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Summary. The action of watery rat gut extracts on glucose-in- 
duced insulin release in anaesthetized rats was examined be- 
fore and after removal of GIP by immunoadsorption. Infu- 
sions of GIP-containing rat gut extracts nearly doubled the in- 
sulin release induced by intravenous glucose (1 g �9 kg -1 �9 
h-l). Peak insulin secretion was 98 _+ 11 mU/1 (mean+ SEM) 
after intravenous glucose and increased to 178 _+ 16 mU/1 fol- 
lowing infusion of glucose plus gut extract (p < 0.005). After 
injection of GIP antiserum in sufficient amounts to neutralize 
the GIP activity in the gut extract preparation, the additional 

insulin release due to the gut extract was reduced by only 30%. 
After complete removal of GIP from gut extracts by immuno- 
absorption, more than 50% of the incretin effect remained. 
These data suggest that the insulinotropic activity of rat gut 
extracts can only be partially related to GIP. The existence of 
additional insulinotropic gut factors which may also be re- 

leased following oral glucose is postulated. 

Key words: GIP, insulin, incretin, enteroinsular axis, rat gut 
extract, intestinal hormones. 

Since the work of La Barre et al. [1], it has been known 
that the duodenum contains factors which can lower 
elevated blood glucose levels. In 1964 it was shown that 
more insulin is released after oral glucose loads than af- 
ter intravenous infusion of the same amount of glucose 
despite a smaller rise of the blood glucose [2-4]. The in- 
testinal insulinotropic factor was named 'incretin' by La 
Barre and the connection between the gut and the en- 
docrine pancreas subsequently called the 'entero-insu- 
lar axis' [5]. 

Among various proposed hormonal factors of the 
entero-insular axis, the gut hormone, gastric inhibitory 
polypeptide (GIP) (now commonly referred to as glu- 
cose-dependent insulinotropic polypeptide) has be- 
come the main incretin candidate [6]. This hormone 
augments glucose-induced insulin secretion in vivo [7, 
8] and in vitro [9, 10]. GIP is released from endocrine 
ceils present in the upper small intestine in response to 
oral, but not intravenous glucose [11]. 

The relative importance and physiological role of 
GIP as an incretin factor has been evaluated by experi- 
mental induction of GIP deficiency through intrave- 
nous injection of  specific GIP antibodies during an oral 
glucose load in rats [6, 12, 13]. Following treatment with 
GIP antibodies, the insulin response to an intraduo- 
denal glucose load was reduced; however, GIP anti- 
serum did not completely abolish the incretin effect of 

the intraduodenal glucose load [13]. This suggests that 
GIP is not the only incretin factor. 

Since the nervous system also influences glucose-in- 
duced insulin secretion following an oral or intraduo- 
denal glucose load [14, 15], the preserved incretin effect 
after GIP antiserum injection could be related to the 
neural part of the entero-insular axis. To circumvent 
neural effects, the insulinotropic potency of differently 
prepared gut extracts can be studied. We report on the 
insulinotropic action of gut extracts after GIP anti- 
serum injection and after removal of GIP from gut ex- 
tracts by immunoadsorption. 

Materials and Methods 

Male Wistar rats weighing 250-350 g kept on a standard diet (Altro- 
min, Firma Altromin, Lage, FRG) were used. After a 20 h fast, the ani- 
mals were anaesthetized by IP injection of sodium pentobarbital 
(50 mg/kg body weight). Plastic catheters with an internal diameter of 
0.44 mm were placed in one carotid artery and the contralateral jugu- 
lar vein. The catheters were fixed by ligature and kept open by slow 
infusion of saline (1.5 ml/h). One catheter was used for blood sam- 
pling while, on the opposite side, glucose and/or gut extract was in- 
fused. Body temperature of the animals was kept constant at 38 ~ 
throughout the experiments by means of an electric heating pad. After 
a 45-min recovery period, the experiments were started. The recovery 
period was necessary because basal immunoreactive GIP levels were 
elevated immediately after operation (range: 300-700 pg/ml) and de- 
creased to 100-300 pg/ml during the recovery period. In all experi- 
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ments, blood was collected into ice-chilled heparinized tubes contain- 
ing 1000 KIU aprotinin/ml (Bayer, Leverkusen, FRG), centrifuged at 
1500 g for 10 min and the plasma removed and frozen in aliquots. 

