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Prevention of developing experimental diabetes by reduced form of glutathione

Toxic properties of diabetogenic derivatives of 8-hydroxyquinoline (OX) and diphenylthiocarbazone (DC) on
the insulin producing cells of the pancreas and the protective effect of glutathione on its toxic action have been
investigated. The mechanism of action of OX derivatives is determined by their ability to form chelate salts of
1:1 composition with zinc-ions containing in B-cells via sulfur and nitrogen atoms at positions 8‘and 1 and via
the oxygen atoms in positions 8 and 2. Diphenylthiocarbazone forms chelates salts with zinc of 2:1 composition,
where zinc is coupled to two molecules of dithizone via sulfur and nitrogen atoms. It is shown that the reduced
form of glutathione (GR), containing SH-radical in the structure, has the preventing effect only, unlike the
oxidized glutathione (GO) that doesn’t contain the SH-radical. It is found that administration of GR to animals
in the dose of 1000 mg/kg completely protects B-cells from destruction that-is determined by formation of the
zinc-GR complex that is not toxic for B-cells. It has been supposed that there are 2-possible types of complex
of zinc with RFG: 1) that atom of zinc is fixed between atom of sulfur of the SH-radical and oxygen or nitrogen
atom; 2) atom of zinc is fixed between two atoms of sulfur of two SH-radicals of two molecules of RFG that
protect B-cells from formation of toxic complexes zinc-DC or zine=OX.

Keywords: B-cells, reduced form of glutathione, oxidized form of'glutathione; insulin, zinc, experimental dia-
betes.

Introduction

Diphenylthiocarbazon (DZ) and some diabetogenic’ derivatives of 8-hydroxyquinoline (OX) induce
formation of toxic chelate complexes such as' «Zn-DC» and «Zn-OX» in cytoplasm of B-cells that result in
selective destruction of B-cells within 15<30 min and accompanied by developing of 1* type diabetes in
animals [1]. Later it was reported the preventive injection of some amino acids such as cystein and reduced
form of glutatione (GR) that contain sulthydril groups (SH) in the structure of a molecule accompanied by
protection of B-cells from destruction caused by DZ and OX that resulted in prevention of developing diabetes
in majority of animals [2-5]. High durability of the Zn">-DC complex of the 2:1 composition (Fig. 2) is deter-
mined by space elongation of the DZ molecule and disposition of two phenolic rings on the ends of a molecule
that does not prevent the atoms of sulfur and nitrogen located in the center of a molecule to approach zinc
atom. Besides, zinc atom is located between atoms of nitrogen and sulfur, regarding to which affinity of zinc
is very high and exceeds affinity to oxygen [6]. It was supposed that protective activity of cystein and histidine
could be determined by the presence of sulthydryl groups in a molecule because formation of chelate com-
plexes with DZ and OX was processed by connection of Zn atoms with atom of S, H, O or N [6]. The purpose
of investigation is to study the possible preventive effect of aminoacid GR on the model of isolated pancreatic
islets.

Experimental Methods

Animals. 16 Rabbits, weight 2400-2850 g.

Group 1. Injection of DC, 48.6-51.2 mg/kg.

Group 2. Injection of RFG, 970-1010 mg/kg and 10 min later of DZ, 49.8-50.6 mg/kg; 4 animals from
groups 1 and 2 were killed in 10 min after injection of DZ (la; 2a) and 4 animals — in 9 days after injec-
tion (1b; 2b).

Group 3. Injection of GO, which doesn’t contain SH groups in a molecule, 965 mg/kg. Animals were
killed 15 min later. Staining zinc in frozen sections of pancreas was determined by 8-para(toluenesulphonyl-
amino)quinoline (TSQ).

Group 4. Injection of GR, 1030 mg/kg. Animals were killed 15 min later. Staining zinc in frozen sections
of pancreas was determined by TSQ.
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Frosen sections of pancreas of animals 1a and 1b groups were investigated using dark microscopy. Blood
glucose level was measured in animals of 1b, 2a and 2b groups before injection of DC and 1, 3, 6 and 9 days
after injection. Aldehyde-fuchsine method [7-9] was used for analysis state of histostructure of pancreas tissue
and dithizon method with formation of red granules of Zn™-DC complex that is visible using dark microscopy.
Maximum of absorbance of Zn™-DC complex on spectrum of absorbance correspond for 530 nm [3]. TSQ, a
high specific fluorescent reagent, was used for staining Zn-ions in B-cells. TSQ forms fluorescent green com-
plexes with Zn*2-ions that are visible using fluorescent microscopy [10-12].

