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Hypoinsul inemia in the supe r io r  pancrea t ico-duodenal  vein and depress ion  of the f i r s t  phase  of 
insulin secre t ion  by the pancreas ,  cha rac t e r i s t i c  of alloxan diabetes  of different  degrees  of 
sever i ty ,  a r e  not observed  in the f emora l  vein. The r e su l t s  of an investigation of the dynamics  
of the insulin and glucose concentra t ions  in the super io r  pancrea t ico-duodenai  vein emphas ize  
the dominant ro le  of the pancrea t i c  factor  in the pathogenesis  of alloxan diabetes  in dogs. Data 
obtained by the study of these  indices in the p e r i p h e r a l  f emora l  vein do not r e f l ec t  this s tate  of 
a f fa i r s  adequately.  
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T h e r e  is no genera l  ag reemen t  in the l i t e ra tu re  on the c h a r a c t e r  of the insulin insufficiency in diabetes  
mel l i tus .  It  has been suggested that  the cause of the diabetes  is not an absolute but a r e l a t ive  insulin deficiency 
[1] caused by depress ion  of the "acute"  l ibera t ion of insulin [9, 10]. The insulin r e s p o n s e  to glucose in pat ients  
with diabetes  mel l i tus  has been shown [12] to be weaker ,  and tllat the f i r s t  phase  of insulin sec re t ion  is d e p r e s s e d  
pa r t i cu la r ly  sharp ly  in this case .  The study of the concentrat ion of immunoreac t ive  insulin (IRI) has  also 
revea led  a reduction in the "acute"  l ibera t ion  of insulin af ter  intravenous injection of glucose in pat ients  with 
diabetes  mel l i tus ,  which is more  marked  in the po r t a l  vein than in the pe r iphe ra l  ve s se l s  [2]. The weakening 
of the insulin response ,  it is considered,  may be the pr inc ipa l  pathogenetic  component  common to all types  of 
diabetes ,  including p red iabe tes  [3-7]. Unlike the insulin level  in blood f r o m  the po r t a l  vein, the pe r iphe ra l  in- 
sulin level has been shown not to r e f l ec t  insulin sec re t ion  adequately [8]. 

The  object  of this investigation was to study the dynamics  of insulin secre t ion  in dogs with alloxan dia-  
be tes  of different  degrees  of sever i ty .  

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

Alloxan diabetes  was induced in 9 dogs weighing 18-25 kg by intravenous injection of alloxan in a dose 
of 60-65 m g / k g  body weight. A glucose to le rance  tes t  (GTT) was c a r r i e d  out 16-18 days la te r  on these  and 5 
control  an imals .  The super ior  pancrea t ico-duodenal  and f emora l  veins were  ca the te r ized  under anesthesia ,  
a f te r  which 100 ml physiological  sal ine was injected subcutaneously by the drip method during the next 90 min. 
The f i r s t  blood samples  were  taken f r o m  the ca the te r s  f rom fast ing dogs, and 40% glucose solution was injected 
over  a per iod  of 10 min into the opposite femora l  vein to the one catheter ized,  in a dose of 1 g / k g  body weight. 
Blood samples  were  taken immedia te ly  af ter  the end of the glucose infusion and at definite t imes  during the 
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Fig. 1. Dynamics of p lasma IRI in blood 
f rom super ior  pancreat ico-duodenal  ( a )  

and femoral  (b) veins of dogs with alloxan 
diabetes during intravenous GTT: 1) nor -  
real; 2) modera te ly  severe  diabetes; 3) 
seve re  diabetes.  Abscissa,  here  and in 
Figs.  2 and 3: t ime (in rain); F) fasting 
state,  O) end of adminis t ra t ion of glucose; 
ordinate,  IRI concentrat ion (in mic roun i t s /  
ml). 
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Fig. 2. Ratio between insulin and glucose levels  in blood 
f rom super ior  pancreat ico-duodenal  vein in dogs with 
alloxan diabetes during GTT: a) normal;  b) modera te ly  
s eve re  diabetes; c} severe  diabetes .  1) Insulin; 2) glu- 
cose.  Ordinate: l e f t -  glucose concentrat ion (in mg %); 
r i g h t -  insulin concentrat ion (in mic roun i t s /ml ) .  

next 2.5 h. The blood was centr ifuged for  1 h at 4%2. The plasma was frozen a t -2 0 ~  and used to de termine  
IRI with the aid of  s tandard kits (from Cea- I re -Sor in ,  France} for use in exper imenta l  investigations of dogs 
[11]. P a r a l l e l  de terminat ions  of the blood sugar  concentrat ion were  made by the orthotoluidine method. 

