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On the mechanisms of prevention destruction of pancreatic B-cells
induced by direct action of zinc binding chelators by reduced form of glutathione

It is known that reduced form of amino acid the glutathione (GRF), containing in structure of a molecule of
SH-radical is capable to prevent developing of diabetes caused by group of diabetogenic zincbinding chemi-
cals whereas the oxidized form of the glutathione (GOF) contrary to GRF only what does not contain in a
molecule of SH-group, was completely incapable to prevent developing of diabetum caused by this group of
substances. It was shown that treatment of animal GRF is followed by emergence the completely negative re-
action to zinc B-cells that it is possible to explain with binding of zinc with GRF what interfered with its in-
teraction with diabetogenic ligands. The model of the isolated pancreatic islets at which the direct influence
of substances on B-cells excluding possible interactions of the studied substances in blood and tissues is pro-
vided was applied to obtaining more convincing proofs. Results demonstrate that direct influence of GRF on
B-cells of the isolated pancreatic islets really leads to binding zinc of B-cells thanks to what its interaction
with diabetogenic helator is prevented. At the same time results demonstrate that preventive action of GRF
contrary to GOF is caused by existence in structure of its molecule SH-group through which is forming a
complex of zinc with GRF that protect destruction of B-cells at subsequent influence of diabetogenic
zincbinding chemicals.

Keywords: B-cells, R-glutathione, insulin, zinc, experimental diabetes, reduced form of glutathione, oxidized
form of glutathione, dithizon, 8-para(toluenesulphonylamino)quinolin.

Abbreviations

GRF — Reduced form of Glutathione;

GOF — Oxidized form of Glutathione;

Zn — zing;

DZ — Dithizon;

8PTSQ — 8-para(toluenesulphonylamino)quinolin;
8-0x — Diabetogenic derivatives of 8-oxyquinlin.

Background

It is known that Diphenylthiocarbazone (Dithizon) and some derivatives of 8-oxyquinolin (8-0x) are
forming 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 type 1 of diabetes in animals
[1]. Later it was reported preventive injection of some amino acids as Cystein and L-Hystidine contains
sulfhydril 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 determined by space elongation of molecule of Dithizon 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, atom of zinc is located between two atoms of nitrogen
and sulfur, regarding to which affinity of zinc is very high and exceeds affinity to oxygen. [5]. It was sup-
posed 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 processed by con-
nection of Zn atoms with atom of S, H, O or N [6, 7]. It was reported also that injection of Glutathione Re-
duced form protect B-cells of destruction caused by DZ and 8PTSQ [8, 9]. Meanwhile using of animal model
is difficult to obtain confirmation that preventive action of GRF is realized by binding of Zinc in B-cells and
not possible to exclude inactivation of DZ as result of possible interaction between GRF and DZ in blood,
outside of B-cells. Aim of investigation: to investigate possible direct preventive effect of amino acids GRF
and GOF on B-cells excluding possible interaction between chelator and Gluthatione in the blood.
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Methods

Materials. Purified Isolated Pancreatic Islets [PI] from 18 Rats 4-5 days old. PI were isolated using of
2 % solution of Collagenase (SERVA, FRG) 3 times for 3 min. Washing 3 times in cold Hanks solution,
pH 7.38-7.44. Selection by using of Dextran gradient concentration solution; washing 3 times in cold Hanks
solution and followed manual selection of islets.

Group of islets 1.: 176 PI: Incubation in medium 199+Dithizon 5.6 mg/100 ml (51 mg/l) for 10 min;
Group 2: 180 PI: Incubation in medium 199+98 mg/100 ml (980 mg/1) of GRF for 20 min; Group 3: 215 PI:
Incubation in medium 199+1020 mg/l of GRF for 20 min.+ cultivation in medium 199+Dithizon
5.6 mg/100 ml (51 mg/l) for 10 min; Group 4. 152 Pl Incubation in medium 199+95.6 mg/100 ml
(956 mg/1) of GOF for 20 min; Group 5. 165 PIL. 152 PI Incubation in medium 199+97.2 mg/100 ml
(972 mg/1) of GOF for 20 min + cultivation in medium 199+Dithizon 5.4 mg/100 ml (54 mg/1) for 10 min.

