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Exper imen t s  on 76 rabbi ts  showed that sodium die thyld i th iocarbamate  exe r t s  i ts  p revent ive  
action on dithizone diabetes  d i rec t ly  in the i s le t s  of Langerhans .  It appea r s  v e r y  rapidly  and 
continues,  gradual ly  becoming weaker ,  for 2 days.  Zinc blocking takes  place not only in the 
pancrea t i c  i s le t s ,  but also in other  t i ssues .  Sodium die thyld i th iocarbamate ,  if  injected p r e -  
l iminar i ly ,  binds Zn f i rmly  and p reven t s  the format ion  of the co lored  Zn dithizonate,  the agent 
apparent ly  assoc ia ted  with the se lec t ive  damage of the i s le ts  of Langerhans  by dithizone. 

During the study of the pathogenesis  of dithizone diabetes ,  d i scovered  by Okamoto [10] and inves t i -  
gated in the w r i t e r s '  l abo ra to ry  [1, 2, 4, 7, 8, 9], attention has been d i rec ted  to the combinat ion of the di-  
abetogenic p r o p e r t i e s  of dithizone and i ts  abili ty to fo rm complexes  (chelates) with Zn. However,  by no 
means  are  all  chelat ing agents diabetogenic.  Sodium die thyld i th iocarbamate  (DEDTC), for  instance,  which 
f o r m s  wa te r - so lub le  chelate  sal ts  with Zn, does not induce diabetes  even when injected in t ravenous ly  in 
mass ive  doses .  P r e l i m i n a r y  injection of DEDTC 30-60 rain before  inject ion of dithizone comple te ly  p r e -  
vents  the development  of d iabetes  [6]. It can be postula ted that  the p r e l i m i n a r y  inject ion of the nondiabeto-  
genic chelat ing agent DEDTC, which f o r m s  a complex with Zn in the i s le t s  of Langerhans  in the panc reas ,  
obs t ruc t s  the subsequent  binding of Zn by dithizone and the reby  counterac ts  the diabetogenic effect  of di thi-  
zone. The w r i t e r s  subsequently showed that DEDTC has  a prophylac t ic  action not only against  dithizone 
diabetes ,  but also against  diabetes  induced by 5- (N,N-die thylaminophenylazo)-8-hydroxyquinol ine ,  5 - (phenyl -  
azo)-8-hydroxyquinol ine,  and 8-(p- teluenesulfonylamino)-quin01ine [3-5]. 

On the bas i s  of these  a rguments ,  an a t tempt  was made in the invest igat ion desc r ibed  below to d e t e r -  
mine the point of application of the antidiabetogenie action of DEDTC, i ts  durat ion,  its s tabi l i ty ,  and the 
rapidi ty  of its appearance .  Attempts  were  also made to obtain fu r the r  evidence of the poss ib i l i ty  of Zn 
blocking not only in the panc reas ,  but in other  t i ssues .  

E X P E R I M E N T A L  M E T H O D  

Expe r imen t s  were  c a r r i e d  out on 76 noninbred rabbi ts ,  depr ived  of food for  2 days be fo re  the e x p e r i -  
ment.  To de te rmine  the point of applicat ion of the antidiabetogenic action of DEDTC, the exper imen ta l  ani-  
mals  r ece ived  inject ions of 500-1000 mg/kg  DEDTC followed 30 min l a t e r  by 30-40 mg/kg  of an a m m o n i a -  
cal  solution of dithizone. Rabbi ts  rece iv ing  dithizone only acted as the controls .  The animals  were  s a c r i -  
ficed by a i r  embol i sm.  Sections of the panc reas ,  10 ~t in th ickness ,  were  cut on a f reez ing  mie ro tome  and 
examined and photographed in a dark  field. To de te rmine  Zn in the i s le t s  of Langerhans ,  p ieces  of p a n c r e a s  
were  fixed by the method [11, 12] in alcohol sa tura ted  with hydrogen sulfide. After  the sect ions  had been 
dewaxed in the usual  way, Zn was detected by the w r i t e r s '  own method [3]. 