Comparison of the Insulinotropic Effect 
of Rat Gut Extract Before and After Removal 
of GIP by Immunoadsorption 

Glucose, dissolved in 0.154mol/1 saline solution, was infused at a 
constant rate of 1 g. kg -1. h -1 over 90 min in male Wistar rats (n = 12, 
mean weight 284g, range 265-320g). In a second group of rats 
(n= 12, mean weight 279 g, range 250-290 g), the same glucose load 
was combined with rat gut extracts, also dissolved in physiological sa- 
line solution. The gut extract was adjusted to give an infusion rate of 
37mg protein.kg-a.h -1 corresponding to 0.9~tg immunoreactive 
GIP.kg -1.h -1. A third series of 12 rats (mean weight 293, range 
270-330 g) received the IV glucose load together with immunoad- 
sorbed rat gut extract. Again, the gut extract was adjusted to give an 
infusion rate of 37 mg protein.kg -1 -h -1. For practical reasons, on 
each day experiments were performed in two rats of each group. 
Blood samples (0.4 ml) were taken before and 10, 30, 60 and 90 rain 
after the start of the glucose infusion. Before drawing the blood, the 
saline from the dead space of the catheter lumen was discarded. 
Blood glucose levels were measured from the tail vein at 10 min inter- 
vals. 

GIP Antiserum Application Before Infusion 
of Rat Gut Extract 

Rabbit GIP antiserum (GO 5/76/9) raised in our laboratory [21] was 
injected as a bolus (0.3 ml) 60 rain before the combined glucose (1 g. 
kg -a. h -a) and gut extract (37 mg protein, kg -1. h -1) infusion in nine 
rats (mean weight 309 g, range 260-340 g). A control group (mean 
weight 287 g, range 250-350 g) received 0.3 ml rabbit serum instead of 
GIP antiserum followed by IV glucose alone. In a third control group 
(mean weight 315 g, range 285-350 g) 0.3 ml normal rabbit serum was 
also given followed by infusions of glucose and rat gut extract. Blood 
samples were drawn at 0, 10, 30, 60 and 90 rain. At 10 min intervals, 
blood glucose was measured from the tail vein. Blood samples for 
measurement of GIP-binding capacity were taken at the end of each 
experiment. 

Preparation of Rat Gut Extract 

The duodenum and the proximal part of the jejunum were resected, 
rapidly rinsed in ice-cold saline solution, plunged into chilled acetic 
acid (0.2tool/I) and homogenized for 30 s (Ultra-Turrax, Janke & 
Kunkel, Stauffen, FRG). The homogenized extract was boiled for 
15 min, cooled at 4~ and centrifuged (2000g for 20min). Super- 
natant solutions were lyophilized to 1.33 Pascal and stored at - 20 ~ 
before analysis. The lyophilization was necessary since tissue extracts 
in 0.2 tool/1 acetic acid frequently caused non-specific inhibition of 
GIP in the radioimmunoassay. 

Immunoadsorption 

Preliminary studies indicated that immunoreactive GIP can be re- 
moved from rat gut extracts by gel filtration on Sephadex G 50 super- 
fine columns. However, since it was unclear whether additional fac- 
tors with insulinotropic activity would be lost if the GIP-containing 
fractions of the column were discarded, the method of immunoad- 
sorption of GIP to a C-terminal specific antibody immobilized on Se- 
pharose beads has been used. The IgG fraction of GIP antibody GO 
5/76/9 was prepared using the caprylic acid method of Steinbuch and 
Audran [16]. Sepharose 4B (Pharmacia, Uppsala, Sweden) was acti- 
vated by CNBr (33 rag- ml CNBr -a. g wet Sepharose 1) [17]. The acti- 
vation was performed at pH 11 over 10 min and subsequently washed 
with ice-chilled destilled water and 0.1 mol/1 NaHCO3. The activated 
Sepharose beads were mixed with the antibody solution (2 g CNBr- 

