TEOPETHYECKAS U DKCIIEPUMEHTAJIBHASA MEJIUIITUHA

© KOJEKTMB ABTOPOB, 2018
UDC 616-018:616:379-008.64:577:112.

G. G. Meyramov’, Ye. M. Laryushina', A. R. Alina’, A. G. Abdraimova-Meyramova?

INTERACTION OF ZINC OF PANCREATIC B-CELLS WITH CYSTEIN AS POSSIBLE CAUSE OF ITS
PROTECTIVE ACTIVITY

IKaraganda state medical university (Karaganda, Kazakhstan),
’Karaganda state university named after Ye. A. Buketov (Karaganda, Kazakhstan)

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**-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*?-
ions in B-cells formed with insulin a deposited
form as Zn*%-insulin complex [5]. In addition the
Zn*2-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*%-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*?-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*2-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*2-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*2-8PTSQ (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*2-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.
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Figure 1 — Interaction of DZ and 8PTSQ with zinc ions in pancreatic B-cells. 1.1 — Pancreas of intact rab-
bit. Frozen section. Dark microscopy; x280; 1.2 — Rabbit. Pancreas of intact rabbit. Frozen section. Posi-
tive fluorescent reaction for zinc-ions. 8PTSQ reaction; fluorescent microscopy; x140; 1.3 — Injection of
DZ , 49,3 mg/kg. Positive reaction for Zn*?-ions in B-cells — a large amount of red granules of complex
DZ-Zn in B-cells; dark microscopy; x280; 1.4 — Injection of DZ , 49,3 mg/kg; negative reaction for Zn**-
ions in B-cells with 8PTSQ: zinc in B-cells is connected with DZ; fluorescent microsco-py; x140; 1.5 — In-
jection 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; nega-
tive reaction for zinc with 8PTSQ as result of binding of zinc with Cystein; fluorescent microscopy; 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 B-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+DzZ 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*2-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
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
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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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TeOPETI/I‘IECKaﬂ H IKCIIEPUMECHTAJIBHAA MEINIINHA

. I. Mevipamos®, E. M. Jlaprowmna', A. P. Amna', A. . AGapanmosa-Meripamosa’

B3AUMOLEVICTBUE LIMHKA [TAHKPEATUYECKUX B-K/TETOK C LINCTEUHOM KAK BOSMOXHAS [TPUYUMHA ETO
SALUNTHOIrO JEVICTBUS

I KaparaHanHcKkmi rocyAapCcTBeHHbIN MEANUMHCKY yHnBepcuTeT (Kaparanaa, Kasaxcrar), *KaparananHckmsi rocyaap-
crBeHHbIN yHuBepcuteT uM. E. A. byketos (Kapararnga, KazaxcraH)

M3BECTHO, YTO LMHK, COAEPXALUMIACA B B-KNeTKaxX NOAKenyA0YHOMN Xenesbl, MPUHMMAET BaXXHOe y4yacTue B 06-
pa3oBaHUM €ro AEnOHWPOBaHHOM (hOPMbl XpaHEHUsI B KNeTke, 6narogapst YeMy He BECb CMHTE3MPOBAHHbIN KNETKOW
rOPMOH, a TOMbKO OMpefesieHHOe ero KOIMYeCcTBO Mo Mepe HeobXoAMMOCTM MOCTYNaeT B KpOBb, perynnpyst obmeH yr-
neBoAoB M obecneunBasi NoaaepXaHue YPOBHS I/HOKO3bl KPOBM Ha MOCTOSIHHOM YPOBHe. M3BECTHO Takxke, YTo Cylie-
CTBYIOT LMHKCBSI3blBalOWMe AvabeToreHHble BewecTBa, KOTOpble Npy NonajaHuy B KPOBb CBSA3bIBAIOTCS C LMHKOM [3-
KJ1IETOK, 06pa3ysl TOKCUYHbIE KOMIMJIEKCHI, NPUMBOASLUME K pa3pyLleHuto u rmbenun knetok B TedeHne 15-30 muH. Bcero
TaKuNX BELECTB U3BECTHO 18, n 17 13 HMX OTHOCATCA K NPOM3BOAHLIM 8-OKCMXMHOMWHA, OTAENbHblE NpeacTaBuTeNn
KOTOPbIX SIBNSAKOTCA KOMMNOHEHTaMK 12 nekapcTBeHHbIX npenapatoB (B 1970 r. ux 6bino 2). /I3BecTHO TakKe, YTo npea-
BapuTenbHOE BBEAEHME AMWMHOKMCIOTbI UMCTEMHA MONHOCTbIO MpeAoBpallaeT passBuTue aunabeTa, Bbl3bIBaEMOro
LUIMHKCBA3bIBAOWMMK AMabeToreHHbIMM BellecTBamu. MpeanonoxuTensHo 3T0 060CHOBLIBAETCS €e CMoCOOHOCTbIO B
MCMONb30BaHHbIX 103aX Ha 24-36 4 6110KMPOBaTb LIMHK, HE [aBasi eMy BO3MOXHOCTU B3aMMOAENCTBOBATL C LIMHKCBA3bI-
BalOWMMKN AnabeToreHHbIMM BellecTBaMu. ABTOpaMu C MOMOLLBIO YYBCTBMTENbHBIX M CTPOro CneumduyHbIX METOL0B
YCTQHOB/NEHO, YTO AEWCTBUTENbHO, LUMCTEMH GNOKMPYEeT OCTPOBKOBLIA LIMHK, MpeaoTBpallas ero B3aMMOAEWNCTBME C
LUIMHKCBA3bIBAOLWMMY AMabeTOreHHbIMM BeLLeCTBaMM.

