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A combined p repa ra t ion  of plant p ro te inase  inhibi tors ,  when introduced together  with insulin 
(3:1) into the duodenum of adult dogs, cons iderably  i n c r e a s e s  both the degree  and durat ion of 
the hypoglycemic  effect.  If  insulin (125 i .u./kg) is int roduced into an isolated segment  of 
jejunum, plant p ro te inase  inhibi tors  do not modify the hypoglycemic  effect.  

Views on the ability of proteins to penetrate through cell membranes and, in particular, through the 
intestinal mucosa have changed in recent years [4, ii]. The high permeability of the intestinal mucosa to 
proteins, especially in newborn animals, has been demonstrated by McCance [7]. Similar results have been 
obtained for proteolytic enzymes [5, 6, 8], insulin [2, 3, 9, i0], and other proteins. Insulin is a convenient 
object  for  such invest igat ions  because  of the re la t ive  ease  of detect ion of i ts  specif ic  physiological  effects.  
In the study of absorpt ion  of insulin f r o m  the intest ine i ts  hydro lys i s  by digest ive p ro t e ina se s  must  be p r e -  
vented. Fo r  this pu rpose  some w o r k e r s  have used a t ryps in  inhibi tor  f r o m  the soy bean and o ther  p ro t ea se  
inhibi tors  [3]. 

The object  of the p r e s en t  invest igat ion was  to obtain additional fac ts  on the absorpt ion of insulin f r o m  
the intest ine and also to study the p ro tec t ive  act ion of a p r epa ra t i on  consis t ing of a combination of p ro te inase  
inhibi tors  against  the des t ruc t ion  of insulin by panc rea t i c  p r o t e i n a s e s  [1]. 

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

Experiments were carried out on four dogs weighing about 20 kg. A metal fistula tube was implanted 
into the duodenum and into an isolated segment of small intestine of the animals. 

Crystalline bovine insulin with an activity of 25.7 i.u./mg was used. The combined preparation of pro- 
teolytic inhibitors (PPl), obtained from haricot beans, produced 50% inhibition of trypsin and chymotrypsin 
in an enzyme-inhibitor ratio of i:i and 1:2 respectively [i]. The physiological effect of the absorbed insulin 
was determined from the change in the glucose concentration in the circulating blood estimated by Somogyi's 
method [12]. 

In each experiment the blood glucose concentration was determined in the fasting dog and this was 
taken as the initial level. Insulin, in various doses, together with the PPl and separately, was then injected 
through the fistula into the duodenum or isolated segment of the jejunum in i0 ml physiological saline, and 
the blood glucose concentration was determined over a period of several hours. 

Changes in the glucose concentration with time in response to parenteral injection of 1 mg insulin 
were determined for the purpose of comparison in each animal (Fig. i). 
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Fig. 1 Fig. 2 

Fig. 1. Changes in blood glucose concentration of dogs after  in t ra-  
muscular  injection of 1 mg (25.7 i.u.) insulin (1), injection of 100 mg 
insulin into isolated segment of jejunum (2), and combined injection 
of 100 mg insulin and 300 mg PPI  (3). Here and in Fig. 2: abscissa,  
t ime (in h) ; ordinate, blood glucose concentration (in percent  of initial 
level). Mean resul ts  obtained in experiments on four dogs. 

Fig. 2. Changes in blood glucose concentration of dogs after  injec-  
tion of 100 mg insuIin (1), 100 mg insulin plus 300 mg PPI  (2), 100 
mg insulin plus 200 mg PPI (3), and 50 mg insulin plus 150 mg PPI  
(4) through the fistula into the duodenum. 

