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Summary. The influence of impaired digestion on 
nutrient induced release of gastric inhibitory poly- 
peptide (GIP) and insulin have been investigated in 
patients with chronic pancreatitis. All patients had 
massive steatorrhea (>  25 g/24 h), and glucose intol- 
erance. A standard liquid test meal comprising fat 
and glucose were ingested with or without pancreatic 
enzyme substitution (9.0 g pancreatin). In the pres- 
ence of pancreatin the response of serum levels of 
GIP to the test meal was significantly enhanced (81.2 
vs 194.5 ~tg/1 x 180 rain). Concurrently, the insulin 
response was augmented (3.4 vs 6.4 U/1 x 180 min), 
resulting in improved glucose tolerance. Addition of 
pancreatin also significantly augmented the GIP 
response to oral fat (100 g), but not to oral glucose 
(100 g). In patients with pancreatogenic steatorrhea 
the insulin response to an IV glucose infusion (0.7 g/ 
kg/h for 90 rain) was augmented by oral fat only after 
addition of 9.0 g pancreatin to the fat load (3.5 vs 
7.3 U/1 x 180 min). After restoration of the GIP 
response to fat by pancreatin, the inhibitory effect of 
IV glucose on fat-induced GIP increase was restored. 
These data indicate that the GIP response to a mixed 
meal or triglycerides is dependent on the absorp- 
tion of nutrients. In patients with chronic pancrea- 
tiffs improvement of pancreatogenic insufficiency 
reverses the impaired GIP response, restores the 
incretin effect of fat, and improves glucose tolerance. 

Key words: GIP release, chronic pancreatitis, stea- 
torrhea, maldigestion, pancreatin, incretin effect. 

The ingestion of glucose leads to a rapid and sharp 
rise in the serum levels of gastric inhibitory poly- 

peptide (GIP) [1-3]. Galactose [4, 5], triglycerides 
[1, 3, 5, 6] and certain amino acids [7] given orally, 
also stimulate the secretion of GIP, whilst GIP itself 
potentiates glucose induced release of insulin [8-10]. 
The mechanisms underlying the release of GIP are 
poorly understood. It has been suggested that the 
secretion of GIP occurs during the process of absorp- 
tion [1, 11]. In patients with coeliac disease and 
severe malabsorption a test meal evokes only a weak 
GIP response compared to normal subjects [11, 12]. 
Since the number of GIP cells is not reduced in 
coeliac disease [11, 13] defective absorption could 
explain the diminished GIP release. In patients with 
chronic pancreatitis impaired fat digestion decreases 
GIP release while impaired insulin secretion 
enhances GIP secretion [14]. In patients with mild 
steatorrhea the GIP response to a test meal is abnor- 
mally high because the insulin secretion is 
diminished. In patients with severe steatorrhea the 
GIP response is much smaller despite of the presence 
of subclinical or overt diabetes with severely 
impaired insulin secretion [14]. These studies indi- 
cate the amount of GIP released after ingestion of a 
mixed test meal in chronic pancreatitis is determined 
by at least two factors: the degree of the remaining 
insulin secretion and the degree of digestion and con- 
secutive absorption of nutrients. To evaluate further 
the role of impaired digestion in GIP secretion the 
response of GIP to a mixed test meal or fat was 
studied in patients with chronic pancreatitis and mas- 
sive steatorrhea, with and without pancreatic enzyme 
substitution. Since GIP is presently regarded as the 
strongest candidate for the gut factor which augments 
the glucose-induced insulin release ("incretin")[15], 
the effect of improvement of digestion by enzyme 
supplementation on the incretin effect of oral fat was 
also examined. 
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Methods 

Subjects 
Twenty-four subjects with chronic pancreatitis and 21 healthy sub- 
jects volunteered for the studies. Informed consent was obtained 
from all subjects. The healthy volunteers, all within 10% of ideal 
body weight  (Metropolitan Life Insurance Tables) [21], mean 
weight 62 kg (4 females, 17 males; mean age 17 years, range 19-37) 
served as controls. All had normal oral glucose tolerance, the 60 
plus 120 min sum of blood glucose levels after ingestion of 75 g 
glucose being below 290 mg/dl [24]. All had consumed not less 
than 200 g carbohydrate per day until the evening before the tests. 

