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Interaction of zinc in pancreatic f-cells with reduced form of gluthation
as possible cause of its protective activity

It is known that Zinc which is contains in pancreatic -cells of take participation in formation of deposited
storage form of insulin in cells. It is known now a 18 Diabetogenic zinc binding p-cytotoxic chemicals (DZC)
which in B-cells formed toxic chelat complexes that result destruction and death of B-cells within 15-30 min.
and developing of diabetes. Among 18 DZC 17 of them are belong te derivatives of 8-oxyquinolin which are
a components of more than 10 pharmaceutical drugs. It is known also that administration of amino acid a Re-
duced form of Glutathione completely protect pancreatic B-cells of destruction and prevent developing of di-
abetes caused by DZC. It is supposed that this property of Glutathione is determined by its ability to block of
zinc in B-cells and to prevent interaction of-it. with. DZC. Authors using of sensitive and high specific
histochemical methods established that only Reduced form of Glutathione contains of SH-radical in structure
of molecule blocked zinc ions in B-cells.and protect of its from destruction caused by DZC contrary to Oxi-
dized form of Glutathione not contains of SH-radical, not blocking of zinc ions in B-cells and not protect for-
mation of zinc-DZC complexes in $-cells accompanied by death of cells. Authors suppose that in process of
formation of toxic complexes as(zinc-DZC atom of zinc is fixed between atom of S from SH-radicals of two
molecules of Reduced form of Glutathione or between atom of O of a carboxyl group and atom of S of SH-
radical of molecule of Glutathione as in result of interaction of zinc with diabetognic derivatives of
8-oxyquinolin.

Keywords: pancreas, pancreatic islets, B-cells, histochemical methods, dithizon, 8-para(toluenesulpho-
nylamino)quinolin, zine, insulin, quantitative analysis.

Introduction

Pancreatic. f-cells accumulate Zn>" in mature secretory granules where it is provided for processing,
storage, and secretion of insulin. Pancreatic islets of many mammals as rabbits, dogs, cats, pigs, mice, hors-
es, hamsters and of human contains a large amount of ions of zinc [1-3]. In B-cells Zn"-ions take part in
processes of biosynthesis of insulin as in processes of storage by forming of Zn"-insulin complex accumu-
lated in granules of B-cells [4, 5]. It is known that Zn"-ions in B-cells formed with insulin a deposited form
of hormone as Zn"*-insulin complex [5]. Proinsulin forms a zinc contain hexamer soon after its synthesis.
Among about 20 known diabetogenic chemicals [1-3; 6-9] capable induce selectively destroying B-cells, 17
belong to Zn**-binding derivatives of 8-hydroxyquinolin (DZS). DZS formed in B-cells of chelat complexes
with zinc that result destruction of B-cells within 15-30 min and finally developing of insulin-deficient dia-
betes in animals [8]. It was confirmed that any causes prevented interaction of zinc in B-cells with DCC pro-
tect B-cells from destruction and death [1, 2, 7, 8].

It was reported that amino acid Gluthation are able to protect B-cells from destruction caused by DCC
as from developing of diabetes in animals [10, 11]. It was showed that from 2 forms of Gluthation only re-
duced form contains SH-radical in structure of molecule possess this ability. Oxidized form of Gluthation not

50 BecTHuk KaparaHguHckoro yHusepcureTa



Interaction of zinc in pancreatic B-cells ...

contain this radical not protect -cells of destruction. Meanwhile now it not investigated interaction of zinc in
B-cells with both forms of Gluthatione.
Aim of work: to investigate interaction of zinc in pancreatic B-cells with both forms of Gluthation.

Material and methods

Reagents: 8-p-toluenesulphonamidoquinoline (§PTSQ) was from Institute of Pure Reagents (Moscow,
Russia), Dithizon from MERCK (Germany).