Results

Group la. Administration of DZ accompanied by formation of a large amount of red granules of
Zn"2-DC complex in cytoplasm of B-cells (Fig. 1). Maximal concentration of granules located.on the:pole of
B-cells contacted blood capillaries that correspond to concentration of deposited insulin.

Group 1b. Experimental diabetes. Blood glucose concentration increased from 5.2 = 0.3 mM to 12.6mM
at 6 day and 16.4 = 1.7 mM at 9™ day (Table). Histology: necrosis and destruction of 70-90 % of B-cells
marked decreasing of insulin and zinc content in B-cells.

Group 2a. Preliminary injection of RFG resulted in almost complete prevention of formation of
«Zn-DZ» complex in B-cells (Fig. 2).

Group 2b. Administration of RFG before dithizon accompanied by prevention of diabetes development
in 3 animals from 4. In one rabbit (N3) blood glucose level increase till 9" day until 7.3. Histologic analysis
showed decreasing of insulin content in cells without marked histological changes.

Group 3. Injection of GR: positive reaction for Zinc in B-cells with TSQ (Fig. 1.3) determined by absence
of ability of OFG to bind zinc in B-cells; injection of DZ resulted in formation of complex zinc-DC in B-cells
and development of diabetes.

Group 4. Injection of GR: negative reaction for Zinc in B-cells as result of binding by GR (Fig. 1.4)

4

1 — Pancreatic islet of intact rabbit. DZ, 46.8 mg/kg. Large amount of red granules of complex Zn-DZ in
B-cells; Dark microscopy; %280.

2 — Pancreatic islet. reduced Glutathione 1012 mg/kg + DZ Dithizon, 50.1 mg/kg. Almost complete ab-
sence of complex Zn-DZ in B-cells; Dark microscopy; x280.

3 — Pancreatic islet. GO, 1015 mg/kg. Positive fluorescent reaction for Zn-ions in B-cells; x140.

4 — Pancreatic islet. GR, 965 mg/kg. Negative fluorescent reaction for Zn-ions in B-cells; x140.

Figure 1. Influence of RFG and OFG on amount of free zinc-ions in pancreatic B-cells

22 BecTHuk KaparaHgmHckoro yHusepcurteTa



Prevention of developing experimental diabetes ...

Blood glucose concentration after injection of Dithizon,

reduced Glutathion (GR) + DZ and oxidized Glutation (GO)+DZ

Table

. Blood glucose concentration (mM)
Animals Dose of GR and GO, mg/kg Dose of DZ, mg/kg before 9% day
DZ - 47.5-52.0 5.34+0.32* 19.8 £1.72*
GR+DZ 1005-1018 49.3-51.9 5.30+0.55 5.81+0.40
GO+DZ 955-1015 46.8-50.2 5.48+0.56* 17.2542.60*
Note. * — p <0.005.
Discussion

Results obtained showed that administration of RFG resulted in binding almost all amount of Zn-ions in
B-cells reversibly as least for 24 hours. Injection of DC after RFG was not accompanied.by forming chelate
complexes Zn-DC in B-cells that resulted in prevention of damage and death of majority of B-cells and pre-
vention of developing diabetes in 3 animals from 4. It is known that aminoacids cystein and L-hystidine possess
the same property and their injection protects B-cells from destruction caused by DC and developing diabetes
in animals [6, 13]. Howerer, administration of OFG that doesn’t contain SH-radicals in the structure doesn’t
protect B-cells from formation of Zn-DC complex and from destruction.and developing/diabetes [ 13]. Binding
of Zn-ions of B-cells by glutathione was apparently confirmed by existence of negative reaction for Zn during
24 hours. After that the complex gradually dissociated up and 48—72 hours later DC was able to form toxic
complex in B-cells that accompanied by developing experimental diabetes in animals.

It is known that in the process of formation of the Zn"-complex with DC or OX zinc atom is fixed
between S or O atoms in position 8, and N or O atoms — in pesitions 1 or 2 (Fig. 2) [14]. OX contains active
OH radical in the 8 position of quinoline ring or other radicals that contain S, N or O atoms (Fig. 2).

