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AGE DIFFERENCES IN PANCREATIC INSULAR FUNCTION 

G. V. Valueva and O. K. Kul'chitskii UDC 612.439.7-053 

Age d i f fe rences  in pancrea t i c  insular  function and indices of insulin production during sugar  
loading t e s t s  were  studied in expe r imen t s  on rats~ Despite hyper insul inemia  and a higher ra te  
of insulin l ibera t ion  in old an imals  the utilization of glucose is worsened,  evidence of the develop-  
ment of re la t ive  insulin insufficiency. Hyper insul inemia  In old an imals  is accompanied  by a de-  
c r e a s e  in the total  blood insulin act ivi ty  and an increase  in the "coeff icient  of inact ivat ion ~ of 
insulin. The development of re la t ive  insulin insufficiency with age may be due to both insular  and 
ex t r apanc rea t i c  fac to rs ,  leading to a reduction in the biological  act ivi ty of insulin. 

KEY WORDS: insulin; age dynamics;  sugar  loading. 

Homeos tas i s  is maintained during aging by definite changes in the s y s t e m  of neurohumora l  regulat ion 
[2, 13]. Special a t tent ion is a t t r ac ted  to the age evolution of the pancrea t i c  insular  appara tus .  

Invest igat ions have shown [8, 9, 11] that the endocrine par t  of the panc reas  undergoes definite changes 
with age; informat ion on age changes in the insulin act ivi ty  of the blood has also been published [4, 5, 10]. How- 
ever ,  data on the age dynamics  of the blood insulin level a re  few in number  and con t rad ic to ry  in nature [12, 
16, 17]. 

It was decided to study the response  of the insular  appara tus  to glucose adminis t ra t ion  and its changes 
with age. 
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Fig. 1. Changes in blood sugar  during glucose loading in 
r a t s  of different  ages.  Absc i s sa ,  t ime  of blood sampl ing 
(in min); ordinate,  sugar  concentra t ion (in mg%). 1) 
Young, 2) middle-aged,  3) old ra t s .  Ar row indicates t ime 
of injection of glucose.  
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Fig. 2. Changes in plasma IRI concentration during glucose loading in rats of different ages. 
Ordinate, LRI concentration (in microunits/ml). Remainder of legend as in Fig. i. 

Fig. 3. Changes in NEFA concentration during glucose loading in rats of different ages. Or- 
dinate, NEFA concentration (in meq/liter). Remainder of legend as it] Fig. i. 

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

Male r a t s  of th ree  age groups were  used: 1.5-2 months (young), 10-12 months (middle-aged),  and 28-32 
months (old). The blood levels  of sugar  (orthotoluidine method), immunoreac t ive  insulin (IRI) (using Kits p r o -  
duced by the f i rm of " C e a - I r e - S o r i n " ,  France) ,  and nones ter i f led  fat ty acids (NEFA) were  de te rmined  [15]. 
Total  insulin act ivi ty  a lso  was determined.  Sugar loading was c a r r i e d  out by in t raper i toneal  injection of 40% 
glucose solution in a dose of 100 mg/100 g body weight. Blood samples  were  taken before  and 30, 60, and 120 
rain a f t e r  the injection of glucose. The total  r i se  in the blood sugar  and IRI above the initial level ,  the ra te  of 
insulin secre t ion,  and the i n su l in -g lucose  index were  calcula ted [7, 14, 18]. 
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T A B L E  1. I nd i ce s  of Insu l in  P r o d u c t i o n  in R a t s  of  D i f f e ren t  A g e s  (M =~ m) 

Age of animals 

1.5-2 months (young) 
102-12 months (middle-aged) 

p 
28--32 months (old) 

P 
Pl 

2~ 

10 
10 

10 

Index of 
elevation of 
blood sugar 

15,3-----0,7 
6,6-+0,95 
<0,001 
31-+1,4 
<0,001 
<0,001 

Index of Rate of li- 
elevation . beration 
of IRI of insulin 
(in micro- (in micro- 
units/ml) units/rain) 

3,1---~0,15 0,37---+0,07 
6,9-----0,9 0,8-+0,05 
<0,001 <0,001 
12-----0,9 1,4--+0,09 
<0,001 <0,001 
<0,001 <0,001 

Insulin-- 
glucose 
index 

0,2--0,05 
1,0~0,08 
<0,001 

0,38-----0,05 
>0,05 
<0,001 

Total blood Coefficient 
imulin ac- of insulin 
fivity (in iinactivation 
rag/g/3 h) in blood 

0,8---0,08 1,35--+0,8 
3,9----- 0,9 7,2• 1,0 
<0,01 <0,001 

2,0--0,1 26-+3,0 
<0,01 <0,001 
<0,05 <0,001 

Legend .  P by  c o m p a r i s o n  with  young a n i m a l s ,  P1 by c o m p a r i s o n  with m i d d l e - a g e d  
a n i m a l s .  