ABTOpbI CUMTAIOT, YTO 6IOKMpYyEMbIE aTOMbI LMHKa PUKCMPYIOTCA Mexay aTOMOM cepbl, BXOASLWMM B cocTaB SH-
rpynnbl B MONeKyse LUMCTeMHa, U aTOMOM KMCIopoda KapboKCcubHONM rpynnbl, IM60 Mexzay aTOMOM Cepbl M aTOMOM
a30Ta aMUHOrPYNMbl MOMEKY/bl LNCTEMHA, KaK 3TO MMEET MECTO U Mpu B3aMMOAENCTBMM LMHKA C LMHKCBA3bIBAOLWMMY
AMabeToreHHbIMM BELLEeCTBaMu, rae xenatbl C UMHKOM (hOPMUMPYIOTCS TOMBKO B pe3ynbTaTe (PUKcaumm nx Mexay 3TuMm
aTtoMamu.

Kroyesbie ¢/108a.; pMabeT, UNCTeNH, LMHKCBA3bIBAOLWME AvabeToreHHble BelwecTBa, KeTka

. I. Mevipamos’, E. M. JlapywmnHa’, A. P. Aimra’, A. . AGgpanmosa-Mevipamosa®

TTAHKPEATUAIBIK  B-K/TETKAJIAPABIH ~ MBIPBILLIbIHBIH — LYCTEMHMEH ©3APA OPEKETI OHbLIH KOPFAHBIC
OPEKETIHIH MYMKIH CEBEBI PETIH/AE

2K apararael MEMIIEKETTIK MEANLNHE yHUBEPCUTETI (Kapararsei, Ka3aKcTaH),

2F. bokeTos atbiHgarsl Kapararasl MEMIEKETTIK yHUBEDCHTETI (Kaparar/sl, KasaKcTaH)

OTTiH B-kneTkanapbl KypaMblHAAFbl MbIpblll KNeTKaja cakTayablH AenoHaanFaH opMacbiHa KaTbiCyAa MaHbI3abl
OblpH anafbl, HITMXKECIHAE ropMoHAapablH 6apnblK CuHTE3denreH KieTkacbl emec, Tek OHblH 6enrini 6ip caHbl
KaXXeTiHe Kapail KaHFa Tyceai, OCbllalilla KeMip KbIWKbIbIHBIH anMacyblH PETTeNai XoHe KaH rIHOKO3acbiH TypaKThl
[eHrenae yctayabl kaMTamachi3 etesi. Con cusikTbl MbIpbILL XanFaylubl AnabeToreHai 3aTTap 6ap ekeHi 6enrini, onap
KaHFa TyCKeH Kke3ae B-kneTka MbipbilbiMeH 6aiinaHbiCazbl, OCbifalila TOKCUKasbIK KeleHAep Kypbim, canfapblHaH
KneTkaHblH 15-30 MUHYT iwiHae 6y3binybl MeH enyiHe okeneai. bapnbiFbl ocbiHaan 18 3aT 6enrini, oHbiH 17-ci 8-
OKCUXMHONWHHIH BHIMIHE >aTajbl, )XekenereH ekingepi 12 gaspinik npenapatrapablH KOMNOHeHTTepi 6onbin Tabblnaap
(1970 >xbinbl onap 2 6onfaH). Con CUSAKTbI LUMCTEMH aMUH KbIWKbIbIH andblH ana €eHrisy Mblpblll XXanaFayLlbl
Anabetorenai 3aTTap TyablpaTbiH AMabeTTiH AaMyblHbIH TONbIK andblH anatbiHbl 6enrini 6onFaH. AngbiH ana 6omkamra
Kaparanga, 6yn 24-36 oHblH caFaTTapAa nalaanaHbliiaTblH 403anapblHAA MbIpbIWThl 6/10KTay, OFaH MbIPbILL XaslFayLubl
AvabeToreHai 3aTTapMeH e3apa 9peKeT eTy MyMKiHAiKTepiHe >xon 6epmey kabinetiHe Herizgeneni. ABTopnap cesiMTan
XoHe KaTaH crneundmkanblk a4iCTEpMEH LMCTEMH apanblK MblIpbIWTbl GNOKTAUTbIHBIH, COM apKblibl OHbIH MbIpbILL
Xanraywsl gvabeToreHai 3aTTapMeH e3apa 9peKeT eTyiHiH anablH anaTbiHblH aHbIKTarFaH.

ABTOpnap MbipblWwTblH 6nOKTanaTblH atoMaapbl UMCTEMH MOMKynbl SH-TO6blHA  KipeTiH KyKipT aTtoMbl MeH
Kapbokcmnai TOMTbiH CYMTAIOT KWUCIOPOA4 aTOMbl,HEMECE KYKipT aTOMbl MeH LMCTEWH MOMeKYsblHbIH aMUHOTOObIHbIH
a30T aToMbl apacbiHAA MbIpbILL XXanFaylibl AvabeToreHai 3aTTapablH ©3apa XanFaylubl apekeTTepi bap Aen caHanapl.
OHpa xenaTTap MbIpbILWNEH TeK OCbl aTOMAAP apacbiHAarbl hMKcaums KesiHae xacakTanagbl.

Kint ce3aep. avabeT, UMCTENH, MbIpbILL XanFaylbl AnabeToreHi 3aTTap, KneTka
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