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Prevention destruction of pancreatic B-cells induced by chelators
by reduced form of Glutathione

Authors investigated preventive effect of Reduced form of Glutathione on developing of diabetes caused by
diabetogenic zinc binding ligands. It is shown that only Reduced form of Glutathione contains SH-radical in
chemical structure possesses ability to protect B-cells of death unlike the Oxidized form of the Glutathione,
free of it. It was established that injection of R-Glutathione, 1000 mg/kg completely connects with zinc in
B-cells that protect cells of formation of toxic complexes causing destruction of B-cells and development of
diabetes. Investigation of chemical aspect of interaction of R-Glutathione with zinc showed that administra-
tion of it result a complete blocking of zinc in B-cells therefore zinc does not revealed using of high specific
and sensitive histochemical methods. The studying of duration of blocking of zinc in B-cells showed that
complex Zn-R-Glutathione begins to dissociate with partial release of zinc approximately about 36 hours af-
ter injection and 48 hours later majority-of complex is dissociate. Authors suppose that preventive ability of
R-Glutathione is caused by ability toformation of not toxic temporary complex with zinc; zinc atom is fixed
between atom of sulfur of the SH-radical and atom of oxygen or nitrogen which are contained in a molecule
of R-Glutathione as well as after administration of diabetogenic chelators between of sulfur atom — and ei-
ther oxygen atom, or atoms of nitrogen or carbon on the other hand.
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Abbreviations

R-Glutathione — Reduced form of Glutathione,

O-Glutathione< — Oxidized form of Glutathione,

Zn — zinc,

DZzZ —— Dithizon 8PTSQ — 8-para(toluenesulphonylamino)quinolin

Background

It was found that Diphenylthiocarbazone (Dithizon) and some derivatives of 8-oxyquinolin (8-0x) in-
duced formation of toxic chelat complexes as «Zn-DZ» and «Zn-8-0x» in cytoplasm of B-cells that result
selective destruction of B-cells within 15-30 min. and accompanied by developing of 1* type diabetes in an-
imals [1]. Later it was reported preventive injection of some amino acids as Cystein and L-Hystidine con-
tains sulthydril SH-radical in structure of molecule, accompanied by protect B-cells of destruction caused by
DZ and 8-ox that result prevention of developing of diabetes in majority of animals [2—-5]. High durability of
the Zn"*-Dithizon complex 2:1 (Fig. 1, 2) determined by space elongation of molecule of Dithizon and dis-
position of two phenolic rings on the ends of a molecule that does not prevent the atoms of sulfur and nitro-
gen located in the center of a molecule to approach zinc atom. Besides, atom of zinc is located between two
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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 L-Hystidine may be determined by the presence
of SH-radical in the structure of molecule because formation of chelat complexes with DZ and 8-ox is pro-
cessed by connection of Zn atoms with atom of S, H, O or N [6]. Aim of investigation: to study possible pre-
ventive effect of amino acids as Gluthation Reduced form contains SH-group and Gluthation Oxidised form
not contains SH group.

Methods

Animals. 16 Rabbits 2400-2850 g.

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

Group 2. Injection of Gluthatione-O, 970-1010 mg/kg + 10 min. later Dithizon, 49.8-50.6 mg/kg.

4 animals from each groups (la and 2a) were killed 10 min. after injection of Dithizon and 4 animals
(1b and 2b) — 9 days after injection.

Group 3. Injection of Gluthatione-R and Gluthatione-O: 985-1020 mg/kg. Animals were killed 6h, 12h
and 24h after injection. Staining of frozen sections of pancreas for Zn-ions by Dithizon method and by
8PTSQ.

Frozen sections of pancreas of animals la and 1b groups were investigated using dark microscopy.
Blood glucose level measuring — in animals of 1b, 2a and 2b groups before injection of Dithizon and 1, 3, 6
and 9 days after injection. Aldehyde-fucshine method [7-9] was used for analysis state of histostructure of
pancreas tissue and Dithizon method formed red granules of complex «Zn-DZ» visible using dark microsco-
py. Maximum of absorbance of Zn">~DZ complex on spectrum of absorbance correspond for 530 nm [3].