For to induce experimental diabetes two DZS were used. Diphenylthiocarbazon (DZ) and 8-para-
(toluenesulfonilamino)quinoline (§TSH) possess a few important properties for this purpose: 1) to form with
zinc in B-cells chelat complexes highly specific for zinc; 2) complexes with 8TSH have bright green fluores-
cence [12—14] that allows to observe visually of zinc in B-cells and estimate content by measuring of intensi-
ty of fluorescence by using of fluorescent microscopy; 3) complexes of zinc with Dithizon tevealed in cells
as bright red granules using of dark microscopy. As these complexes at the same time are toxic for B-cells
both substances possess diabetogenic properties and result destruction and death of the majority of the B-cells
that accompanied by development of a diabetes mellitus 1 type within the first 2-3 days. High specificity of
Dithizon for identification of zinc confirmed by results of comparative spectral analysis of spectrum of ab-
sorbance of complex Zn-Dithizon extracted from p-cells with the similar artificial complex-formed in vitro.
The maximum of absorption of both ranges was identical and made 530 nanometers [7].

22 rabbits weighing 2300-2760 g were divided for 3 groups: 1) injection of DZ, 48.9-52.4 mg/kg;
2) injection of reduced form of Gluthation (RGT), 970-1010 mg/kg + 10 min-later injection of DZ, 49.3—
50.4 mg/kg; 3) injection of oxidized form of Gluthation (OGT), 980—-1000 mg/kg + 10 min later injection of
DZ, 48.6-51.8 mg/kg; all animals were killed 6—8 min after injection of DZ.

Preparing of Dithizon solution: 30 ml of distilled water added 0.6 ml of 25 % of solution of ammonia,
400 mg of Dithizon. Mixing on a water bath (+70 °C) for 10 min, filtration. Obtained filtrate contains 1 %
water-ammonia liquor of Dithizon solution was injected intravenously to rabbits into an ear vein. Preparing
of solution 8TSH for injections: 25 mg powder 8TSH (Institute of High Pure Reagents, Moscow, Russia)
dissolved in 70 % ethanol at a temperature +70 °C within. 10 min on a water bath then injected intravenously
of 38-42 mg/kg. 8TSH formed fluorescent complexes with zinc and cadmium. The complex Zn"~8TSH in
ultraviolet light at of 360—370 nanometers fluoresces bright green light (Fig. 1.2), and the Cd-8TSH com-
plex — bright yellow. Cadmium is absent in pancreatic B-cells. That is why 8 TSH for B-cells is high specific
for staining of zinc ions [12]. Method is sensitive for revealing of minimal zinc concentration as 107—10"%.
The reagent was offered by Institute of High Pure Reagents (Moscow) as high specific method for revealing
of zinc-ions in tissues of animals, including pancreas tissue [13, 14].

Frozen sections 4-5 mcm of pancreas of animals were investigated using dark-field microscopy after
intravenous administration of Dithizon and of luminescent microscopy for histochemical luminescent identi-
fication of zinc in B-cells after staining of sections of pancreas tissue or after intravenous injection of 8TSH.
0,4 % acetone solution 0,4 % of 8TSH was used: several drops of which applied on sections for 10-12 sec.;
washing of sections later by distilled water.

Zinc content in P-cells was estimated by a histofluorimetric method in relative units (r. e.) by measuring
intensity of fluorescence of complex Zn"*8TSH in B-cells and of density of concentration of granules of
Zn"-Dithizon complex [15, 16] by calculation of parameter «K» based on direct dependence between inten-
sity of a fluorescence (8TSH) and of density of staining (Dithizon) of B-cells and content of zinc. Calculation
of parameter K for a 8TSH-luminescent method of identification of Zn"*-ions in B-cells: IF1/IF2, where:
IF1 — luminescent emission of B-cells, and IF2 — intensity of luminescence of exocrine tissue (absence of
color~ as 1.00). Calculation of parameter K for Dithizon method of identification of Zn"*-ions in p-cells:
AF1/AF2, where: AF1 — density of staining of B-cells and AF2 — density of staining of exocrine tissue (ab-
sence of color — as 1.00).