Fixation of islets in Bouin for 45 min. Embedding in paraffin. Part number of PI were used for prepar-
ing of frozen cryostate sections. Staining technologies: Aldehyde-fucshine method [10—-12] was used for
analysis state of histostructure of pancreas tissue and Dithizon method formed red granules of complex «Zn-
DZ» visible using dark microscopy. Maximum of absorbance of Zn>-DZ complex extracted from PI on
spectrum of absorbance correspond for 530 nm [3] that correspond for pure complex. Sections were investi-
gated using dark microscopy

Staining by Dithizon. Preparing of Dithizon solution: 30 mg of Dithizon, (SIGMA, USA) +10 ml.
bidistillate+0.2 ml 25 % NH,OH 10 min. mixing on tempera- ture +70° at Celsium. Solution was injected
intravenously to Rabbits and to Mice 46-48.6 mg/kg. Intensity of staining of B-cells by Dithizon and by
8PTSQ was measured by histofluorimetric method [13]. Zinc content was calculated as not direct parameter
K=AB1/AB2 where: ABl-intensity of staining of islets treated by GRF+DZ and by GOF+DZ; AB2 — in-
tensity of staining of intact islets treated by DZ only (1.00) and by 8PTSQ only (1.0).

Staining by 0.4 % acetone solution of 8-para(toluenesulphonylamino)quinolin /8PTSQ/, a high specific
fluorescent reagent was used for staining of Zn-ions in B-cells. 8PTSQ formed fluorescent green complexes
with Zn"-ions visible using fluorescent microscopy [14—16].

Results

Group 1. Incubation of intact islets with Dithizon result binding of Zinc in B-cells that accompanied by
formation of red granules of chelat complex «Zinc-DZ» (Fig. 1.1) in cytoplasm of all number of islets.

Group 2. Preliminary incubation of islets with GRF 98 mg/100 ml (980 mg/l) accompanied by negative
fluorescent reaction for Zinc ions in B-cells that determined by complete not diabetogenic binding f Zinc in
B-cells by high concentration of GRF (Fig. 1.2; Table).

Group 3. Preliminary incubation of islets with GRF 95 mg/100 ml (950 mg/1) and followed incubation
with Dithizone solution not result binding of Zinc in B-cells by Dithizon determined by binding of Zinc this
period on by GRF (Fig. 1.3).

Group 4. Incubation in medium 199+95.6 mg/100 ml (956 mg/1) of GOF for 20 min; positive reaction
for Incubation of islets with GOF, a oxidized form of Glutathione not contains in structure of molecule of
SH-radical, not result binding of Zinc ions in B-cells that accompanied by intensive positive fluorescent re-
action for Zinc ions in B-cells that determined by absence of ability of GOF to form complexes with Zinc in
B-cells (Fig. 1.4).

Group 5. Incubation of islets with GOF, an oxidized form of Glutethione not contains in structure of
molecule of SH-radical, not result binding of Zinc ions in B-cells that accompanied by followed formation of
toxic complexes Zinc-Dithizone after past incubation with Dithizone solution (Fig. 1.5) and not protect
B-cell of destruction (Fig. 1.6).

Obtained results showed that direct action of GRF on B-cells of isolated pancreatic islets result binding
of almost all amount of Zn-ions in B-cells. Interaction with DZ after GRF not accompanied by forming in
B-cells of chelat complexes Zn-DZ that result prevention of destruction and death of majority B-cells. Con-
trary, direct action of GOF not contains in structure of SH-radicals not protect B-cells of formation of Zn-DZ
that accompanied by destruction and death of B-cells.

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) [15]. Diabetogenic derivatives of 8-oxyquinolin have in the 8 position of quinoline ring active
OH radical or other radicals contains atoms of S, N or O (Fig. 2). Isomers of 8-oxyqunolines not contains in
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this position such radicals or atoms, or if these radicals extracted from molecule not capable to form complex
salts with zinc and not possess completely diabetogenic properties. It is necessary to return the active radicals
in position 8 for to restore diabetogenic activity of substance [16]. Formation of the chelat complex by atoms
of O and N accompanied by forming of pentagonal or hexagonal rings [6].