8-para(toluenesulphonylamino)quinolin (8PSQ), a high specific fluorescent reagent was used for stain-
ing of Zn-ions in B-cells. 8TSQ formed fluorescent green complexes with Zn"-ions visible using fluorescent
microscopy [10-12].

Results

Group 1a. Administration of DZ accompanied by-formation of a large amount of red granules of Zn—
Dithizon 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 since 5.2+0.3 mM until
12.6 mM at 6™ day and 16.4+1.7 mM at 9™ day (Table 1). 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 Gluthatione-R result almost complete prevention of formation of
«Zn-DZ» complex in B-cells (Fig. 1). Simple granules contacted capillaries contain granules of complex on-
ly.

Group 2b. Administration of Glutathione Reduced form before Dithizon accompanied by prevention
developing of diabetes in 3 animals from 4 (Table 2, Fig. 1). 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 histo-
logical changes.

Administration of Glutathione Oxidized form before Dithizon not accompanied by prevention develop-
ing of diabetes: diabetes was developed in all animals (Table 3) with marked histological changes. Histologic
analysis showed decreasing of insulin content in cells and presence of marked histological changes.

Group 3. It was important to obtain direct experimental confirmation that administration of Glutathione
Reduced form to animals accompanied by binding of Zn-ions in B-cells as to investigate: how long time this
complex exist in B-cells as we suppose, that 24 hours later after injection of R-Glutathione partial dissocia-
tion of complex is observed and 48 hours later there are almost complete dissociation (Fig. 1) with restoring
of positive fluorescent reaction for zinc in B-cells.
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Figure 1

1 Pancreatic islet of intact rabbit. Dithizon, 48.9 mg/kg. Large amount of red granules of complex Zn-DZ in B-cells;
Dark microscopy; x280.

2 Pancreatic islet. Glutathione Reduced form, 985 mg/kg + Dithizon, 50,2 mg/kg. Almost complete absence of com-
plex Zn-DZ in B-cells; Dark microscopy; %280.
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Pancreatic islet of intact rabbit. Positive fluorescent reaction for Zn-ions in B-cells; x140.

Pancreatic islet. Glutathione Reduced form, 1015 mg/kg. Negative fluorescent reaction for Zn-ions in B-cells; x140.

5 Pancreatic islet of intact rabbit. Histostructure and insulin content in B-cells without changes; Aldehyde-fucshine;
x280.

6 Pancreatic islet of rabbit. Glutathione Reduced form, 1010 mg/kg + Dithizon, 49.4 mg/kg .Histostructure and insulin
content in B-cells without changes; Aldehyde-fucshine; x280.

7  Pancreatic islet of rabbit. Glutathione Reduced form, 975 mg/kg, 36h after injection. Partial dissociation of complex
Zn-Glutathione; Fluorescent reaction for Zn-ions; x140.

8 Pancreatic islet of rabbit. Glutathione Reduced form, 1000 mg/kg, 60h after injection. Almost complete dissociation

of complex Zn-Glutathione; Positive fluorescent reaction for Zn-ions; x140.

W

Table 1
Blood glucose concentration in rabbits after injection of Dithizon
Animals Dose of Dithizon Blood glucose concentration (mM)
(mg/kg) before 1™ day 3" day 6" day 9™ day
1 48,6 4,7 11,6 18,5 16,4 22,8
2 49,9 5,6 7,7 16,2 24.4 21,5
3 51,8 53 12,2 20,6 17,2 18,8
4 48,8 59 10,3 14,6 20,5 17,8
Table 2
Blood glucose concentration after injection of Glutathione Reduced form and Dithizon
Animals Dose of Gluthation | Dose of Dithizon Blood glucose concentration (mM)
Red. (mg/kg) (mg/kg) before 1" day 3" day 6" day 9" day
1 985 49,3 59 6,7 6,2 4,3 5,8
2 1010 50,6 5,1 7,1 5,3 6,0 59
3 1012 52,2 43 6,1 5,7 6,2 6,8
4 1020 50,8 5,5 7,2 6,6 54 5,7
Table 3
Blood glucose concentration after injection of Glutathione Oxidized form and Dithizon
Animals Dose of Gluthation | Dose of Dithizon Blood glucose concentration (mM)
Ox. (mg/kg) (mg/kg) before 1* day 3" day 6" day 9" day
1 960 47,2 8,9 15,7 12,5 14,3 15,8
2 1000 51,7 5,1 9,1 13,6 11,9 14,8
3 1020 50,1 4,3 12,5 10,6 14,2 21,8
4 1015 52,5 5,5 10,5 15,8 18,8 20,6
Discussion

