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Summary. The insulin response to oral and intravenous 
glucose was measured in ten patients after resection of 
antrum, duodenum, proximal jejunum, and the head of pan- 
creas (Whipple's operation). Compared to matched normal 
subjects the operation reduced neither We total nor the gut 
hormone induced part of the insulin response to oral glucose. 

The results suggest, that hormones from the first part of the 
intestinal tract are not necessary as incretins. 
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Oral ingestion of glucose in man causes an insulin 
response more than twice as big as that to parenteral 
glucose infusion [4, 6, 7]. This phenomenon has been 
attributed to an enteral factor called incretin [15], 
but the nature of incretin is still uncertain. 

Hormones of the upper digestive tract -- gastrin 
[2], cholecystokinin [2, 5], secretin [2], and gastric 
inhibitory polypeptide (GIP) [3] -- have all proved 
insulinogenic in high doses. Gastrin [10] and GIP [3] 
are moreover able to potentiate the glucose-induced 
insulin secretion in low doses that result in serum 
concentrations of the hormones that are within the 
physiological range. Gastrin and GIP may hence be 
considered proper incretins. 

The aim of the present investigation was to evalu- 
ate whether the hormones produced in antrum, duo- 
denum, and the oral part of jejunum actually are 
necessary as incretins. Patients having undergone 
Whipple's operation provide an opportunity to study 
this problem. 

Materials and Methods 

Patients 

Ten patients were studied after Whipple's opera- 
tion. The interval between operation and the inves- 
tigation varied from one month to five years. Only 
patients without diabetic glucose tolerance were 
accepted in the study. Clinical data are summarized 
in the table. The patients were compared to ten nor- 
mal individuals who were matched in respect to age, 
sex, weight, and height. Informed consent was ob- 
tained from all subjects. They were on a diet contain- 
ing at least 250 g carbohydrate per day for three days 

before each test. After an overnight fast the examina- 
tion began between 8 : 00 and 9 : 00 a.m. 

Experimental Procedure 

Oral Glucose Tolerance Test 

The subjects were given 50 g glucose as a 25 per 
cent solution flavoured with lemon. Blood samples 
were collected from an canula inserted into an ante- 
cubital vein. The samples were drawn 10 and 5 rain 
before glucose loading and 5, 10, 15, 20, 30, 40, 50, 
60, 90, 120, 150, and 180 min after. Sera were stored 
at - -20 ~ C until assayed. 

Intravenous Glucose Infusion Test 

One week after the oral test each subject was 
submitted to an intravenous glucose infusion test 
designed to immitate the changes in blood glucose con- 
centrations measured during the oral glucose test: 
16.7 g glucose in concentrations from 33 to 50~o, was 
given intravenously at a constant infusion rate. Ter- 
mination of the infusion was aimed to coincide with 
the peak blood glucose concentration reached during 
the oral test in the same individual. The individual 
variation in time from start of the oral glucose test 
until peak blood glucose concentration was reached 
explains the variation in concentration of the glucose 
solution infused intravenously. Blood samples were 
drawn from the contralateral arm at the same intervals 
as those in the oral glucose test. The simple infusion 
test described here has been evaluated in detail else- 
where [12]. It  is based on tile observation that approx- 
imately one third of the glucose given orally escapes 
hepatic extraction in subjects with a normal glucose 
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tolerance [7]. Although the intravenous glucose curve 
may not duplicate the oral glucose curve exactly in 
the single individual, the procedure has proved useful 
for groups of subjects with normal glucose tolerance 
[1% 

Laboratory Analysis 

Blood glucose concentrations were measured with 
a glucose oxidase method. Serum insulin and gastrin 
concentrations were measured radioimmunochemic- 
ally. Detection limit, precision, accuracy, and speci- 
ficity of the assays have been given in detail elsewhere 
[10]. The gastrin assay measures at least seven gastrin 
components of different molecular size in serum [11]; 
but the antiserum used in the present study binds all 
components with equimotar potency [13]. The sen- 
sitivity of the gastrin assay was in the present study, 
5 pmol/l serum. 

Results 

The mean glucose concentrations during the oral 
and the intravenous glucose tests were identical in 
the first hour in the patients. During the next 1.5 hours 
the oral glucose concentrations were slightly above 
those of the intravenous test (Fig. 1). In the controls 
the oral and intravenous glucose curves were almost 

identical during the whole test (Fig. 2), and the varia- 
tions in blood glucose concentrations were of the 
same order of magnitude as observed in the patients. 
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Fig. 2. Blood glucose and serum insulin concentrations during 
an oraI glucose tolerance test (o o) and an intravenous 
glucose infusion test ( o - - o )  in ten matched control sub- 
jects. The concentrations are shown as mean + standard 

error of mean 
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Fig. 1. Blood glucose and serum insulin concentrations during 
an oral glucose tolerance test (e e) and an intravenous 
glucose infusion test (e o)  in ten patients after Whipple's 
operation. The concentrations are shown as mean -4- standard 

error of mean 

The insulin concentrations rose sharply in both 
patients and controls during the oral glucose test. The 
mean maximal insulin concentration was similar in 
patients and controls (Fig. 1 and 2). The higher in- 
sulin levels in the patients during the late part of the 
oral glucose test corresponds to the slightly higher 
glucose levels. During the first hour of the intravenous 
glucose infusion, the insulin concentrations were in- 
significantly lower in patients than in controls. 