Chronic pancreafitis was diagnosed by marked reduction of 
bicarbonate and enzyme secretion as demonstrated by the secre- 
tin-pancreozymin test. All patients had at least two or more 
attacks of pancreatitis. Alcohol was an aetiological factor in nine- 
teen patients with no apparent cause in the rest. Seventeen 
patients had radiologically ascertained pancreatic calcification. All 
patients excreted more than 25 g fat/24 h in the absence of pan- 
creatic enzyme supplementation. Pancreatin treatment, 16 g per 
day, decreased mean fat excretion to 9 + 1 g/24 h. No patient had a 
family history of diabetes. All patients had a pathological oral 
glucose tolerance, the 60 plus 120 rain sum of blood glucose levels 
after ingestion of 75 g glucose being above 310 mg/dl [24], but none 
had overt diabetes or fasting blood glucose levels above 130 mg/dl. 
Mean age (5 females, 19 males) was 40 years (range 24-58), mean 
weight 59.7 + 3.1 kg and the average deviation from the ideal body 
weight -13.8%. No subject had renal impairment, as assessed by 
routine laboratory tests, or other gastrointestinal disturbances, or 
was taking medication known to interfere with carbohydrate toler- 
ance. All had consumed not less than 200 g carbohydrate per day 
without any caloric restriction. 

Protocol 

All tests were performed after an overnight fast. A plastic catheter 
for blood sampling was inserted into an antecubital vein, and 
patency was maintained by slow infusion of saline (0.154 tool/l). 
Three fasting blood samples were withdrawn; further blood sam- 
ples were collected after nutrient ingestion every 15 rain for 60 rain 
and every 30 rain thereafter. Samples were immediately placed on 
ice and centrifuged at 4~ Five aliquots of each serum sample 
were frozen and stored at - 2 0  ~ until assayed. 

Nine subjects with chronic pancreatitis underwent the follow- 
ing tests on different occasions: 

a) Oral fat load: The subjects ingested 150 ml of a suspension of 
corn oil (Lipomul, Upjohn) corresponding to i00 g triglycerides, 
within five rain. 

b) Oral fat load plus 9.0 g pancreatin, 5 min before ingestion of the 
triglyceride suspension. 

c) IV glucose infusion. Glucose (10% solution in water) was 
administered for 90 rain at a rate of 0.7 g/kg/h. 

d) IV glucose infusion plus 9.0 g pancreatin, given 5 min before 
start of the glucose infusion. 

e) Oral fat load and IV glucose infusion for 90 min. 

0 Oral fat load plus 9.0 g pancreatin and IV glucose infusion for 
90 rain. 

Laboratory Analyses 

Serum glucose was measured by the glucose oxidase method; 
serum insulin (IRI) was determined by radioimmunoassay using 
human insulin as standard [16]. Serum levels of immunoreactive 
GIP (IR-GIP) were measured according to Kuzio et al. [17], using 
rabbit GIP antiserum G6 5/76/9. This antiserum has been charac- 
terised elsewhere [18]. The specific activity of a25I-GIP during this 
study was calculated to be 80--120 mCi/mg for the various iodina- 
tions. The lower limit of sensitivity of the GIP assay ranged from 6 
to 12 pg, 60 to 120 pg/ml of serum. The interassay coefficient of 
variation (CV) was 19.4% and the intra-assay CV 10.1%, esti- 
mated from two GIP standards of 25 and 200 pg/100 ~1 (n = 16). 
Porcine GIP was used as standard. The present GIP assay meas- 
ures "big" and "tittle" GIP. By using Sephadex G-50 fine columns 
( l  x200 cm), alcoholic serum extracts could be separated into one 
peak at 75008000 Daltons and standard GIP (5100 Daltons) [1, 
19]. One hour after either glucose or fat about one third of the IR- 
GIP appeared as "big" and two thirds as "little" IR-GIP [19]. 

Stool fat was estimated in three consecutive 24 h stool collec- 
tions both with and without pancreatic enzyme supplementation 
according to Van de Kamer [20] and steatorrhea expressed in 
g/24 h. 

1. Test Meal. The liquid test meal contained 152 g carbohydrate 
(18 g glucose, 14 g maltose, 12 g maltotriose, 52 g lactose, 56 g 
oligosaccharides), 30 g fat (100 ml cream) and 36 g protein (milk 
powder) in a total volume of 550 ml [11]. Blood samples were 
obtained for 300 rain. On a second occasion the study was repeated 
with pancreatic enzyme supplementation. Five rain before intake 
of the test meal the subjects ingested 9.0 g pancreatin as granules 
(Pankreon Granulat, Kali-Chemie, Hannover). The tests were 
performed in randomised order within two weeks in each subject. 

