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Hypoglycemic  sulfonamides  of the or iginal  (chlorpropamide ,  tolbutamide) and more  recent  
(euglucon-5) phases  of development  were  admin i s t e red  to r a t s  by the in t r agas t r i c  route.  
Euglucon-5 induces marked  hypoglycemia  in doses  50-100 t imes  s m a l l e r  than ch lorpropamide  
and tolbutamide.  All these subs tances  can expel  zinc and insulin f rom the fl cel ls  of the 
pancrea t i c  i s le ts .  However ,  the abil i ty of euglucon-5 to mobi l ize  zinc and insulin is much 
g r e a t e r  than that  of ch lorpropamide  and tolbutamide.  The fact  that  the changes in the zinc 
and insulin content in the is let  t i s sue  a re  identical  in di rect ion is evidence of t he i r  close 
functional re la t ionship.  

Zinc is found in the pancrea t i c  is le ts  of many  an imals  and man [1]. Zinc is cons idered  to fo rm an 
insoluble complex  [10, 11] with insulin in the cy top lasm of the fl ce l ls ,  in which it occurs  in the s e c r e t o r y  
granules ,  the number  of which re f lec t s  the insulin content in the is le ts  [8]. During glucose loading the 
number  of granules  in the fl cel ls  d e c r e a s e s  in accordance  with the i r  loss  of insulin [9]. Degranulat ion 
of these  cel ls  can be obse rved  expe r imen ta l ly  a f t e r  admin is t ra t ion  of hypoglycemic  sulfonamides to the 
an imals .  Under  these  c i r c u m s t a n c e s  the d i sappearance  of insulin f rom the fl ce i ls  is accompanied  by 
loss  of t he i r  zinc [3, 4, 6]. 

The content of insulin and zinc was invest igated in the pancrea t i c  is le ts  of r a t s  a f te r  admin is t ra t ion  
of hypoglycemic  sulfonamides  of the or ig ina l  (chlorpropamide ,  tolbutamide) and more  recent  (euglucon-5) 
phases  of t he i r  pha rmaco log ica l  development .  

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

Exper imen t s  were  c a r r i e d  out on 43 noninbred male  albino ra t s  weighing 200-240 g. Chlorpropamide  
(0.2-2.3 g/kg) ,  to lbutamide (2.2-2.5 g/kg) ,  and euglucon-5 (25-150 mg/kg)  were  admin i s t e r ed  by ga s t r i c  
tube as a suspension in liquid s t a r ch  emuls ion .  The blood sugar  was de te rmined  by the H a g e d o r n - g e n s e n  
method.  The an imals  were  killed with e the r  24 h a f t e r  receiving the t es t  compounds.  Pieces  of the pan-  
c r e a s  measu r ing  2-3 m m  were  fixed in 70%ethanol sa tu ra ted  with hydrogen sulfide for  4-5 h at a low 
t e m p e r a t u r e .  The dewaxed sect ions  of the gland were  s ta ined with 1% methylene blue. The appearance  of 
da rk  brown granules  of reduced s i l v e r  in the pancrea t i c  is le ts  indicated that they contained heavy meta l s .  
Par t  of the gland was fixed in Bouin 's  fluid. The dewaxed sect ions  were  stained with aldehyde-fuchsin.  
The granules  the reby  revea led  in the fl ce i l s  co r r e spond  to the r e s e r v e  fo rm of insulin. The insulin content 
a lso  was judged by the highly sensi t ive  m e t a ch roma t i c  reac t ion  with pseudoisocyanin [5, 7, 12]. 

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

Severe  hypoglycemia  (Table 1) developed in all  the ra t s  24 h a f t e r  rece iv ing  euglucon-5,  but its level  
did not c o r r e l a t e  with the dose of the compound. Adminis t ra t ion  of 200 m g / k g  ch lorpropamide  was fol-  
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TABLE 1. Effect  of Original  and More Recent  Sulfonamide P r e p a r a -  
t ions  on Blood Sugar Level  in Rats  24 h a f t e r  Adminis t ra t ion  (M~m) 

2 

administered 

Control 
Euglucon-5 
Chlorpropamide 

Tolbutamide 

lO 

4 

Dose of 
compound 

25--150 mg/kg 
200 mg/kg 

1 14--2.3 g]kg 
1,2--2.5 g/lig 

Blood sugar (in mg %) 

before adminis. 

113__+2,7 
109_+6,0 

t36 
109• 
121_+10,0 

after adminis. 