To de te rmine  the duration and stabi l i ty  of the antidiabetogenic action of DEDTC, a f te r  the initial  
blood sugar  had been es t ima ted ,  the rabbi t s  were  given an in t ravenous  injection of 250-1000 mg /kg  DEDTC 
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fol lowed,  after different t ime intervals ,  by 30-54 m g / k g  dithizone 
in 0.25% ammonia  solution.  Animals  rece iv ing  dithizone only acted 
as controls .  The p r e s e n c e  or  absence  of diabetes  was  judged f rom 
the resu l t s  of  repeated blood sugar determinat ions  by the Hagedorn-  
Jensen method. 

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

The point of  application of DEDTC in prevent ing the deve lop-  
ment of  diabetes was  found to be in the i s l e t s  of  Langerhans.  After 
administrat ion of  dithizone to the rabbits the i s l e t s  of  Langerhans 
beca me  packed with bright ruby-red  granules  of  Zn dithizonate.  
Luminescence  of the granules  in the ce l l s  prevented detect ion of 
the s tructure  of the i s l e t  and made it imposs ib le  to recogn ize  the 
A and B ce l l s  in it (Fig. 1A). When a preceding inject ion of DEDTC 
was  given,  after the subequent inject ion of  dithizone the ce l l s  had 
the usual  s tructure and contained no dithizonate granules .  One such 
i s l e t  i s  shown in Fig. 1B; B ce l l s  with dark nuclei  and brightly 
luminescent  s i l v e r - c o l o r e d  A ce l l s  at the per iphery  are c l ear ly  
v is ib le  in it. P r e l i m i n a r y  blocking of  Zn in the i s l e t  c e l l s  by DEDTC 
evidently hinders  the format ion of  the brightly l u m i n e s c e n t  Zn dithi-  
zonate.  In these  c a s e s  diabetes  never  developed [5]. Conf irmation 
that DEDTC blocks  Zn is  given by Fig. 1C and D, showing the h i s to -  
chemica l  react ion for Zn with the speci f ic  reagent  8 - ( p - t o l u e n s u l -  
fonylamino)-quinol ine  [3]. When a pre l iminary  inject ion of  DEDTC 
was  given, binding the metal  (Fig. 1C), the react ion  for Zn was 
negative ,  whereas  it  was  s trongly  pos i t ive  in s ec t i ons  f rom the pan-  
c r e a s  of  an intact rabbit (Fig. 1D). 

To determine  how DEDTC exert s  i ts  prevent ive  action and 
its  duration and stability,  di thizone was  injected after pre l iminary  
inject ion of DEDTC and the t ime between the inject ions  of the two 
compounds was p r o g r e s s i v e l y  increased .  In the f i r s t  group of  e x -  
per iments  this interval  was  6 h. It i s  c lear  from Table 1 ( ser ie s  1) 
that diabetes  did not develop in any of  the 7 exper imenta l  rabbits,  
whereas  all the 5 control  animals ,  rece iv ing  the s a m e  doses  dithi-  
zone ,  developed s e v e r e  diabetes .  

When the interval  between  inject ions  of DEDTC and dithizone 
w a s  lengthened to 24 h (Table 1, s e r i e s  II), the deve lopment  of 
diabetes  l ikewise  w a s  comple te ly  prevented in all 8 exper imenta l  
rabbits.  All  6 control  rabbits rece iv ing  the s a m e  dose  of dithizone 
developed s e v e r e  diabetes.  

Nine rabbits rece ived  DEDTC 48 h before  the inject ion of 
dithizone.  Eight of  these  animals  developed diabetes ,  but it was  
s ignif icantly l e s s  s e v e r e  than the diabetes  in the control  group 
(Table 1, s e r i e s  III). The diabetes  in 3 of  the 8 exper imenta l  rab-  
bits  of  this s e r i e s  cured i t s e l f  spontaneously.  