2. Oral Glucose. Fourteen patients with chronic pancreatitis 
ingested 100 g glucose dissolved in 300 ml water within five rain. 
Blood samples were obtained for 180 min. The test was repeated 
within one week with 9.0 g pancreatin, given 5 rain before inges- 
tion of the glucose solution. 

3. Oral Fat Plus IV  Glucose. In order to demonstrate the insulino- 
tropic effect of an oral fat load IV glucose was infused starting at 
the time of fat ingestion. Indwelling cannulae were placed in each 
arm, one for blood sampling and the other for glucose administra- 
tion. Blood samples were taken for 180 min. 

Statistical Analysis 

All values are given as mean + SEM. Results were analysed using 
standard statistical methods. The two-tailed paired Student t-test 
was employed for comparison of the results with and without pan- 
creatin. Integrated responses to the test meal, the fat and the 
glucose load for serum levels of glucose, IRI and IR-GIP were 
calculated from the sum of the products of the mean serum con- 
centrations during each time period x min in the time period, 
minus the basal value x the total number of min after a test. 

Results 

1. Response to Test Meal without 
and with Previous Intake of  Pancreatin 

Figure 1 shows the serum levels of glucose, IRI and 
IR-GIP following ingestion of the mixed liquid test 
meal with and without pancreatin. In the absence of 
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fig. 1. Response of serum levels of IR-GIP, IRI and glucose to a 
liquid mixed test meal given at time zero in 16 patients with 
chronic pancreatitis and massive steatorrhea. The test was per- 
formed once without and on a second occasion with pancreatin 
(9.0 g), given 5 rain before ingestion of the test meal. Asterisks 
indicate significant difference between the two tests (p<0.05 or 
less). I - - O  with pancreatin, � 9 1 6 9  without pancreatin 

Table 1. Integrated responses (180 rain) of serum levels of IR-GIP, 
IRI and glucose to a test meal in normal subjects and in patients 
with pancreatogenic steatorrhea. The tests were performed with 
and without pancreatin (9.0 g). Results are given as mean + SEM. 
See text for method of calculation 

Serum IR-GIP Serum IRI Serum glucose 
(~g/lx 180 rain) (U/lx 180 min) (g/dlx 180 min) 

8.0+-0.9 4.1+0.5 Controls (n=14) 96+9 

Chronic pancreatitis (n=16) 
without 
pancreatin 81 +5 

with 
pancreatin 194+13 b 

a - t -  a 3.4+_0.4 26.4__2.1 

6.4+0.5 c 16.7+1.3 c 

a p<0.005 between controls and patients with chronic pancreatitis 
b p<0.01 between patients with chronic pancreatitis with and with- 
out pancreatin 
c p<0.02 between patients with chronic pancreatitis with and with- 
out pancreatin 

Table 2. Integrated responses (180 min) of serum levels of IR-GIP, 
IRI and glucose to a glucose load (100 g) in patients with chronic 
pancreatitis and in normal controls. In the pancreatitic subjects the 
test was performed with and without previous ingestion of pan- 
creatin (9.0 g). Mean + SEM 

Serum Serum Serum 
IR-GIP IRI Glucose 
(~tg/lx 180 min) (U/lx 180 min) (g/dlx 180 min) 

Controls (n=15) 73+4 6.6+0.4 7.5+0.5 

Chronic pancreatitis (n=8) 
without 
pancreatin 101+7 2.4+0.2 a 25.1+1.9 b 

with 
pancreatin 91+_7 2.9+0.4 28.4+_2.6 

a P <0.01 between controls and patients with chronic pancreatitis 
b p<0.005 between controls and patients with chronic pancreatitis 

p a n c r e a t i n  a s ignif icant  r ise  o f  I R - G I P  was on ly  
o b s e r v e d  a f te r  30 rain r each ing  a p e a k  level  o f  1.45 + 
0.25 ~g/1. A f t e r  a d d i t i o n  o f  p a n c r e a t i n  I R - G I P  levels  
rose  m o r e  r ap id ly  and  r e a c h e d  s ignif icant ly  g rea t e r  

p e a k  levels  (2.59 + 0.21 ~tg/1; p < 0.005).  
W i t h o u t  p a n c r e a t i n  t h e r e  was on ly  a smal l  mea l -  

