3HAYUTEIFHOEC KOJIWYECTBO alleTalbJeTHAa CaMH U T1O03TOMY JTOT (PEHOMEH MOXHO Ha3BaTh
M30MPATEIbHOCTRIO WM TPOMHOCTHIO. B CBA3M ¢ IMTHPOBAaHHBIMH JAaHHBIMH W TIO TOJyYEHHBIM
pe3ynbTaTtaM, MOXHO IIPEAIOIOKUTE, YTO CIIOCOOCTBOBATh MPUKPETNICHUIO OOJBIIET0 KOJMYECTBA KIETOK
rpuboB poaa Candida k MOBEpXHOCTH OYKKAIbHBIX SIHUTEIHOIMUTOBY KYPHUIIBIIUKOB CHIapeT, KOHEYHO,
OyZIeT HaM4Yue STOW BPETHON MPUBBIYKH.
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INTERACTION OF ZINC OF PANCREATIC B-CELLS WITH CYSTEIN AS POSSIBLE CAUSE
OF ITSPROTECTIVE ACTIVITY

Meyramov G.G!,, Shaybek A.Zh!., Embergenova Al., Temireeva K.E2, Meyramova A.G2,,
85


https://doi.org/10.1101/cshperspect.a019778
https://doi.org/10.3390%20/jof9100955
https://doi.org/10.3390/microorganisms8060857

Tutai D.S2

'Buketov University, Karaganda, Kazakhstan
*Bolashak University, Karaganda, Kazakhstan

I/I3BCCTHO, qTo COI[Cp)I(aIIIHI)'ICH B B-KHGTKaX HOI[)KGJ'IYI[OQHOI\/'I JKCJIC3bl HWHK IMPUHHUMACT BaXHOC
y4aCTuc B 06p330BaHI/II/I €ro ILCHOHHpOBaHHOﬁ (bOpMI)I XpaHCHHA B KIICTKC, 6J1arozlap5{ 4YeMy HE BCCb
CHHTG3I/II)OB3HHI>II>1 KJIETKOM TOpPMOH, a TOJIBKO OIPCACJICHHBIC €r0 KOJINYCCTBA MO MEPC HeO6XOIlI/I- MOCTH
MMOCTYNAIOT B KPOBb, PEryJIMPys obMeH YTJI€EBOAOB U obecneyuBas MoAACPKaHUC YPOBHS T'JIFO- KO3bI KPOBU
Ha MOCTOSIHHOM YPOBHC. M3BecTHO TAaKXKC, YTO CYHICCTBYIOT HMHKCBA3LIBAIOIIUC zma6e- TOI'CHHBIC BCIIICCTBA
(ALC), xoTtopble mpW TONAaJaHUM B KPOBb CBS3BIBAIOTCS C IIMHKOM [-KJIETOK, 00pa3ysk, TOKCHYHBIC
KOMIUJICKCHI MPUBOAANIMEC K PA3PYHICHUIO U rubenu ki1eTok B Teyenwe 15-30 muH. Beero taxkux BCUICCTB
n3BecTHO 18 m 17 M3 HHX OTHOCATCA K IMPOU3BOJHBIM 8-OKCI/IXI/IHOJ'II/IHa, OTAC- JIBHBICT IIPCACTABUTCIIN
KOTOPBIX SIBJISIFOTCSI KOMIOHEHTaMH 12 JiekapcTBeHHBIX npenapatos (B 1970 r. ux.66u10'2). U3BecTHO Takke,
MMpeaABapuUTEIIbHOEC BBEACHHUE aMHWHOKUCIIOTHI I_II/ICTGI/IH IIOJIHO- CTBIO NPEAOBPAMIACT PA3BUTUC zma6eTa,
Bb3biBaeMoro JIIIC. TIpeamnonoxuTensHO 3TO OOOCHOBBI- BaecTCsA €€ CHOCOOHOCTHIO B HCIONB30BAHHBIX
no3ax Ha 24-36 yac. OJoKupoBaTh LMHK, HE JaBas €My BO3MOXXKHOCTHuB3ammozeinictBoBath ¢ JLIC.
ABTOpaMI/I C INOMOIIBK YYBCTBHUTCJIBHBIX H CTPOro CIic- I_II/I(bI/I‘-IHBIX METOAOB YCTAaHOBJICHO, 4YTO,
JNEeHCTBUTEIBHO, LUCTEHH OJOKHPYET OCTPOBKOBBIM IMHK,/ MpemoTBpamas ero Bzaumozeiictsue B JLIC.
ABTOpBI CYHTAIOT, YTO OJOKHpyEeMble aTOMBI ITWHKA (PUKCUPYIOTCS MEXITy aTOMOM CEpbI, BXOISIINM B
coctaB SH-rpynmel B mMonekyne LlucrenHa u a4ToMOM KHEIOpOJa KapOOKCHIIBHOW TPYIIBI, JTHOO MEXIY
aTOMOM CE€pbl KU aTOMOM a30Ta aMH- HOTI'PYIIIbI MOJICKYJIbI HI/ICTCI/IHa, KaKk 3TO HMECT MECTO U IpU
B3aumopeiictBun uuHka ¢ JALC, roe xenaTsl'¢ HMHKOM (OPMHUPYIOTCS TOJBKO B pe3ysibTare (PUKCALUU HX
MCXKAY 3TUMU aTOMaMHU.

