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

It is known that Zinc which is contains in pancreatic β-cells of take participation in formation of deposited 
storage form of insulin in cells. It is known now a 18 Diabetogenic zinc binding β-cytotoxic chemicals (DZC) 
which in β-cells formed toxic chelat complexes that result destruction and death of β-cells within 15–30 min. 
and developing of diabetes. Among 18 DZC 17 of them are belong to 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 β-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 β-cells and not protect for-
mation of zinc-DZC complexes in β-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, β-cells, histochemical methods, dithizon, 8-para(toluenesulpho-
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Introduction 

Pancreatic β-cells accumulate Zn2+ 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 β-cells Zn+2-ions take part in 
processes of biosynthesis of insulin as in processes of storage by forming of Zn+2-insulin complex accumu-
lated in granules of β-cells [4, 5]. It is known that Zn+2-ions in β-cells formed with insulin a deposited form 
of hormone as Zn+2-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 β-cells, 17 
belong to Zn2+-binding derivatives of 8-hydroxyquinolin (DZS). DZS formed in β-cells of chelat complexes 
with zinc that result destruction of β-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 β-cells with DCC pro-
tect β-cells from destruction and death [1, 2, 7, 8]. 

It was reported that amino acid Gluthation are able to protect β-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 
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contain this radical not protect β-cells of destruction. Meanwhile now it not investigated interaction of zinc in 
β-cells with both forms of Gluthatione. 

Aim of work: to investigate interaction of zinc in pancreatic β-cells with both forms of Gluthation. 

Material and methods 

Reagents: 8-p-toluenesulphonamidoquinoline (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 8-para-
(toluenesulfonilamino)quinoline (8TSH) possess a few important properties for this purpose: 1) to form with 
zinc in β-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 β-cells and estimate content by measuring of intensi-
ty of fluorescence by using of fluorescent microscopy; 3) complexes of zinc with Dithizon revealed in cells 
as bright red granules using of dark microscopy. As these complexes at the same time are toxic for β-cells 
both substances possess diabetogenic properties and result destruction and death of the majority of the β-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+2-Dithizon extracted from β-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 ºC) 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, Моscow, Russia) 
dissolved in 70 % ethanol at a temperature +70 ºC 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+2–8TSH 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 β-cells. That is why 8TSH for β-cells is high specific 
for staining of zinc ions [12]. Method is sensitive for revealing of minimal zinc concentration as 10–7–10–8. 
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 β-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 β-cells was estimated by a histofluorimetric method in relative units (r. е.) by measuring 
intensity of fluorescence of complex Zn+2–8TSH in β-cells and of density of concentration of granules of 
Zn+2-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 β-cells and content of zinc. Calculation 
of parameter K for a 8TSH-luminescent method of identification of Zn+2-ions in β-cells: IF1/IF2, where: 
IF1 — luminescent emission of β-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+2-ions in β-cells: 
AF1/AF2, where: AF1 — density of staining of β-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+2-ions concentrated in pancreatic β-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+2-Dithizon complex (Fig. 1.3) filling cytoplasm of β-cells. Similar 
results obtained using of 8TSH reaction: a large amount of zinc in β-cells of intact animals — the intensive 
bright green luminescence of a complex Zn+2–8TSH (Fig. 1.2) in compared with expressed negative reaction in 
β-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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4 Injection of DZ, 49,3 mg/kg; negative reaction for Zn+2-ions in β-cells with 8TSH: zinc in β-cells is connected with DZ; fluores-
cent microscopy; ×140;  

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; ×280;  

6 Injection of RGT, 990 mg/kg+DZ, 50.3 mg/kg; negative reaction for zinc with 8TSH as result of binding of zinc with RGT; fluo-
rescent microscopy; ×140; 

7 Injection of GOT, 1000 mg/kg+DZ, 52.2 mg/kg; positive reaction for zinc in β-cells; darc microscopy; ×280; 
8 Injection of GOT, 1000 mg/kg+DZ, 52.2 mg/kg; negative reaction for zinc with 8TSHas result of binding of zinc with DZ; fluo-

rescent microscopy; ×140 

Figure 1. Interaction of DZ and GSH with zinc ions in pancreatic β-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 animals 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 β-
cells of formation of red granules of Zn+2-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 β-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 8-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]. 

T a b l e  

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

Group No. Experimental conditions 
Insulin content in pancreatic β-cells (r.e.) 

8-ТSH 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) 1,98±0,03 (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: * — р < 0,001; n — number of measurements. 
 