i n d u c e d  rise in p l a s m a  I R I  (61 + 9 mU/1 at  45 min) .  
W i t h  p a n c r e a t i n ,  I R I  levels  were  s ignif icant ly  h igher  
b e t w e e n  30 and  210 min ,  r each ing  122 + 18 mU/1 at  
45 min.  T h e  pa t i en t s  w i th  chron ic  panc rea t i t i s  h a d  
i m p a i r e d  g lucose  to l e rance .  M e a n  s e r u m  glucose  
levels  we re  230 mg/d l  at  60 min  and  242 mg/dl  at  
120 min.  A f t e r  p a n c r e a t i n  the  s e r u m  glucose  levels  
p e a k e d  ea r l i e r  bu t  fel l  aga in  m o r e  rap id ly .  

T h e  i n t e g r a t e d  r e sponses  of  I R - G I P ,  I R I  and  glu- 
cose  o f  con t ro l s  and  pa t i en t s  wi th  chron ic  panc rea t i t i s  
a re  shown in T a b l e  1. T h e  to ta l  I R - G I P  and  I R I  

r e sponses  i nc r ea sed  s ignif icant ly  a f te r  e n z y m e  sub- 
s t i tu t ion  in  the  panc rea t i t i s  pa t i en t s ,  w he re a s  the  glu- 
cose  r e s p o n s e  was s ignif icant ly  cur ta i led .  

2. Response to Oral Glucose 

T h e  i n t e g r a t e d  r e sponses  o f  g lucose ,  I R I  and  I R - G I P  
to t he  inges t ion  of  100 g glucose  in pa t i en t s  wi th  
chron ic  panc rea t i t i s  a re  shown in T a b l e  2. C o m p a r e d  
to n o r m a l  con t ro l s  this  g roup  o f  pancrea t i t i s  pa t i en t s  
showed  a s ignif icant ly  d imin i she d  I R I  o u t p u t  and  a 
s ignif icant ly  i nc reased  glucose  r e sponse  a l t hough  the  
G I P  r e s p o n s e  was no t  s ignif icant ly  d i f ferent .  T h e  
inges t ion  o f  9.0 g p a n c r e a t i n  d id  no t  s ignif icant ly  
a l te r  the  s e r u m  responses  of  I R - G I P ,  I R I  and  glucose  
to  the  o ra l  g lucose  load .  
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Fig. 2. Response of serum levels of 1R-GIP in 9 patients with 
chronic pancreatitis to IV glucose bffusion, triglyceride ingestion 
(100 g) and a combination of both. In the upper panel the tests 
were performed without and in the lower panel with pancreatin 
(9.0 g) given 5 rain before the corresponding test. Glucose was 
infused at a rate of 0.7 g/kg/h over 90minutes. Asterisks indicate 
significant difference between "oral fat" and "oral fat plus IV 
glucose" (]?<0.05 or less). Q------@ oral fat, � 9 1 6 9  IV glucose, 
A - - A  oral fat + IV glucose 

Fig. 3. Response of serum levels of IRI in 9 patients with chronic 
pancreatitis to IV glucose infusion (0.7 g/kg/h) over 90 minutes, 
triglyceride ingestion (100 g) and a combination of both. In the 
upper panel the tests were performed without and in the lower 
panel with pancreatin (9.0 g). Asterisks indicate significant differ- 
ence between "IV glucose" and "oral fat plus IV glucose" (p<0.05 
or less). ~-----@ oral fat, � 9 1 6 9  IV glucose, A - - A  oral fat + IV 
glucose 

3. Response to a Combined Intravenous Glucose 
and Oral Fat Load 

The increase of  1RI and I R - G I P  during an IV  glucose 
and oral fat load was compared  before  and after 
enzyme substitution with pancreatin.  The subjects 
underwent  6 tests: oral fat (100 g), IV glucose (0.7 g/ 
kg/h over  90 min), and oral fat plus IV  glucose each 
without and with enzyme substitution. 

The I R - G I P  responses to the different stimuli are 
shown in Figure 2. In the absence of pancreat in 
(upper  panel  of  Figure 2) the oral fat load elicited 
only a modera te  stimulation of  I R - G I P  secretion, 
levels remaining below I gg/1. The IV  glucose infu- 
sion did not change basal or stimulated serum con- 
centrations of  IR -GIP .  Af ter  enzyme substitution 

with 9.0 g pancreat in the IR-G1P response to oral fat 
was significantly enhanced to serum levels of  1.5 ~tg/1. 
At  the same time, IV glucose significantly inhibited 
the fat induced I R - G I P  release. When  the glucose 
infusion was s topped the I R - G I P  levels slowly 
increased to 1.74 __+ 0.19 ~tg/l at 180rain. The inges- 
tion of  pancreat in did not  change basal levels of  IR- 
GIP  during the IV  load. Thereaf ter ,  basal I R - G I P  
levels decreased. 

