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Gastric Inhibitory Polypeptide (GIP) and Insulin in Obesity: 
Increased Response to Stimulation and Defective Feedback Control 
of Serum Levels 
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Summary. To investigate the possibility that an ab- 
normality of the entero-insular axis is responsible 
for the hyperinsulinaemia of obesity, serum im- 
munoreactive gastric inhibitory polypeptide (IR- 
GIP) and insulin (IRI) were measured after the in- 
gestion of a liquid mixed test meal, glucose or fat, in 
normal weight and obese subjects. The latter were 
divided into a group with normal oral glucose toler- 
ance (nOGT) and a group with pathological glucose 
tolerance (pOGT). Fasting levels of IR-GIP were 
significantly elevated in the obese group with 
pOGT. After the mixed meal the overweight sub- 
jects showed a significantly greater response of IR- 
GIP than the controls, with highest levels in the 
pOGT group. Simultaneously, the IRI response was 
significantly greater in the obese subjects than in the 
controls. The increases of IR-GIP and IRI after an 
oral load of 100 g glucose were normal in the obese 
subjects, but showed a significantly greater inte- 
grated response in the obese patients with pOGT. 
The ingestion of 100 g fat induced no IRI release 
but a significantly greater release of IR-GIP in the 
obese subjects, irrespective of their glucose toler- 
ance. It is concluded that fat is a stronger releaser of 
IR-GIP than glucose. The effect of a combined load 
of glucose (30 g) and fat (100 g) was also compared 
in obese and nOrmal weight subjects with the effect 
of either alone. Fat but not glucose released signifi- 
cantly more IR-GIP in obese subjects. In normal 
weight controls, but not in obese subjects, the IR- 
GIP release after fat plus glucose became signifi- 
cantly smaller than after fat alone. Since only the 
combined ingestion of glucose and fat and not fat 
alone releases insulin it is suggested that endoge- 
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nous insulin inhibits GIP release and that this feed- 
back control between insulin and GIP is defective in 
patients with obesity. 
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Obesity is accompanied by hyperinsulinaemia, both 
in the fasting state and following stimulation of insu- 
lin release [1, 2, 3, 4], and by resistance to both en- 
dogenous and exogenous insulin [5, 6, 7]. Insulin re- 
sistance of obese subjects has been explained by the 
decreased number of insulin receptors as a conse- 
quence of the hyperinsulinaemia [8, 9, 10]. The ori- 
gin of the hyperinsulinaemia, however, is still not 
understood. 

A possible explanation is over-activity of the en- 
tero-insular axis, i.e. an exaggerated release of 
a gastrointestinal factor capable of releasing insulin. 
To date, gastric inhibitory polypeptide (GIP) best 
fulfils the criteria necessary for such a factor [11]. 
GIP is released by the ingestion of glucose [13, 14, 
15], fat [13, 15, 16] and amino acids [36]. Its capaci- 
ty to potentiate glucose induced insulin release has 
been shown both in vivo [13, 17, 18] and in vitro 
[19, 20]. 

The aim of the present investigation was to study 
GIP release in response to ingestion of glucose, fat 
and a mixed standard meal and to correlate the 
serum levels of immunoreactive GIP (IR-GIP) with 
those of immunoreactive insulin (IRI) in obese sub- 
jects with normal and pathological glucose tolerance 
and in normal controls. Some of the results have 
been presented previously in a preliminary form 
[21]. 
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M a t e r i a l s  a n d  M e t h o d s  