Results and discussion

Obtained results demonstrate that a large amount of Zn"-ions concentrated in pancreatic p-cells of intact
rabbits (Fig. 1.1, 1.2; Table). In sections of pancreas of animals from group 1 show positive Dithizon reaction
for zinc in the form of red granules of Zn"*-Dithizon complex (Fig. 1.3) filling cytoplasm of B-cells. Similar
results obtained using of 8TSH reaction: a large amount of zinc in B-cells of intact animals — the intensive
bright green luminescence of a complex Zn"—8TSH (Fig. 1.2) in compared with expressed negative reaction in
B-cells of animals of groups 1 and 2 after administration of DZ as after GRF+DZ (Fig. 1.4; 1.6) was observed.
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Pancreas of intact rabbit. Frozen section. Dark microscopy; %280;

Rabbit. Pancreas of intact rabbit. Frozen section. Positive fluorescent reaction for zinc-ions. 8 TSH reaction; fluorescent micros-
copy; x140;

3 Injection of DZ, 49.3 mg/kg. Positive reaction for Zn+2-ions in B-cells — a large amount of red granules of complex DZ-Zn in
B-cells; darc microscopy; x280;

N =
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4 Injection of DZ, 49,3 mg/kg; negative reaction for Zn+2-ions in B-cells with 8TSH: zinc in B-cells is connected with DZ; fluores-
cent microscopy; x140;

5 Injection of RGT, 990 mg/kg+DZ, 50.3 mg/kg; negative reaction for zinc with DZ as result of binding with GSH; darc microsco-
py; x280;

6 Injection of RGT, 990 mg/kg+DZ, 50.3 mg/kg; negative reaction for zinc with §TSH as result of binding of zinc with RGT; fluo-
rescent microscopy; x140;

7 Injection of GOT, 1000 mg/kg+DZ, 52.2 mg/kg; positive reaction for zinc in B-cells; darc microscopy; x280;

8 Injection of GOT, 1000 mg/kg+DZ, 52.2 mg/kg; negative reaction for zinc with §TSHas result of binding of zinc with DZ; fluo-
rescent microscopy; %140

Figure 1. Interaction of DZ and GSH with zinc ions in pancreatic B-cells

Negative fluorescent reaction for zinc with 8TSH after injection of DZ and GRF determined by binding
zinc by DZ and by GRF. Negative reaction for zinc using DZ method in sections of animal§ after administra-
tion of GRF+DZ (Fig. 1.5) determined by binding of zinc with GRF in compared with positive reaction in
intact animals (Fig. 1.2). In the contrary, in animals from group 3 (GOF+DZ) injection of GOF not protect -
cells of formation of red granules of Zn"*-Dithizon complex (Fig. 1.7). Negative fluorescent reaction for zinc
(Fig. 1.8) is determined by binding of zinx-ions with DZ. Thus, administration of GOF not protect pB-cells
from interaction of zinc ions with followed injection of DZ.

Diabetogenic derivatives of 8-oxyquinolin contains in the 8 position of quinolin ring active OH radical
or other radicals contains atoms of S, N or O. Six isomers of §-oxyqunolines not contains in this position of
such radicals or atoms or if these radicals were extracted from a molecule — were not capable to form com-
plex salts with zinc and not possess completely diabetogenic properties [6, 17].

It is necessary to return the active radicals in position 8 for to restore diabetogenic activity of substance
[6, 17]. Formation of the chelat-complex by atoms of O and<N result. formation of pentagon or hexagon
rings [6].

Table
Zinc ions content in pancreatic B-cells in animals after administration of DZ and GSH (relative units (r.e.))

. .\ Insulin content in pancreatic B-cells (r.e.)
Group No. Experimental conditions 8-TSH reaction (zinc) Dithizon reaction (zinc)
1 Intact rabbits 2,00£0,05 (n = 22) 1,01+0,03 (n = 20)
2 DZ 1,04+0,04 (n = 16) 1,9840,03 (n = 18)
3 DZ+GRF 1,05+0,03 (n = 20) 1,04+0,02* (n = 23)
4 DZ+GOF 1,03+0,04 (n =21) 1,96+0,07* (n = 18)

Note: * — p <0,001; n — number of measurements.