A. Albert [14] showed that 8-hydroxyquinoline, which is usually non-toxic one, is very toxic for cells in
the presence of metals, especially in the presence of Zn-ions. It was showed that the possibility was determined
by ability of OX to form the chelate metal-complexes, which are toxic for B-cells [14] as complexes formed
in B-cells by other chelate active substances suchas DC.-Studying toxicity of OX for B-cells K. Okamoto [1]
reported that injection of it to animals was accompanied by destruction of pancreatic B-cells and developing
experimental diabetes. Later it was showed that injection of 18 derivatives of OX was accompanied by de-
struction of B-cells within 15-30 min that resulted in developing heavy diabetes in animals. It was noted that
all those chemicals had OH™ group or any other radical containing S atom or O or N atoms in position 8 of
quinoline ring. It was showed that OX possessed high affinity for zinc and formed chelate salts with zinc via
radical in position 8 (Fig. 2).

Six isomers of OX that do not contain active groups in position 8 are not able to form chelate complexes
with Zn-ions and do notiinduce experimental diabetes. Experimental diabetes is induced by derivatives such
as 8-para-(toluenesulphinylamino)quinoline (8PTSQ), 8-para-(benzenesulphonylamino) quinoline (8PBSQ),
8-para-(methanesulphonylamino)quinoline (8PMSQ), 5-para-(acetaminophenylazo)-8-oxyquinoline
(5A80X), 8-hydroxyquinaldin, 5-amino-8-hydroxyquinoline and others (Fig. 2). It was demonstrated that
injection of those derivatives resulted in selective necrosis of B-cells. Injection of those chemicals in doses of
30-100 mg/kg resulted in developing heavy diabetes with marked degenerative changes in islets within a few
days[l, 3,4, 11].

It is known that the most stable complexes are formed when atom of Zn is fixed between S and O atoms
in position 8 and between N and O atoms in position 1 or 2. It was showed that only derivatives of 8-hy-
droxyquinoline, which contained the hydroxyl or another radical with S, N or O atoms in position 8 of
quinoline ring, possessed diabetogenic properties [14]. It is known that extraction of these radicals from
position 8 is accompanied by complete disappearing of diabetogenic properties of chelators [15]. Formation
of chelates by O and N atoms of chelator usually results in forming pentagonal or hexagonal rings [1, 14]
(Fig. 2). Pentagonal rings are more stable. Quadrangular complexes with S atom are the most stable ones. It is
known that OX derivatives, which form quadragonal complexes with atom of S, are often stable ones. Un-
shared pair of electrons is displaced from N donor-atom in position 1 to Zn atom.

On the basis of data obtained by A. Albert it is supposed that toxic effect of OX was determined by its
ability to bind and eliminate metal ions from B-cells. But later this hypothesis was not confirmed. It was
showed that the prolonged elimination of Zn-ions from B-cells did not affect on the state of histostructure and
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function of B-cells. Finally, S. Rubbo and A. Albert established that toxic effect of OX was determined by its
ability to form toxic complexes with metals in cells [16] that many times was confirmed later. It was showed
that presence of chelate in cytoplasm of B-cells for a short time was accompanied by alteration of cells. In
experiments with azaoxyquinoline (azaoxyn) it was demonstrated that the most toxic were chelates of 1:1
composition with logarifm of stability constant that was equal to 7.6 and higher, up to 9.4. Meanwhile, toxicity
of chelates of other isomers of azaoxyn with stability constant 5.8—6.7 was clearly less [5, 14]. It was showed
that very toxic chelates of derivatives of 8-hydroxyquinoline with Zn-ions had higher logarithm of stability
constant 8.5. G. Weitzel and coll. showed that 1:1 complex contained 1 molecule of 8-hydroxyquinoline and
1 atom of Zn ion was the most toxic for cells [17].

NIH N NH N NH N

¥ | + 1 +
S0~ In 50;—2n SIOE— Zn
CHy
cH,
8-para-(toluenesulphonylamino)- 8-para-(benzenesulphonylamino)- 8-para-(methanesulphonylamino)-
quinoline, 30-50 mg/kg quinoline, 30—-100 mg/kg quinoline, 40-81 mg/kg

Figure 2. Complex salts of diabetogenic zinc-binding chelate active.chemicals with Zn-ions and its diabetogenic doses