a) Subjects 

Studies were carried out in 42 subjects with normal 
weight and normal glucose tolerance (26 male, 16 
female) and 125 obese subjects (46 male, 79 
female). Some subjects took part in more than one 
test. Informed consent was obtained from all sub- 
jects. The pertinent clinical characteristics of each 
group are shown in Table 1. Obesity was defined as 
an overweight of more than 30% above ideal body 
weight according to the Metropolitan Life Insurance 
Tables [22]. The mean age of the obese subjects was 
higher than the controls. However, similar results 
were found in age matched smaller groups in the 
different experimental protocols. The obese subjects 
were divided into two groups according to the glu- 
cose tolerance either during the test meal or during 
an oral glucose tolerance test with 100 g glucose. 
The oral glucose tolerance was regarded as normal 
(nOGT) if the 60 plus 120 min sum of blood glucose 
levels after ingestion of the standard meal or the 
oral glucose load was below 290 mg/100 ml, and 
as pathological (pOGT), if the sum was above 
310mg/100ml [12]. Subjects with fasting blood 
glucose levels above 130 mg/100 ml were regarded 
as overt diabetics and excluded from the study. 

There was no clinical or laboratory evidence of 
abnormal liver function in any subject. All patients 
were in otherwise good general health and were not 
taking drugs. The 42 normal weight control subjects 
were healthy adult volunteers, all of whom had 
a normal glucose tolerance and no history of dia- 
betes in first- or second-degree relatives. All sub- 
jects studied had been on an unrestricted diet, esti- 
mated to contain more than 200 g of carbohydrate 
daily. All tests were performed in the morning 
(9.00 h) after an overnight fast. 

b) Protocols 

1. Test .Meal: After a 45 rain rest in the supine posi- 
tion an indwelling cannula was inserted into an an- 
tecubital vein and the catheter was kept patent by 
slow infusion of saline. Two fasting blood samples 
were withdrawn; further blood samples were ob- 
tained 15, 30, 45, 60, 120, 150, 180, 210, 240, 270 
and 300 rain after ingestion of the 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 
550ml [23]. Blood samples were immediately 
placed on ice and centrifuged at 4 ~ C. Five aliquots 

of each serum sample were frozen and stored at 
- 20 ~ C, until assayed. 

2. Oral Glucose Load: Instead of the test meal the 
subjects ingested 100 g glucose, dissolved in 300 ml 
water. The other test conditions were as described in 
Protocol 1, except that blood sampling was con- 
tinued for only 180 min. 

3. Oral Triglycerides: The subjects ingested 150 ml 
of a suspension of corn oil (Lipomul | Upjohn 
Company, Kalamazoo), corresponding to 100 g tri- 
glyceride, within five minutes. Blood samples were 
obtained for 240 rain as described in Protocol 1. 

4. Comparison of Oral Glucose and Fat Load Alone 
and in Comb&ation: In order to examine the influ- 
ence of an oral fat load on the response of insulin 
and GIP to a small amount of oral glucose, the fol- 
lowing tests were performed: 

1. oral glucose load with 30 g glucose dissolved 
in 150 ml water, 

2. oral fat load (100 g triglyceride suspension as 
described in Protocol 3), 

3. ingestion of a mixture of 100 g triglycerides 
and 30 g glucose. 

Sixteen obese subjects with normal glucose tol- 
erance and 16 normal weight persons volunteered 
for the three experiments. The obese subjects were 
carefully selected and varied only by 2.2 kg in 
weight and 4 cm in height, with a mean ideal body 
weight of 142% (Table 1). The three tests were per- 
formed in randomized order within two weeks in 
each subject. Blood samples during the tests were 
obtained over a period of 210 rain after ingestion. 

c) Laboratory Analysis 

Serum glucose was measured in duplicate on each 
sample by the glucose oxidase method immediately 
after separating the serum. Immunoreactive insulin 
(IRI) and immunoreactive GIP (IR-GIP) were de- 
termined in duplicate on each sample within four 
weeks of the test. Serum IRI was determined after 
Melani et al. [24] using human insulin as standard. 
Serum IR-GIP was measured by the method de- 
scribed by Kuzio et al. [25], with minor modifica- 
tions [23]. Some additional modifications were in- 
troduced improving the sensitivity of the assay. The 
amount of GIP for the labelling procedure was re- 
duced from 6 ~tg to 3 gg per label. The lower limit of 
sensitivity varied from assay to assay ranging from 
3 to 12.5 pg. Since final serum dilution in our assays 
is 1:10, the actual sensitivity for practical determi- 
nation varies from 30 to 125 pg/ml of serum. Usual- 
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Table l. The clinical data of the subjects studied (nOGT = normal oral glucose tolerance; pOGT = pathological oral glucose tolerance) 