activated Sepharose beads with 1 ml antibody solution containing ap- 
proximately 3 mg/ml protein), stirred gently at 4 ~ over 20 h and the 
beads packed into a small column (0.5 • 7 cm - equivalent to 1.2 ml of 
original antiserum). The columns were washed with 0.14 mol/1 NaC1, 
0.01 tool/1 Tris-HCl (pH 8.6), 0.04 mol/1 phosphate buffer (pH 6.5) 
and subsequently with I tool/1 ethanolamine (pH 8) for 16 h at 4 ~ 
The washing procedure with ethanolamine was necessary to minimize 
non-specific adsorption of GIP to Sepharose beads and to prevent re- 
moval of non-immunoreactive incretins on either column. Control 
columns were prepared in the same way with rabbit IgG fractions 
containing no GIP antibody. By using 125I-GIP, approximately 
75-80% of the radioactivity was bound to the Sepharose beads, while 
the control Sepharose did not bind radioactivity to any appreciable 
extent (<  8%). Lyophilized rat gut extracts were resuspended with 
0.04 mol/1 phosphate buffer (pH 6.5) and the samples were applied 
on columns equilibrated with the same buffer solution and eluted at 
5 ml/h. Absorbed GIP peptides were eluted with 15 ml 0.1 mol/1 acet- 
ic acid followed by 10 ml distilled water. After three passages on aver- 
age GIP was cleared from the gut extract solution to > 96%. The GIP- 
free extract was lyophilzed and stored at - 20 ~ The lyophilized ex- 
tract was reconstituted for infusion in appropriate amounts of 
0.14mol/1 NaC1 to give a final protein concentration of 4.5 mg/ml. 
Aliquots were taken for measurement of GIP and protein. The GIP- 
containing gut extracts of the control Sepharose columns were diluted 
serially to give nominal concentrations of 400, 200, 100, 50 pg/ml and 
added to duplicate tubes interlocked with a standard curve under 
usual conditions to determine parallelism with pure porcine stan- 
dards. 

Laboratory Analysis 

Blood glucose was measured in duplicate on each sample by the glu- 
cose oxidase method. Immunoreactive insulin and immunoreactive 
GIP were determined within 4 weeks of the experiments in each plas- 
ma sample. Because the size of the samples was small, 50 lxl of plasma 
was measured in the radioimmunoassay for insulin and GIP, respec- 
tively. Plasma insulin was determined according to the method of 
Melani et al. [18] using rat insulin as standard. The incubation prod- 
ucts were separated by polyethylenglycol 6000 (PEG6000, Serva, 
Heidelberg, FRG); the sensitivity of the assay was 6 mU/l.  Estimation 
of plasma immunoreactive GIP was performed according to the 
methods of Kuzio et al. [19] with some modifications [20]. The anti- 
serum GO 5/76/9 was used throughout the study. The characteriza- 
tion of this antiserum has been described elsewhere [21]; it reacts with 
the mid C-terminal region of the GIP molecule [22]. At a final dilution 
of 1 : 70 000, approximately 50% of 30 fg of 125I-GIP added to each as- 
say tube was bound in the absence of unlabelled GIP. This antiserum 
showed no cross-reactivity with secretin, cholecystokinin-33, gastrin, 
glucagon, gut, glucagon-like immunoreactivity I (GLI-I), motilin, 
neurotensin or somatostatin in concentrations up to 20 ng/ml. The 
sensitivity of the assay allowed changes of 30 pg/ml immunoreactive 
GIP to be detected between individual adjacent plasma samples with 
95% confidence. Non-specific binding was estimated in each assay 
for each animal experiment. Standard curves were set up with GIP- 
free rat plasma prepared by charcoal treatment of pooled fasting rat 
plasma. Antiserum GO 5/76/9 recognizes two major immunoreactive 
forms of GIP when analysing human plasma samples by gel perme- 
ation chromatography on Sephadex G 50 superfine columns. One 
fraction run in the range of pure porcine GIP, the other fraction has a 
putative molecular weight of 7500-8000daltons. Since only the 
5 000 mol.wt, compound is found in rats [23, 24[, the estimation of the 
relative proportions of both compounds was not necessary in this 
study. Serial dilution curves of 125I-labelled porcine GIP in GIP-free 
rat plasma as tracer dilution curve, of GIP-containing rat plasma in 
GIP-free rat plasma as plasma dilution curve and of GIP-containing 
rat gut extract in GIP-free rat plasma as extract dilution curve were 
superimposable, indicating similar immunoreactivity of rat GIP and 
porcine GIP. 

