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It has been shown [3, 8, 10] that administrat ion of dithizon to rabbits  is accompanied by the develop- 
ment of diabetes. Attention has been drawn to the combination of the diabetogenie proper t ies  of dithizon 
and its ability to form complexes (chelates) with zinc found in the pancreas [11]. This explains the interest  
in the study of the diabetogenic action of other chelating agents, of which 8-hydroxyquinoline and, in pa r t i -  
cular,  its derivat ives mer i t  par t icular  attention. The study of 15 derivatives of quinoline and quinaldine 
[5, 6], showed that three of them produced a t empora ry  increase  in the blood sugar level. Okamoto [11] 
descr ibed 15 derivatives of quinoline and quinaldine capable of causing diabetes in rabbits.  

The object of the present  investigation was to obtain new compounds of hydroxyquinoline possess ing 
a powerful diabetogenic action, and to study the dynamics of the developing diabetes and the mechanism of 
its origin. 

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

Having proved conclusively that 8-hydrox~yquinoline itself has no diabetogenic action [4], the authors 
synthesized and studied its derivatives 5-(N,N-diethylphenylazo)-8-hydroxyquinoline (5EPSQ): 

N =N - ~ -  N /C2  H5 
~ C  2 H 5 

OH N 

The synthesis was based on the principles published in the papers  by Matheus [9] and N. V. Vorozht-  
sov and I. M. Kogan [1]. 

5EP8Q is insoluble in water, readily soluble in organic solvents, and much less soluble in aqueous 
solutions of acids. It was injected into 20 rabbits previously deprived of food for 48 h. A weighed sample 
of 5EP8Q was dissolved in 4-5 ml of 0.2 N hydrochloric  acid and the volume made up with water  to 20-25 
ml. The result ing cher ry  red solution was slowly injected into the aur icular  vein. 

The fluctuations in the blood sugar level very charac ter i s t ic  of diabetogenic substances were studied 
f i rs t .  After  establishment of the initial blood sugar concentration, 5EP8Q was injected in a dose of 30 
mg/kg.  The blood sugar was determined 2, 4, 8, 12, 16, 20, and 24 h la ter  and on the following day (by the 
Hagedorn - -  Jensen method). 

EXPERIMENTAL METHOD 

Two hours after injection of 5EPSQ a clear hyperglycemia occurred, and was followed by hypogly- 
cemia, reaching its minimum after 8-12 h. The third phase was a secondary hyperglycemia, followed by 
permanent diabetes. The pattern of the phasic changes in the blood sugar described above is typical of 
chemical diabetogenic substances selectively damaging the fi-cells of the islets of Langerhans [2, 3]. 

The remaining experiments were devoted to the study of the dynamics of the diabetes until the mo- 
ment of death or sacrifice of the animals. After death the pancreas was excised, fixed in Bouin' s solution, 
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TABLE 1. Diabetes  in Rabbi ts  Produced  by Inject ion of 5EPSQ 

Period of 
observation 
(in days) 

8--14 

21--561 

143--170 

of 
its 

Weight of 
rabbits 
(in g) 

1630--2945 

2240--3100 

1400--3240 

Dose of 
5Ep8Q 
(in mg/kg) 

30,0 

20,0--31,2 

30,0--32,1 

Blood sugar (in rag%, M~m 
and limits of variations) 

before ex- maximal 
periment level 

114• 12,97 617--- 53,27 
(99--137) (550--706) 

99• 12,12 554• 55,03 
(76--12 0 (392--620) 
I12• 485• 

(I09--I 15) (446--542) 

* One of the rabb i t s  of this  group, a f t e r  the blood sugar  level  
had reached  i ts  max imum of 392 mg% of the 5th day, r e c o v e r e d  
on the 10th day of observa t ion .  

and sec t ions  were  s ta ined with a ldehyde-fuchs in  by G o m o r i ' s  method.  A d i s t inc t  p a r a l l e l  is  obse rved  b e -  
tween the content of g ranu le s  in the f i -ce l ls  of the i s l e t s  and the insul in  content in the p a n c r e a s  [7]. I n m o s t  
c a s e s  the d iabe tes  was s tudied for  a cons ide rab le  length of t ime (Table 1). In the two rabb i t s  which died 
quickly, weakness ,  anorexia ,  and a rap id  d e c r e a s e  of body weight were  observed .  Acetone and sugar  were  
found in the ur ine .  The blood sugar  level  r eached  450-700 mg~ .  The p ic tu re  r e s e m b l e d  that of d iabet ic  
coma. 

In the histological sections stained by Gomori's method no fi-cells could be found in the islets. The 

islets were filled with a crumbling necrotic mass. No aldehyde-fuchsin granules could be found. This 

picture may be described as total necrosis causing complete cessation of insulin section. Only one animal 

recovered. The remainder survived for a fairly long period. The animals were in a satisfactory state, 
maintained their body weight, ate twice or three times as much food as healthy animals, drank large quan- 
tities of water, and excreted up to 600-1000 mlofurine daily. Sugar was constantly found in the urine. 