56~5,3 
109 

62~7,2 
67~4,3 

<O,O01 

<O,O01 
<0,001 
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Fig. 1. t t i s tochemica l  reac t ions  with zinc and insulin in the pancrea t ic  
islets:  A) zinc in is let  of control  ra t ,  s i lve r - su l f ide  method, 200• B) is let  
a f te r  adminis t ra t ion  of euglucon-5, s i lve r - su l f ide  method,  200x; C) is let  of 
control  ra t ,  a ldehyde-fuchsin,  200x; D) is let  a f te r  adminis t ra t ion  of euglucon-  
5, a ldehyde-fuchsin,  200x;  E) insulin ill is let  of control  ra t ,  pseudoisocyanin,  
120• F) is let  a f te r  adminis t ra t ion  of eugluco~-5, pseudoisocyanin,  120• G) 
is le t  a f te r  adminis t ra t ion  of ch lorpropamide ,  pseudoisocyanin,  120• ; H) i s le t  
a f t e r  adminis t ra t ion  of tolbutamide,  pseudoisocyanin,  120•  



lowed by only a slight dec rease  in the blood sugar .  L a r g e r  doses  of this compound (1.14-2.3 g/kg) led to 
ma rked  hypoglycemia .  A sharp  dec rea se  in the blood sugar  level  also was obse rved  in the ra t  24 h a f t e r  
receiving large doses  of to lbutamide.  

All the compounds tes ted  thus had a ma rked  hypoglycemic action in healthy ra t s .  Euglucon-5 led to 
marked  hypoglycemia  in doses  50-100 t imes  s m a l l e r  than ch lorpropamide  and tolbutamide.  

In healthy ra t s  mos t  zinc is local ized in the ~ cel ls  of the pancrea t i c  is le ts  [13]. In sect ions through 
the panc reas  s tained by the s i lve r - su l f ide  method the ~ cel ls  stained deep black and the fl ce l ls  da rk  brown, 
a lmos t  black (Fig. 1A). Numerous  da rk  purple granules  were revea led  in the fi cel ls  by the a ldehyde-  
fuchsin method (Fig. 1C). After  staining with pseudoisocyanin a bright orange luminescence was s e e n  where 
insulin was p resen t  (Fig. 1E). 

Adminis t ra t ion  of euglucon-5 in sma l l  doses  (25 and 50 mg/kg)  led to an apprec iable  but not total  
loss  of meta l  f rom the is let  ce l ls .  An inc rease  in the dose to 100 and 150 m g / k g  led a f t e r  24 h to the a l -  
mos t  total  loss  of zinc f rom the fl ce l l s .  I ts  content in the ~ cel ls  was unchanged (Fig. 1B). Simultaneously 
with the loss  of zinc mos t  of the fi cel ls  also lost the i r  a ldehyde-fuchsinophil ic  granules  (Fig. 1D). The 
is le ts  did not stain with pseudoisocyanin.  Only isolated fl ce l ls  s t i l l  contained a little luminescent  sub-  
stance located mainly  at the pe r iphe ry  (Fig. 1F). The e l iminat ion of zinc and insulin f rom the islet  ce l ls  
under  the influence of euglucon-5 thus depends on the dosage of the compound. 

Af ter  admin is t ra t ion  of 200 mg /kg  ch lorpropamide  there  was no vis ible  loss  of zinc o r  insulin f rom 
the/~ ce l l s .  Chlorpropamide  and tolbutamide had a s i m i l a r  action in l a rge  doses .  After 24 h mos t  of theft cel ls  
had lost the i r  zinc and only a few st i l l  contained some of th i e r  s i l ve r  sulfide granules .  The content of the 
me ta l  in the o~ cel ls  was unchanged. The aldehyde-fuchsinophil ic  granules  had d i sappeared  f rom mos t  of 
the ~ cel ls .  Insulin was revea led  by pseudoisocyanin  l ikewise in only a few cel ls  (Fig. 1G, H). 

All th ree  compounds studied thus have a s i m i l a r  action on the pancrea t i c  is let  cel ls  of healthy ra t s .  
However ,  the abil i ty of the more  recent  compound, euglucon-5,  to lower  the blood suga r  and to e l iminate  
zinc and insulin f rom the fl ce l ls  is much s t ronge r  than that of ch lorpropamide  and tolbutamide.  The fact 
that  the changes in the intensity of the reac t ions  for  zinc and insulin take place s imul taneous ly  is evidence 
that they a re  c lose ly  l inked functionally. 

The r e su l t s  agree  with what little informat ion is at p resen t  avai lable  to show that hypoglycemic 
sulfonamides  s t imulate  the l iberat ion of zinc and of zinc-bound insulin f rom the insular  fl ce l ls  [3, 4, 6]. 
They do not conf i rm the findings of those worke r s  who state that tolbutamide lowers  the insulin level  in 
the i s l e t - ce l l  t i ssue but at the same t ime inc rea se s  its zinc content [2]. 
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