1 Isolated Pancreatic islet. Dithizon, Dithizon 5.6 mg/100 ml (51 mg/1). Large amount of red granules of complex Zn-
DZ in B-cells; Dark microscopy; x280.

2 Isolated Pancreatic islet. Incubation in medium 199+98 mg/100 ml (980 mg/l) of GRF for 20 min; negative fluores-
cent reaction for Zinc ions with 8PTSQ as result of blocking of Zinc by GRF; fluorescent microscopy; x140.

3 Isolated Pancreatic islet. Preliminary incubation of islets with GRF 95 mg/100 ml (950 mg/l) and followed staining
by Dithizon solution; absence of red granules of Zn-DZ complex in B-cells as result of preventive blocking of Zn by
GRF; Dark micrscopy; x140.

4 TIsolated Pancreatic islet. Incubation in medium 199+95.6 mg/100 ml (956 mg/l) of GOF for 20 min; positive fluo-
rescent reaction for Zinc with 8PTSQ; fluorescent microscopy; x140.

5 Isolated Pancreatic islet of intact rabbit. Incubation in medium 199+97.2 mg/100 ml (972 mg/l) of GOF for 20 min +
+ cultivation in medium 199+Dithizon 5.4 mg/100 ml (54 mg/l) for 10 min. Positive reaction for Zinc: a large
amount of red granules of complex Zn-DZ in B-cells; Dark microscopy; x280.

6 Isolated Pancreatic islet of intact rabbit. Incubation in medium 199+97.2 mg/100 ml (972 mg/l) of GOF for 20 min +
+ cultivation in medium 199+Dithizon 5.4 mg/100 ml (54 mg/1) for 10 min+ incubation in fresh medium 199 fr 48h;
aldehyde-fucshine staining: destruction of B-cells and negative reaction for insulin in B-cells; x280.

Figure 1

Commentaries and conclusions for Figure 1

Obtained results showed that: 1) interaction of GRF with zinc in B-cells result forming of complex
zinc-GRF (Fig. 1.2); 2) this complex is more stronger and completely protect interaction of zinc with
Dithizon as of destruction oaf B-cells caused by complex zinc-Dithizon; 3) GOF on the contrary, does not
interact with zinc and does not prevent its binding by Dithizon that result followed destruction of B-cells
(Figs. 1.5, 1.6).

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 of zinc is
fixed between S or O atoms in position 8, and N or O atoms — in positions 1 or 2 (Fig. 2) [6]. High durabil-
ity of complex zinc-Dithizon determined by fixation of atom of zinc between two atoms of sulfur from two
molecules of Dithizon [5] (Fig. 2). It is apparent that atom of zinc can be fixed between atoms sulfur and
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oxygenium or atom of hydrogenium (Fig. 3) of the molecule of GRF; or between of 2 atoms of sulfur from
the two molecule of GRF.
Table

Intensity reaction for Zinc ions in B-cells of islets treated by DZ, GRF, and GOF [in relative units (ru)]

Ne | Experimental conditions Histochemical methods for staining of Zinc ions
B Dithizon-method (DZ) |Fluorescent 8PTSQ-method
1 Intact islets 1.00+0.01 1.00+0.02

2 GRF 0.03+0.01 0.04+0.01

3 GRF + DZ 0.07£0.01° 0.03+0.01

4 GOF 0.97£0.03 0.98+0.01°

5 GOF + DZ 0.95+0.03 -

Note: * — p <0.001.

Results obtained by using of two high specific for zinc histochemical methods showed that: 1) GRF
formed with zinc in B-cells of not diabetogenic chelat complex (negative reaction for zinc in B-cells) and of
followed binding of zinc by Dithizon that confirmed by negative reaction with Dithizon; 2) GOF not reacted
with zinc in B-cells and not protect B-cells of interaction with Dithizon accompanied by formation of com-

plex zinc-Dithizon.

N=N—C=N— NH
S/
\Zn NlH l;l
/ g SO, Zn
NH—N=C—N = NO
CH,
Dithizon 8-PTSQ

Figure 2. Chelat complexes «Zn*-Dithizon» and «Zn"?— 8PTSQ»
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Fig.3. Chemical structure of Glutathione Reduced form

Analysis structure of molecule of GRF demonstrate obviously that atom of zinc can be fixed between
atoms of sulfur and atoms of oxygenium or hydrogenium at process of formation of chelat compex zinc-

GREF.