Stability of 2:1 complexes depends not only on affinity of chelator for metal but on two other properties
of chelator and metal: 1) presence of additional radicals in para-positions of chelator molecule, especially in
zones contacted with part of a molecule reacting with metal ions with formation of the steric effect. As a result,
two molecules of chelator are not able to approach to putian atom of metal in a stable ring; 2) diameter of atom;
if a metal atom has a small diameter, ring may be not formed. Zn atom has radius 0.74 nm and it is between
berillium (0.31 nm) and rubidium (1.49 nm). A high stability of Zn-DC complex is determined by elongated
form of the DC molecule and by location of two phenol rings on two ends of a molecule. That is why N and S
atoms are easy to approach to Zn atom. Moreover, Zn atom is fixed between N and S atoms. Meanwhile, it is
known that affinity of Zn for N and S.atoms is higher comparatively with affinity of Zn for O. In addition,
complex formed by two molecule of DZ each of two has a great number of double bonds [1, 5, 14].

Stability of 1:1 complexes formed by derivatives of 8-hydroxyquinoline is determined by a great number
of double bonds in a molecule of chelator as well as by forming of quadragonal ring. Derivatives of §-arenesul-
phonylaminoquinoline form/chelate-complex via S atom. Higher stability of the complex Zn-xanthurenic acid
is determined by fixation of the Zn atom between two O atoms.

Isomers of 8-hydroxyqunolines, which do not contain such radicals or atoms in this position (8), or if
these radicals are extracted from a molecule, are not capable for forming complex salts with zinc and do not
possess diabetogenic properties completely. It is necessary to return the active radicals in position 8 to restore
diabetogenic activity of substance [15]. Formation of the chelate complex by O and N atoms is accompanied
by forming pentagonal or hexagonal rings [14].

SH groups' contain sulfur atom. Meanwhile, as it is described above, it is known that sulfur atom
participates in formation of the chelate complexes with Zn as well as N, O and C atoms. It is known that in
process of formation of the Zn"-complexes with DC and OX zinc atom is fixed between S or O atoms in
position 8, and N or O atoms — in positions 1 or 2 (Fig. 2) [14].

On the basis of the results obtained we suppose that negative fluorescent reaction for Zn in B-cells after
administration of reduced form of glutathione was determined by binding of Zn-ions via atom of sulfur of the
SH-group and by disposition of zinc atom between atom of sulfur and, probably, atom of oxygen (Fig. 3) or
nitrogen or, more probably, is fixed between two atoms of sulfur from the two molecules of reduced glutathi-
one [18].
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Figure 3. Reduced Glutathione

Conclusions

Reduced form of glutathione, which contains sulthydryl radical in the structure in the dose of 1000 mg/kg,
prevents formation of zinc complexes with diabetogenic zinc-binding chelators in B-cells, protecting B-cells
from destruction as well as preventing from development of diabetes in animals. Oxidized form of glutathione,
which doesn’t contain sulthydryl radical in the structure in the dose of 1000 mg/kg does not protect B-cells
from formation of complexes with DC and does not protect B-cells from destruction and from developing
diabetes in animals.

Administration of reduced form of glutathione to animals resulted in blocking of Zn-ions in B-cells that
protects from interaction of metal with DC. We suppose that preventive effect after-administration of reduced
form of glutathione was determined by binding Zn-ions via atom of sulfur of the sulfhydryl radical and fol-
lowed by disposition of zinc atom between atom of sulfur and atom of oxygen or nitrogen.
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I'.T". Meiipamos, A.2K. Illait6ek, K.-JI. Konepr,
I".T. KaprOaeBa, A.Il. Auapeesa, O.H. [{ronoHT

JKCIEePUMEHTTi 1MaldeTTiH JaMybIH
IIIOTATHOH AMHUHKBIIIKBLIIBI K6MeriMeH aJlIbIH a1y