The integrated response of I R - G I P  to oral fat was 
more  than doubled by pancreat in (Table 3). The IV 
glucose infusion significantly lowered the fat induced 
I R - G I P  output  by 33% when pancreat in was given 
together  with the fat load while no suppression was 
seen without pancreatin.  
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Oral fat had no effect on serum IRI (Fig. 3). Infu- 
sion of glucose during 90 min raised the basal IRI  
levels to an average value of 50 mUff. When fat was 
ingested during the IV glucose infusion without pan- 
creatin, the serum IRI concentrations increased mod- 
erately to an average value of 65 mU/1. This effect 
was significant only at 70 and 90 min. After  addition 
of pancreatin the IRI release during the IV glucose 
infusion did not change, however,  the combined IV 
glucose and oral fat load with pancreatin resulted in 
significantly higher IRI levels, reaching plateau val- 
ues of about 100 mU/1. The integrated response of 
IRI to IV glucose was enhanced by 20% following fat 
ingestion and more than doubled after ingestion of 
fat together with pancreatin (Table 3). 

While pancreatin did not alter the integrated glu- 
cose response to IV glucose infusion this response 
was significantly diminished by pancreatin in the 
experiment with triglyceride load during the IV glu- 
cose infusion (Table 3). 

Table 3. Integrated responses (180 min) of serum levels of IR-GIP, 
IRI and glucose in patients with pancreatogenic steatorrhea to the 
ingestion of oral triglyceride (100 g), IV glucose over 90 min (0.7 g/ 
kg/h), and both together. All tests were performed with and with- 
out pancreatin (9.0 g). Mean + SEM 

Serum IR-GIP Serum IRI Serum glucose 
0xg/lxl80min) (U/lxl80min) (g/dlxl80min) 

Oral fat (n=9) 
without 
pancreatin 47-+4 

with 
pancreatin 128+9 u 

Oral fat plus IV glucose (n=9) 
without 
pancreatin 50-+3 3.5+0.3 

with 
pancreatin 85+6 b, c 7.3+0.6 a 

IV glucose (n=9) 
without 
pancreatin 1-+0.2 3.0-+0.3 

with 
pancreatin -10-+1.4 2.5 +0.4 a 

14.8-+0.9 

10.1+1.0 b 

16.9"+1.1 

15.2_+1.2 e 

Discussion 

It has been suggested that absorption rather than the 
mere presence of nutrients in the gut lumen is the 
trigger for the release of GIP [11]. This suggestion 
was based on the observation that in coeliac disease 
the response of IR-GIP was drastically reduced after 
ingestion of a test meal or a glucose load [11, 12]. 
Moreover  in rats the glucose-induced secretion of IR- 
GIP was blocked when phlorizin, an inhibitor of 
active glucose transport,  was added to intraduode- 
nally infused glucose [22]. The present experiments 
in patients with chronic pancreatitis and massive 
steatorrhea underline the importance of digestion as 
a stimulus of GIP secretion. Improvement  of diges- 
tion restores both the blunted IR-GIP response and 
IRI secretion in such patients. 

The test meal in the above experiments consisted 
of glucose, disaccharides, oligosaccharides, fat and 
milk protein. Pancreatic enzymes improve digestion 
of several nutrients. Therefore  the effect of pan- 
creatin on fat induced IR-GIP release alone was also 
examined. Again, the secretion of IR-GIP was more 
than doubled when pancreatin was given shortly 
before the triglyceride load (Table 3). This GIP 
response was still less than in normal subjects after 
100 g fat (180 + 19 ~tg/1 x 180 rain) [23] correspond- 
ing to the fact that pancreatin improves but seldom 
renders fat absorption normal. This indicated that 
the diminished IR-GIP secretion in chronic pan- 
creatitis with massive steatorrhea is related to exo- 
crine insufficiency. 