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

Proteolyt ic  enzymes of the s tomach and pancreas  are among the b a r r i e r s  to the absorption of p ro -  
teins f rom the intestine. For  instance, a hypoglycemic effect after injection of 40 units insulin in 1 ml 
physiological saline per  100 g body weight has been observed in rats  aged 2 and 8 days but not in ra ts  aged 
21 and 30 days [9]. In ra ts  aged2 days the blood sugar level was reduced from 39.3 ~- 2.4 to 25.1 :L2.1 mg%, 
and in rats  aged 8 days from 75.0 -~2.5 to 28.0 • mg%. The gas t r ic  contents in ra ts  aged 2 and 8 days 
were found not to possess  proteolyt ic  activity, and the activity of the intestinal contents was 5-10 t imes 
below that of the intestinal contents of ra ts  aged 21 and 30 days. 

The resul ts  described above are in good agreement with those obtained in the present  experiments  
on dogs. If 100 mg insulin was injected as an emulsion in physiological saline into the isolated segment of 
jejunum, a definite hypoglycemic effect was observed, only slightly less  than the effect of in t ramuscular  in- 
jection of 1 mg insulin (Fig. 1). 

In this case a low glucose concentration in the blood was observed over  a period of 3 h, but this was 
not observed after in t ramuscular  injection. The difference in all probabili ty was due to the relat ively slow 
absorption of insulin f rom the intestine. The PPI, added to the insulin in this ser ies  of experiments,  had 
no effect on the charac te r  of the changes in the blood glucose concentration (Fig. 1). 

A smal ler  effect f rom the same dose of insulin (100 mg) was obtained if the injection was given into 
the duodenum, probably because of destruction of the hormone by pancrea t ic  pro te inases  (Fig. 2). In this 
case the blood glucose concentration fell for only 2 h, after which it quickly increased.  

Addition of the combined PPI  from haricot beans to the insulin in this ser ies  of experiments  consid-  
erably increased the hypoglycemic effect of the hormone. A marked effect also pers i s ted  if the dose 
of insulin was reduced to 50 mg, with a ratio of 1:3 to the inhibitor (Fig. 2). As the resul ts  show, a low 
glucose concentration was maintained in these experiments during observat ions for 4 h, but this was not 
found in the experiments in which the injection was given into an isolated loop of small  intestine (Figs. 1 
and 2). 

Absorption of insulin f rom the intestine has been demonstrated in sucking pigs [2] and in newborn 
calves [10]. In the lat ter  investigation it was found that more insulin, given by mouth, en ters  the blood 
s t ream than the lymph. 

The effect of proteinase inhibitors - trypsin inhibitor f rom the soy bean, di- isopropylf luorophosphate 
(DPP), indole-3-acetate  - has been studied on an isolated segment of jejunum in adult ra ts  [3]. The soy 
trypsin inhibitor did not give a positive effect, as was also observed in the present  experiments  (Fig. 2}, 
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for  in this case the panc rea t i c  p ro t e ina se s  must  have been absent  and the hormone could have been de-  
s t r o y e d b y p e p t i d a s e s o f  the intest inal  mucosa .  Injection of insulin in a dose of 160 i .u . /kg (40 i.u. p e r  ani-  
mal) together  with 0.075 mg DFP in this case  did not cause  a n y d e c r e a s e  in the glucose level  during o b s e r -  
vat ions for  2.5 h. However,  if the same  an imals  were  given an in t raper i tonea l  injection of indo le -3-ace ta te  
21/2 h a f te r  the f i r s t  injection, and 4 h l a t e r  a fu r ther  injection of half the dose of insulin combined with 0.075 
mg DFP, the sugar  concentra t ion was  reduced f rom 70 to 40 mg%. 

The r e su l t s  cited above f rom the l i t e ra tu re ,  together  with those of the p r e sen t  exper iments ,  can be 
regarded  as evidence that absorpt ion of insulin f rom the intest ine continues for  seve ra l  hours,  and that 
the hormone is  des t royed  not only by panc rea t i c  p ro te inases ,  f r o m  which it can p ro tec ted  by p ro te inase  
inhibitors,  but also by pep t idases  of the in tes t ina l  mucosa,  which a re  not inact ivated by p ro te inase  inhibi-  
to rs .  
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