Sex Age % Ideal body weight Positive history 
(mean _+ SEM) of diabetes in first 

Males Females degree relatives (%) 

Test meal 
(Protocol 1): 
Normals 

Obese (nOGT) 

Obese (pOGT) 

15 1l 4 27-+6 106-+ 2 none 
(range 20-39) 

31 10 21 39+5 168_+11 48% 
(range 19-51) 

44 12 32 44-+6 184_+12 61% 
(range 25-62) 

Glucose load 
(Protocol 2): 
Normals 

Obese (nOGT) 

Obese (pOGT) 

19 11 8 31_+5 103_+ 3 none 
(range 22-40) 

12 3 9 40_+5 154_+ 13 37% 
(range 23-54) 

27 9 I8 42_+7 172_+ 10 69% 
(range 25-60) 

Fat load 
(Protocol 3): 
Normals 

Obese (nOGT) 

Obese (pOGT) 

21 12 9 27_+4 107+ 3 none 
(range 21-34) 

15 3 12 39_+7 149_ + 4 29% 
(range 27-59) 

16 7 9 45_+6 188_+11 61% 
(range 29-66) 

Combined load 
with glucose 
and fat 
(Protocol 4): 
Normals 

Obese 

16 10 6 30+2 99_+2 none 
(range 26-35) 

16 8 8 33_+3 142-+0.3 36% 
(range 26-39) 

ly values of less than 50 pg/ml  of serum were arbi- 
trarily considered as 50 pg for statistical analysis. 
Non-specific binding was estimated in each assay for 
each subject and used in the calculation of the 
amount  of immunologically active GIP  in the un- 
known samples. The interassay variance was 13.4%, 
the intra-assay variance 8.3% (mean of 152 assays). 
The G I P  antiserum used in this study (Van No. 8) 
did not crossreact with glucagon, VIP, secretin, 
CCK, gut glucagon I and gastrin. Porcine GIP,  pre- 
pared as described previously [26], was used as 
standard. 

d) Statistical Analysis 

All values are presented as means _+ SEM. Results 
were analyzed using standard statistical methods.  
Student 's  " T "  test for unpaired values was per-  

formed to compare  results between the normal vol- 
unteers and the obese subjects with normal and 
pathological glucose tolerance. Integrated responses 
to the test meal for serum glucose, I R - G I P  and IRI  
were calculated f rom summation of the products of 
the mean serum concentrations during each time 
period, multiplied by the number  of minutes in the 
time period minus the product of the basal value 
multiplied by the total number  of minutes after 
a test [27]. 

Results 

1. Fasting Levels (Table 2) 

Fasting serum levels of glucose, I R I  and I R - G I P  
tended to be higher in obese subjects with n O G T  
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than in controls, but this difference was not signifi- 
cant. In contrast, significantly higher basal levels 
were found in the obese patients with pOGT (Table 
2). 

2. Response to a Mixed Test .Meal (Fig. 1, Table 3) 

In normal weight subjects the serum glucose curve 
showed a first peak at 60 min and a second increase 
210 min after ingestion of the meal. IRI and IR-GIP 
concentrations reached a peak 30 rain after inges- 

Table 2. Fasting levels (average of three serum samples) of IR- 
GIP, IRI and glucose in controls and obese subjects before the 
test meal (Protocol 1) (nOGT = normal oral glucose tolerance; 
pOGT = pathological oral glucose tolerance) 

Protocol n IR-GIP IRI Glucose 
(pg/ml) (~tU/ml) (mg/100 ml) 

Controls 15 266-+106 <6 76+-8 
Obese nOGT 31 517-+182 ns 7+0.7 ns 84_+12 ns 
Obese pOGT 44 742+_188 a 18-+4 a 98+_13 b 

difference versus controls: 
a = p < 0.05 
b = p < 0.02 
ns = not significant 
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tion of the test meal; IRI decreased thereafter while 
IR-GIP, after a minor drop, remained elevated until 
the end of the observation period. 