Conclusions

1. Amino acid Glutathione Reduced form contain in structure of SH-radical, 98 mg/100 ml (980 mg/1)
result binding of zinc ions in cytoplasm of B-cells that protect B-cells of formation complexes with
diabetogenic zinc binding chelators and of destruction of cells.

2. Amino acid Glutathione Oxidized form not contain in structure of SH-radical, 97.2 mg/100 ml
(972 mg/1) not result binding of zinc ions in cytoplasm of B-cells that not protect B-cells of formation com-
plexes with diabetogenic zinc binding chelators and of destruction of cells.
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3. Ppreventive effect after direct action 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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F.F. Meiipamos, A.)K. I11aii6ex

JAuadeToreni MpIpbIIOAHIAHBICTHIPYLIBI 32ATTAPAbIH TiKeJiell dcepiMeH
TYBIH/IAFaH NAHKPeaTHT B-kacymajapbIHbIH 1eCTPYKIUSCHIHA K01 OepMeiiTiH
TOTBIKCBI3AaHABIPbUIFAH KYH/Ieri ITIOTATHOHHBIH dcep eTy MeXaHUu3M/Aepi TypaJibl

Momnekyna kypsutbiMbiHAa SH-ToOBI Oap KammbiHa KenripinreH rTmotatioH (GRF) aMHHKBIIKBLIEL,
IabeToreH i MbIPHIIOAIaHBICTRIPYLIBI 3aTTap TYBIHAATATHIH AHAOCTTIH AaMybIH OoJgpipMayra Oeiimii.
I'mrotatronsslH ToThIKKaH Gopmack! (GOF), GRF ¢opmanan Tex monexynacsiana SH-ToOBI 50K 00mybIMeH
epeKIIesieHeIi JKoHe auabeT AaMyblH TOJBIK ToKraTta anmaiael. JKanyapnapra enrizinren GRF ¢opma
B-skacymranapbelHIaFsl MBIPBILIKA TOJBIK Kepi acep eTyi KyObuibichl Oaiikanansl, siran 0yi1 GRF mpipbiines
GaitaHbICH 1Ma0eTOreH Il INTaHATICH dpeKeTTecyiHe Kefepri KenTipei fen Tycingipyre 6onansl. Herypisiv
HaKTHl JIOJIeJJieMe ally YIOiH 3epTTEeNIiHETIH 3aThlH KaH oHe 0acKka yimanapra eHyiH OoJasipMay YINiH
OKIlIAyJIaHFaH TTAHKPEATHT apallllibIFbl MOJAENb PETiHJAC MalalaHbULIbI, SFHHM 3aTTap Tikenedl B-xacyria-
JapblHa acep eTLNl. 3epTTey HOTIDKeNepl OKIIayJaHFaH ITaHKPEaTHT apallIBIKTApBIHBIH B-kacymanapsma
GRF rikeneii acepi MbIpBILIIEH OailJIaHBICBIH apTTHIPAJbl, COHBIH OPEKETiHAE AMAOETOTeHAl XeJaaTopiap
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e3apa opekerrecyi Tokraiapl. CoHbIMEH KaTap 3epTTey HoTikeci, GRF MBIPBILI KUBIHTBIFBIMEH PEBEHTUBTI
opexkeri, GOF kapchuibIFbl MosieKyia KypbuibiMbiHAa SH-TOOBI GomybiMen Tyciuaipineni, ssiin GRF MbIpbiin
JKUBIHTBIFBIHBIH KaJIbIITACYbl AUa0ETOTeH/II MBIPBILIOAaIaHBICTBIPYIIBI 3aTTAp/bIH dcepiHeH B-xkacymranap-
II6IH OY3BUTYBIHA JK0JT OepMeiii nern GomKkaHabl.

Kinm ce30ep: B-xacymanap, R-IiIfoTaTHOH, MHCYIIUH, MBIPBIII, SKCIICPHMEHTAIABl THA0ET, KaJlblHa Kel-
TIPUITeH TJIIOTaTHOH, TIIOTATHOHHBIH TOTHIKKAH (POPMACHI, TUTH30H, 8-Iapa(TOIyoJICYNIb(OHHIAMHHO)XH-
HOJIUH.