Obtained results showed that administration of R-Glutathione result binding of almost all amount of Zn-
ions in B-cells reversibly as least for 24 hours. Injection of dithizon after R-Glutathione not accompanied by
forming in B-cells of chelat complexes Zn-DZ that result prevention of damage and death of majority B-cells
and prevention developing of diabetes in 3 animals from 4. It is known that amino acids Cystein and
L-Hystidine possess same property: injection of acid result protect B-cells of destruction by Dithizon as of
developing of diabetes in animals [6]. However, administration of Oxidized Gluthatione not contains in
structure of SH-radicals not protect B-cells of formation of Zn-DZ complex and of destruction of B-cells as
of developing of diabetes [13]. Binding of Zn-ions of diabetes B-cells by a glutathione is apparently con-
firmed by existence of negative reaction for Zn for 24 hours. After that the complex gradually dissociated up
and 48-72 hours later dithizon is able to form in B-cells toxic complex that accompanied by developing of
experimental diabetes in animals.
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It is known that in process of formation of the Zn"-complex with Dithizon and diabetogenic derivatives
of 8-oxyquinolin atom of zinc is fixed between S or O atoms in position 8, and N or O atoms — in positions
1 or 2 (Fig. 2) [14]. Diabetogenic derivatives of 8-oxyquinolin have in the 8 position of quinolin ring active
OH radical or other radicals contains atoms of S, N or O (Fig. 2). Isomers of 8-oxyqunolines not contains in
this position such radicals or atoms, or if these radicals extracted from a molecule — not capable to form
complex salts with zinc and not possess completely diabetogenic properties. It is necessary to return the ac-
tive radicals in position 8 for to restore diabetogenic activity of substance [15]. Formation of the chelat com-
plex by atoms of O and N accompanied by forming of pentagonal or hexagonal rings [14].

SH group contains sulfur atom. Meanwhile, as 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"*-complex with Dithizon and diabetogenic derivatives of 8-oxyquinolin atom ofzinc is
fixed between S or O atoms in position 8, and N or O atoms — in positions 1 or 2 (Fig. 2) [14].

</
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Figure 2. Chelat complexes Zn*~Dithizon'and Zn"*~8TSH

) X
HOOC. o~ . N ~M. __COOH
H
MHz "
Figure 3. Chemical structure of R-Glutathione

On the base of obtained results we suppose that negative fluorescent reaction for Zn in B-cells after ad-
ministration of Glutathione Reduced form determined by binding of Zn-ions via atom of sulfur of the SH-
group and followed disposition of zinc atom between atom of sulfur and, probably, atom of oxygen or nitro-
gen (Fig. 3).

Conclusions

1. Amino acid Glutathione Reduced form contain in structure of SH-radical, 1000 mg/kg protect B-cells
of formation complexes with diabetogenic zinc binding chelators that result prevention of destruction of cells
prevention of developing of diabetes in animals.

2. Amino acid Glutathione Oxidized form not contain in structure of SH-radical, 1000 mg/kg not pro-
tect B-cells of formation complexes with diabetogenic zinc binding chelators that result destruction of cells
and developing of diabetes in animals.

3. Administration of Glutathione Reduced form to animals result blocking of Zn-ions in B-cells that
protect of interaction of metal with diabetogenic chelators.

