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Summary. Intestinal insulin releasing polypeptide 
(IRP) and Gastric inhibitory polypeptide (GIP) have a 
similar effect on intravenous glucose tolerance in the rat. 
Both augment the insulin response to intravenous glucose 
and increase the rate of glucose disappearance. VIP and 
motilin have no discernible effect. Plasma insulin dose- 
response curves to IRP and GIP are similar; both pep- 
tides stimulate insulin release in the presence of small 

Mood glucose increments. A direct comparison of the 
insulin releasing potency of IRP and GIP is not possible 
as the former is not yet available in pure form. 
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A fraction from porcine duodenojejunal mucosa, 
intestinal insulin releasing polypeptide (IRP), has been 
prepared [1] and the suggestion made that  it is re- 
sponsible for the greater plasma insulin response to 
oral as compared to intravenous glucose. The possibili- 
t y  tha t  the effects observed could be due to contami- 
nation of I R P  by secretin, pancreozymin/cholecysto- 
kinin (CCK) or intestinal glucagon-like immunoreacti- 
v i ty  (GLI) has been investigated and considered un- 
likely [2] on the evidence available. Three additionM 
intestinal polypeptides, vasoactive intestinal polypep- 
tide (VIP) [3], gastric inhibitory polypeptide (GIP) 
[4] and motilin [5] have recently been purified. All 
appear to be hormonally active and GIP has been 
shown to stimulate insulin release [6]. I t  was considered 
necessary, therefore, to investigate each of them to 
assess their ability to explain the observed effects of 
IRP  on insulin secretion and their possible involve- 
ment in the intestinal regulation of insulin release. 

Studies similar to those previously reported with 
I R P  [1, 2] were performed using pure or partially pure 
preparations of GIP, VIP and motilin. In  addition 
further studies were made of the conditions affecting 
I R P  and GIP mediated insulin release in rats in vivo. 

Materials and Methods 

Intestinal insulin releasing polypeptide (IRP) was 
prepared by the method of Turner etal. [2]. A partially 
pure GIP preparation, containing approximately 40% 
GIP, and pure GIP were prepared by the method of 
Broml  etal. [4]. Vasoactive intestinal polypeptide was 
prepared according to Said and Mutt [3] and motilin 
by the method of Brown et al. [5]. Insulin-free pork 
glucagon was given by  Dr. Mary Root, Lilly Research 
Laboratories, Indianapolis, U.S.A. All solutions for in- 
jection contained gelatin, 0.05~o, as a carrier protein. 

Overnight fasted twelve week old male Wistar rats 
weighing between 260 and 280 g were used for all ex- 
periments. Rats were anaesthetised by  the intraperi- 
toneal injection of sodium pentobarbitone, 40 mg/kg. 
Intravenous injections and blood sampling were car- 
ried out as previously described [2]. Blood glucose was 
measured by a glucose oxidase procedure [7] and plas- 
ma insulin by  a double antibody radioimmunoassay 
[8], using human insulin as standard. 

Radioimmunoassay for GIP was performed on the 
I R P  preparation used here by  J. C.B. and by Dr. S.R. 
Bloom of the Middlesex Hospital, London. J .C.B.  
found an apparent GIP content of 1.2%, but  the dilu- 
tion slope of the cross reactivity was markedly differ- 
ent from tha t  of GIP standards and other samples 
having excellent insulin releasing activity showed no 
detectable GIP content. Dr. S.R. Bloom found a con- 
tent  of 400 ng/mg. I t  is thus difficult to be certain of 
the nature or quanti ty of GIP immunoreactivity pre- 
sent in the I g P  preparation. 

Results 

1. The Effect of Partially Pure G I P  on Intravenous 
Glucose Tolerance in the Rat 

The effect of partially pure GIP, injected intra- 
venously at a dose of 5 ~g/kg, on the blood glucose 
and plasma insulin response to intravenous glucose is 
shown in Fig. i. The glucose disappearance rate in rats 
tha t  received glucose plus GIP was faster than that  in 
the rats receiving glucose alone and their mean blood 
glucose levels were significantly lower at 30 rain ( p <  
0.02) and 60 rain (p<0.05) after glucose injection. 
Mean plasma insulin levels in rats given GIP in addi- 
t ion to glucose were significantly higher at  5 rain ( p <  
0.01) and 10 min (/)<0.05) than in animals given glu- 
cose alone. 