It is known that in process of formation of the Zn"*-complex with diabetogenic derivatives of
8-oxyquinolin and Dithizon atomof zinc is fixed between S or O atoms in position 8, and N or O atoms — in
positions 1 or 2 (Fig.'2). Padding durability to the Zn-DZ complex is determined by fixation Zn atom be-
tween not one, but two atoms of S and two atoms of N of two molecules of dithizon. In glutathione molecule
obviously that atom of Zn has to be fixed between S atom from the SH radical and, most likely, atom of oxy-
gen of a carboxyl group (Fig. 2). It is possible to suppose that formation of complex Zn-GRF by fixation of
atom of Zn between atom of S and O of one molecule of GRF, or by fixation of atom of Zn between two at-
om of S of two molecules of GRF.

Pentagonic rings are evidently more stable. In case if atoms of S participate in formation of chelates and
then most stable are quadrangular rings (Fig. 2). Electrons of the lone pair of electrons are displaced from
nitrogen donor-atom located in the first position to zinc atom. In experiences with various isomers of
8-oxyquinolin dependence according to which the maximal toxicity possess isomers which are forming che-
lates of structure 1:1 with metal and have a stability constant logarithm equal 7.6 and above to 9.4 [6]. The
complexes of derivatives of 8-oxyquinolin possess high toxicity for B-cells formed with zinc have a high rate
of logarithm of a constant of stability, equal 8.5. Weitzel G. and coll. [18] confirmed that the complex of
structure 1:1 contains 1 molecule of 8-oxyquinolin and 1 atom of zinc is most toxic for cells.

High durability of the Zn"*-Dithizon complex 2:1 (Fig. 2) 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 lo-
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cated between two atoms of N and S, regarding to which affinity of zinc is very high and exceeds affinity
to O. At last, two molecules of Dithizon having totally larger number double connections increases toxicity

of the Zn"*-Dithizon comp

lex.
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Figure 2. Structure of diabetgenic complexes «Zinc -Chelator» and not diabetgenic complex «Zn">-GRF»

Earlier it was shown that other amino acid Cystein is capable to prevent destruction of B-cells [19] by
not diabetogenic binding of zinc in cells as well'as:Glutathione. In the structure of Cystein SH group is locat-
ed nearby atom of N from NH, radical. Meanwhile, it is known that forming complexes of Zn its atom most
often is fixed between atom of S, N andO. In.molecule of Cystein the radicals containing these atoms are
located near.

Meanwhile, it is important to note that number of current pharmaceuticals contains in chemical struc-
ture derivatives of 8-hydroxyquinolin is increased. Now more than 10 drugs as Ketotifen, Intestopan,
Enteroseptol, Nitroxolin (SNOK), Mexase, Chinosolum, Chlorchinaldolum, Mexaform and Salmeterol are
belong to this group. Therefore itiis necessary to keep attention to this group of chemicals as one of poten-
tially possible cause of developing of diabetes [20, 21].

Conclusions

1. Injection to animal of GRF, 1000 mg/kg result a complete negative reaction for zinc in p-cells as re-
sult of binding of zinc; followed injection of DZ not accompanied by formation of complex zinc-DZ.

