYTUX, CHHTE3UPOBATHCS B
opraHusMe, 0COOCHHO JIMI] CTapLIero Bo3pacra. ABTOpaMH HCCIIEIOBaHbl MEXaHU3MBbI TIOBPEXKAAIOLIEro Jei-
CTBHSI OCHOBHOTO M3 HUX — KCAHTYPEHOBOH KMCIIOTBI, XapaKkTep ee IeiiCTBUS Ha COCTOSIHUE THCTOCTPYKTYPBI
U coJlepKaHue MHCYIMHA B B-kietkax. VceneoBaHbl BO3MOXKHBIC IIyTH TIPEAOTBPAIICHUS pa3BUTHS Juade-
Ta, BEI3BIBAEMOTO THM BELIECTBOM, Ha OCHOBE Uero 00OCHOBaH Hamboliee PeabHBIH CIoco0 MOmaBICHUS
SHJIOT€HHOTO CHHTE3a B OpPraHU3Me JaHHOTO BEIIECTBa.
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