KiroueBble cjioBa: B-KHeTKI/I, IMUHK, HUCTCUH, IMOKCITYJOYHAa KEJIC3a

Introduction. Pancreaticislets ofsmany mammals as rabbits, dogs, cats, pigs, mice, horses, 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 @s in‘processes of storage by forming of Zn*2-insulin complex concentrated in B-cells
[4, 5]. It is known. thatZn*2ziens in B-cells formed with insulin a deposited form as Zn*?-insulin complex [5].
In addition the. Zn*?-iens increases solubility of proinsulin. It is known a group of diabetogenic chemicals [1-
3, 6-9] capable forsSelective 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 -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 prevention destruction of cells caused by DZS. Meanwhile now this problem is not cleared
because it not investigated possible interaction of zinc in B-cells with Cystein.

Aim of work: to investigate possibnsulinle interaction of zinc in pancreatic B-cells with Cystein
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Key words: pancreas, pancreatic islets, B-cells, histochemical methods, dithizon, Cys- tein, zinc,
insulin, histotopography, quantitative analysis.

Abbreviations: DZS  —diabetogenic  zinc  binding chemicals TSH-Para(toluenesulfonyl-
amino)quinoline; DZ- Dithizon

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

For to induce experimental diabetes two DZS were used. Diphenylthiocarbazon (DZ) and
Para(toluenesulfonilamino)quinoline (TSH) possess two important properties for this purpose: 1) to form
with zinc in B-cells chelat complexes highly specific for zinc; 2) complexes with TSH have bright green
fluorescence [1,2,7-9] 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 Dithizonyrevealed in
cells as bright red granules using of dark microscopy. Both complexes at the same time.are, toxic for p-cells
and after intravenous injection of 8TSH and of DZ result destruction and death af the majority of p-cells and
developing of type 1 diabetes mellitus. High specificity of Dithizon for identification of zinc confirmed by
results of comparative spectral analysis of spectrum of absorbance of compléx Zn*2-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 divideddfor 2:groupsal) injection of DZ, 48,9-52,4 mg/Kkg; 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 TSH: 25 mg.
powder 8TSH (Institute of high purefrea--gents, Moscow, Russia) dissolved in 70% ethanol at a temperature
+ 70°C; mixing within 10 min.:6n awater bath then injected intravenously of 38-42 mg/kg. TSH formed
fluorescent complexes withszing, and.cadmium. But cadmium is absent in pancreatic B-cells. That is why
TSH for B-cells is high specific for staining of zinc ions [12].The complex Zn*2-TSH in ultraviolet light at of
360-370 nm fluoresces bright green light. Method is high sensitive for revealing of zinc concentration as 10
7-108. The reagent was offered by Institute of High Pure Reagents (Moscow) as high specific method for
revealing of zine=ions in tissues of animals, including pancreas tissue [12-14].

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
identification of zinc in B-cells after staining of sections of pancreas tiss ueby 8TSHor after intravenous
injection of 8TSH. 0,4% aceton solution 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 B-cells was estimated using of histofluorimetric method in the relative units (r. e.) by
measuring intensity of fluorescence of complex Zn*2-8TSH in B-cells and of density of concentration of
granules of Zn*2-Dithizon [15,16] by calculation of parameter “K” based on direct dependence between

intensity of a fluorescence (8TSH) and of density of staining (Dithizon) of B-cells and content of zinc.
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Calculation of parameter K for a 8TSH-luminescent method of identification of Zn*2-ions in p-cells: IF1/IF2,
where: IF1- luminescent emission of B-cells, and IF2-intensity of luminescence of exocrine 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, where: AF1-density of staining of p-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 pancreatic 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 granules of Zn*2-Dithizon complex (fig. 1.3)
filling cytoplasm of B-cells comparatively absence of complex in intact animals (fig.1.1.). Similar results
obtained using of TSH reaction: a large amount of zinc in B-cells of intact animals - the intensive bright
green luminescence of a complex Zn*?-TSH (fig. 1.2) in compared with expressed negative reaction in -
cells of animals of groups 2 after administration of Cystein and DZ(fig. 1.4.;1.6;tablesd) was observed.
Negative fluorescent reaction for zinc with 8TSH after injection of Cystein and'DZ determined by binding
zinc by DZ and by Cystein as negative reaction for zinc using DZ method in sections of animals 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 pasition of quinolin ring active OH"radical
or other radicals contains atoms of S, N or O. Six isomers@f 8-oxygunolines not contains in this position of
such radicals or atoms or if these radi cals were extracted\from molecule - not able to form complex salts
with zinc and not possess diabetogenic properties [6,17]. It is necessary to return active radicals in position 8
for to restore diabetogenic activity of substance [6,17]. Formation of the chelat-complex via atoms of O and
N result formation of pentagon or hexagomyrings.[6].