I'.I'. Meiipamos, A.)K. I11aii6ex

O MexaHHU3MaXx 1elCTBUS BOCCTAHOBJIEHHOH (pOPMBI IJIIOTATHOHA,
NnpeaynpeKIAIero JeCTPYKINI0 MaHKPeaTH4eCKUX B-Ki1eToK, BBI3BAHHY IO
NPSIMBIM BO3/1eCTBHEM IMA0ETOreHHbIX IMHKCBSA3bIBAKIIUX BElECTB

W3BecTHO, uTO BOCCTaHOBIEHHAsT (hopma amuHOKHCIOTH rmotatnoH (GRF), comepxamas B cTpykType Mo-
nekynbl SH-rpymiel, ciocoOHa IMpeaoTBpamars pa3BuTHe 1uadeTa, BEI3BIBAEMOTO IPYIIION NHabeTOreHHBIX
[MHKCBSI3BIBAIOIINX BEHIECTB, TOTJA Kak okucicHHas gopma rioratnoHa (GOF), ormmuaromascs ot GRF
TOJIBKO T€M, UTO HE COAECPXKUT B MoJieKysie SH-rpym, Obu1a moHOCThIO HECTIOCOOHA IIPEN0TBpalaTh Pa3BU-
Tue 1uabeTa, BBI3BIBAEMOTO 3TOH TPyNIoil BeuiecTB. bruto mokaszaHo, uto BBeneHue kuBoTHeIM GRF comnpo-
BOJKIAETCA MOSIBIICHUEM IIOJHOCTHIO OTPHLATEIbHON Peakiyy Ha IIMHK B B-KileTKax, 4TO MOXHO OOBSICHUTH
cBs3piBaHreM nuHKa ¢ GRF, yTo npensTcTBoBaio ero B3auMOACHCTBUIO C TUa0eTOreHHBIMU TUranaamu. J{is
MOJTy4deHUs OoJiee YOSTUTEIBHBIX JIOKA3aTeIbCTB OblIa PUMEHEHA MOJICNb W30JIMPOBAHHBIX MMaHKpeaTHdC-
CKUX OCTPOBKOB, NP KOTOPOH o0ecreuyruBaeTcsi psiMOe BO3ACHCTBUE BENIECTB HA B-KIIETKH, HCKITFOUAroIee
BO3MOYKHBIC B3aHMOJICHCTBHS MCCIICAYEMBIX BEIIECTB B KPOBH M TKAaHSAX. Pe3ylbTaThl CBHICTEIBCTBYIOT O
ToM, 4To mpsmoe BosneiicTBie GRF Ha B-KIleTKM H30JIMPOBAaHHBIX MMaHKPEATHYECKUX OCTPOBKOB JCHCTBHU-
TEJIHO BEZIET K CBA3BIBAHUIO OCTPOBKOBOI'O LIMHKA, OJlaroaps yeMy NMpeaoTBpPaIlacTcs ero B3auMoAeicTBre
¢ nuabeToreHHbBIMH Xenaropamu. OIHOBPEMEHHO pe3yiIbTaThl CBUIAECTEIBCTBYIOT O TOM, YTO INPEBEHTHUBHOE
neiictBue GRF B nmpotuBononoxHocts GOF 00ycnoBieHo HanuuueM B CTPYKType ero Mosekynsl SH-rpymm,
yepe3 KOTOpble MPOUCXOAUT (opmupoBaHue komiviekca muHka ¢ GRF, mpemsitcTByromero paspyuieHuro
B-kierok mpu nociienyromeM Bo3IeHCTBUN JHa0CTOTCHHBIX IUHKCBSI3BIBAIOIUX BEIIECTB.

Knioueswie crosa: B-xnetku, R-TmoTaTHOH, HHCYIINH, IWHK, YKCIIEPUMEHTAIBHBIN J[1a0eT, BOCCTaHOBJICHHAS
(opma rioTaTHOHA, OKUCIEHHAS (popMa TIIIOTaTHOHA, TUTH30H, §-apa(ToIyoscyIb(OHMIAMIHO)XUHOIIMH.
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