The obese subjects studied were divided into two 
groups according to their glucose tolerance after in- 
gestion of the test meal (see Methods). Mean inte- 
grated glucose response over 180 min was signifi- 
cantly greater in obese subjects with pOGT than in 
controls and obese subjects with nOGT. The latter 
were not significantly different from controls (Table 
3). 

Serum insulin in response to the test meal rose 
higher in obese subjects with nOGT than in normal 
subjects (peak at 30 min in normals 91_+16 ~tU/rnl, 
in obese subjects with nOGT peak at 60 min 178 
+_ 30 IxU/ml; p < 0.01; Fig. 1) and was highest, al- 
though with markedly delayed peak in the obese 
subjects with pOGT (peak at 90 rain 217 +_ 46 
~U/ml; p < 0.005). The integrated IRI response 
over 180 min in the obese subjects was significantly 
greater than in the controls. No difference existed 
between obese subjects with nOGT and pOGT 
(Table 3). 

Upon ingestion of the test meal IR-GIP levels 
rose rapidly in obese subjects with normal and 

Table 3. Integrated response (180 min) of serum levels of IR-GIP, IRI and glucose following different stimuli in normals and obese 
subjects. (nOGT = noimal oral glucose tolerance; pOGT = pathological oral glucose tolerance. See Methods for calculation of inte- 
grated response) 

IR-GIP IRI Glucose 
(ng/ml �9 180 min) (mU/ml �9 180 min) (g/100 ml 180 rain) 

Test meal: 

Controls 
(n = 15) 
Obese (nOGT) 
(n = 31) 
Obese (pOGT) 
(n = 44) 

<0.005 
l s7+~ [ 1062_+  001 [ 3 _+os] 

338 9+40 6 J <0.01 25.4_+3.1 <0.005 5 0+0 9 ~ 

,580"6~67"4 ] <0.01 ] n.s. 16'3~2"4 ] . _ . -25.2+3.5 . _ . 

n . s .  

<0.01 

Glucose 
load (100 g) 
Controls 
(n = 19) 
Obese (nOGT) 
(n = 12) 
Obese (pOGT) 
(n = 27) 

<0.01 

[ 82.9-+ 8 .4]  6.2+0.7 L 6.4+-0.7 n s I n s  F 1 
94.6+10.2 8 6+1 2 ~ <0.005 8 5+0 9 ~ 

J <0.05 12'5~1"5 ] <0.05 16'9~ 1"8] 147.5-+14.3 . . . . . .  

n . s .  

<0.01 

Fat load (100 g) 
Controls 
(n = 21) 
Obese (nOGT) 
(n = 15) 
Obese (pOGT) 
(n = 16) 

<0.005 

F 175.9_+18.6 ] 0 -0 .6+0.07 
<0.005 

~ 34711"82~390"i j n.s. 1'0+-0"2 -0.5_+0.08 

. _ . 1.8_+0.6 -0.8+0.12 
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Fig. 2. Increase of serum levels of IR-GIP,  IRI and glucose in 19 
normals ( A ~ A ) ,  12 obese subjects with normal glucose toler- 
ance ( o - - o )  and 27 obese subjects with pathological glucose 
tolerance ( . ~ . )  following ingestion of 100 g glucose at 0 rain. 
Significant differences versus normal subjects are indicated 
(* = p < 0.02 and less). For details see Methods, Protocol 2 

pathological OGT and far exceeded the levels ob- 
served in normal subjects. Sixty min after beginning 
the test IR-GIP levels were about double (4648 
+ 568 pg/ml) the levels observed in obese subjects 
with nOGT (2269_+386 pg/ml) and about four- to 
fivefold those of normal subjects (816 _+ 114 
pg/ml). The integrated IR-GIP levels over 180 min 
were significantly greater in obese subjects with 
nOGT than in controls and in obese subjects with 
pOGT significantly greater than in obese subjects 
with nOGT (Table 3). 

