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It is known that zinc, contained in B-cells of the pancreas, takes an important part in the formation
of its deposited storage form in the cell, due to which not all of the cell-synthesized hormone, but only a
certain amount of it, enters the blood, regulating carbohydrate metabolism and providing maintenance of
blood glucose level at a constant level. It is also known that there are zinc-binding diabetogenic substances
that, when ingested, bind to zinc of B-cells, forming toxic complexes, leading to destruction and cell death
within 15-30 minutes. A total of 18 such substances are known, and 17 of them refer to derivatives of 8-
hydroxyquinoline, some of whose representatives are components of 12 drugs (in 1970 there were 2 of
them). It is also known that the preliminary introduction of the amino acid cysteine completely prevents the
development of diabetes caused by zinc-binding diabetogenic substances. Presumably, this is justified by
its ability to block zinc in the doses used for 24-36 h, preventing it from interacting with zinc-binding dia-
betogenic substances. Authors using sensitive and strictly specific methods have established that indeed,
cysteine blocks islet zinc, preventing its interaction with zinc-binding diabetogenic substances.

The authors believe that the blocked zinc atoms are fixed between the sulfur atom that is part of the
SH group in the cysteine molecule and the oxygen atom of the carboxyl group, or between the sulfur atom
and the nitrogen atom of the amino group of the cysteine molecule, as is also the case with the interaction
of zinc with zinc-binding diabetogenic substances, where chelates with zinc are formed only as a result of

fixing them between these atoms.
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Pancreatic islets of many mammals as rab-
bits, dogs, cats, pigs, mice, horses, hamsters and
of human contains a large amount of ions of zinc
[1, 2, 3]. In B-cells Zn*2-ions take part in process-
es of biosynthesis of insulin as in processes of
storage by forming of Zn*%insulin complex con-
centrated in B-cells [4, 5]. It is known that Zn*2-
ions in B-cells formed with insulin a deposited
form as Zn**-insulin complex [5]. In addition the
Zn*%-ions increase solubility of proinsulin. It is
known a group of diabetogenic chemicals [1, 2,
3, 6, 7, 8, 9] capable for selective alteration and
death B-cells. 17 from this group are belong to
Zn**-binding derivatives of 8-hydroxyquinolin
(DZS) and formed in B-cells of complexes salts
with zinc that result destruction of B-cells and
death within short period [8]. It was confirmed
that all causes prevented interaction of zinc in B-
cells with DZS protect B-cells from destruction [1,
2,7, 8].

Previously it was reported that amino acid
Cystein are able to prevent from developing of
diabetes in animals [10, 11]. It was supposed
that protective ability is determined by ability to
form not toxic salts with B-cells that result pre-
vention destruction of cells caused by DZS. Mean-
while now this problem is not cleared because it
not investigated possible interaction of zinc¢ in B-
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cells with Cystein.

The aim of work is to investigate pos-
sibnsulinle interaction of zinc in pancreatic B-cells
with Cystein

MATERIALS AND METHODS

Reagents: 8-p-toluenesulphonamido-
quinoline (8PTSQ) was from Institute of Pure Re-
agents (Moscow, Russia), Dithizon from MERCK
(Germany).

DZS were used to induce experimental dia-
betes of 2 type. Diphenylthiocarbazon (DZ) and 8
-p-toluenesulphonamido-quinoline (8PTSQ) pos-
sess two important properties for this purpose: 1)
to form with zinc in B-cells chelat complexes high-
ly specific for zinc; 2) complexes with (8PTSQ)
have bright green fluorescence [1, 2, 7, 8, 9] that
allows to observe visually of zinc in B-cells and
estimate content by measuring of intensity of
fluorescence by using of fluorescent microscopy;
3) complexes of zinc with Dithizon revealed in
cells as bright red granules using of dark micros-
copy. Both complexes at the same time are toxic
for B-cells and after intravenous injection of
8PTSQ and of DZ result destruction and death of
the majority of B-cells and developing of type 1
diabetes mellitus. High specificity of Dithizon for
identification of zinc confirmed by results of com-
parative spectral analysis of spectrum of absorb-
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ance of complex Zn*?-Dithizon extracted from B-
cells with the similar artificial complex formed in
vitro. The maximum of absorption of both ranges
was identical and made 530 nanometers [7].