The gastrin concentrations in serum were low in 
all patients (Table 1), and in seven patients the con- 
centrations were 0 pmol/1 (i.e. below the detection 
limit of the assay). No significant changes in gastrin 
concentrations were observed during any of the glu- 
cose tests. Neither were insulin responses correlated 
to serum gastrin concentrations in any patient. 

Discussion 

The present study has shown that the insulin re- 
sponse to oral glucose is undiminished after resection 
of the upper parts of the gastrointestinal tract. Since 
blood glucose levels during the oral and the intra- 
venous tests were normal and similar -- in the first 
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test-hour virtually identical - -  we conclude that hor- 
mones secreted f rom antrum, duodenum, and the 
first 10 - -15  cm of jejunum are not necessary for the 
insulin response to oral glucose. 

jejunum. In this context it is noteworthy that GIP,  
which recently has been suggested to constitute most 
or all of the incretin activity in man [1, 3] is produced 
"predominantly in duodenum and, to a lesser extent, 

Table 1. Clinical data of ten patients undergoing Whipple's operation 

Age Sex Height Weight Diagnosis Resected 
(yr) (cm) (kg) gut tissue 

43 M 173 60 Carcinoma of 
Papilla of Vater 

46 M 170 60 Carcinoma of 
Papilla of Vater 

56 F 162 51 

60 M 172 79 

61 F 160 50 

64 F 160 51 

65 F 154. 47 

66 M 167 75 

75 M 181 74 

76 F 170 43 

Postoperative, 
basal serum- 
gastrin concen- 
tration (pmol/1) 

Carcinoma of 
Papilla of Vater 

Carcinoma of 
duodenum 

Carcinoma of 
the head of 
pancreas 
Carcinoma of 
Papilla of Vater 

Carcinoma of 
Papilla of Vater 

Carcinoma of 
duodenum 

Carcinoma of 
the head of 
pancreas 
Carcinoma of 
Papilla of Vater 

Antrum 
Duodenum 0 
Antrum 
Duodenum 10 
10 cm of jejunum 
Antrum 
Duodenum 12 
10 cm of jejunum 
Antrum 
Duodenum 12 
15 cm of jejunum 
Antrum 
Duodenum 0 
15 cm of jejunum 
Antrum 
Duodenum 0 
10 cm of jejunum 
Antrum 
Duodenum 0 
10 cm of jejunum 
Antrum 
Duodenum 0 
5 cm of jejunum 
Antrum 
Duodenum 0 
10 cm of jejunum 
Antrum 
Duodenum 0 
10 cm of jejunum 

The name incretin was introduced 35 years ago 
for a factor f rom duodenum, which stimulated the 
endocrine pancreas [15]. Its effect was demonstrated 
directly [4, 6] by reliable insulin assays ten years ago. 
In  spite of great interest it has, however, not yet been 
possible to isolate one factor responsible for the whole 
insulin stimulating effect. On the contrary many dif- 
ferent hormones of the upper digestive tract have 
now shown betacytotrophic actions [2, 3, 5]. Most 
studies with the gut hormones have been performed 
with pharmacological doses, but gastrin [i0] and GIP  
[3] have now been administered in low amounts and 
proved able to potentiate the glucose-induced insulin 
secretion in "physiological" doses. As apparent  from 
the present study, gastrin is, however, not required to 
obtain t h e  incretin effect. The same applies for hor- 
mones secreted f rom duodenum and the first part  of 

in the jejunum" [8]. Thus, although a minority of the 
GIP-producing cells are left after Whipple's opera- 
tion, the results of the present study may question the 
wisdom of attributing the entire incretin effect to 
GIP.  

Patients, in whom only the first 37 cm of jejunum 
and the last 13 cm of ileum are preserved in conti- 
nuity, display well preserved incretin activity [9]. I t  
consequently appears that there are two interpreta- 
tions possible on the nature of incretin. I t  could be 
one or more hormones secreted f rom a short 2 0 - - 3 0  
cm segment of the upper jejunum. This would be 
unique for an intestinal hormone. A more attractive 
possibility is therefore that all or a number  of gut 
hormones interact to constitute the incretin effect. The 
incretin activity of the different hormones may vary 
according to the stimulus, so that the gastrin-family 
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(gastrins and cholecystokinins) dominates during pro-  
tein-rich meals, whereas the secretin-family (secretin, 
enteroglucagon, GIP,  and Vasoact ive Intestinal Poly-  
peptide (VIP)  and maybe  yet  unknown  hormones  
f rom the jejunum) dominate  during carbohydra te  
loadings. 

When  reliable assays for  more  gastrointestinal 
hormones  are at hand, it may  be worthwhile to restudy 
Whipple-operated patients in order  to define the in- 
cretin activity more  accurately. We  have been able to 
draw conclusions only about  gastrin, and as expected 
resection of  the proximal  gut reduced the circulating 
gastfin levels towards zero. I t  can thus be concluded 
that  the amounts  of  gastrin, which might  be secreted 
f rom the remaining je junum and possibly f rom pan-  
creas are negligible - -  as measured with the anti- 
serum employed in the present study. 

So far the incretin effect has been conceived as 
being of  hormona l  nature;  but  the possibility of  neural  
influence via the vagus cannot  be excluded. The  
question of neural  control  of insulin secretion was 
recently reviewed extensively [14]. Apparent ly  no 
human  studies have differentiated the direct effect of 
vagal stimulation of  the pancreas f rom possible vagal 
stimulation of  gastrointestinal hormones .  However ,  
since the enteral insulin-stimulation is well preserved 
in man  after truncal vago tomy [Rehfeld, unpublished 
studies], we still regard incretin as constituted mainly 
by hormones  f rom the digestive tract. 
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