EXPERIMENTAL RESULTS AND DISCUSSION 

The b l o o d  s u g a r  was  p r a c t i c a l l y  i d e n t i c a l  in the  r a t s  of  the  d i f f e r en t  a g e s .  However ,  s u g a r  l oad ing  r e -  
v e a l e d  c e r t a i n  age  d i f f e r e n c e s  in the  b lood  s u g a r  d y n a m i c s  (Fig .  1). F o r  i n s t ance ,  a l though in r a t s  of  a l l  age  
g r o u p s  the  m a x i m a l  l e v e l  o f  the  b lood  s u g a r  was  r e a c h e d  a f t e r  30 min  and the m a x i m a l  i n c r e a s e  in the  s u g a r  
c o n c e n t r a t i o n  was  44 -52%,  60 min  a f t e r  the  i n j ec t ion  of  g l u c o s e  the  b lood  s u g a r  l e v e l  in the  young and  m i d d l e -  
aged  r a t s  had r e t u r n e d  to  n o r m a l  w h e r e a s  in the  o ld  r a t s  it s t i l l  r e m a i n e d  high. As  a r e s u l t ,  the  index of in-  
c r e a s e  in b lood  s u g a r  in the  g roup  o f  o ld  a n i m a l s  was  a l m o s t  f ive  t i m e s  g r e a t e r  than  in  the  m i d d l e - a g e d  g roup  and 
a l m o s t  t w i c e  a s  high a s  in the  g roup  of  young a n i m a l s  (Table  1). Th i s  s u g g e s t s  tha t  in old  age  the  i n t ens i t y  of 
g l u c o s e  u t i l i z a t i o n  d e c r e a s e s .  

C o n s i d e r a b l e  age  d i f f e r e n c e s  a l s o  w e r e  o b s e r v e d  in the  d y n a m i c s  of IRI. In the  in i t i a l  s t a t e  a m a r k e d  in-  
c r e a s e  in the  IRI c o n c e n t r a t i o n  in the  b l o o d  p l a s m a  was  o b s e r v e d  with age  (Fig .  2). In the  young and m i d d l e -  
aged  a n i m a l s  the  g r e a t e s t  l i b e r a t i o n  of IRI was  o b s e r v e d  30 min a f t e r  i n j ec t ion  of g lucose .  A f t e r  60 min the IRI  
l e v e l  had r e t u r n e d  to  i t s  i n i t i a l  va lue ,  but  a f t e r  120 min  it was  a l i t t l e  be low the  i n i t i a l  l eve l .  In the  o ld  r a t s ,  on 
the  o t h e r  hand, the  t i m e  of the  m a x i m a l  i n c r e a s e  in the  IRI l e v e l  was  60 min; a f t e r  120 min it s t i l l  r e m a i n e d  
much h ighe r  than  i n i t i a l l y .  As  a r e s u l t  of  t h i s  the  index  of  e l e v a t i o n  of IRI in the o ld  a n i m a l s  was  much g r e a t e r  
than  in the  young and  m i d d l e - a g e d  g roups .  In the  o ld  r a t s ,  the index c h a r a c t e r i z i n g  the r a t e  of  in su l in  l i b e r a -  
t ion  a l s o  was  h i g h e r  (Table  1). Meanwhi le ,  a l though  the IRI l e v e l  in the  o ld  r a t s  was  much  h ighe r  than in a n i m a l s  
of the  young and m i d d l e - a g e d  g r o u p s ,  the  m a x i m a l  i n c r e a s e  in IRI r e l a t i v e  to i t s  i n i t i a l  l eve l  was  much lower .  
In young a n i m a l s ,  fo r  i n s t a n c e ,  i t  was  104%, c o m p a r e d  with 79% in the  m i d d l e - a g e d  and  only  64% in the  o ld  r a t s .  
T h i s  po in t s  to  a r e d u c t i o n  in the  p o s s i b l e  a m p l i t u d e  of  the  r e s p o n s e  of  the  i n s u l a r  a p p a r a t u s  in o ld  r a t s .  

The e f fec t  of  in su l in  d e p e n d s  not only  on i t s  a b s o l u t e ,  but  a l s o  on i t s  s o - c a l l e d  e f f ec t ive  c o n c e n t r a t i o n  in 
the  b lood  (the " a c t i v i t y "  o f  the  insu l in) .  F o r  t h i s  r e a s o n ,  the  " c o e f f i c i e n t  of i nac t i va t i on" ,  o r  the  r a t i o  be tween  
the IRI l e v e l  and the  t o t a l  b l o o d  insu l in  ac t i v i t y ,  was  c a l c u l a t e d  [3]. Th i s  index  shows  by how many  t i m e s  the  
b lood  insu l in  a c t i v i t y  (or  the  e f f ec t i ve  c o n c e n t r a t i o n  of the  hormone)  i s  l e s s  than i t s  p o s s i b l e  c o n c e n t r a t i o n .  
The  " coe f f i c i en t  of  i nac t i va t i on"  r o s e  s t e a d i l y  d u r i n g  ag ing  of the  a n i m a l s .  M o r e o v e r ,  in the  o ld  a n i m a l s  the  
t o t a l  b lood  insu l in  a c t i v i t y , '  an  i n t e g r a l  index  of the  insu l in  p r o d u c t i o n  of  the  body,  a l s o  was  r e d u c e d  in the  o ld  
a n i m a l s  (Table  1). 

