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The Effect  of  Residual  Insulin Secretion on Exocrine Pancreatic Function 
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S u m m a r y .  R e s i d u a l  b e t a  cell  func t ion  was s tud ied  in 
18 j u v e n i l e - o n s e t  d iabe t i c s  by  m e a s u r i n g  s e r u m  C-  
p e p t i d e  i m m u n o r e a c t i v i t y  ( C P R )  fast ing,  and  af te r  
I V  in jec t ion  of g lucagon  (1 mg) .  This  was  c o m p a r e d  
with  the  exocr ine  panc rea t i c  r e sponse  to  an I V  infu- 
s ion of  secre t in  and  cho l ecys tok in in -panc reozymin .  
O u t p u t s  of  panc rea t i c  b i ca rbona t e ,  amylase  and  t ryp-  
sin were  m e a s u r e d .  E x o c r i n e  s ec re to ry  panc rea t i c  
func t ion  was d e c r e a s e d  in 14 pa t ien ts .  Fas t ing  and  
m a x i m a l  C P R  showed  tha t  9 pa t i en t s  h a d  res idua l  
insul in secre t ion .  F o r  these  ' C P R - s e c r e t o r s '  t he re  
was a s t rong  co r r e l a t i on  b e t w e e n  C P R  and  o u t p u t  of 
b i c a r b o n a t e  (r  = 0.87,  p < 0 .005)  and  amylase  (r = 
0.7, p < 0 . 0 5 ) ,  bu t  no t  wi th  t rypsin.  T h e s e  resul ts  
suggest  the  ex is tence  of  an e n d o c r i n e - e x o c r i n e  
r e l a t ionsh ip  in the  pancreas .  

Key words: C - p e p t i d e ,  exocr ine  pancreas ,  amylase ,  
b i c a r b o n a t e ,  be t a - ce l l  funct ion ,  d i abe t e s  mel l i tus .  

T h e  exocr ine  and  endoc r ine  panc rea t i c  funct ions  
of  a g roup  of pa t i en t s  with juven i l e -onse t  d iabe tes ,  
have  b e e n  eva lua t ed  to  s tudy a poss ib le  re la t ionsh ip  
b e t w e e n  e n d o g e n o u s  insulin sec re t ion  and exocr ine  
panc rea t i c  func t ion  in d iabe tes .  

Patients and Methods 

The  exocr ine  panc rea t i c  sec re to ry  capac i ty  of  18 
pa t i en t s  wi th  j uven i l e -onse t  d i abe te s  of vary ing  du ra -  
t ion was s tud ied  by  measu r ing  the  ou tpu t s  of  b i ca rbo -  

Table 1o Clinical details of 18 juvenile-onset diabetic patients 

2"* 

1 26 F 0.5 
2 22 M 0.5 
3 14 F 1 

E x o e r i n e  panc rea t i c  func t ion  has  been  r e p o r t e d  as 4 17 M 3 
a b n o r m a l  in j u v e n i l e - o n s e t  d i a b e t e s  mel l i tus  [1-5] ,  5 20 F 3 
and  has  b e e n  shown to d e t e r i o r a t e  p rogress ive ly  wi th  6 17 M 5 
increas ing  d u r a t i o n  of  the  d i sease  [5]. This  dec l ine  in 7 2o F 7 

8 46 M 10 
exocr ine  panc rea t i c  func t ion  occurs  in the  5 to  10 9 29 M 15 
yea r s  a f te r  the  onse t  of  i n s u l i n - d e p e n d e n t  d iabe tes .  10 25 M 3 
Q u a n t i t a t i v e  m e a s u r e m e n t s  of s e rum C - p e p t i d e  11 16 F 3 
i m m u n o r e a c t i v i t y  ( C P R )  have  shown tha t  mos t  12 29 M 4 

13 34 M 9 
j u v e n i l e - t y p e  d iabe t i c  pa t i en t s  have  some  res idual  14 33 F 11 
capac i ty  to  p r o d u c e  insulin for  up  to 6 years  af ter  15 39 M 13 
deve lop ing  d i a b e t e s  [6, 7]. The rea f t e r ,  the  p r eva -  16 30 F 14 
lence  of  res idua l  b e t a  cell  func t ion  decreases ,  to 17 34 M 17 
reach  a p l a t e a u  of  abou t  15 p e r  cent  of n o r m a l  be -  18 56 F 21 
tween  15 and  35 years  a f te r  the  onse t  of the  d i sease  
[8]. 

