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Prevention destruction of pancreatic B-cells induced by chelators  
by reduced form of Glutathione 

Authors investigated preventive effect of Reduced form of Glutathione on developing of diabetes caused by 
diabetogenic zinc binding ligands. It is shown that only Reduced form of Glutathione contains SH-radical in 
chemical structure possesses ability to protect B-cells of death unlike the Oxidized form of the Glutathione, 
free of it. It was established that injection of R-Glutathione, 1000 mg/kg completely connects with zinc in 
B-cells that protect cells of formation of toxic complexes causing destruction of B-cells and development of 
diabetes. Investigation of chemical aspect of interaction of R-Glutathione with zinc showed that administra-
tion of it result a complete blocking of zinc in B-cells therefore zinc does not revealed using of high specific 
and sensitive histochemical methods. The studying of duration of blocking of zinc in B-cells showed that 
complex Zn-R-Glutathione begins to dissociate with partial release of zinc approximately about 36 hours af-
ter injection and 48 hours later majority of complex is dissociate. Authors suppose that preventive ability of 
R-Glutathione is caused by ability to formation of not toxic temporary complex with zinc; zinc atom is fixed 
between atom of sulfur of the SH-radical and atom of oxygen or nitrogen which are contained in a molecule 
of R-Glutathione as well as after administration of diabetogenic chelators between of sulfur atom — and ei-
ther oxygen atom, or atoms of nitrogen or carbon on the other hand. 
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Abbreviations 

R-Glutathione  — Reduced form of Glutathione, 
O-Glutathione  — Oxidized form of Glutathione, 
Zn  — zinc, 
DZ  — Dithizon 8PTSQ — 8-para(toluenesulphonylamino)quinolin 
 

Background 

It was found that Diphenylthiocarbazone (Dithizon) and some derivatives of 8-oxyquinolin (8-ox) in-
duced formation of toxic chelat complexes as «Zn-DZ» and «Zn-8-ox» in cytoplasm of B-cells that result 
selective destruction of B-cells within 15–30 min. and accompanied by developing of 1st type diabetes in an-
imals [1]. Later it was reported preventive injection of some amino acids as Cystein and L-Hystidine con-
tains sulfhydril SH-radical in structure of molecule, accompanied by protect B-cells of destruction caused by 
DZ and 8-ox that result prevention of developing of diabetes in majority of animals [2–5]. High durability of 
the Zn+2-Dithizon complex 2:1 (Fig. 1, 2) determined by space elongation of molecule of Dithizon and dis-
position of two phenolic rings on the ends of a molecule that does not prevent the atoms of sulfur and nitro-
gen located in the center of a molecule to approach zinc atom. Besides, atom of zinc is located between two  
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atoms of nitrogen and sulfur, regarding to which affinity of zinc is very high and exceeds affinity to oxygen. 
[6]. It was supposed that protective activity of Cystein and L-Hystidine may be determined by the presence 
of SH-radical in the structure of molecule because formation of chelat complexes with DZ and 8-ox is pro-
cessed by connection of Zn atoms with atom of S, H, O or N [6]. Aim of investigation: to study possible pre-
ventive effect of amino acids as Gluthation Reduced form contains SH-group and Gluthation Oxidised form 
not contains SH group. 

Methods 

Animals. 16 Rabbits 2400–2850 g. 
Group 1. Injection of Dithizon, 48.6–51.2 mg/kg; 
Group 2. Injection of Gluthatione-O, 970–1010 mg/kg + 10 min. later Dithizon, 49.8–50.6 mg/kg. 
4 animals from each groups (1a and 2a) were killed 10 min. after injection of Dithizon and 4 animals 

(1b and 2b) — 9 days after injection. 
Group 3. Injection of Gluthatione-R and Gluthatione-O: 985–1020 mg/kg. Animals were killed 6h, 12h 

and 24h after injection. Staining of frozen sections of pancreas for Zn-ions by Dithizon method and by 
8PTSQ. 

Frozen sections of pancreas of animals 1a and 1b groups were investigated using dark microscopy. 
Blood glucose level measuring — in animals of 1b, 2a and 2b groups before injection of Dithizon and 1, 3, 6 
and 9 days after injection. Aldehyde-fucshine method [7–9] was used for analysis state of histostructure of 
pancreas tissue and Dithizon method formed red granules of complex «Zn–DZ» visible using dark microsco-
py. Maximum of absorbance of Zn+2–DZ complex on spectrum of absorbance correspond for 530 nm [3]. 

8-para(toluenesulphonylamino)quinolin (8PSQ), a high specific fluorescent reagent was used for stain-
ing of Zn-ions in B-cells. 8TSQ formed fluorescent green complexes with Zn+2-ions visible using fluorescent 
microscopy [10–12]. 