Age  d i f f e r e n c e s  a l s o  w e r e  found in the  d y n a m i c s  of  NEFA (Fig .  3). F o r  i n s t a n c e ,  30 min  a f t e r  the  i n j e c -  
t ion  of  g lucose  the  NEFA l e v e l  was  much l o w e r  in the  a n i m a l s  of a l l  age  g r o u p s ,  but  in the  o ld  r a t s  t h e i r  c o n c e n -  
t r a t i o n  r e m a i n e d  h ighes t .  

It can  be c o n c l u d e d  f r o m  t h e s e  r e s u l t s  tha t  wi th  age the  u t i l i z a t i o n  of  g lucose  in the  body  w o r s e n s ,  a l though 
the b lood  s u g a r  l e v e l  in the  o ld  a n i m a l s  was  v i r t u a l l y  the  s a m e  as  in the  young and  m i d d l e - a g e d  g r o u p s  of  r a t s .  
The r e a s o n  cou ld  be a c o m p e n s a t o r y  i n c r e a s e  in the  IRI l e v e l  in the  b lood  of  the o ld  r a t s .  Such a c o m p e n s a t o r y  
m e c h a n i s m  can be s u p p o s e d  to  m a i n t a i n  the  e s s e n t i a l  c a r b o h y d r a t e  u t i l i z a t i on ,  but  at  the e x p e n s e  of  an  e v e r -  
i n c r e a s i n g  quan t i t y  of  insu l in .  Desp i t e  the  h y p e r i n s u l i n e m i a ,  s i g n s  of  r e l a t i v e  insu l in  i n s u f f i c i e n c y  w e r e  o b -  
s e r v e d  in the o ld  a n i m a l s .  The h y p e r i n s u l i n e m i a  in t h e m  o c c u r r e d  a g a i n s t  the  b a c k g r o u n d  of a d e c r e a s e  in the 
t o t a l  i n su l in  a c t i v i t y  of the  b lood  and an  i n c r e a s e  in the  " c oe f f i c i e n t  of i n a c t i v a t i o n , "  i nd i c a t i ng  a d e c r e a s e  in the  
b i o l o g i c a l  a c t i v i t y  of the  h o r m o n e .  The r e a s o n s  fo r  t h i s  d e c r e a s e  could  be c ha nge s  in the  p r o p e r t i e s  of the  
m o l e c u l e  i t s e l f  (the "mu tan t  ho rmone" )  and  a l s o  v a r i o u s  e x t r a p a n c r e a t i c  f a c t o r s ,  no t ab ly  e l e v a t i o n  of the b lood  
NEFA l e v e l  [1, 6]. 
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ROLE OF THE SPLANCHNIC NERVES IN REGULATION 

OF MAXIMAL GLUCOSE TRANSPORT IN THE KIDNEYS 

M. I ,  M a v r i n  UDC 612.46.015.32-06:612.893 

Glomeru la r  f i l t ra t ion is reduced in the kidney on the side of the s t imulated splanchnie nerve  but 
maximal  glucose reabsorp t ion  is unchanged. Af ter  demedullat ion of the adrena l s ,  splanchnic 
nerve  s t imulat ion i n c r e a s e s  f i l t ra t ion in the eon t ra l a t e ra l  kidney without changing maximal  glu- 
cose  t r anspor t .  Adrenerg ic  f ibers  of the splanchnic nerve  have no di rec t  action on maximal  glu- 
cose  t r a n s p o r t  in the kidneys. 

KEY WORDS: splanchnic nerve;  maximal glucose t r a n s p o r t  in the kidneys; demedullat ion of the 
adrenals .  

Data on nervous regulat ion of tubular  t r a n s p o r t  of glucose in the kidneys a re  few in number  and con t ra -  
d ic tory in nature [3, 7]. 

In the investigation desc r ibed  below the role  of the splanchnie ne rves  in the regulat ion of maximal  glucose 
t r anspo r t  in the p rox imal  tubules of the dog kidney was studied. 

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

The dogs used had the i r  u r e t e r s  e x t e r i o r i z e d  separa te ly .  The control  group consis ted  of 11 animals .  In 
the exper imenta l  group 15 dogs underwent adrenal  demedullat ion: Six of these  an ima l s  r ece ived  adrenal in  by 
intravenous injection in a dose of 0.1 mg /kg  daily (except on the day of the operation) [2]. During the per iod  

Depar tment  of Normal  Physiology and P r o f e s s o r i a l  Depar tment  of Surgery,  S. V. Kurashov Kazan '  Medi- 
cal Institute.  (Presen ted  by Academic ian  of the Academy of Medical Sciences of the USSR A. A. Vishnevski i  
[deceased].)  T r a n s l a t e d  f r o m  Byulleten '  l~ksper tmenta l 'no i  Biologii i Meditsiny, Vol. 82, No. 7, pp. 778-780, 
July,  1976. Original a r t ic le  submit ted November  4, 1975. 
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