The resul t s  of  these  e x p e r i m e n t s  indicate that the prevent ive  
act ion of DEDTC on the development  of dithizone diabetes  continues  
for a long t ime.  However ,  they do not te l l  how rapidly this  act ion 
develops .  An attempt was  made prev ious ly  [5] to answer  this  ques -  
t ion by injecting dithizone and DEDTC s imul taneous ly  into different 
blood v e s s e l s ,  but these  exper iments  had to be discontinued b e -  
cause  of the high mortal i ty  among the animals .  Diabetes  was p r e -  
vented by this means  in only 2 surviv ing rabbits.  On this  occas ion ,  
DEDTC was  injected,  not s imul taneous ly  with dithizone,  but 5 min 
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Fig. 1. Sections of r a b b i t ' s  panc reas :  A) 
a f te r  injection of dithizone: ent i re  sur face  of 
i s le t  is  studied with br ight ly  luminescent  di -  
thizonate granules ;  B) the s ame  af te r  p r e l i m -  
minary  inject ion of sodium die thyldi th iocar-  
bamate :  dithizonate granules  absent,  no rma l  
s t ruc tu re  of is le t  v is ib le ,  B cell  in center ,  
s i lve r  A cel ls  at pe r iphe ry  (dark field; 180 • 
C) absence of luminescen t  reac t ion  for  zinc 
in panc rea s  of rabbi t  rece iv ing  diethyldithio- 
ca rbamate ;  D) pos i t ive  reac t ion  for  zinc in 
panc reas  of intact  rabbi t  (180 • 

Fig. 2. Pos i t ive  reac t ion  for  
zinc in nict i tat ing m e m b r a n e  of 
in tact  rabb i t  (A) and absence  of 
reac t ion  in a rabb i t  rece iv ing  
p r e l i m i n a r y  inject ion of d ie thyl -  
d i th iocarbamate  (B). 

l a te r .  In these  expe r imen t s ,  7 of the 10 animals  did 
not develop diabetes ,  while in the remain ing  3 an imals  
the mild d iabetes  which developed cured  i t se l f  spon-  
taneously (Table 1, s e r i e s  IV). All 10 rabbi t s  in the 
control  group developed s eve re  diabetes .  The resu l t s  
of these  expe r imen t s  indicate that  the s t ronges t  f ac -  
t o r  in the compet i t ive  re la t ionsh ips  developing b e -  
tween DEDTC and dithizone is  the chelating power  of 
DEDTC, even if i t  is injected 5 rain a f te r  dithizone. 

In the l as t  s e r i e s  of expe r imen t s ,  DEDTC was found to p reven t  the fo rmat ion  of Zn dithizonate not 
only in the p a n c r e a s ,  but also in other  organs  and t i ssues .  In model expe r imen t s ,  the rabb i t s  of one group 
rece ived  an injection of 0.9% solution of Zn sulfate into the skin of the e a r  and abdomen and into the n ic t i t a t -  
ing membrane ,  a f ter  which 40 mg/kg  dithizone was injected int ravenously .  A redd i sh -v io le t  co lor  (Zn di thi-  
zonate) appeared  af ter  10-15 rain at all  s i t es  of  injection, and reached  a m a x i m u m  af te r  1 h. The i s le t s  of 
Langerhans  were  stained the same  color .  Staining of the nict i tat ing m e m b r a n e  with Zn dithizonate can be 
see in Fig. 2A. The o ther  group of rabbi t s  rece ived  an injection of zinc sulfate,  foUowed by  an inject ion of 
500-1000 mg/kg  DEDTC in the s a m e  place ,  and af ter  an in te rva l  of 1 h, an inject ion of 40 mg/kg  dithizone. 
The pancrea t i c  i s l e t s  of these  animals  r ema ined  unstained. The nict i tat ing m e m b r a n e  also remained  un-  
stained (Fig. 2B). The skin of the abdomen and e a r  b e c a m e  pale pink in color  at the s i te  of inject ion of the 
zinc sulfate,  in sha rp  con t ra s t  to the co lor  obse rved  in the f i r s t  case .  

Summar iz ing  the resu l t s  of these  invest igat ions,  they showed that the p reven t ive  action of DEDTC on 
dithizone diabetes  is  effected d i rec t ly  in the i s le t s  of Langerhans .  It appea r s  ve ry  rapidly  and p e r s i s t s ,  
gradual ly  becoming weaker ,  for  2 days.  Zinc is blocked, as the mother  expe r imen t s  showed, not only in the 
pancrea t i c  i s le t s ,  but also in other  t i ssues .  A p r e l i m i n a r y  inject ion of DEDTC bound the zinc f i rmly ,  thus 
explaining the se lec t ive  in jury  to the i s le t s  of Langerhans  by dithizone and the development  of diabetes .  
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