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Apparent Discrepancy between the Insulin Secretory Responses 
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Summary.  A s u b p o p u l a t i o n  (n --  27)  of  n o r m o g l y -  
caemic  S a n d  ra ts  was  c h a r a c t e r i z e d  as c a r b o h y d r a t e -  
i n t o l e r a n t  b y  i n t r a p e r i t o n e a l  g lucose  load ing .  F ive  of  
t he se  an ima l s  d id  no t  show any  r ise in p e r i p h e r a l  
insul in  concen t r a t i ons  when  i n j e c t e d  wi th  glucose.  
H o w e v e r ,  w h e n  i so l a t ed  b y  co l l agenas  e d iges t ion  
the i r  is lets  stil l  e x h i b i t e d  a s ignif icant  e n h a n c e m e n t  of  
insul in  s ec re t ion  in r e s p o n s e  to  g lucose ,  g lycera l -  
de hyde ,  m a n n o s e  a n d  theophy l l i ne .  T h e  in vi t ro  sec-  
r e t o r y  r e sponses  we re  c o m p a r a b l e  to  t hose  of  is lets  
f r o m  c a r b o h y d r a t e - t o l e r a n t  S a n d  rats .  T h e  resul t s  
u n d e r l i n e  the  i m p o r t a n c e  of  the  n a t u r a l  e n v i r o n m e n t  
for  t he  B-ce l l  r e s p o n s e  in vivo. 
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H a c k e l  e t  al. [1] r e p o r t e d  tha t  n o r m o g l y c a e m i c  and  
n o r m o i n s u l i n a e m i c  S a n d  ra ts  wi th  a d e c r e a s e d  car-  
b o h y d r a t e  t o l e r a n c e  a r e  occas iona l ly  c h a r a c t e r i z e d  
b y  a t o t a l  B -ce l l  u n r e s p o n s i v e n e s s  in vivo.  W e  have  
also o b s e r v e d  s imi la r  in v ivo  b e h a v i o u r  in s o m e  S a n d  
rats .  In  the  p r e s e n t  s tudy  we  have  i nves t i ga t ed  
w h e t h e r  is lets  i so l a t ed  f rom these  an ima l s  a r e  cap-  
ab le  of  r e l eas ing  insul in  in vi t ro .  

Material and Methods  

52 Sand rats of both sexes were taken from a local colony and 
loaded with 2.0 g glucose IP under light hexobarbital anaesthesia 
as earlier described [2]. Blood samples for measurement of glucose 
[3] and insulin [4] were taken from the orbital vein plexus after 0, 
10, 30, 80, and 120 rain. Normal glucose and insulin concentra- 
tions were established, using 48 Sand rats, fed with a low-calorie 
diet [5]. The following criteria were used to define a normal car- 
bohydrate tolerance: 

1. Normoglycaemia at 0 min within 91 -- 34 mg/100 ml (mean 
_+ 2 SD) 

2. Normoinsulinaemia at 0rain within 3.39 _+ 2.32ng/ml 
(mean _+ 2 SD) 

3. Peak of blood glucose at 10 min and thereafter a continuous 
decrease to normal within 120 rain. 

4. Peak of insulin at 10 rain and normalization within 120 rain. 
According to these criteria, 8 animals were normal and 27 were 

normoglycaemic and normoinsulinaemic, but carbohydrate-intol- 
erant (blood glucose not normalized in 120 rain). Among the 27 
carbohydrate-intolerant Sand rats, 5 did not show any significant 
changes in peripheral insulin concentration in response to the glu- 
cose injection. Those 5 animals, as well as the 8 normal ones were 
investigated with respect to the in vitro response of their isolated 
islets. 

The Sand rats were decapitated 2-12 days (normal rats) or 
3-15 days (carbohydrate-intolerant rats) after the ha vivo test. 
Again, blood glucose and plasma insulin were determined. 
Immediately after collagenase-isolation [6] groups of 5 islets from 
each animal were used to measure the islet insulin content [7]. 
Islets of similar size (140-190 ~m in diameter) were incubated for 
30 min at 37~ in Krebs-Ringer-bicarbonate buffer [8] (pH 7.4; 
95% 02, 5% CO2) supplemented with 2.5retool/1 glucose, 
27.5mmol/1 sucrose, l mg/ml bovine serum albumin and 
16 mmol/1 HEPES (N-2-hydroxyethylpiperazine-N'-2 -ethanesul- 
phonic acid). Groups of 5 islets were then incubated for 60 rain at 
37~ in the same type of buffer without glucose, or with 
1.7 mmol/1, 5 mmol/1, 15 mrnol/1, 30 retool/1 D-glucose, 30 mmol/ 
1 D-mannose, t.7mmol/1 D-glucose + 5retool/1 D-glyceral- 
dehyde or 15 mmol/1 D-glucose + 5 mmol/1 theophylline. After 
the incubation the buffer was separated from the tissue and 
radioimrnunologically assayed for insulin [9] with rat insulin as 
reference (Lot R 170, NOVO Industries Copenhagen). 

Results are given as mean values _+ SEM for the indicated 
numbers of experiments. Data were analyzed for statistical signifi- 
cance using Student's t test for unpaired comparisons. 