4. Complex «Zn-Glutathione Oxidized formy in B-cells dissociated over 48 hours after forming.

5. We suppose that preventive effect after administration of Glutathione Reduced form determined by
binding of Zn-ions via atom of sulfur of the SH-group and followed disposition of zinc atom between atom
of sulfur and atom of oxygen or nitrogen.
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I'.T". MeiipamoB, A. K. llaii0ek, I'.T. Kapr6aesa, E.M. JlaprommuHa,
I'.0O. XKyzbaeBa, A.P. Anuna, O.-H. {ronont, C.C.Trip>kaHoBa

Kannbina kesireH LJINOTATHOH KOMeTiMeH XeJIaTOp APKbLIbI IAHKPeaTHT
B-:kacymanapbiHbIH 0Y3bLIYBIH 00J1IBIPMAY/AbIH AJABIH aJIy

ABTOpIap MBIPEINOAIaHBICTRIPYIIEI  THAa0STOreHAl 3aTTap TYABIPATHIH AnabeT JaMyblHa TJIIOTATHOH
AMUHKBIIIKBUIBIHBIH QJIABIH AJIy 9CepiH 3epTTereH. AJJIBIH aly acep KAaCHETiHe INIIOTATHOHHBIH TOTBIKKAH
TYpiHZeri gopMacsl eMec, KypbulbIMbIHIa SH-panykainbl 6ap TIIOTATHOH KAIBINTHI (OpMachkl M€ eKeHIIri
kepceTiareH. [ TroTartnon Kanbthel (opMackiH kaHyaprnapra 1000 Mr/kr mo3aceiHzma Oip perTi eHrizy
B-kacylllajgapblHbIH ~MBIPBIIITEH OailIaHbICYybIHA TOJBIFBIMEH Kelepri Kenrtipin, B-kacylianapbIHbIH
OY3bUTYBIH. TYZIBIPBIN, >KaHyapiapia AWMa0eT TybIPaThIHABIFEl aHBIKTALIbl. KaibINThl TJIIOTAaTHOHHBIH
MBIBIII apAJIIBIFEIMEH OpPEKETTECY XHUMH3MBIH 3€pTTey OHBI CHII3TCHHEH KeHiH B-kacymanmapbiHna
MBIPBIITBIH TOJBIK OYFaTTallybl )KOFAPhl EPEKIIe THCTOXUMHUSIIBIK 9/iCTEp KOMETiMEH THCTOXMMMSIIBI TYPIC
KepiHic O6epmeiini. B-xxacymanapslHIarsl MBIPBIIITHIH OyFaTTaly yaKbITHl Y3aKTBIFBIH 3€PTTEy HOTIDKECI
MBIPBIII-TJIIOTATHOH KeIleHi 36 car KeifiH MBIPBIITHIH OipTiHaen 6ocall MBIFYbIMEH BIABIpall GacTalmbl, aix
48 car COH KelleH KeIl MeJIleple AMCCONuanusiIaHansl. ABTOpiap KalbIIThl TJIOTATUOHHBIH AIbIH ajly
OeHiMIIri OHBIH apallIbIK MBIPBII IeH OaiJaHBICYBIH KOpPCETeli; MBIPBIII AaTOMBI IJIIOTATHOH
MoJIeKyJIachbIHAarbl SH-paJuKkaibl KyKipT aToMbl MEH OTTEri He a30T aTOMBIMEH KOCBUIBIN, IHabeToreHui
XeJIaTOp eHri3reH eceOiH/e TaHbUIa bl

Kinm ce30ep: B-xacymanap, R-TioTaTHOH, HHCYIIHH, MBIPBIII, SKCIIEPUMEHTANBI THA0ET.
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I'.T". Meiipamos, A.2K. [llaitbek, I'.T. Kaptbaesa, E.M. JlaprommHa,
I'.0. Xy3b6aeBa, A.P. Anuna, O.-H. {romonT, C.C.Teip:xanoBa