16 rabbits weighing 2240-2680 g were di-
vided for 2 groups: 1) injection of DZ, 48,9-52,4
mg/kg; 2) injection of Cystein, 955-1000 mg/
kg+10 min later injection of DZ, 49,3-50,4 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 water
bath (+70 °C) for 10 min. Preparing of solution
of 8PTSQ: 25 mg. powder 8PTSQ (Institute of
high pure rea- gents, Moscow, Russia) dissolved
in 70% ethanol at a temperature + 70°C; mixing
within 10 min. on a water bath then injected in-
travenously of 38-42 mg/kg. 8PTSQ formed fluo-
rescent complexes with zinc and cadmium. But
cadmium is absent in pancreatic B-cells. That is
why 8PTSQ for B-cells is high specific for staining
of zinc ions [12]. The complex Zn*2-8PTSQ in
ultraviolet light at of 360-370 nm fluoresces
bright green light. Method is high sensitive for
revealing of 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, in-
cluding pancreas tissue [12, 13, 14].

Frozen sections 4-5 mcm of pancreas of
animals were investigated using dark-field mi-
croscopy after intravenous administration of Di-
thizon and of luminescent microscopy for histo-
chemical luminescent identification of zinc in B-
cells after staining of sections of pancreas tissue
by 8PTSQ or after intravenous injection of 8PTSQ
0,4% aceton solution of 8PTSQ was used: several
drops of which applied on sections for 10-12
sec.; washing of sections later by distilled water.

Zinc content in B-cells was estimated using
of histofluorimetric method in the relative units
(r. e.) by measuring intensity of fluorescence of
complex Zn*2-8PTSQ in B-cells and of density of
concentration of granules of Zn*?-Dithizon [15,
16] by calculation of parameter “K” based on di-
rect dependence between intensity of a fluores-
cence (8PTSQ) and of density of staining
(Dithizon) of B-cells and content of zinc. Calcula-
tion of parameter K for a 8PTSQ-luminescent
method of identification of Zn*2-ions in B-cells:
IF1/IF2, where: IF1- luminescent emission of B-
cells, and IF2-intensity of luminescence of exo-
crine tissue (absence of color, as 1.00). Calcu-
lation of parameter K for Dithizon method of
identification of Zn*’-ions in P-cells: AF1/AF2,
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where: AF1-density of staining of B-cells and AF2
-density of staining of exocrine tissue (absence of
color, as 1.00).

RESULTS AND DISCUSSION

Obtained results demonstrate that a large
amount of Zn*2-ions are concentrated in pancre-
atic B-cells of intact rabbits (table 1). In sections
of pancreas of animals of group 1 show positive
Dithizon reaction for zinc in the form of red gran-
ules of Zn*>-Dithizon complex (fig. 1.3) filling
cytoplasm of B-cells comparatively absence of
complex in intact animals (fig. 1.1). Similar re-
sults obtained using of 8PTSQ reaction: a large
amount of zinc in B-cells of intact animals - the
intensive bright green luminescence of a complex
Zn*?-8PTSQ (fig. 1.2) in compared with ex-
pressed negative reaction in B-cells of animals of
groups 2 after administration of Cystein and DZ
(fig. 1.4, 1.6, table 1) was observed. Negative
fluorescent reaction for zinc with 8PTSQ after
injection of Cystein and DZ determined by bind-
ing zinc by DZ and by Cystein as negative reac-
tion for zinc using DZ method in sections of ani-
mals after administration of Cystein (fig. 1.5, 1.6)
determined by binding of zinc with Cystein in
compared with positive reaction in intact animals
(fig. 1.1).

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 8-oxyqunolines not con-
tains in this position of such radicals or atoms or
if these radicals were extracted from molecule —
not able to form complex salts with zinc and not
possess diabetogenic properties [6, 17]. It is nec-
essary to return active radicals in position 8 for to
restore diabetogenic activity of substance [6, 17].
Formation of the chelatcomplex via atoms of O
and N result formation of pentagon or hexagon
rings [6].

It is known that in process of formation of
the Zn™*-complex with diabetogenic derivatives of
8-oxyquinolin and Dithizon 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). Padding dura-
bility to the Zn-DZ complex is determined by fixa-
tion Zn atom between not one, but between two
atoms of S and two atoms of N of two molecules
of dithizon. In molecule of Cystein evidently atom
of Zn should be fixed between S atom from the
SH radical and, most likely, atom of O of carboxyl
group (fig. 2). Logarithm of a constant of stability
of complex is high as 8,5. G. Weitzel et al. [18]
confirmed that the complex 1:1 contains 1 mole-
cule of 8-oxyquinolin and 1 atom of zinc is most
toxic for cells.