3. Response to an Oral Glucose Load (Fig. 2, 
Table 3) 

Figure 2 shows the IRI, IR-GIP and serum glucose 
responses to an oral glucose load. Serum glucose 
levels increased in the obese group with pOGT to 
significantly higher levels after the glucose load. The 
integrated glucose response over 180 min was also 
significantly greater, in contrast to the group with 

nOGT (Table 3). Serum IRI showed a delayed in- 
crease after glucose ingestion in both obese groups. 
A delayed return of IRI levels to baseline was most 
marked in the obese pOGT group, but was also pre- 
sent in obese subjects with nOGT. The integrated 
response of serum IRI over 180 rain in the obese 
persons with pOGT was significantly greater than in 
obese subjects with nOGT and controls, while the  
latter were not significantly different from each 
other. 

Obese subjects with pOGT exhibited a signifi- 
cantly greater IR-GIP response to glucose than 
normal subjects, reaching a peak at 60 min (2042 
_+ 50l  pg/ml). In the obese nOGT group the IR- 
GIP response to the glucose load was not signifi- 
cantly different from that of the control subjects�9 
Correspondingly, the integrated IR-GIP response 
over 180 min was significantly greater than in the 
controls only in obese subjects with pOGT (Table 
3 ) .  
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Table 4. Integrated response (180 min) of serum levels of IR-GIP,  IRI and glucose to the ingestion of 1 .30 g glucose, 2 .30  g glucose 
plus 100 g triglyceride and 3. 100 g triglyceride in the same normal weight controls (n = 16) and obese (42% overweight) subjects with 
normal glucose tolerance (n = 16). (see Methods for calculation of integrated response) 

IRI-GIP IRI Glucose 
(ng/ml . 180 min) mU/ml  . 180 min) (g/100 ml - 180 min) 

1. Glucose 

Controls 40.2_+4.8 
Obese 40.8-+5.9 

2. Glucose plus fat 
Controls 102.3 + 12.3 b 
Obese 387.9-+44.1" b 

3. Fat 
Controls 159.8_+ 18.6 c 
Obese 368.4_+48.1" 

3.9__+0.5 6.1_+0.6 
4.6+0.6 8.1__+0.9 

7 .5_0.8 b 3.9+0.5 b 
15.9+1.9 a, b 4.5_+0.6 b 

significant differences: 
a p < 0.01 or less compared with the respective controls 
b p < 0.02 or less compared with glucose alone 
c p < 0.05 compared with glucose plus fat 
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4. Response to an Oral Triglyceride Load (Fig. 3, 
Table 3) 

A slight, but not significant, decrease of serum glu- 
cose occurred in the control subjects after ingestion 
of 100 g fat. In both obese groups significantly high- 
er fasting serum glucose levels were observed com- 
pared to normal weight subjects. They declined 
slightly during the triglyceride load. 

The IRI levels of obese subjects were significant- 
ly higher than in normal weight controls. Following 
fat ingestion a small and transient rise of serum IRI 
occurred in both obese groups. However, this in- 
crease was not significant at any time. 

The IR-GIP levels rose significantly from a 
mean basal value of 249 + 61pg/ml to 762 
_+ 201 pg/ml 30 min after ingestion of fat in normal 
subjects, reaching a peak of 1658 + 311 pg/ml at 
60 rain and remaining above 1 ng/ml until 240 min. 

Obese subjects responded to the oral triglyceride 
load with an exaggerated IR-GIP increase. This IR- 
GIP response was significantly higher at 15 min in 
both obese groups than in normal weight controls 
and remained so for 240 rain. The peak value of 
serum IR-GIP, achieved by the fat load, was 3651 
_+ 521 pg/ml in the obese group with pOGT and 
3201 _+ 618 pg/ml in the obese group with nOGT. 
The integrated IR-GIP responses of the two obese 
groups were the same and both were significantly 
higher than in the controls (Table 3). 