The within-assay precision, as expressed by coefficient of varia- 
tion of 12 replicates of a plasma sample containing 400pg/ml 
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Fig. 1. Effect on plasma levels of glucose, immunoreactive insulin and 
immunoreactive GIP in rats following an IV glucose load (1 g. kg -1. 
h- l)  (O O), IV glucose plus gut extract ( ~ ) ,  or IV glucose 
plus GIP-free gut extract ( � 9  �9  GIP was removed from the in- 
testinal extracts by means of immunoadsorption. Both the GIP-con- 
taining and the GIP-free extracts were adjusted to give an infusion 
rate of 37mg protein.kg-l .h -1. Each curve represents the 
mean+ SEM of 12 experiments. * = p <  0.05 between GIP-free and 
GIP-containing extracts. O = p <  0.02 between the control animals re- 
ceiving glucose alone and the group receiving GIP-free gut extracts 

immunoreactive GIP, was 7.9%, the interassay variance during this 
study was 11.7%. Radioimmunoassay measurements were performed 
in three assays to minimize the influence of any interassay error. The 
GIP-binding capacity of antiserum-treated rat plasma was estimated 
as described elsewhere [25]. The rat plasma samples after administra- 
tion of antiserum were serially diluted (1:8, 1:16, 1:32, 1:64, 1:128 
and 1 : 256) in the assay buffer that was used for the radioimmunoas- 
say. An aliquot of each dilution (100 gl) was then incubated in the 
presence of trace amounts of azSI-GIP under standard assay condi- 
tions and the proportion of antibody-bound and antibody-free I25I- 
GIP identified by dextran-coated charcoal. The determination of an- 
tibody binding of GIP by undiluted rat plasma was made up by extra- 
polating the percentage binding of the antibody to zero dilution. 
Usually 84 • 3.4% of the labelled GIP was bound at excess antibody. 
Ninety rain after bolus injection of 300 ul GIP antiserium, the per- 
centage of unbound GIP was 5.9%. 

Statistical Analysis 

All values are presented as mean+SEM. Student's t-tests for un- 
paired values were performed and p < 0.05 was considered statistical- 

Table 1. Integrated responses of plasma levels of glucose, immuno- 
reactive insulin and immunoreactive GIP to an IV glucose load, IV 
glucose plus GIP-containing gut extract and IV glucose plus GIP-free 
gut extract 

Integrated responses (at 90 rain) 

Glucose Immunoreac- Immuno- 
(tool/l) tive insulin reactive 

(mU/ml) GIP (ng/ml) 

IV glucose load 0.53 __ 0.04 4.52 • 0.37 - 2.11 _+ 0.24 
( l g . k g - l . h  1) 
IV glucose+ 0.28___0.02 ~b 13.67• a'b 53.94• 5.66 a,b 
GIP-containing 
gut extract 
IV glucose+ 0.36 • 9.07_+0.75 C 1.06• 
GIP-free 
gut extract 

Results expressed as mean+ SEM (n= 12). GIP was removed from 
the extracts by immunoadsorption. 
a p < 0.005 or less, significant difference between IV glucose versus IV 
glucose plus GIP-containing gut extract; b p < 0.02, significant differ- 
ence between IV glucose plus GIP-containing gut extract versus IV 
glucose plus GIP-free gut extract; c p < 0.05, significant difference be- 
tween IV glucose versus IV glucose plus GIP-free gut extract 

ly significant. Integrated responses to the corresponding loads (IV 
glucose, IV glucose + gut extract etc.) for blood glucose, plasma im- 
munoreactive insulin and immunoreactive GIP were calculated from 
the sum of the products of the mean plasma concentrations during 
each time period multiplied by the number of minutes in the time per- 
iod minus the product of the basal value multiplied by the total num- 
ber after the load. 