It is known that in process of formation of the Zn*?-complex with diabetogenic derivatives of 8-
oxyquinolin and Dithizon atom of zing 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 fixation Zn atom
between not one, but between two atoms of S and two atoms of N of two molecules of dithizon. In mo-
lecule 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. Weitzel
G. andrcoll.[18] confirmed that the complex 1:1 contains 1 molecule of derivatives of oxyquinolin and 1
atom-ef zinc is most toxic for cells.

High durability of the Zn*2-Dithizon complex 2:1 (Figure 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 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*2-Dithizon complex.
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5 6

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

1.1- Pancreas of intact rabbit. Frozen section. Dark microscopy; x280; 1.2 — Rabbit. Pancreas of intact
rabbit. Frozen section. Positive fluorescent reaction for zinc-ions. 8TSH reaction; fluorescent microscopy;
x140; Je8=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; 1.4-Injection of DZ , 49,3 mg/kg; negative
reaction for Zn*?-ions in B-cells with 8TSH: zinc in B-cells is connected with DZ; fluorescent microsco-
py;x140; 1.5-Injection of Cystein, 976 mg/kg+DZ, 48,8 mg/kg; negative reaction for zinc with DZ as result
of binding of zinc with Cystein; darc microscopy;x280; 1.6- Injection of Cystein, 976 mg/kg+DZ, 48,8
mg/kg; negative reaction for zinc with TSH as result of binding of zinc with Cystein; fluorescent
microscopy; x140

Table 1.

Zinc ions content in pancreatic p-cells in animals after administration of DZ and Cystein (relative

units (r.e.)
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Experimental Insulin content in pancreatic p-cells
Group conditions (re)
Ne 8-TSH reaction Dithizon
(zinc) (IF1/IF2) | 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+DZzZ 1,02+0,04 1,03+0,03*
(n=20) (n=23)
4 GOF+DZz 1,05+0,04 1,92+0,06*
(n=21) (n=18)

*p<0,001; n- number of measurements

Fig.2. Structure of zinc complexes with DZ, Oxyquinoline and"Cystein
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N
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Oxyquinaldine 5-para (toluene)-8- 5-para (aminophenylaso)- 4,8 —
dihydroxyquinolin-2- oxyquinolin -8-oxyquinolin carboxylic acid

(xanthurenic acid)

Pentagonie.rings are evidently more stable. In case if atoms of S participate in formation of chelates
and thensmost stable are quadrangular rings (fig. 2). Electrons of the lone pair of electrons are displaced from
N-donor-atom located in the first position to Zn-atom. In experiences with various isomers of 8-oxyquinolin
there are dependence according to which the maximal toxicity possess isomers which are forming chelates of
structure 1:1 with metal and have a stability constant logarithm equal 7,6 - 9,4 [6]. The complexes of
derivatives of 8-oxyquinolin possess high toxi- city for B-cells formed with Zn 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
cont- ains 1 molecule of 8-oxyquinolin and 1 atom of zinc is most toxic for cells.

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 SH radical is located
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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 and O. In molecule of Cystein the radicals containing these atoms are
located near.

Meanwhile, it is reason to note that number of current pharmaceuticals drugs contains in chemical
structure a derivatives of 8-hydroxyquinolin is increased now to more than 10 drugs: Ketotifen, Intestopan,
Enteroseptol, Nitroxolin (SNOK), Mexase, Chinosolum,Chlorchinaldolum,Mexaformand 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 diabetes.

Conclusions:

1. Injection to animal of Cystein, 955-1000 mg/kg is followed by completely negative reactionsfor zinc
in B-cells as result of binding of zinc; followed injection of DZ not accompanied by formation:ef-complex
DZ-zinc

2. We suppose that zinc atom is fixed between atom of S and of atom O from gar- boxyl radical of
molecule of Cystein.
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AAK «ATBIPAY» IIMITAKAWBIHBIH, )KEPT LITIKTI XAJIBIKTBIH JTEHCAYJIBIFIH
CAKTAYJAFbBI MAHBI3bI

TackaaueBal'. b.

X docmyxamedynvr amvinoasel Amuipay ynueepcumemi, Amuvipay x., Kasaxcman

ATpIpay mMTMaXKalbl —IEHCAYIBIKTHl KaIIBIHA KEATIPYy, CO3BUIMANBI aypylap/bl eMIey KoHE allIbIH
airy mapanapbiHa OarpITTanrad. Kel3aMeT canachl munaxaiplH OUTIKTI MaMaHAap KypaMblHa KOHE 3aMaHayH
CMCY TCXHOJOTHUAIAPBIH KOJIAaHYyTa 0aMJIaHBICTHI.

Kiar ce3aep: munaxkai,eMIik OaibIK,MUHEPaIIbl BAHHA, ayPyJIapabl aJlIbIH aly, TY3/1bl KOJIL.

The Atyrau sanatorium is aimed at rehabilitation, treatment and prevention of chronic diseases. The
quality of service depends on the composition of qualified specialists of the sanatorium and the use of

modern treatment technologies.
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