ABTOpJIap OKCUXMHOJIMHHIH JKOHE ITH()EHUITHOKAPOA30HHBIH AMA0ETOreH i TYBIHABUIAPBIHBIH 3aKbIM/IAY LI
KacHeTTepiHiH YHKbI Oe3iHiH MHCYJINH OHIIPYILi jKacyliagapblHa JKOHE TIIOTATHOH aMHHKBIIIKBUIIAPBIHBIH
OJIapABIH YBITTBI 9CEPiH al/IbIH allyFa KaThICThI dcepiH 3epTrereH. OxcnxuHonuH (OX) TybIHIBIIAPBIHBIH dCEp
€Ty MeXaHU3MiH/Ee OJIap/IblH KypaMbIH/a MBIPBILI Oap jkacylianapnia, OHbIMEH Oipre iIiKi KemIeHIIK Ty3/iap.
Kypamsl 1:1, 8 sxoHe 1-KaybImTapAarbl KYKIPT JKOHE a30T aTOMAApPH! apKbUIBI XKoHE 8 yKoHe 2-KaJbITap/iarsl
OTTETi aTOMIAphl apKbUIBI KAIBIITACTHIPY KabineTi 6ap. Judennnrrokapbason (DC) kypamberaaa 2:1 MeIpbIIT
Oap xemaT Ty3e/i, MyH/Ia MBIPBIIT TUTH30HHBIH €Ki aTOMBIMEH KYKIpT 5KoHE a30T aTOMaphl apKbUIHI KOCBLUIA IBI.
I'nmrotaTHOHHBIH TOTHIKKAH (POPMAChIHAH aibIPMAIIBUIBIFEL, aJIIBIH ATy ScepiHe KypbUIbIMbIHIa SH-pagnkaist
0ap IIIOTaTHOHHBIH TOTHIKCHI3IaHFaH (JOPMAacHI He eKeHIIr kepceeTinres. JKaHyapaapra TOTHIKCHI3 TaHABIPBLI-
rad rmoTatuoHasl 1000 Mr/kr mo3ama OipperTi eHrizy B-kacyrmamapbIHbIH Oy3bUIybIHA JKOHE JKaHyapiapaa
I1abeTTiH AaMyblHa OKEJIETIH YBITTBI KeLICHEeP i KalbIITaCThIpyMEH B-kacylianapasiH_MBIPBIUTHI Oaiina-
HBICTBIPYFa TONBIK KEJEPTi KENTipeTiHi aHBIKTaNbl. TOTBIKCHI3AaHFaH TIIOTATHOHHBIH aPaIIIBIKTAPAAFbl MbI-
PBILIIIEH ©3apa dPEKeTTEeCYiHIH XUMH3MIH 3epTTey, OHBI €HIi3y jKacyllanapAa MBIPHIIITHL TOJBIK OyFaTTa-
JyBIMEH KaTap >KYPETiHIH KOpPCETTi, 3epTTey HOTIKECIHIE OJ YKOFaphl apHAaNbI TUCTOXUMMSUIBIK OMICTEPIiH
KOMETIMEH TMCTOXMMHUSIIBIK JKOJIMEH aiKbIHAAIMalabl. ABTOPIAp TOTHIKCBI3JAQHFAH TTIOTATHOHHBIH aJlJ(bIH
ay KaOineTi OHBIH apajlIbIKTaparbl MBIPBIITH OalIaHBICTHIPY KaOileTiHe OalTaHBICTHI JEM CaHaMIbL:
1) MbIpbIm aToMbl Oyt perte SH-pagukan KyKipT aTOMbI MEH OTTETL HEMece a30T aTOMbI apachlHa TipKeneni,
0Oip JKaFbIHAH, KYKIPT aTOMBI XOHE OTTET1 aTOMBI, €KiHIII )KaFbIHAH, 2) a30T apKbUIBI ApaJIIIBIK MBIPBIIITH Oaii-
nanabicTeIpaTeiH OX HeMece DC TyBIHABICH €HTI31IreH XKaFaaiiapaa fa FII0TaTHOH MOJIEKyJIackiHa Oap aen
HanubpIMIANIbI.

Kinm ce30ep: B-xacymanapsl, TIIIOTAaTHOHHBIH KBICKAPTHUIFAH TYPI, ITIOTaTHOHHBIH TOTHIFY (OpMackl, HHCY-
JIMH, MBIPBILI, TOKIPUOEIIIK JUana3oH.

I'.T". Meiipamos, A. XK. Illaii6exk, K.-/I. Konepr,
I'.T. Kapr6aeBa, A Tl. Aampeesa, O.H. J[ronoHT

O npenoTrBpamieHNH Pa3BUTHS IKCIIEPUMEHTAJIBHOT0 quadeTa
¢ NOMOIIbI) AMUHOKH CJIOTHI IVIIOTATHOHA