Results 

Comparison of the Insulinotropic Action of Rat Gut 
Extract Before and After Removal of GIP by 
Immunoadsorption (Fig. 1) 

F o l l o w i n g  the  IV g lucose  l o a d  ( l g . k g - l . h - l ) ,  b l o o d  
g lucose  levels  rose  c o n t i n u o u s l y  f rom a m e a n  b a s a l  lev- 
el o f  3.4_+0.3 m m o l / 1  to  a p e a k  o f  1 1 . 0 + 0 . 8  m m o l / 1  at  
80 rain.  A f t e r  a c o m b i n e d  in fus ion  o f  g lucose  a n d  ra t  
gu t  ex t rac t  p a s s e d  t h r o u g h  the  S e p h a r o s e  4B con t ro l  
c o l u m n s  at  a c o n s t a n t  i n fus ion  ra te  o f  37 m g  p r o t e i n .  
k g - t . h  -1 c o r r e s s p o n d i n g  to 0.91.tg i m m u n o r e a c t i v e  
G I P . k g - a . h  -1, s ign i f i can t  i nh ib i t i on  o f  the  g lucose  
i n c r e m e n t  was  seen  b e t w e e n  60 an  90 rain.  The  G I P - f r e e  
gu t  ext rac t ,  a l so  i n fu se d  at  a p r o t e i n  c o n c e n t r a t i o n  o f  
37 r ag .  kg -1 .  h - I ,  l o w e r e d  b l o o d  g luc ose  levels s ignif i -  
c a n t l y  b e t w e e n  70 an  90 ra in  w h e n  c o m p a r e d  wi th  glu- 
cose  i n f u s i o n  a lone .  H o w e v e r ,  the  g lucose  levels  were  
s ign i f i can t ly  h i g h e r  t h a n  the  c o m p a r a b l e  levels  o f  glu-  
cose  p lu s  G I P - c o n t a i n i n g  gu t  ex t rac t  at  80 a n d  90 rain.  

P l a s m a  insu l in  rose  b r i sk ly  to 9 7 + 1 0 m U / 1  at  
10 m i n  a f te r  IV g lucose  a n d  d e c l i n e d  s l ight ly  thereaf te r .  
W h e n  g lucose  a n d  the  G I P - c o n t a i n i n g  gut  ex t rac t  were  
i n f u s e d  t o g e t h e r  the  insu l in  r e s p o n s e  was  n e a r l y  dou -  
b l e d  r e a c h i n g  c o n c e n t r a t i o n s  o f  1 7 8 + 2 0 m U / 1  at  
3 0 r a i n  ( p < 0 . 0 0 5 )  a n d  1 7 1 _ + 1 8 m U / 1  at  9 0 r a i n  ( p <  
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Fig. 2. Effect of pretreatment with GIP antiserum (0.3 ml bolus injec- 
tion) on plasma levels of glucose, immunoreactive insulin and im- 
munoreactive GIP in rats following an IV glucose load (1 g-kg - l -  
h-1) and concomitant infusion of rat gut extract ( � 9  � 9  The gut 
extract was adjusted to give an infusion rate of 37 mg protein.kg -1. 
h -1 corresponding to 0.9 ~tg immunoreactive GIP. kg -a. h - t  In con- 
trol rats normal rabbit serum (0.3 ml) was injected 60 rain before the 
start of the infusion of glucose alone (�9 0 )  or glucose plus gut 
extract ( ~ ) ,  respectively. Each curve represents the 
mean + SEM of nine experiments. ~ =p  < 0.05 between the group re- 
ceiving glucose plus gut extract and the antibody-treated group. 
O =p  < 0.05 between the control animals receiving glucose alone and 
the group receiving glucose plus gut extract after antibody treatment 

0.001). By combining the IV glucose load with GIP-free 
extract, the insulin response was still significantly en- 
hanced between 30 and 90 min compared with glucose 
alone, but the insulin levels were significantly smaller at 
30 and 60 min than the levels obtained by infusion of 
glucose and GIP-containing gut extract (130 +_ 11 versus 
178 + 2 mU/1 at 30 min, p < 0.05; 126 -+ 10 versus 174-+ 
22 mU/1 at 60 rain, p < 0.05). 