Lente 0.44 + 63.7 
Lente 0.47 + 68.5 
NPH, Sol. 0.91 + 52.5 
NPH, Sol. 0.79 + 70.4 
Sol. 1.39 + 46.0 
Aetr., Mono 2.02 + 55.4 
NPH, Sol. 0.73 + 59.9 
NPH. 0.70 + 85.6 
NPH, Sol. 1.19 + 63.8 
NPH, Sot. 1.13 -- 71.0 
NPH, Sol. 1.38 - 65.0 
Lente, Nuso 0.58 - 76.5 
NPH, Sol. 0.84 -- 81.4 
NPH, Sol. 0.88 - 72.4 
NPH, Sol. 1.11 - 86.8 
Lente 0.30 -- 53.4 
NPH, Sol. 0.87 - 64.4 
NPH, Sol. 1.09 - 47.5 

Insulin: NPH = Isophane; Sol. = Soluble, Actr. = Actrapid; 
Mono = Monotard 
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Table 2. Exocrine pancreatic function and C-peptide immunoreactivity (CPR) of diabetic patients 

Pancreatic stimulation (Secretin/CCK-PZ) 

Bicarbonate Amylase Trypsin C-peptide 
output (mmol/h) out-put (tool/h) output (~tg/h)  immunoreactivity 

Patient no. lower limit of low-er limit of lower limit of Fasting Maximum 
'CPR-secretors' normal 20 nor-ma[ 8 normal 160 pmol/ml 

1 24.2 4.9 57 0.15 0,16 
2 30.4 24.2 165 0.20 0.21 
3 24.4 17.2 218 0.15 0.16 
4 27.0 25.6 228 0.24 0.26 
5 13.3 2.7 122 0.07 0.09 
6 17.4 7.0 85 0.10 0.13 
7 19.2 17.6 57 0.06 0.08 
8 17.8 5.4 109 0.07 0.08 
9 13.2 9.8 152 0.06 0.07 
Mean• 20.8• 12.7• 133• 0.12• 0.14• 

'CPR-non-secretors' 
10 21.6 8.3 178 
11 13.3 8.0 86 
12 21.0 16.1 153 
13 23.4 7.5 75 
14 9.6 4.2 120 
15 17.2 6.2 122 
16 14.9 - 85 
17 16.2 9.0 129 
18 7.2 9.2 98 
Mean• 16.0• 8.6• 116• 

CPR 

not 

detectable 

hate, amylase and trypsin, in response to secretin (1 
clinical unit/kg-h) and cholecystokinin-pancreozy- 
rain (CCK-PZ) (1 Ivy unit/kg-h). Clinical details of 
the patients studied are shown in Table 1. All sub- 
jects were within ten per cent of their ideal body 
weight, and were studied after an overnight fast. 
Duodenal aspirate was collected by continuous 
mechanical suction through a multiple-lumen tube, 
the distal end of which was positioned in the second 
part of the duodenum, with the proximal aspiration 
site in the gastric antrum. After a 15 rain basal collec- 
tion, secretin and CCK-PZ in 0.15 mmol/1 sodium 
chloride were infused intravenously for 45 minutes. 
Bicarbonate, amylase and trypsin concentrations 
were measured in the collected duodenal aspirate by 
the methods described in a previous report  [5]. The 
results were expressed as output per hour by doub- 
ling the sum of the outputs during the steady state 
response of the final two 15 minute periods of hor- 
monal stimulation. 

The capacity to secrete insulin in the same group 
of patients was assessed within three to nine months 
of the studies of exocrine pancreatic function. In- 
formed consent was obtained for both studies. The 

I 

patients were again studied after an overnight fast 
and 24 hours after the last injection of insulin, No 

subjects had clinical or urinary evidence of ketosis. 
Venous blood samples were obtained 10, 5 and 0 rain 
before an intravenous bolus injection of 1 mg gluca- 
gon (Eli Lilly) and thereafter at 2, 4, 6, 8, 10, 15 and 
20 minutes [9]. Serum CPR was assayed as described 
by Heding [10], using the antibody M1230 [11], with 
an effective detection limit of 0.06 pmol/ml. (Normal 
fasting CPR values range from 0.26 to 0.63 pmol/ml 
and rise after stimulation with glucagon to a range of 
0.41 to 1.88 pmol/ml [9].) Statistical significance (p) 
was estimated using Student's t test and by determi- 
nation of the correlation coefficient (r) [12]. 

Results 

The exocrine secretory pancreatic function was re- 
duced in 14 patients, and was better  preserved in the 
patients who had diabetes for less than 5 years. 

The fasting CPR and maximum CPR after stimu- 
lation are shown in Table 2, with the bicarbonate, 
amylase and trypsin outputs for each patient, as pre- 
viously reported [5]. Nine of the patients were found 
to have residual insulin secretion as shown by a fast- 
ing CPR of 0.06 pmol/ml or above (Table 2). These 
nine patients were designated 'CPR-secretors '  and 
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their CPR was compared with each measured para- 
meter of exocrine pancreatic function. Good correla- 
tion was observed between the maximum CPR and 
bicarbonate output (r = 0.87, p < 0.005). A signifi- 
cant correlation was also found with the amylase out- 
put (r = 0.7, p < 0.05), but not with trypsin output. 
A similar correlation was observed with fasting CPR. 