Fat has to be hydrolysed before GIP release is 
initiated. It has been demonstrated that long chain 

a p<0.005 between patients with chronic pancreatitis with and 
without pancreatin 
b p<0.01 between patients with chronic pancreatitis with and with- 
out pancreatin 
c p<0.05 between patients receiving oral fat and pancreatin with 
and without IV glucose 
d p<0.005 between patients receiving IV glucose and pancreatin 
alone or together with an oral fat load 

p<0.02 between patients receiving IV glucose and pancreatin 
alone or together with an oral fat load 

fatty acids, rather than glycerol, stimulate GIP 
release [23]. Fatty acids must be absorbed and 
metabolised by the GIP producing cell. This can be 
deduced from observations in coeliac disease [11, 12] 
when fat digestion is intact but GIP release grossly 
impaired. The exact mechanismwhereby the absorp- 
tive events trigger GIP release is not known. 

It is possible that pancreatin exerts its effect par- 
tially by accelerating the rate of gastric emptying. 
Against this is the observation that pancreatin does 
not change glucose-induced IR-GIP release 
(Table 2). Fur thermore,  it has been shown that the 
gastric emptying rate is accelerated in patients with 
massive steatorrhea and slowed down by enzyme 
substitution [25]. The significance of absorption for 
initiating IR-GIP secretion is underlined by the 
results of the oral glucose load. Glucose does not 
need to be hydrolysed before being absorbed. There- 
fore, its effect on IR-GIP release is not enhanced by 
pancreatin. In turn, this experiment demonstrates 
that pancreatin as such does not augment nutrient- 
stimulated GIP secretion. 
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The enhanced I R I  response to oral fat plus pan- 
creatin during IV  glucose (Fig. 3) indicates that the 
incretin effect of  oral fat is dependent  on digestion 
and absorption.  The simultaneous enhancement  of  
I R - G I P  and IRI  response after improved fat diges- 
tion (Figs. 2 and 3) suggests that both  are related. 
However  the part icipation of other  gut factors with 
incretin activity cannot  be excluded. If  such as yet 
unidentified gut factors [26] are involved in the pan- 
creatin induced enhancement  of  IRI  release in 
patients with pancreatogenic steatorrhea,  the release 
of  these factors must  also be stimulated by fat diges- 
t ion and not by the presence of fat in the gut. 

Hyperglycaemia  and elevation of endogenous 
insulin levels with IV glucose infusion inhibits fat- 
induced secretion of I R - G I P  by a negative feedback 
mechanism [1, 3, 27, 28]. An inhibitory effect of IV 
glucose occurred in this study only when pancreatin 
was added to the fat load. Under  this condition the 
insulin response was more  than doubled and the glu- 
cose increment  blunted. This suggests that the 
inhibitory effect of  IV  glucose infusion on I R - G I P  is 
related to the rate of  glucose metabol ism [29]. 

Besides GIP ,  motilin [30], enteroglucagon [31], 
secretin [32], cholecystokinin [33] and gastrin [34] are 
released following nutrient ingestion. No information 
regarding the secretion of motilin and enterogluca- 
gon in chronic pancreatit is is available. The release of  
gastrin [14, 35] and secretin [36] after food intake is 
not al tered in chronic pancreatitis whereas hyper- 
secretion of cholecystokinin has been  repor ted  [37]. 
The decreased response of pancreatic polypeptide 
observed in chronic pancreatitis with massive 
s teatorrhea [38] has been  explained by loss of func- 
tioning PP-cells in the diseased pancreas.  Thus, GIP  
is the only known gut ho rmone  whose secretion is 
impaired with maldigestion. 

Diabetes  in patients with chronic pancreatitis is 
explained by the simultaneous damage  of endocrine 
and exocrine pancreatic tissue. Exocrine and endo- 
crine pancreat ic  insufficiency are closely related [39]. 
The present  results show that in chronic pancreatitics 
with massive s teatorrhea but  without overt  diabetes 
insulin secretion and glucose tolerance during a 
mixed meal  can be markedly  enhanced by improve-  
ment  of digestion. This indicates that in a selected 
group of  chronic pancreatitics the insulin reserve is 
big enough to respond to increased G I P  secretion. In 
turn, this finding demonstra tes  that  in these patients 
the impai rment  of  glucose tolerance after a mixed 
meal  may  be due partially to the loss of  an "incretin".  
Such cases confirm Moore ' s  original hypothesis f rom 
the year  1906 that "in certain cases of diabetes the 
appearance  of  sugar in the urine might be due to 
functional disturbance occasioned by  the absence of 
an intestinal excitant of  the internal secretion" [40]. 
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