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P r e l i m i n a r y  admin i s t r a t ion  of cys te ine ,  glutathione, BAL, and unithiol p revents  the development  of 
diabetes  produced in rabbi t s  by in t ravenous  injection of dithizone. 

The study of expe r imen ta l  diabetes  produced by dithizone and 8-hydroxyquinoline de r iva t ives  [1-3, 
7, 8] has d i rec ted  at tention to the combinat ion of diabetogenic p rope r t i e s  of these  compounds with abi l i ty  to 
f o r m  complexes  (chelates) with meta l s .  The developing diabetes  is produced essen t ia l ly  by blocking of 
me ta l s  (most  probably  zinc) in the f i -cel ls ,  leading to death of the cel ls  and to the development  of p r i m a r y  
insulin def ic iency.  This hypothesis  was conf i rmed by our exper imen t s  in which exper imen ta l  diabetes  was 
p reven ted  by p r e l i m i n a r y  admin is t ra t ion  of sodium die thyld i th iocarbamate  [1, 3]. This compound, with 
ma rked  chelat ing p r o p e r t i e s ,  f o r m s  complexes  with many me ta l s ,  including those p re sen t  in the panc reas .  
However ,  it has  no diabetogenic action.  If  the m e c h a n i s m  of action of diabetogenic compounds were  s imply  
that  of  blocking m e t a l s ,  p r e l i m i n a r y  admin i s t r a t ion  of nondiabetogenic sodium die thyld i th iocarbamate  
might  p reven t  damage to them [1]o 

According to one r e p o r t  [107, compounds containing sulfhydryl  groups r eac t  with zinc.  Zinc has  a 
m a r k e d  affinity for groups containing sulfur ,  with which it f o r m s  s table  complexes .  Zinc combines  with 
many  pro te ins  by  reac t ing  with the i r  f ree  SH-groups .  Metals a r e  bound even m o r e  s t rongly  by amino ac ids ,  
such as cys te ine ,  containing thiol groups .  I ts  s tabi l i ty  constant  is 18.2 [9]. 

In this invest igat ion an a t tempt  was made to p reven t  expe r imen ta l  d iabetes  with the aid of compounds 
containing SH-groups .  

EXPERIMENTAL METHOD 

Exper imen t s  we re  c a r r i e d  out on noninbred rabbi t s  kept on a normal  diet (oats,  hay, b read ,  vege -  
tables)  with wa te r  ad lib. Before  the expe r imen t  the an imals  were  kept without food for  1-2 days .  The 
p r e s e n c e  or absence  of d iabetes  was  judged f rom the r e su l t s  of repea ted  es t imat ions  of glucose in the blood 
by Roe ' s  anthrone method.  

Diabetes  was produced by intravenous inject ion of dithizone (40-50 mg/kg)  in 0.25% aqueous ammonia .  
Af ter  the initial blood sugar  concentra t ions  had been es tabl i shed,  the t e s t  compounds were  injected into the 
rabb i t s ,  followed by dithizone a f t e r  var ious  t ime  in te rva l s .  Cysteine,  glutathione, and unithiol were  given 
as a single intravenous inject ion,  and BAL by  repea ted  i n t r amuscu la r  inject ions.  Animals injected with 
dithizone only acted as cont ro ls .  

E X P E R I M E N T A L  R E S U L T S  

In the expe r imen t s  of s e r i e s  I (Table 1) the rabbi t s  were  injected with 1000 mg /kg  of neut ra l ized  cys -  
teine hydrochlor ide  5 rain before  rece iv ing  an injection of a diabetogenie dose  of dithizone. This c o m -  
ple te ly  p reven ted  the development  of d iabetes  in all  the expe r imen ta l  an imals .  Of the 7 control  an imals ,  6 
developed marke d  d iabetes .  Injection of reduced glutathione 5 rain before  dithizone also prevented  the deve l -  
opment  of d iabetes  in all  the expe r imen ta l  rabbi t s  although it developed in all  the cont ro ls .  To make  sure  
that  the p reven t ive  act ion of glutathione was due to the p re sence  of SH-groups in its s t ruc tu re ,  in the 
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TABLE 1. Prevention of Diabetogenic Action of Dithizone by Cysteine, Glutathione, BAL, and Unithiol 