Beumm mccnenoBaHbl  MOBPEXkIAIOIINE . CBOIiCTBA AMabETOTEHHBIX NPOM3BOAHBIX okcuxuHoumHA (OX) n
mudermitrokap6azona (DC) Ha HHCYTHHIPOAYIUPYIOMNE KISTKU HOKEITy JOTHON JKeJIe3BI U IIPeayIpexia-
Iollee BIMSHIE aMHHOKHCIIOTHI TIOTATHOHA B OTHOIIGHHH MX TOKCHYECKOTO JeHCTBUS. MexaHu3M aeicTBhs
npon3BoHbIX OX MMeeT ¢nocoOHOCTh (POPMHUPOBAThH B KIIETKAX, COAEPIKAIIUX [MHK, BHYTPHKOMIUICKCHbBIE
COJIM C HUM cocTaBa l:]l yepe3 aTOMBI Cepbl M a30Ta B MOJOKEHUAX 8 W 1 M yepe3 aTOMBI KHCIOpOJa B MO-
noxeHusx 8 u 2. Jlnperuntuokap0a3zoH GopMHUpYeT XenaThl ¢ IIMHKOM cocTaBa 2:1, T1e HUHK COeUHseTCS C
JByMS aTOMaMH JUTH30HA Yepe3 aTOMbI cepbl U a30Ta. [Ioka3aHo, 4To Mpe0TBPAILAOIINM JIeHCTBHEM 00J1a-
JlaeT BOCCTaHOBIEHHAs (popMa IIIOTATHOHA, COepIKaIas B cBoel CTpykType SH-paauka, B OTIHYHE OT OKHC-
JIeHHOH (hOpMBI TIIIOTATHOHA, HE coJieprkaliell ero u He oOJajaronieii npeaoTBpamatomyM dpdexrom. Yera-
HOBJICHO, YTO OJJTHOKPAaTHOE BBEJCHHE BOCCTAHOBJICHHOTO TJIFOTaTHOHA JKUBOTHBIM B 103¢ 0KoJi0 1000 Mr/kr
TOJTHOCTBIO MPEISTCTBYET CBS3BIBAHUIO ITMHKA B-KileTok ¢ popMHUpOBaHHEM TOKCHYECKHX KOMIUIEKCOB, BBI-
3bIBAIOILUX paspylueHue B-knetok B pesynprare nocnenyroniero seenenus OX u DC u pazsurue nuadera y
KHUBOTHBIX. McciienoBaHue XMMHU3Ma B3aMMO/ICHCTBHS BOCCTAHOBJIEHHOT'O INIFOTATHOHA ¢ OCTPOBKOBBIM L[MH-
KOM II0Ka3aJ10, YTO BBE/ICHHUE €TI0 CONPOBOXKIACTCS MOJHBIM CBSI3bIBAHUEM LIMHKA B B-KieTkax, B pe3yibTare
Yero OH He BBIABIISAETCA I'MCTOXUMHYECKH C MOMOIIBIO BBICOKOCHELHM(PHUYHBIX THCTOXHMHYECKHX METOJIOB.
Ipenynpexparomas crocoOHOCTb BOCCTAHOBJICHHOT'O TIIIOTATHOHA OOYCIIOBJICHA €ro CIHOCOOHOCTBIO CBS3BI-
BaTh OCTPOBKOBBIH IIMHK JABYMSI My TSAMHU: 1) aTOM ITHKA IIPHA 3TOM MOXKET (PUKCHPOBATHCS MEXKLy AaTOMOM CEPBI
SH-pamykana 1 aTOMOM KHCJIOPOZa WIIM a30Ta, COAEPIKAIIUMUCS B MOJIEKYJIe TIIOTAaTHOHA, KaK U B CIIyJasx
BBeJIeHUs Npon3BoAHEIX OX wimm andeHnmnTnoKap6a3oHa, CBS3BIBAIOIINX OCTPOBKOBBIM IIMHK 4Yepe3 aToM
CepHI, C OJJHOM CTOPOHBI, K aTOMOM KHCIIOPOJa, TH00 a30Ta, C APYTOi CTOPOHBI; 2) aTOM IIMHKA MOXKET (PUKCH-
pOBaThCs MEXAY ABYMS aTOMaMH Cepbl OT AByX SH-rpymin, BXOAAIMX B COCTAB JIByX MOJIEKYJI BOCCTAaHOBJICH-
HOT'O TJIIOTATHOHA.

Kniouesvie crosa: B-xneTku, BoccTaHOBIEHHAs ()OpMa TITIOTATHOHA, OKUCIIEHHAs (hopMa TIIOTAaTHOHA, HHCY-
JIMH, IIUHK, SKCIIEPIMEHTAIbHBIN THa0eT.
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