Figure 1 - Inieraciion ol 82 anc 8PT5P miih rinc ion3 in pancreaiic B-cell5. 1.1 - Pancreas ol iniaci rab-
bii. Froren 3eciion. Mark Ticroscopy; x280; 1.2 - Babbii. Pancreas ol iniaci rabbii. froren 3eciion. Posi-
iiye llnoresceni reaciion lor rinc-ion3. 8PT5P reaciion; llnoresceni Ticroscopy; x140; 1.3 - Inieciion ol
92 , 49,3 Ta/ka. Posiiiye reaciion lor 2n+2-ion3 in B-cell5 - a large atouni ol rec granvles ol cotplex
92-2n in B-cell5; cark Ticro5copy; x280; 1.4 - Inieciion ol 82 , 49,3 Ta/KA; nepaiiye reaciion lor 2n+2-
ion5 in B-cell5 miih 8PT5P: rinc in B-cell5 i5 conneciec miih W; 1lnoreSceni Ticro5co-py; x140; 1.5 - In-
leciion ol Cy5iein, 976 To/ka+92, 48,8 14/KA; nepaiiye reaciion lor rinc miih ©2 a5 rebuli ol bincing ol
rinc miih Cy5iein; carc Ticro5copy; x280; 1.6 - Inieciion ol Cy5iein, 976 14/kn+92, 48,8 14/KA; nepa-
iiye reaciion lor rinc miih 8PT5P a5 rebuli ol bincing ol rinc miih Cy5iein; lluoresceni Ticro5copy; x140
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Table 1 — Zinc ions content in pancreatic B-cells in animals after administration of DZ and Cystein

(relative units (r. e.)

Experimental conditions Insulin content in pancreatic -cells (r.e.)
Group 8-TSH reaction (zinc) (IF1/IF2) | Dithizon reaction (zinc) (AF1/AF2)
1 Intact rabbits 2,04+0,08 1,02+0,04
(n=22) (n=20)
2 DZ 1,02+0,04 1,95+0,07
(n=16) (n=18)
3 GRF+DZ 1,02+0,04 1,03+0,03%*
(n=20) (n=23)
4 GOF+DZ 1,05+0,04 1,92+0,06*
(n=21) (n=18)

*p<0,001; n — number of measurements
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Figure 2 — Structure of zinc complexes with DZ and Cystein

High durability of the Zn*?-Dithizon com-
plex 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 S and N located in
the center of a molecule to approach zinc atom.
Besides, atom of zinc is located between two at-
oms 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*2-Dithizon complex.

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 elec-
trons are displaced from N-donor-atom located in
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the first position to Zn-atom. In experiences with
various isomers of 8-oxyquinolin there are de-
pendence according to which the maximal toxicity
possess isomers which are forming chelates of
structure 1:1 with metal and have a stability con-
stant logarithm equal 7,6 - 9,4 [6]. The complex-
es of derivatives of 8-oxyquinolin possess high
toxicity for B-cells formed with Zn have a high
rate of logarithm of a constant of stability, equal
8, 5. G. Weitzel et al. [18] confirmed that the
complex of structure 1:1 contains 1 molecule of 8
-oxyquinolin and 1 atom of zinc is most toxic for
ceiis.

Earlier it was shown that amino acid
Cystein is able to prevent destruction of B-cells
[19] by not diabetogenic binding of Zn in cells as
well as Glutathione. In the structure of Cystein
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SH radical is located nearby atom of N from NH,
radical. Meanwhile, it is known that forming com-
plexes of Zn its atom most often is fixed between
atom of S, N and O. In molecule of Cystein the
radicals containing these atoms are located near.

Meanwhile, it is reason to note that num-
ber of current pharmaceuticals drugs contains in
chemical structure a derivatives of 8-
hydroxyquinolin is increased now to more than 10
drugs: Ketotifen, Intestopan, Enteroseptol, Ni-
troxolin (5NOK), Mexase, Chinosolum, Chlorchi-
naldolum, Mexaform and Salmeterol are belong to
this group [20, 21]. Therefore it is necessary to
keep attention to this group of chemicals as one
of potentially possible cause of developing of dia-
betes.