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

The insulin concentrat ion in the blood of the super ior  pancreat ico-duodenal  vein was distinctly reduced 
in the diabetic dogs, both in the fasting state  and throughout the per iod of the GTT (Fig. la).  The hypoinsuline- 
mia was found to depend on the sever i ty  of the diabetes.  The grea tes t  deficiency of insulin secre t ion  took place 
in the f i r s t  phase of "acute" l iberat ion of insulin. This  was confirmed by the total increase  in insulin, which 
was reduced in diabetes,  especial ly  during the f i r s t  hour of the GTT, and in moderate ly  severe  diabetes its 
mean value was 60% and in the seve re  f o rm  of diabetes only 12% of normal .  The increase  in insulin af ter  2.5 h 
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TABLE 1. Combined Inc r ea s e  in Insulin and Glucose Concent ra t ions  and Insulinogenic 
Index in Blood f r o m  Super ior  Pancrea t i co -Duodena l  Vein of Dogs with Alloxan Diabetes  
during Int ravenous GTT (M * m) 

Index Time of Normal Moderately severe Severe diabetes 
GTT0 h diabetes 

Combined increase in 
insulin concentration, 1 8014~2880 47794-3564 (60) 964!-596 (12) 

microunits/ml 2,5 9489~6404 7552~1760 (80) 596-P3!9 (17) 

Combined increase in 
glucose concentration, 1 969~----~456 803~496 (83) 2024~763 (210) 
mg % 2,5 978~409 695~412 (71) 2731-!-1017 (280) 

1 9,25~6,0 6,98~5,0 (75) 0,67~0,45 (7) 
2,5 13:0~9,8 10,6~6,5 (81) 0,81~0,52 (6) 

Insulinogenic index 

Legend. Change in index (in %) compared  with normal  (100%) shown in pa r en these s .  
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Fig.  3. Rat io  of i n su l in /g lucose  con-  
centra t ion in blood f r o m  supe r io r  
pancrea t i co-duodena l  vein of d o g s  
with alloxan diabetes  during in t r a -  
venous GTT.  Legend of curves  as  
in Fig. 1. Ordinate ,  r a t io  of insu l in /  
g lucose  concentra t ion.  

of the GTT was 80% in modera te ly  s e v e r e  diabetes  and 17% in the s eve re  f o r m  of diabetes  of the control  level  
(Table 1). 

Data on the r a t io  between the glucose and insulin levels  in blood f r o m  the supe r io r  pancrea t i eo-duodena l  
vein in the cou r se  of the in t ravenous GTT in n o r m a l  dogs and dogs with var ious  degrees  of sever i ty  of diabetes  
a r e  given in Fig.  2. In the control  an imals  (Fig. 2a), in t ravenous injection of glucose,  leading to rap id ly  de-  
veloping hyperg lycemia ,  caused an insulin r e s p o n s e  of the p a n c r e a s  in which 'racute T' l ibera t ion  of insulin - the 
f i r s t  phase  of its s e c r e t i o n -  predominated .  The r a i s ed  blood sugar  concentra t ion fell rap id ly ,  and approached 
the control  level  a f ter  i h.  In modera t e ly  s e v e r e  al loxan diabetes  the fast ing blood sugar  was r a i s e d  on av e rag e  
to 355 mg % whereas  the insulin concentra t ion in blood f r o m  the super io r  pancrea t i co-duodena l  vein fell sharp ly  
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(Fig. 2b). During the GTT the insulin concentrat ion r o s e  by a l e s s e r  degree .  In this  case,  as was obse rved  
prev ious ly ,  the f i r s t  phase  of  insulin secre t ion  was sharply  depressed .  However ,  the blood insulin concen t ra -  
t ion throughout the GTT was evidently sufficient  in modera te ly  seve re  diabetes  to mainta in  the blood sugar  
above the initial level ,  while not r each ing  the control .  The combined inc rease  in glucose during the GTT in 
modera te ly  s e v e r e  diabetes  was reduced  af ter  1 h to 83%, and af ter  2.5 h to 71% of the cor responding  control  
(Table 1). In modera te ly  s eve re  diabetes ,  dynamic equi l ibr ium was thus apparent ly  es tabl ished in the glucose 
me tabo l i sm  at  a. definite level  of hyperg lycemia .  In the s eve re  f o r m  of alloxan diabetes  (Fig. 2c) (the mean 
fas t ing  blood sugar  was 535 mg %), the insulin concentrat ion in blood f r o m  the super ior  pancrea t ico-duodenal  
vein was reduced  even more .  In t ravenous  injection of glucose in the s eve re  f o r m  of alloxan diabetes  caused 
a ve ry  sl ight insulin r e s p o n s e  compared  with no rma l  and with modera te ly  s e v e r e  diabetes .  The  weak insulin 
r e s p o n s e  in the s eve re  f o r m  of al loxan diabetes  was accompanied  throughout the GTT by a s table  and high 
hyperg lycemia .  The ve ry  smal l  i nc rea se  in insulin during the GTT did not cause  the glucose concentra t ion 
to fall  to i ts  initial level ,  as in the control ,  or  below the initial level ,  as  in modera te ly  s eve re  diabetes .  The  
tota l  inc rease  in glucose under these  c i r cums tances  r o s e  sharply,  espec ia l ly  af ter  1 h of the GTT, when it  
was  210%, and af ter  2.5 h, when it was 280% compared  with the cor responding  cont ro ls  (Table D. 