Results 

Group 1a. Administration of DZ accompanied by formation of a large amount of red granules of Zn–
Dithizon complex in cytoplasm of B-cells (Fig. 1). Maximal concentration of granules located on the pole of 
B-cells contacted blood capillaries that correspond to concentration of deposited insulin. 

Group 1b. Experimental diabetes. Blood glucose concentration increased since 5.2±0.3 mM until 
12.6 mM at 6th day and 16.4±1.7 mM at 9th day (Table 1). Histology: necrosis and destruction of 70–90 % of 
B-cells, marked decreasing of insulin and zinc content in B-cells. 

Group 2a. Preliminary injection of Gluthatione-R result almost complete prevention of formation of 
«Zn-DZ» complex in B-cells (Fig. 1). Simple granules contacted capillaries contain granules of complex on-
ly. 

Group 2b. Administration of Glutathione Reduced form before Dithizon accompanied by prevention 
developing of diabetes in 3 animals from 4 (Table 2, Fig. 1). In one rabbit (N3) blood Glucose level increase 
till 9th day until 7.3. Histologic analysis showed decreasing of insulin content in cells without marked histo-
logical changes. 

Administration of Glutathione Oxidized form before Dithizon not accompanied by prevention develop-
ing of diabetes: diabetes was developed in all animals (Table 3) with marked histological changes. Histologic 
analysis showed decreasing of insulin content in cells and presence of marked histological changes. 

Group 3. It was important to obtain direct experimental confirmation that administration of Glutathione 
Reduced form to animals accompanied by binding of Zn-ions in B-cells as to investigate: how long time this 
complex exist in B-cells as we suppose, that 24 hours later after injection of R-Glutathione partial dissocia-
tion of complex is observed and 48 hours later there are almost complete dissociation (Fig. 1) with restoring 
of positive fluorescent reaction for zinc in B-cells. 
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3 Pancreatic islet of intact rabbit. Positive fluorescent reaction for Zn-ions in B-cells; ×140. 
4 Pancreatic islet. Glutathione Reduced form, 1015 mg/kg. Negative fluorescent reaction for Zn-ions in B-cells; ×140. 
5 Pancreatic islet of intact rabbit. Histostructure and insulin content in B-cells without changes; Aldehyde-fucshine; 

×280. 
6 Pancreatic islet of rabbit. Glutathione Reduced form, 1010 mg/kg + Dithizon, 49.4 mg/kg .Histostructure and insulin 

content in B-cells without changes; Aldehyde-fucshine; ×280. 
7  Pancreatic islet of rabbit. Glutathione Reduced form, 975 mg/kg, 36h after injection. Partial dissociation of complex 

Zn-Glutathione; Fluorescent reaction for Zn-ions; ×140. 
8 Pancreatic islet of rabbit. Glutathione Reduced form, 1000 mg/kg, 60h after injection. Almost complete dissociation 

of complex Zn-Glutathione; Positive fluorescent reaction for Zn-ions; ×140. 
 

T a b l e  1  

Blood glucose concentration in rabbits after injection of Dithizon 

Animals 
Dose of Dithizon 

(mg/kg) 
Blood glucose concentration (mM) 

before 1st day 3rd day 6th day 9th day 
1 48,6 4,7 11,6 18,5 16,4 22,8 
2 49,9 5,6 7,7 16,2 24,4 21,5 
3 51,8 5,3 12,2 20,6 17,2 18,8 
4 48,8 5,9 10,3 14,6 20,5 17,8 

 

T a b l e  2  

Blood glucose concentration after injection of Glutathione Reduced form and Dithizon 

Animals 
Dose of Gluthation 

Red. (mg/kg) 
Dose of Dithizon 

(mg/kg) 
Blood glucose concentration (mM) 

before 1st day 3rd day 6th day 9th day 
1 985 49,3 5,9 6,7 6,2 4,3 5,8 
2 1010 50,6 5,1 7,1 5,3 6,0 5,9 
3 1012 52,2 4,3 6,1 5,7 6,2 6,8 
4 1020 50,8 5,5 7,2 6,6 5,4 5,7 

 

T a b l e  3  

Blood glucose concentration after injection of Glutathione Oxidized form and Dithizon 

Animals 
Dose of Gluthation 

Ox. (mg/kg) 
Dose of Dithizon 

(mg/kg) 
Blood glucose concentration (mM) 

before 1st day 3rd day 6th day 9th day 
1 960 47,2 8,9 15,7 12,5 14,3 15,8 
2 1000 51,7 5,1 9,1 13,6 11,9 14,8 
3 1020 50,1 4,3 12,5 10,6 14,2 21,8 
4 1015 52,5 5,5 10,5 15,8 18,8 20,6 

 