Plasma immunoreactive GIP rose from a basal level 
of 239+29pg/ml  to a peak of 983 +_137pg/ml at 
30 min after infusion of gut extract plus glucose, where- 
as no significant changes of plasma immunoreactive 
GIP were found in the control groups receiving IV glu- 
cose alone or IV glucose plus GIP-free gut extract. 

The integrated insulin output due to the infusion of 
glucose was trebled when GIP-containing gut extract 

Table 2. Integrated responses of plasma levels of glucose, immuno- 
reactive insulin, immunoreactive GIP to an IV glucose load, IV glu- 
cose plus gut extract (containing 0.9~tg.kg-a.h -1 Immunoreactive 
GIP) and IV glucose plus gut extract plus GIP antibody 

Integrated responses (at 90 min) 

Glucose Immunoreac- Immuno- 
(mol/l) tire insulin reactive 

(mU/ml) GIP (ng/ml) 

IV glucose load 0.61 • 0.05 5.63 _+ 0.41 
(t g.kg 1.h-1) 
IV glucose + 0.33 +_ 0.03 a 12.40 + 0.85 ~" b 
gut extract 
IV glucose + 0.32 +_ 0.030 9.68 4- 0.68 c 
gut extract + 
GIP antibody 

1.88 + 0.21 

47.58 4- 5.27 a 

Results expressed as mean + SEM (n = 9). The antibody (0.3 ml) was 
injected 60 rain before start of the glucose infusion. 
a p < 0.01 or less, significant difference between IV glucose versus IV 
glucose plus gut extract; b p < 0.05, significant difference between IV 
glucose plus gut extract and IV glucose plus gut extract plus GIP an- 
tibody; o p < 0.02, significant difference between IV glucose versus IV 
glucose plus gut extract plus GIP antibody 

was added to the glucose infusion, while it was only 
doubled if GIP was removed from the extract (Table 1). 
However, the integrated insulin release under the latter 
condition was still significantly greater than after IV 
glucose alone. The integrated glucose responses were 
inversely related to the integrated insulin responses. 

GIP Antiserum Application Before Infusion 
of Rat Gut Extracts 

In Figure 2 the blood glucose and plasma levels of IRI 
and immunoreactive GIP after IV glucose (1 g.kg -1- 
h -1) and infusion of gut extract (37 mg protein-kg - t -  
h -1) with and without GIP antiserum treatment are 
shown. After infusion of gut extract a significant small- 
er increase of blood glucose levels occurred than after 
glucose infusion alone. This suppression of the glucose 
response by gut extract was not significantly altered by 
pretreatment with GIP antiserum. 

Only a small decrease of the gut extract-induced in- 
sulin increment was noted after injection of GIP anti- 
serum which reached significance at 90 min (134_+ 13 
versus 190 _+ 19 mU/1, p < 0.02). Consequently, the insu- 
lin response to glucose plus the gut extract, despite the 
antibody treatment at all points, was significantly high- 
er than with glucose alone (p < 0.02). The increase ofim- 
munoreactive GIP levels in this series of experiments 
after infusion of rat gut extracts was similar to that seen 
in Figure 1. 