CONCLUSION

1. Injection to animal of Cystein, 955-1000
mg/kg is followed by completely negative reaction
for zinc in B-cells as result of binding of zinc; fol-
lowed injection of DZ not accompanied by for-
mation of complex DZ-zinc

2. We suppose that zinc atom is fixed be-
tween atom of S and of atom O from car- boxyl
radical of molecule of Cystein.
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TeopeaneCKaﬂ H IKCIICPHUMEHTAJIbHAsA MEAHIIMHA

. I. Mespamos’, E. M. flapiowmnd’, A. P. Amieé, A. I Abapanosa-Mespamosa’

B3AUMOZIEVICTBHE LIMHKA TTAHKPEATUYECKUX B-K/TETOK C LIMCTEMHOM KAK BOSMOXKHAS [TPHYHHA ETO
SALMTHOIO JEVICTBUS

! KaparananHckmi rocy4apCTBEHHBIN MEAMLIMHCKT yHuBEpCHTET (Kapararnaa, Kasaxcran), 2KapararanHckmi rocy4ap-
cTBeHHLIT yHuBepcuTeT uM. E. A. byxeroB (KaparaHja, KasaxcraH)

M3BECTHO, UTO UMHK, COAEPKALLMINCS B [B-KNIETKAX MOAXKENYAOUHON Xenesbl, NPUHUMAET BaXKHOE yuacTue B 06-
pasoBaHUK ero AEnOHWPOBAHHOW (POpPMbl XpPaHEHUs B KNETKe, 6narofaps YeMy He BeCb CUHTE3MPOBAHHBIN KIIETKOW
FOPMOH, @ TONIbKO OMPEAENIEHHOE €ro KONMUECTBO MO Mepe Heo6XOAUMOCTU MOCTYMNAET B KPOBb, PErynMpysi O6MeH yr-
NEBOJOB M 0becrneynsas NOAAEPNKAHWE YPOBHS MIIOKO3bl KPOBU HA MOCTOSIHHOM YPOBHE. V3BECTHO Takke, uTo Cylue-
CTBYIOT LIMHKCBAI3bIBAIOLLIME AMAGETOreHHbIE BELLECTBA, KOTOPbIE MPpY MOMaAaHUM B KPOBb CBA3BIBAKOTCA C LUHKOM [3-
KJIETOK, 06pa3ys TOKCUYHbIE KOMIMAEKChI, NPUMBOASALLME K Pa3pyLUEHUIO U rmbenn Knetok B TeveHune 15-30 muH. Bcero
TaKUX BELLECTB U3BECTHO 18, M 17 U3 HUX OTHOCATCA K NMPOM3BOAHBIM 8-OKCMXMHONNHA, OTAENbHbIE NPEACTABUTENN
KOTOpbIX ABAAIOTCA KOMMOHEHTaMM 12 nekapcTBeHHbIX npenapatoB (B 1970 r. ux 6b10 2). U3BECTHO Takxke, YTo npea-
BapUTENbHOE BBEAEHWE AMWMHOKUCIOTBI LMCTEMHA MOMHOCTBIO MPEAOBPALLAET pa3BUTME AMAGETA, BbI3LIBAEMOIO
LIMHKCBA3bIBAIOWMMA AMAGETOrE€HHbIMM BELLECTBaMU. [PeAnoNoXUTENBHO 3TO OBOCHOBLIBAETCS €€ CMOCOBHOCTLIO B
UCTO/Bb30BAHHBIX A033aX HA 24-36 U 6JIOKMPOBATh LUMHK, HE AABas €My BO3MOXHOCTM B3aUMOAENCTBOBATL C LIMHKCBS3bI-
BaIOLLWMMMN AMABETOreHHLIMW BELLECTBAMU. ABTOPaMM C MOMOLLBIO YYBCTBUTENBHBLIX M CTPOro CrneuMdUUHbBIX METOAO0B
YCTAHOBNIEHO, UTO AEWCTBUTENBHO, LMCTEUH ONOKMPYET OCTPOBKOBLIN LMHK, MPEAOTBPALLAs €ro B3auMOAEWCTBUE C
LIMHKCBSA3bIBAIOLLMMA AUAOETOrE€HHBIMU BELLECTBAMM.

ABTOPbBI CUMTAIOT, UTO BNOKMPYEMBIE aTOMbI LMHKA (DPUKCUPYIOTCS MEXJY aTOMOM CEepbl, BXOAALLMM B COCTaB SH-
rpynnbl B MONEKYNE LUCTEMHA, U aTOMOM KUC/IOPOAA KAPOOKCMNBHOW rpynnbl, NIM60 MEeXAy aTOMOM Cepbl U aTOMOM
a30Ta aMUHOMPYMIbl MOMEKYNbl LIUCTENHA, KaK 3TO MMEET MECTO U MPU B3aMMOAEWCTBAN UMHKA C LMHKCBA3bIBAIOLLMMU
ANA6ETOreHHbIMA BELLECTBAMU, A€ XeNaThbl C LIMHKOM (DOPMUPYIOTCS TOMBKO B pe3ynbTaTe (UKCALUKU UX MEXAY STUMM
aroMamu.