Discussion 

Obtained results showed that administration of R-Glutathione result binding of almost all amount of Zn-
ions in B-cells reversibly as least for 24 hours. Injection of dithizon after R-Glutathione not accompanied by 
forming in B-cells of chelat complexes Zn-DZ that result prevention of damage and death of majority B-cells 
and prevention developing of diabetes in 3 animals from 4. It is known that amino acids Cystein and 
L-Hystidine possess same property: injection of acid result protect B-cells of destruction by Dithizon as of 
developing of diabetes in animals [6]. However, administration of Oxidized Gluthatione not contains in 
structure of SH-radicals not protect B-cells of formation of Zn-DZ complex and of destruction of B-cells as 
of developing of diabetes [13]. Binding of Zn-ions of diabetes B-cells by a glutathione is apparently con-
firmed by existence of negative reaction for Zn for 24 hours. After that the complex gradually dissociated up 
and 48–72 hours later dithizon is able to form in B-cells toxic complex that accompanied by developing of 
experimental diabetes in animals. 
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Қалпына келген глютатион көмегiмен хелатор аркылы панкреатит 
В-жасушаларының бұзылуын болдырмаудың алдын алу 

Авторлар мырышбайланыстырушы диабетогенді заттар тудыратын диабет дамуына глютатион 
аминқышқылының алдын алу əсерін зерттеген. Алдын алу əсер қасиетіне глютатионның тотыққан 
түріндегі формасы емес, құрылымында SH-радикалы бар глютатион қалыпты формасы ие екендігі 
көрсетілген. Глютатион қалыпты формасын жануарларға 1000 мг/кг дозасында бір ретті енгізу 
В-жасушаларының мырышпен байланысуына толығымен кедергі келтіріп, В-жасушаларының 
бұзылуын тудырып, жануарларда диабет тудыратындығы анықталды. Қалыпты глютатионның 
мырыш аралшығымен əрекеттесу химизмын зерттеу оны енгізгеннен кейін В-жасушаларында 
мырыштың толық бұғатталуы жоғары ерекше гистохимиялық əдістер көмегімен гистохимиялы түрде 
көрініс бермейді. В-жасушаларындағы мырыштың бұғатталу уақыты ұзақтығын зерттеу нəтижесі 
мырыш-глютатион кешені 36 сағ кейін мырыштың біртіндеп босап шығуымен ыдырай бастайды, ал 
48 сағ соң кешен көп мөлшерде диссоциацияланады. Авторлар қалыпты глютатионның алдын алу 
бейімділігі оның аралшық мырыш пен байланысуын көрсетеді; мырыш атомы глютатион 
молекуласындағы SH-радикалы күкірт атомы мен оттегі не азот атомымен қосылып, диабетогенді 
хелатор енгізген есебінде танылады. 

Кілт сөздер: В-жасушалар, R-глютатион, инсулин, мырыш, эксперименталды диабет. 
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Г.Г. Мейрамов, А.Ж. Шайбек, Г.Т. Картбаева, Е.М. Ларюшина,  
Г.О. Жузбаева, А.Р. Алина, О.-Н. Дюпонт, С.С.Тыржанова 

Предотвращение деструкции панкреатических В-клеток хелаторами  
с помощью восстановленной формы глютатиона 

Авторами исследовалось предупреждающее влияние аминокислоты глютатиона в отношении разви-
тия диабета, вызываемого цинксвязывающими диабетогенными веществами. Показано, что предот-
вращающим действием обладает восстановленная форма глютатиона, содержащая в своей структуре 
SH-радикал, в отличие от окисленной формы глютатиона, не содержащей его. Установлено, что одно-
кратное введение восстановленного глютатиона животным в дозе около 1000 мг/кг полностью пре-
пятствует связыванию цинка В-клеток с формированием токсических комплексов, вызывающих раз-
рушение В-клеток и развитие диабета у животных. Исследование химизма взаимодействия восстанов-
ленного глютатиона с островковым цинком показало, что введение его сопровождается полным бло-
кированием цинка в В-клетках, в результате чего он не выявляется гистохимически с помощью высо-
коспецифичных гистохимических методов. Исследование длительности блокирования цинка в 
В-клетках показало, что комплекс цинк-глютатион начинает расщепляться с постепенным освобожде-
нием цинка через 36 ч, а через 48 ч комплекс в значительной степени диссоциирован. Авторы полага-
ют, что предупреждающая способность восстановленного глютатиона обусловлена его способностью 
связывать островковый цинк; атом цинка при этом фиксируется между атомом серы SH-радикала и 
атомом кислорода или азота, содержащимися в молекуле глютатиона как и в случаях введения диабе-
тогенных хелаторов, связывающих островковый цинк с помощью атома серы, с одной стороны, и ли-
бо атома кислорода, либо азота, или углерода — с другой. 

Ключевые слова: В-клетки, R-глютатион, инсулин, цинк, экспериментальный диабет. 
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