460 D.S. Turner et al. : Intestinal Polypeptides, II%P, GIP, VII  ) and Motilin 

2. Dose Response to Pure G I P  
The curve obtained by  plott ing "glucose depend. 

ent"  insulin releasing act ivi ty - -  expressed as a per- 
centage of control values - -  against the dose of GIP  is 
shown in Fig. 2. Plasma insulin levels are given in 
Table 1. The data  represent mean plasma insulin levels 
observed in groups of eight rats, five minutes after the 
intravenous injection of glucose plus GIP,  and in the 
figure are expressed as a percentage of the 5 min insulin 
level in control animals receiving glucose alone. 
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Fig. l. The effect of GIP on intravenous glucose tolerance 
in the rat. Mean • S.E.M. of blood glucose and plasma 
insulin levels in groups of 8 rats after the intravenous in- 
jection of 5.0 Fg/kg 40% GIP in glucose (0.625 g/kg) over 
1 �89 min. Control animals received glucose alone, 0.625 
g/kg. @ glucose alone, - - - - - A  . . . .  glucose 

plus GIP 
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Fig. 2. The dose response to IRP,  GIP, VIP, glueagon and 
motilin. Mean 5 rain plasma insulin levels expressed as a 
percentage of those in animals which received 0.625 g/kg 
glucose i.v. alone over i ]~ rain. The doses of peptide in- 
dicated were dissolved in the i.v. glucose injection. 
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. . . .  0 - - - - - - -  Motilin, O Gluca,gon 

Significant augmentat ion of insulin release ( p <  
0.01) was produced by  0.125 Fg/kg GIP.  A dose of 
1.0 Fg/kg G I P  had a maximal  insulin releasing effect. 
At a higher dose, 2.0 Fg/kg there was a suggestion of 
a reduction in effect. A plot of the mean 5 rain plasma 
insulin levels against log GIP  dose is shown in Fig. 3 
and demonstrates a log-linear relationship over much 
of the observed range. 
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Data  obtained with I R P  and glucagon are included 
for comparison. Crude I R P  at  a dose of 62.5 ~g/kg 
was sufficient to st imulate significantly insulin release, 
while 0.5 ~g/kg glucagon was required to produce a 
significant stimulation. 

3. The Effect of Motilin and V I P  on Insul in Release 
The lack of effect upon glucose mediated insulin 

release of either V I P  or motilin at  various dose levels 
is shown in Fig. 2 and Table 1. In  consequence no 
further  studies were made of these two peptides. 

4. The Effect of Glucose Dosage on the Insulinaemic 
Response to I R P  

a) A constant dose of I E P  (0.5 mg/kg) was admin- 
istered intravenously, simultaneously with differing 
quantities of glucose. Blood glucose and plasma insulin 
levels were measured 5 min after the injection. The 
results are shown in Fig. 4. The injection of I R P  plus 
glucose, 78 mg/kg, resulted in a 13 rag/100 ml increm- 
ent in the mean 5 ra in  blood gincose level and was 
associated with a significant increase in plasma insulin 
level compared to animals given II~P in saline. The 
mean rise in plasma insulin was equal to tha t  ordinarily 
associated with a rise in blood glucose of about  150 rag/ 
100 ml produced by  intravenous glucose alone. With  
increasing amounts of glucose added to the II~P a dose 
response curve for insulin release against blood glucose 
concentration was observed. This moved towards a 
plateau a t  blood glucose levels above 200 rag/100 ml. 

b) On this occasion the response to differen~ 
amounts  of intravenous glucose in the presence or 
absence of II~P was investigated. The results are 
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shown in Fig. 5. Five minute plasma insulin levels 
were significantly higher at ~ll glucose dose levels in 
animals give I B P  plus glucose than in those given 
glucose alone. I R P  was not associated with any signi- 
ficant difference in 5 rain blood glucose levels at any 
glucose dose except the lowest. 

glucose alone. There were no differences in 5 rain blood 
glucose levels between the two groups. 

b) Because of differences between I R P  and GIP 
treated animals in the 5 min blood glucose response to 
the lowest doses of glucose in experiments 4b and 5 a, 
further experiments were carried out to test the re- 

Table 1. Mean 4- S.E.M. 5 rain plasma insulin levels in rats receiving the dose of peptide indicated together with glucose 
0.625 g/#g, administered i.v. over 11,/2 rain 

No. of Dose of Polypeptide 
Polypeptide animals 

per group Zero 0.0625 Fg/kg a 0.125 ~g/kga 0.25 ~g/kga 0.50 ~g/kg a 1.0 Fg/kg a 2.0 ~g/kg a 