IIpenorBpamienue necTpyKIUM NAaHKpeaTHYeCKUX B-Ki1eTok xeinaropamu
¢ IOMOILIbI0O BOCCTAHOBJICHHOM ()OPMBI I/IIOTATHOHA

ABTOpaMu HCCIEIOBANOCH MPEAyNpeKIaonice BIHIHIEC aMUHOKUCIOTHI TIIIOTATHOHA B OTHOIICHHH Pa3BH-
TUS qra0eTa, BBI3BIBACMOTO IIMHKCBS3BIBAIOMIMME AHAa0ETOTCHHBIMH BemecTBaMu. [loka3zaHo, 4TO mpeaoT-
BpAIAIOIIUM JICUCTBHEM 00JaJacT BOCCTaHOBJICHHAs (hopMa TIFOTaTHOHA, COAEpIKallas B CBOCH CTPYKType
SH-panukan, B OTIHYNE OT OKHCICHHON ()OPMBI TIIIOTATHOHA, HE COJICPIKaIeH ero. Y CTaHOBICHO, YTO OHO-
KpaTHOE BBEJCHHE BOCCTAHOBJICHHOIO TJIFOTATHOHA >KUBOTHBIM B 03¢ 0K0JI0 1000 MI/KT MOJHOCTBHIO Hpe-
MATCTBYET CBS3BIBAHHUIO IIMHKA B-KIeTOK ¢ (hOpMHUPOBAHHEM TOKCHYECKUX KOMILICKCOB, BHI3BIBAIOIIUX Pa3-
pyuieHue B-kiaeTok u pa3BuThe quabera y )KHBOTHBIX. McclieoBaHne XUMHU3Ma B3aUMO/ICHCTBUS BOCCTAHOB-
JICHHOTO TJIIOTaTHOHA C OCTPOBKOBBIM IIMHKOM ITOKAa3aJI0, YTO BBEJICHHUE €TI0 CONMPOBOXKAACTCS IOJIHBIM 0JI0-
KHpOBaHMEM IIMHKa B B-KkjeTkax, B pe3ynbTaTe Yero OH He BBIABIIIETCS THCTOXUMHYECKH C TOMOIIBIO BBICO-
KOCTIEUU(HYHBIX THCTOXMMHYECKHX METOHO0B. lccnenoBaHwe IMUTENBHOCTH ONOKMPOBAaHUS  HKWHKA B
B-kneTkax mokasano, 9T0 KOMIUICKC IUHK-TIIIOTATHOH HAYMHACT PACHICIUIATECS ¢ OCTCIIEHHBIM OCBOOOXKIC-
HUEM IIUHKa 4epes3 36 4, a uepe3 48 4 KOMIUIEKC B 3HAYUTEIbHON CTENEHU JUCCOLUUPOBaH. ABTOPHI Nojara-
FOT, 4TO IPEAYNPEkKAAIONIas CIOCOOHOCTh BOCCTAHOBJIICHHOTO TJIFOTATHOHA O0YCIIOBJICHA €T0 CTIOCOOHOCTHIO
CBSI3bIBATH OCTPOBKOBBIN IIMHK; aTOM IIMHKA MPH 3TOM (UKCUPYETCS MEKAy aroMoM cepsl SH-pamukana u
aTOMOM KHCIIOPOJIa WIIH a30Ta, COACPIKANMMUCS B MOJICKYJIC TIIFOTaTHOHA KaK M B CIIydYasX BBEICHUS auabe-
TOTEHHBIX XEIaTOPOB, CBS3BIBAIOIIUX OCTPOBKOBBIM IIMHK C MIOMOIIBIO aTOMa. CEPBI, C OJHOM CTOPOHBI, U JIH-
00 aToma KHCIOpoaa, 100 a30Ta, WK YIiaepoaa — ¢ APYToil.

Kniouesvie cnosa: B-xiieTku, R-rmoTaTnoH, HHCYJIMH, IUHK, SKCTIEPUMEHTANBHBIN TUa0eT.
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