2. Injection of GOF, 1000 mg/kg + DZ accompanied as in intact animals by positive reaction for zinc
that:demonstrate absence of interaction of zinc with GOF.
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I'.T". Meiipamos, B.1. Kopuun, A. K. [1]aii0ex,
C.B. I'aronuna, A.I1. Aaapeesa, I'.O. XKy306aeBa

IMankpeaTukaNbIK P-KacyIaJapbIHAAFbl KAJINBIHA KeJITIpiJreH
IJIIOTATHOH TYPiMEH OHbIH KOPFAHBIII dPEeKeTiHIH bIKTUMAJI
cefedi periHge MBIPHIIITHIH 63apa dpeKeTTecyi

Makanafia yHKel Oe3iHiH [-)kacymagapblHZAarbl MBIPBII OHBIH JKacyllajga [emo KyHae caKTalryblHzaa
MaHBI3ABL POJ aTKapaThIHBI OeNTiii, )KacyllaJarsl CHHTE3ZENreH MHCYIMHHIH Oenrim Oip Menmmiepi raHa
KaHFa TYCIIL OTBIPYBl KOMIpCy alMacyblH PETTEH OTHIPBIT JXKOHE KaHMAFhl TIIIOKO3a MOJIIEpi TYPaKTHI
JeHrele yoTansn Typansl. MeIpelmbainanblcTeIpymsl quaderorenni (MJI) 3arTap xaHFa TYCKeH CoTTe
B-xkacymracsiHaars! MBIpBILIeH Oaitnaneichin, 15—-30 MUH apanbiFbIHAA JKacylIanapbl Oy3bIl KoHE OiMre
OKeJIeTiH YBITTHI KeIIeH Ty3eAl. bapibiFbl ochlHmail 3artapapiH 18 Oenrimi sxoHe omapapiH 17 Typi
8-OKCHXMHOJIMH TYBIHbUIAPBIHA XKaTAIbl, JkeKe oxinaepi 10-HaH acTaM Jopiik npenaparTap/blH KOMIOHEHT
GeuikTepi Gosbin TaObUTaABL. AJIIBIH ana TIIOTATHOH aMUHKBIIKBUIBIH eHaipy MJI nuaGeroreHni 3atrap
TYBIHATATHIH AMA0CSTTIH JaMbIMayblH TOJIBIK OonasipMaiibl. byn MJ] nuaGerorenni 3arrapmen 24-48 car
MBIPBIIITHL OKIIAyJayFa HerifenreH OeHimuimiri fgem OoipkaHambl. ABTOpiap ce3iMTal KoHE KaTaH
CHeIU(UKAIBI JIICTEP KOMETIMEH IIIOTATHOH apallliblK MBIPBIITAPBIH Oyrartan, oHblH M/l nuaGeroreHmi
3aTTapMeH opeKeTTecyiHe >KOi OepMeHTiHiH alKplHAansl. OHBIH YCTiHE MYyHAAH KaOLTeTKe TOTHIKKAH
HBICAHHAH albIPMaIIBIIBIFGI KYpBUTBIMBIHAA SH-panukanmap, Mojekyaagapel 0ap TeK KallblHa KelTipinreH
TIIIOTaTHOH HbICaHbl FaHa ve. COHbIMEH Oipre OyFaTTanFaH MBIPBIII aToMAapsl S xaHe O KapOOKCHIT TONTapPhI
apacblHa HeMece TJIIOTATHOH MOJIEKYJIAchIHIarbl aMUHTOOBI S aromuap xoHe N atombl M| MbIpbllineH
OpeKeTiH/e TipKeeIi.

Kinm ce30ep: yiikpl 0e3i, MaHKpeaTHKAIbIK apanacynap, J-Kacylanapbl, THCTOXUMHSIIBIK SAICTEp, AUTHOH,
8-mapa-(Toiyocynb(hOHIIAMIHO ) XUHOJIMH, MBIPBIII, HHCYJIMH, CAHABIK TaJIaay.
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I'.T". Meiipamos, B.1. Kopuun, A. K. [11aii0ex,
C.B. I'aronuna, A.I1. Aanpeesa, I'.O. XXy30aeBa

BSaHMOI[eﬁCTBHe NUHKAa B MaHKPEATUIECCKUX B-KJ’IeTKaX ¢ BOCCTAHOBJICHHOM
(l)OpMOﬁ INIINTATHOHA KaK BO3MOKHAsl IIPUYHMHA €0 3alIUTHOT' O JeHcCTBUSA