KmoyeBsie ¢/1083: AMAbEeT, LMCTENH, LMHKCBA3bIBAOLLME AMAbETOreHHbIE BELLECTBA, KNETKa

. I. Mespamos’, E. M. flapyuwmra', A. P. Amnd, A. . AGapanmosa-Mesipamoss

TTIAHKPEATUSIIBIK  B-KJIETKAJ/IARABIH ~ MBIPBILLIBIHBIH  LWCTEMHMEH ©3APA  OPEKETI OHbIH KOPFAHBIC
OPEKETIHIH MYMKIH CEBEBI PETIH/AE

2K apararisl MEMIEKETTIK MEAMLIMHA YHIBEDCHTETI (Kapararabl, Ka3aKcTaH),

2. BOKETOB aThiHAAFbI KAparar/ibl MEMIEKETTIK yHUBEpCHTETI (Kapararbl, KasaKcraH)

OTTiH B-kNeTKanapbl KypPaMblHAAFb! MbIPbILL KNETKaAA CaKTayAblH, AenoHjanFaH opMacbiHa KaTbICyAa MaHbI3Abl
OblpH anajbl, HOTWKECIHAE FOpPMOHAAPAbIH, 6apnblK CUMHTE3AENreH KJEeTKacbl eMec, TeK OHblH, 6enrini 6ip caHbl
KaKETIHE Kapail KaHFa TyCeAi, OCblnaiilla KeMip KbILKbUIbIHbIH, aNMacyblH PETTEMAI OHE KaH MJIIOKO3aCkbiH TYPaKThl
JeHreiae ycrayabl KaMTamacbis etesi. Con CuaKTbl MbIpbIL JXanFayllbl AMabeToreHAi 3atTap 6ap ekeHi 6enrini, onap
KaHFA TYCKEH KE3Ae B-KNETKA MbIpbilubiMeH 6aiinaHbiCajbl, OCHINANLLA TOKCUKANBIK KEeLWEHAEP Kypbin, CanAapbiHaH
KneTKaHblH, 15-30 MUHYT iwiHae 6y3binybl MeH enyiHe akeneai. bapnbiFbl ocbiHaa 18 3at 6enrini, oHbIH 17-Ci 8-
OKCMXWHOJIMHHIH, OHIMIHE XXaTaAbl, JeKenereH exkingepi 12 aopinik npenapattapAblH KOMMOHEHTTEPI 60nbin Tabbuiagbl
(1970 >xbinbl onap 2 6onFaH). Con CUMAKTbI LUMCTEMH aMUH KbIWKbIIBIH aNAbIH ana €Hri3y MbIpbill JKasnFayLubl
AnabeToreHai 3aTTap TyAblpaTbiH AMAbeTTiH AaMybIHbIH, TOAbIK anAblH anatbiHbl 6enrini 6onraH. AnabiH ana 6omkamra
KaparaHaa, 6yn 24-36 OHbIH, CaFaTTapaa NanaanaHbINATbiH 403aNapbiHAA MbIPLILTHI 610KTAY, OFaH MbIpbILL XasFayLLbl
AnabeToreHai 3aTTapMeH e3apa SpeKeT eTy MYMKIHAIKTepIHe xon 6epmey KabinetiHe Herizpeneai. ABTopnap cesiMTtan
XoHe KaTaH cneuuduKanblk DAICTEPMEH LUCTEMH apanblk MbIpPbILTbl GNOKTAWTBIHBIH, CONM apKblibl OHbIH, MbIpbILL
JasFayLlbl AMabeToreHAi 3aTTapMeH e3apa DPEeKET €TYiHIH, aniblH anaTbiHbIH aHbIKTaraH.

ABTOpnap MbIpbIWTbIH, 6M0KTanaTelH atoMAapbl LMCTEUH MOAKYNbl SH-TO6bIHA  KipeTiH KyKipT aTtoMbl MeH
KapbOKCUNAI TOMTbIH, CUMTAIOT KUC/IOPOA aTOMbl,HEMECE KYKIipPT aTOMbl MEH LUWUCTEMH MOAEKYNbIHbIH, aMUHOTOObIHBIH
a30T aTOMbl apacbiHAA MbIPbILL XasFaylibl AMAGETOreHAl 3aTTapAblH, 63apa XasFayllbl SpeKkeTTepi 6ap Aen caHanapl.
OHpa xenaTTap MbIpbILUNEH TEK OCbl aTOMAAP apacbiHAarbl PUKCaumna Ke3iHAE XKacakTanaabl.

Kint ce3gep.; amabeT, UMCTENH, MbIPbILL JXasFayLlbl AnabeToreHai 3atTap, KneTka
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