IBP 8 145+13.06 2534-27.39 2724-18.51 3264-20.21 3344-24.37 3714-25.02 3904-14.40 
p for <0.005 < 0.00t < 0.001 < 0.001 < 0.001 < 0.001 
difference 
from control 
GIP 8 1014- 4.35 1264-17.85 1704-20.20 1774-16.93 1924-24.37 2354-25.93 161• 
p > 0.20 < 0.01 < 0.005 < 0.01 < 0.O01 > 0.05 
Motilin 8 924- 5.95 -- 1034-13.76 1174-11.35 1144-10.39 101:]:16.17 964- 6.92 
to > 0.50 > 0.05 > 0.05 > 0.60 > 0.70 
VIP 6 1424-34.80 -- -- 1794-17.58 -- 1624-25.93 223~:31.03 
p >0.50 >0.70 >0.10 
Glucagon 8 2084-15.94 -- 2684-24.06 2304-30.22 3524-34.63 4004-29.42 6024-45.87 
p > 0.05 > 0.90 < 0.005 < 0.001 < 0.001 

a For IRP read mg/kg 
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Fig. 4. Dose response to glucose of rats receiving II~P, 
0.5 mg/kg. Mean 4- S.E.M. 5 rain plasma insulin levels 
following i.v. injection of glucose plus IRP over 11/2 rain, 
plotted against mean blood glucose levels at 5 rain in 
groups of eight rats receiving glucose doses: @ zero, 
O 78 mg/kg, A 156 mg/kg, A 312 mg/kg, []  625 m~/kg, 

[] 1230 mg/kg 

5. Glucose Dose and the Insulinaemic Response to G I P  

a) The results of experiments similar to 4b, but  in 
which pure GIP, 0.5 Fg/kg was substituted for IRP,  
are shown in Fig. 6. The 5 min plasma insulin levels 
were significantly higher, at all glucose dosages, in 
animals receiving GIP plus glucose than in those given 
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Fig. 5. Dose response of rats to glucose, and to glucose 
plus 0.5 mg/kg IRP. Mean 4- S.E.M. of 5 min plasma in- 
sulin levels in groups of eight rats and mean 4- S.E.M. 
5 rain blood glucose levels following intravenous injection 
over 11~ min. Clear columns show results with glucose 
alone and hatched columns those with glucose plus IRP 

producibflity of the apparent reduction of blood glu- 
cose levels in I R P  treated animals given small doses 
of glucose, compared with animals given glucose with- 
out IRP.  In  these experiments control animals were 
given glucose (78 mg/kg body weight) and experimen- 
tal animals received a similar amount of glucose plus 
either I R P  (0.5 mg/kg) or GIP (0.5 vg/kg). The results 
are shown in Fig. 7. There was no difference in the 
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5 min blood glucose level between any of the three 
groups and Ii~F and GIP  evoked similarly augmented 
5 rain plasma insulin responses. 

Dose response to glucose in rats receiving GIP 
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Fig. 6. Dose respouse of rats to glucose, and to glucose 
plus 0.5 Fg/kg GIP. Mean 4. S.E.M. of 5 rain plasma, in- 
sulin levels in groups of eight rats and mean 4- S.E.M. 
5 rain blood glucose levels following intravenous injection 
over 1 �89 rain. Clear columns show results with glucose 
alone and hatched columns those with glucose plus I1%P 
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Fig. 7. The effect of I1%P and GIP on the response to 
intravenous glucose, 78 mg/kg. Mean 4. S.E.M. 5 rain 
plasma insulin and blood glucose levels in group.s of eight 

rats following i.v. rejection over 1 I/z mm 

uation often observed during oral glucose tolerance 
tests in which a large rise in plasma insulin is as- 
sociated with small increments in blood glucose con- 
centration. Both GIP  and II~P would seem to qualify, 
therefore, for consideration as the intestinal mediator 
of the augmented insulinaemic response to enteric glu- 
cose administration. 

I t  is clear tha t  neither V I P  nor motilin need be 
considered further, since, unlike II~P and GIP,  neither 
polypeptide had a significant effect on glucose stimu- 
lated insulin release. A direct comparison of the insulin 
releasing potency of I E P  and GIP  was not possible 
due to the known, but  unquantified, impuri ty  of the 
I R P  preparat ion currently available. The comparative 
data for glucagon used under the same conditions sug- 
gests tha t  on a weight for weight basis GIP  has an 
insulin releasing potency approximately four times tha t  
of glucagon, or in molar terms there is an approxi- 
mate ly  six fold difference in potency. 

Our experiments revealed no essential difference 
between the insulin releasing effect of I E P  and GIP. 
The question arises, therefore, as to whether the active 
component of the II~P preparat ion is GIP  or an as 
yet  uncharacterised polypeptide, and secondly whether 
GIP  is normally involved in the insulin secretory re- 
sponse to oral glucose in man. A pointer to the possible 
non-identi ty of I R P  and G I P  comes from the observa- 
t ion tha t  extracts of duodenum, a source of GIP,  do 
not  exhibit significant insulin releasing act ivi ty when 
prepared by  methods used to produce I R P  from the 
jejunum [9, 10]. The final answers to both  questions 
must  await  further experiments, and ul t imately the 
purification and chemical characterisation of the active 
component of IRP .  

I t  is likely tha t  GIP  is closely related to, but  not 
necessarily identical with, II~P, and that ,  as with other 
gastrointestinal polypeptides there is some sharing or 
overlapping of structure and biological activities. 
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