F igure  3 r e f l ec t s  the dynamics  of  the ra t io  between the insulin concentrat ion and glucose concentra t ion 
in blood f r o m  the super io r  pancrea t ico-duodena l  vein during the intravenous GTT. In modera te ly  s e v e r e  dia-  
be tes  this index inc reased  considerably ,  whereas  in the s eve re  f o r m  of diabetes  it fell  sharply  below normal .  

The  insulinogenic index (the ra t io  between the combined inc rea se  in insulin and the combined inc rease  
in glucose) is an impor tant  index of  the in ternal  s e c r e t o r y  function of the panc reas .  The insulinogenie index 
also fell sharply  in diabetes  of different  degrees  of sever i ty ,  and espec ia l ly  in the s e v e r e  f o r m  (Table 1). The 
g r e a t e s t  d e c r e a s e  in this index during the f i r s t  hour of the GTT in the s eve re  f o r m  of diabetes  was evidence 
of sharp  inhibition of the "acute"  l ibera t ion of insulin in the f i r s t  phase  of its sec re t ion  by the panc reas .  The 
insulin concentra t ion in blood f r o m  the f emora l  vein of fast ing dogs with modera te ly  s e v e r e  and s eve re  fo rms  
of diabetes  was inc reased  (Fig. lb).  In the cour se  of the intravenous GTT the insulin concentrat ion in blood 
f r o m  the f e m o r a l  vein a lso  exceeded the control  level  cons iderably  in diabetes .  Under these  c i r cums tances ,  
and con t ra ry  to the r e s u l t s  of invest igat ion of blood f r o m  the super io r  pancrea t ico-duodenal  vein, the f i r s t  
peak  of the r i s e  in the insulin concentra t ion in blood f r o m  the f emora l  vein during diabetes  was higher  than 
no rma l .  Changes in the insulin concentrat ion in blood f r o m  the pe r iphe ra l  ve s se l s  a r e  de te rmined  to a l e s s e r  
degree  by changes in the insulin s ec re t ion  by the panc reas .  The insulin concentra t ion in the blood of the pe -  
r i p h e r a l  v e s s e l s  r e f l ec t s  not only the sec re t ion  of insulin by the pancreas ,  but also evidently other  p r o c e s s e s  
taking p lace  at  the pe r iphe ry  (the breakdown and uti l izat ion of insulin, etc.}. 

The  r e su l t s  obtained during this study of the insulin concentrat ion in the blood of the super io r  pane rea t i co -  
duodenal and f emora l  veins a r e  evidence of d i f ferences  between the indices studied in the blood f r o m  these  
v e s s e l s  during diabetes .  Invest igat ion of insulin secre t ion  based on the study of the insulin concentrat ion in 
the ef ferent  ve s se l  of the panc rea s  is m o r e v a l u a b l e .  
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