Microscopic examination of the pancreas revealed a decrease in the size and number of the islets. The 

‚  became  much l e s s  numerous  than in healthy an imals ,  while the number  of ~ - c e l l s  i n c r e a s e d  both 
r e l a t i ve ly  and absolute ly .  No a ldehyde-fuchs in  g ranu le s  were  found in the f i -ce l l s .  When r e c o v e r y  took 
place ,  m o r e  f l -ce l l s  were  p r e s e n t  than in chronic  d iabe tes ,  but fewer  than in intact  an imals .  Aldehyde-  
fuchsin g ranu les  were  p r e sen t  in them, but in s m a l l e r  number s  than in healthy rabbi t s .  The p r e s e n c e  of 
g ranu les  demons t r a t ed  the i nc re to ry  ac t iv i ty  of the ce l l s .  Newly fo rmed  t rans i t iona l  /%cells were  found 
in the exocr ine  t i s sue  and in the wal ls  of the smal l  efferent  ducts.  

It was thus found that  5EP8Q p o s s e s s e s  a powerful  diabetogenic  action, no l e s s  m a r k e d  than the a c -  
tion of a l loxan and dithizon. According  to Okamoto [11], as a r e su l t  of the en t ry  of di thizon into the pan-  
c r ea t i c  i s l e t s ,  che la tes  with zinc [dithizonates)  a re  fo rmed  in them, producing des t ruc t ive  changes in the 
p - c e l l s  of the panc rea s ,  as a r e s u l t  of which diabetes  develops.  Cr i t i ca l  examinat ion of Okamoto 's  a r g u -  
ments  cannot adequate ly  jus t i fy  the conclusion that zinc is  the only meta l  in the p a n c r e a s  forming chela tes  
with dithizon. The spec i f ic i ty  of the methods  used to de t e rmine  zinc h i s tochemica l ly  was low [12]. A color  
reac t ion  s i m i l a r  to that of zinc di thizonate  may a lso  be obtained with other  m e t a l s  found in the i s l e t s .  

These  object ions  to the exclus ive  ro le  of zinc in the pa thogenes i s  of d iabe tes  do not d i s c r e d i t  the 
fundamental  idea  that  the chela tes  of me ta l  found in the p a n c r e a s  may have a diabetogenic  action.  If this  
view is c o r r e c t  it may be a s sumed  that  the p r e l i m i n a r y  admin i s t r a t ion  of a powerful  eomplexing agent 
blocking al l  the m e t a l s  in the i s l e t s  but not pos se s s ing  a diabetogenic  action mus t  p reven t  the development  
of d iabe tes  following the subsequent  inject ion of the diabetogenic  chelat ing agent 5EPSQ. To inves t iga te  
this  p o s s i b i l i t y  expe r imen t s  were  c a r r i e d  out on 10 rabbi t s  weighing 1650-3240 g; five r abb i t s  were  e x -  
pe r imen t a l  ( receiv ing inject ions of sodium d ie thy ld i th iocarbamate  in a dose of 400 mg/kg ,  followed 15-30 
rain l a t e r  by 5EP8Q in a dose of 30 mg/kg) ,  and the other  five an imals  were  cont ro l s  ( receiv ing only the 
diabetogenic eomplexing agent 5EPSQ). The r e su l t s  of these  expe r imen t s  a re  given in Table 2, which shows 
that d iabetes  did not develop in the expe r imen ta l  an imals .  

The r e s u l t s  of these expe r imen t s  suggest  that the diabetogenic  action of 5EP8G is mos t  p robably  a t -  
t r ibu tab le  to the fo rmat ion  of che la tes  by this  subs tance  with the me ta l  in the i s l e t  t i s sue .  The main  ro l e  
among these m e t a l s  p robab ly  belongs to zinc, but fu r the r  proof  of this  is s t i l l  r equ i red .  If the cause  of 
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TABLE 2. Effect of Sodium Diethyldithiocarbamate on the Diabeto- 
genic Action of 5EP8Q 

~ a ~ e r  iBlood sugar (in rag%) before experiments and during fiat 7 days 
njection of 5EPSO (M ~ m) 

I e• day day I day day I day day day 

! 
Experimen- 105+- 117--+ 113-+ ] 113-+ 114• i 114+- 109•  ll3+- 

tal • -+6,15 • [ -+6,53 -+8,19 -+3,28 ~_5,34 +-7,17 
P <0,00 - [ <0,001 <0,01 <0,001 <0,001 

J 
* The values of P are  given when the differences between the control 
and experimental  resul ts  are significant. 

development of diabetes is blocking by 5EP8Q of the metals  located in the active centers  taking par t  in in- 
sulin synthesis,  the mechanism of action of diethyldithiocarbamate can be understood. The metal loenzymes 
may react  with some chelating agents without depression of their  activity [13]. Clearly, therefore,  admin-  
is t rat ion of diethyldithiocarbamate,  which does not cause the development of diabetes [4] but which forms 
complexes with metals ,  may obstruct  the subsequent binding of metals  by 5EP8Q and thus prevent  its di- 
abetogenic action. It may  be concluded from the experiments with the pre l iminary  administrat ion of di-  
ethyldithiocarbamate that the diabetogenic action of 5EP8Q may be explained by the formation of chelates 
of metals  in the islets injuring the fi-cells, as a resul t  of which a p r imary  insulin deficiency develops. 
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