HM3BeCTHO, YTO COZACPIKALIMICS B P-KJIETKaX MOMXKEIYAOYHON Keyne3bl MHK NPHHUMAeT BaXKHOE y4acTHe
B 00pa30BaHUM €r0 JEIOHHPOBAHHOI ()OPMBI XpaHEHHs B KIIeTKe, Oaroiapsi 4eMy He Bech CHHTE3HMpOBaH-
HBIA KJIETKOH WHCYIIMH, a TOJIBKO OIPE/ICNICHHBIE €ro KOJIMYEeCTBa, 10 Mepe HEOOXOAMMOCTH, IOCTYIAIOT B
KpOBB, peTynupysi oOMeH yrieBOIOB M oOecreurnBasi HoAepKaHue YPOBHS TIIIOKO3bI KPOBH Ha TIOCTOSTHHOM
ypoBHe. CymecTBYIOT IIMHKCBs3bIBatomue auaderoreHnsle Bemectsa (JLIC), koTopsle mpu monagaHuA: B
KPOBb CBS3BIBAIOTCS C LIMHKOM [B-KJIETOK, 00pa3ysl TOKCHYHbIE KOMIUIEKCHI, IPUBOJAIINE K Pa3pyILCHHIO U
rubenu kieTok B TedeHue 15-30 muH. Beero takux BemiecTB m3BecTHO 18, n3 HUX 17 OTHOCATCS K TIPOU3-
BOJIHBIM 8-OKCHXWHOIIMHA, OT/JETIbHBIE IPEACTABUTENN KOTOPBIX ABISAIOTCS KOMIIOHEHTaMu Oosee yem 10 ne-
KapCTBEHHBIX MpenapaToB. M3BecTHO TakXke, YTO MPEABAPUTEIbHOE BBEJCHHE aMUHOKHCIOTHI INTIOTATHOHA
TIOJTHOCTBIO TIPEIOTBpalIaeT pasBuTue auabera, soi3biBaemoro JLC. IpennonoxuTensHo, 3T0 000CHOBbIBA-
€TCsl €T0 CIIOCOOHOCTHIO Ha 2448 4 GIOKMPOBaTh IUHK, HE JlaBasi eMy BO3MOXHOCTH B3aUMOJCHCTBOBATH C
JIIC. ABTOpamu ¢ ITOMOIIBI0 YYBCTBUTENIBHEIX M CTPOTO CHEMH(DUIHBIX METOJOB YCTAHOBIIEHO, UTO TIIOTa-
THOH OJIOKMpYEeT OCTPOBKOBBIN IUHK, NpepoTBpamas ero B3aunMoneiicreue ¢ JALC. IIpuaem Takoif crnoco6-
HOCTBIO 00JIa/IaeT TOJBKO BOCCTAHOBIICHHAs! ()OopMa ITIOTAaTHOHA, KOTOpas, B OTIMYNE OT OKACICHHOH (op-
MBI, COJIEPKUT B CTPYKType MoseKynbl SH-pagukanbsl. ABTOpBI 1OJIAraroT, YTO GJOKHPYEMbIe aTOMBI [IMHKA
¢bukcupyrotes mexay aromamu S 1 O KapOOKCHIBHOMN TPYIIIBI HIH Yepe3 @ToMbl S 1 aToM N aMHHOTPYIIIIEI
MOJIEKYJIBI TTIFOTaTHOHA, KaK 3TO UMEET MECTO NpH B3aumoaeicTBuu uuHka ¢ JLC.

Knrouesvie cnosa: nomkenyjouHas sxesne3a, NaHKPEaTHUeCKHe OCTPOBKH, P-KIICTKH, THCTOXMMHYECKHE METO-
b1, AUTHU30H, §-1apa-(ToIyoJCyIb(pOHNIAMUHO )XHHOINH, INHK, MHCYIIUH, KOJIMYECTBEHHbBIA aHaITH3.
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