Compound injected 

Cysteine (1000 mg/kg) followed after  5 min by dithizone 
(50 mg/kg) 

Dithizone (50 mg/kg) 
Reduced glutathione (1000 mg/kg) followed after 5 rain by 

dithizone (50 mg/kg) 
Oxidized glutathione (1000 mg/kg) followed after 5 rain 

by dithizone (50 mg/kg) 
Dithizone (50 mg/kg) 
BAL (80-252 mg/kg) followed by dithizone (50 mg/kg) 

30-50 rain after last injection 
Dithizone (50 mg/kg) 
Unithiol (110-200 mg/kg) followed after 3 min by dithi- 

zone (50 mg/kg) 

Dithizone (50 mg/kg) 

No. of 
animals 

Blood su 

before  in- 
jection of 
dithiz one 

i17~9.9 

99• 

I04~9.7 

98~:12.8 
95~:4.t 

101• 
109• 

;ar (in mg) (M• 

after  in- 
jection of 
dithizone 

104~:5.3 
357~:20.6 

127• 

381• 
451• 

111~:14.6 
331~:35.3 

119• 
127• 
114~:5.7 

132• 
297=~35.3 
402~14.0 

136 

P 

> 0.5 
< 0.001 

> 0.5 

< 0.001 
< 0.001 

> 0.5 
< 0.001 

>0 .1  
< 0.02 
< 0.001 

experiments  of ser ies  IV rabbits under the same conditions were  given oxidized glutathione, which has no 
sulfhydryl group. This compound did not prevent  the development of diabetes.  

Five experimental  animals  received BAL in t ramuscular ly .  One rabbit  was injected with 0.8-1 ml 
daily for 4 days and twice with 1 ml at  an interval  of 3 h on the day of the experiment .  The second rabbit  
rece ived  1 m[ daily for 3 days and i ml twice at  an interval of 3 h on the day of the experiment .  The third 
and fourth rabbits received 1 ml BAL daily and 1 ml twice at an interval  of 3 h on the day of the exper i -  
ment.  Finally, the fifth rabbit  received BAL only on the day of the experiment,  as 2 injections at an inter-  
val  of 3h. Dithizone was injected wl~en the rabbit  gave off a pungent odor of BAL (usually 30-50 rain af ter  
the final injection). In all the animals p re l imina ry  in t ramuscu la r  injeetion of BAL in a dose of 80-252 rag/  
kg prevented the development of diabetes.  In the las t  se r ies  of exper iments ,  3 min before  injection of dithi- 
zone, 11 rabbits received an injection of 110-200 mg/kg  unithiol. Eight control  animals received dithizone 
only. The preventive action of unithiol was ve ry  c lear ly  demonstra ted (in 8 of the 11 experimental  rabbits 
it completely prevented the diabetes),  although it was somewhat weaker  than the action of cysteine,  g l u t a -  
thione, and BAL, which prevented the diabetes in all the animals without exception. 

These experiments  provided convincing proof  of the marked preventive action of a ser ies  of chemi-  
cal compounds containing a sulfhydryl group. This action was s t rongest  in the case of cysteine,  glutathione, 
and BAL, in agreement  with the few observat ions reported in the l i te ra ture  [4-6]. 

It may be supposed that the preventive action of sulfhydryl compounds is dependent on their  ability to 
form stable compounds with the metal contained in the active centers  of enzymes,  which do not prevent  the 
activity of enzymes concerned in the synthesis of insulin [3 ]. The subsequent injection of the diabetogenic 
chelating compound dithizone does not displace the sulfhydryl compound from their  bond with the metal.  
Consequently, the introduction of cysteine,  glutathione, BAL, or unithiol into the t - c e l l s  of the islets places 
an obstacle in the way of the formation of the diabetogenic complex which causes the destruct ion of these 
cel ls .  

The resu l t s  of our investigations [2] and those reported by other workers  [9, 10] suggest  that this 
metal  is most  probably zinc. 
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