Mean values of bicarbonate, amylase and trypsin 
outputs were compared in 'CPR-secretors' and 
'CPR-non-secretors' with diabetes for less than 5 
years. Mean bicarbonate output was 23.9 (SD _+ 
6.4)rnmol/h in the 'CPR-secretors' compared to 18.6 
(SD _+ 4.6) mmol/h in the 'non-secretor' group; 
mean amylase output was 14.9 (SD +_ 10.7) mol/h 
compared to 10.8 (SD + 4.6) tool/h, and mean tryp- 
sin output was 158 (SD_+71) gg/h compared to 139 
(SD +_ 48) ~tg/h. Although the values tended to be 
higher in the 'CPR-secretor' group, this was not sta- 
tistically significant. In subjects with diabetes for 
more than 5 years, there was no difference in exo- 
crine pancreatic function between the 'CPR-se- 
cretors' and 'CPR-non-secretors'. 

Discussion 

This study has demonstrated a significant correlation 
between exocrine pancreatic function and residual 
insulin-secreting capacity in nine patients with 
juvenile-onset diabetes who retained some beta cell 
function. 

The residual beta cell function was assessed by 
determination of CPR before and after stimulation 
with glucagon, but the observed rise was less than 
expected [9]. In insulin treated patients with residual 
beta cell function, human proinsulin may accumulate 
in plasma by binding to endogenous insulin anti- 
bodies [13] and cross reaction of proinsulin in the C- 
peptide assay causes an overestimation of C-peptide 
and a diminished response to stimulation with gluca- 
gon. In our patients, the total concentration of 
human proinsulin was 1.7 to 7.5 times higher than 
the measured C-peptide concentrations on a molar 
basis. Proinsulin cross reacts no more than 11 per 
cent on a molar basis with C-peptide [14], and some 
of the proinsulin is removed by the preincubation of 
serum with excess of insulin-antibodies covalently 
bound to sepharose [10]. A significant contribution 
of proinsulin to the measured CPR is therefore con- 
sidered to be low except in subject 2, whose total 
proinsulin concentration was 4.2 pmol/ml. 

A few of the patients with no residual beta cell 
function (nos 10, 12) have moderately well-pre- 
served exocrine pancreatic function compared to the 
'CPR-secretor' group, despite their endogenous insu- 
lin deficiency. These patients have had diabetes for 

less than 5 years and have not had time to develop 
the severe loss of functional capacity observed with 
increasing duration of the disease [5]. This would 
suggest, however, that factors other than failure to 
secrete insulin are involved in the production of 
exocrine pancreatic deficiency in juvenile-onset dia- 
betes. Antibodies to exocrine pancreatic tissue have 
been described in diabetes [15] and it is possible that 
our findings may represent a parellel and unrelated 
deterioration in exocrine and endocrine pancreatic 
function, occurring over a period of years after t h e  
development of diabetes. 

There is evidence in animals, however, that insu- 
lin is necessary to regulate the synthesis of pancreatic 
amylase, ~ and may exert atrophic effect of peri-insu- 
lar acini by promoting amino acid uptake [16-20]. 
The significant correlation between pancreatic amyl- 
ase-secretory capacity and endogenous insulin pro- 
duction in diabetic patients suggests that insulin defi- 
ciency in man has a definite adverse effect on amyl- 
ase secretion. A similar correlation has been sug- 
gested in patients with chronic pancreatitis [21]. 

The correlation between CPR and bicarbonate 
output is surprising, as insulin is not thought to influ- 
ence bicarbonate secretion. It is possible that the 
deficiency in bicarbonate-secreting capacity in ju- 
venile-onset diabetics is caused by structural damage 
to the duct cells by fibrosis and infiltration of fat [22]. 
It is not clear if this is the direct result of insulin lack 
on acinar and duct tissues, but vacuolation of 
intralobular ducts has been described in the pancreas 
of dogs with experimental diabetes, while other aci- 
nar tissue remains histologically normal [23-25]. 

Trypsin output has been shown to be diminished 
in juvenile-onset diabetes [4, 5], but insulin does not 
enhance the secretion of a similar protease enzyme, 
chymotrypsinogen, in alloxan diabetic rats [16, 18]. 
Our finding of a poor correlation of trypsin output 
with CPR is therefore not unexpected. 

Our findings support the hypothesis of Hender- 
son [26] that high local concentrations of islet hor- 
mones play a significant role in the function of t h e  
exocrine pancreas. The disruption of an endocrine- 
exocrine interaction in the diabetic pancreas could 
therefore be a major causal factor in the progressive 
deterioration of exocrine pancreatic function in 
juvenile-onset diabetes. The partial preservation of 
endogenous insulin secretion in maturity-onset dia- 
betes would explain why exocrine pancreatic function 
is less abnormal in these patients [5, 27, 28]. This 
study does not elucidate the mechanism by which 
insulin may influence exocrine pancreatic secretion, 
but does suggest the existence of an endocrine-exo- 
crine relationship in the pancreas, which is progres- 
sively disrupted in juvenile-onset diabetes. 
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