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 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 β-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+2-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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С.В. Гаголина, А.П. Андреева, Г.О. Жузбаева  

Панкреатикалық β-жасушаларындағы қалпына келтірілген  
глютатион түрімен оның қорғаныш əрекетінің ықтимал  

себебі ретінде мырыштың өзара əрекеттесуі 

Мақалада ұйқы безінің β-жасушаларындағы мырыш оның жасушада депо күйде сақталуында 
маңызды рөл атқаратыны белгілі, жасушадағы синтезделген инсулиннің белгілі бір мөлшері ғана 
қанға түсіп отыруы көмірсу алмасуын реттей отырып жəне қандағы глюкоза мөлшері тұрақты 
деңгейде ұсталып тұрады. Мырышбайланыстырушы диабетогенді (МД) заттар қанға түскен сəтте 
β-жасушасындағы мырышпен байланысып, 15–30 мин аралығында жасушаларды бұзып жəне өлімге 
əкелетін уытты кешен түзеді. Барлығы осындай заттардың 18 белгілі жəне олардың 17 түрі 
8-оксихинолин туындыларына жатады, жеке өкілдері 10-нан астам дəрілік препараттардың компонент 
бөліктері болып табылады. Алдын ала глютатион аминқышқылын ендіру МД диабетогенді заттар 
туындататын диабеттің дамымауын толық болдырмайды. Бұл МД диабетогенді заттармен 24–48 сағ 
мырышты оқшаулауға негіделген бейімділігі деп болжанады. Авторлар сезімтал жəне қатаң 
спецификалы əдістер көмегімен глютатион аралшық мырыштарын бұғаттап, оның МД диабетогенді 
заттармен əрекеттесуіне жол бермейтінін айқындады. Оның үстіне мұндай қабілетке тотыққан 
нысаннан айырмашылығы құрылымында SH-радикалдар, молекулалары бар тек қалпына келтірілген 
глютатион нысаны ғана ие. Сонымен бірге бұғатталған мырыш атомдары S жəне O карбоксил топтары 
арасында немесе глютатион молекуласындағы аминтобы S атомдар жəне N атомы МД мырышпен 
əрекетінде тіркеледі. 

Кілт сөздер: ұйқы безі, панкреатикалық араласулар, β-жасушалары, гистохимиялық əдістер, дитион, 
8-пара-(толуолсульфониламино)хинолин, мырыш, инсулин, сандық талдау. 
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Г.Г. Мейрамов, В.И. Корчин, А.Ж. Шайбек,  
С.В. Гаголина, А.П. Андреева, Г.О. Жузбаева  

Взаимодействие цинка в панкреатических β-клетках с восстановленной  
формой глютатиона как возможная причина его защитного действия 

Известно, что содержащийся в β-клетках поджелудочной железы цинк принимает важное участие 
в образовании его депонированной формы хранения в клетке, благодаря чему не весь синтезирован-
ный клеткой инсулин, а только определенные его количества, по мере необходимости, поступают в 
кровь, регулируя обмен углеводов и обеспечивая поддержание уровня глюкозы крови на постоянном 
уровне. Существуют цинксвязывающие диабетогенные вещества (ДЦС), которые при попадании в 
кровь связываются с цинком β-клеток, образуя токсичные комплексы, приводящие к разрушению и 
гибели клеток в течение 15–30 мин. Всего таких веществ известно 18, из них 17 относятся к произ-
водным 8-оксихинолина, отдельные представители которых являются компонентами более чем 10 ле-
карственных препаратов. Известно также, что предварительное введение аминокислоты глютатиона 
полностью предотвращает развитие диабета, вызываемого ДЦС. Предположительно, это обосновыва-
ется его способностью на 24–48 ч блокировать цинк, не давая ему возможности взаимодействовать с 
ДЦС. Авторами с помощью чувствительных и строго специфичных методов установлено, что глюта-
тион блокирует островковый цинк, предотвращая его взаимодействие с ДЦС. Причем такой способ-
ностью обладает только восстановленная форма глютатиона, которая, в отличие от окисленной фор-
мы, содержит в структуре молекулы SH-радикалы. Авторы полагают, что блокируемые атомы цинка 
фиксируются между атомами S и O карбоксильной группы или через атомы S и атом N аминогруппы 
молекулы глютатиона, как это имеет место при взаимодействии цинка с ДЦС. 

Ключевые слова: поджелудочная железа, панкреатические островки, β-клетки, гистохимические мето-
ды, дитизон, 8-пара-(толуолсульфониламино)хинолин, цинк, инсулин, количественный анализ. 
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