The integrated insulin response became signifi- 
cantly smaller (p < 0.05) after GIP antiserum (Table 2). 
However it was still significantly greater than after IV 
glucose alone. The unbound GIP 90 min after injection 
of GIP antiserum amounted to 5.9 _+ 0.7%. 
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Discussion 

GIP is regarded as the main hormonal mediator of the 
enteroinsular axis [6]. When endogenous GIP, released 
after intraduodenal glucose, is neutralized by simul- 
taneous infusion of GIP antiserum, the incretin effect of 
the glucose load is only partially abolished, indicating 
that factors other than GIP are present [13]. This could 
be the neural part of the enteroinsular axis [26, 27]. Neu- 
ral mechanisms can be excluded by using gut extracts 
instead of an oral glucose load for demonstrating an in- 
cretin effect. 

The present investigation shows that rat gut extracts 
exert an insulinotropic activity even after removal of 
GIP by immunoadsorption. The peak plasma GIP lev- 
els (approximately 1000 pg/ml) produced by infusion 
of the gut extracts are in a range similar to the GIP con- 
centrations observed after intraduodenal glucose appli- 
cation [13]. The intravenous glucose load was used to in- 
crease blood glucose levels above the threshold of 
6.6 mmol/1 for the insulinotropic action of GIP to be- 
come operative [28]. A threefold rise above the insulin 
concentration after glucose alone was produced by in- 
fusion of gut extract. After removal of GIP by immuno- 
adsorption only 50% of the incretin activity of the gut 
extracts was lost, suggesting the existence of further 
humoral gut factors with insulinotropic activity. 

Immunoadsorption was the method chosen to re- 
move specifically GIP from gut extracts. The disadvan- 
tage of this method is that only GIP molecules related 
to porcine GIP are bound. However, the displacement 
studies with serially diluted rat gut extracts suggest that 
rat GIP is similar to that extracted from porcine gut 
and, that rabbit GIP antiserum, raised against porcine 
GIP, recognizes and binds rat intestinal GIP. On the 
other hand, the possibility has to be considered that mo- 
lecular species of rat GIP exist in which the mid C-ter- 
minal region of the porcine GIP molecule is masked or 
absent and that therefore the so-called GIP-free gut ex- 
tracts might include bioactive GIP fragments. 

The insulinotropic activity of gut extracts was also 
preserved after injection of GIP antiserum. Under these 
circumstances about 30% of the insulin release triggered 
by gut extract infusion was inhibited. In previous 
experiments it has been shown that the same amount of 
GIP antibody abolished the insulinotropic effect of 
exogenous porcine GIP [13]. 

Several gut peptides, such as gastrin, cholecystoki- 
nin, secretin, motilin or vasoactive intestinal polypep- 
tide, may be responsible for the persistent incretin effect 
after removal of GIP. Exogenous gastrin has been 
shown to augment glucose-induced insulin secretion 
[29] but in studies with patients before and after antral 
resection it has been demonstrated that gastrin contri- 
buted little if anything to the insulin response following 
oral glucose [301. Neither motilin nor vasoactive intesti- 
nal polypeptide had a significant effect on glucose- 
stimulated insulin release in the rat [31]. Physiological 

concentrations of secretin do not enhance insulin secre- 
tion [32]. In additions, the role of cholecystokinin as a 
physiological incretin candidate has been questioned 
[33]. Alternatively, it cannot be dismissed that gastrin, 
secretin and cholecystokinin may have an incretin effect 
if combined together as is the case in the GIP-free gut 
extracts in the present study. 

Besides the defined gut peptides, several not yet 
identified insulinotropic peptide fractions of the gut 
have been described [31, 34-37]. Further investigations 
are needed to clarify whether the insulinotropic activity 
of our GIP-free gut preparation is related to one of 
these undefined factors. In preliminary chromatograph- 
ic studies on Sephadex G 50 columns, we found the 
bulk of GIP-free insulinotropic material running be- 
hind the t25I-GIP, indicating that on a molecular weight 
basis most of these factors are smaller than GIP. 

We conclude from this and an earlier study [13] that 
GIP is not the exclusive hormonal incretin candidate. 
Additional factors with insulinotropic activity may be 
released in response to oral glucose. This conclusion is 
supported by the observation that exogenous GIP and 
IV glucose given in concentrations to mimick the situa- 
tion of an oral glucose load do not evoke as much insu- 
lin as oral glucose [38]. 
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