Results  

N o r m a l  and  c a r b o h y d r a t e - i n t o l e r a n t  an imals  d id  no t  
d i f fer  in age,  b o d y - w e i g h t ,  p o s t p r a n d i a l  b l o o d  glu-  
cose,  basa l  p l a s m a  insulin,  is le t  insul in  con ten t ,  o r  
p a n c r e a s  we t  we igh t  (Tab l e  1). Fig.  i s u m m a r i z e s  the  
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Table 1. Characteristics of normal and glucose intolerant Sand rats 

Normal Sand rats Glucose intolerant Sand rats P 

n 8 (5 Cf, 3 ~)) 5 (4 El, 1 ~?) 
Type of experiment in vivo in vitro in vivo in vitro 

Age  (d) 113 _+ 14 137 + 25 n.s. 
121 -4- 15 146 _+ 27 n.s. 

Body weight (g) 156 _+ 11 168 _+ 18 n.s. 
155 + 9 171 + 17 n.s. 

n.s. n.s. 

Blood glucose (nag/ 86 _+ 6 87 _+ 9 n.s. 
100 ml) (post-prandial)  97 _+ 6 129 + 24 n.s. 

n . s .  n . s .  

Plasma insulin (ng/ml) 

Blood glucose area 
(min . g/100 ml) absolute 
incremental 

Insulin area (min - mg/rul) 
absolute 
incremental 

Pancreas wet weight (mg) 

Insulin content  (ng/islet) 

3.68 _+ 0.18 2.69 _+ 0.34 n.s. 
3.08 -+ 0.59 3.55 _+ 1.63 n.s. 

n.s. n.s. 

20.9 _+ 1.4 35.5 + 3.0 < 0.01 
10.6 -+ 1.3 24.1 _+ 2.8 < 0 . 0 1  

0.71 -4= 0.07 0.26 + 0.06 < 0.01 
0.27 -4- 0.06 0.00 _+ 0.04 < 0.01 

258 _+ 20 216 _+ 9 n.s. 

72.2 + 6.6 77.8 _+ 10.1 n.s. 
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Fig. 1. Blood glucose (upper part) and plasma insulin (lower part)  
after glucose loading in normal ( 0  O) and carbohydrate-in- 
tolerant (O O) Sand rats. *P < 0.01 compared to 0 rain within 
the investigated group of animals 

results of the intraperitoneal glucose tolerance tests. 
In contrast to the normal Sand rats, the carbohy- 
drate-intolerant animals exhibited steady hypergly- 
caemia (above 300 mg/100 ml) from 30 minutes 
onwards and showed no measurable change in 
peripheral insulin concentration. 

As shown in Fig. 2, islets from both normal and 
carbohydrate-intolerant Sand rats released insulin 
briskly when challenged with glucose (P < 0.01 com- 
pared with basal), mannose (P < 0.01), glyceral- 
dehyde (P < 0.01), and theophylline (P < 0.01) in 
vitro. Both types of islets displayed a sigrnoidal dose- 
response curve for glucose with a threshold below 
5 mmol/1. 

Discussion 

Hackel et al. [1] described the occurrence of normog- 
lycaemic, carbohydrate-intolerant Sand rats which 
did not respond to hyperglycaemia in vivo with 
enhanced insulin secretion. In our Sand rat colony we 
have already confirmed this observation in some, but 
not all carbohydrate-intolerant animals [5]. The pre- 
sent results demonstrate that the pancreases of such 
carbohydrate-intolerant Sand rats contain islets 
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Fig. 2. Insulin secretion of isolated islets prepared from normal 
( 0  @) or carbohydrate-intolerant ((2) C)) Sand rats in 
response to glucose. The secretory responses to some other stimuli 
(MA: 30inmol/1 Mannose; GA: 5mmol/1 Glyceraldehyde; 
THEO:  5 mmol/1 Theophylline) at various glucose concentrations 
are also shown for normal ( I )  and carbohydrate-intolerant ([Z) 
Sand rats 

which respond apparently normally to a variety of 
stimuli in vitro. Moreover, the islets from the in vivo 
glucose-insensitive Sand rats contained as much insu- 
lin as the normal controls. The discrepancy between 
the in vivo and in vitro results was probably not due 
to a spontaneous remission of the carbohydrate in- 
tolerance during the short period elapsing between 
the intraperitoneal glucose load and the experiments 
with isolated islets. The blood glucose, plasma insulin 
and body weight at the time of the in vitro experi- 
ment did not differ significantly from the values 
recorded at the time of the glucose tolerance test. If 
anything, the blood glucose of the carbohydrate-in- 
tolerant Sand rats tended to increase in the course of 
the study (Table 1). 

It is not known whether this behaviour of the 
pancreatic B-cells is in any way important for the 
development of diabetes. However, the results 
underline the importance of humoral, neural, and 
other influences (e. g. exogenous during the glucose 
tolerance test; [10]) for the expression of B-cell 
activity in vivo. Therefore, investigations of the 
peripheral insulin concentration under certain condi- 
tions may not be entirely representative for the 
endogenous B-cell capacity to secrete insulin in 
response to various stimuli. 
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