5. Comparison of Oral Glucose and Fat Load Alone 
and in Combination (Fig. 4, Table 4) 

In order to elucidate the interplay between serum 
levels of glucose, IRI and IR-GIP in normal and 
obese subjects a small dose of glucose (30 g) and 
a large fat load (100 g triglycerides) were given 
alone and in combination. The function of the small 
glucose load was to initiate insulin release. All three 
tests were performed in the same normal weight and 
obese subjects with normal glucose tolerance. 

The serum glucose levels in normal weight and 
obese subjects did not change after 100 g fat, but 
increased after 30 g glucose. This increase was smal- 
ler if glucose was given together with triglycerides. 
The integrated glucose increase was not statistically 
different between controls and obese subjects. How- 
ever, in both groups it was significantly smaller after 
the combined glucose-fat load than after glucose 
alone (Table 4). 

Serum levels of IRI did not change after fat in- 
gestion but increased after 30 g glucose. If glucose 
was given together with fat, significantly more IRI 
was released in both controls and obese subjects. 

The integrated IRI response after the combined 
load was significantly greater in obese subjects than 
in normal weight controls (Table 4). 

The increase of IR-GIP serum levels after 30 g 
glucose was small and of the same magnitude in 
controls and obese subjects. The IR-GIP increase 
after 100 g fat was much larger and significantly 
greater in obese subjects than in normal weight con- 
trols. If glucose and fat were given together, the IR- 
GIP increase of normal weight controls was signif- 
icantly lower than after fat alone. The suppression 
of fat induced IR-GIP release by glucose did not oc- 
cur in obese subjects. This can be seen clearly when 
comparing the integrated responses (Table 4). 

Discussion 

A significantly increased response of serum levels of 
IR-GIP and IRI to a high caloric test meal has been 
observed in obese subjects. Furthermore, this re- 
sponse was significantly greater in obese subjects 
with glucose intolerance than in obese subjects with 
normal OGT. After ingestion of glucose the re- 
sponse of IR-GIP and IRI was less and reached sig- 
nificance only in the obese group with glucose in- 
tolerance. The delayed increase of serum IRI in 
obesity (especially in the presence of glucose intol- 
erance) was compensated by a sustained elevation of 
IRI. Thus, the integrated IR-GIP response over 
180 min was generally directly correlated to the in- 
tegrated IRI response (Table 3). However, this rela- 
tionship was obscured because the GIP levels at- 
tained represent the net effect of stimulation and in- 
hibition of GIP release. 

After ingestion of triglycerides the IR-GIP re- 
sponse was significantly greater in obese subjects 
than in normal weight controls. However, there was 
no difference between obese subjects with nOGT 
and pOGT. The IR-GIP response to fat ingestion 
was not accompanied by an increase of serum IRI 
levels and serum glucose levels did not change. 

Some of the results confirm earlier work of 
Brown et al. [13] and Cataland et al. [14, 16] who 
demonstrated IR-GIP release after glucose and fat 
and showed that serum glucose must be raised for 
GIP to be insulinotrophic. 

1. Exaggerated GIP Response in Obesity 

Despite the well established hyperinsulinaemia in 
obesity [1, 2, 3, 4] the possibility that an overactive 
entero-insular axis is involved in the pathogenesis of 
insulin hypersecretion has received little attention. 
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In non-diabetic obese persons after glucose inges- 
tion Cataland [31] and Bloom [32] found a normal 
GIP (and IRI) response to an oral glucose load, but 
an exaggerated GIP release in obese maturity onset 
diabetes [30, 32]. 

These findings are in agreement with our results 
(Fig. 2, Table 3). Our data suggest that glucose is 
not a strong enough stimulus to GIP release to un- 
cover hypersecretion of GIP (and IRI) in obese sub- 
jects with nOGT. This has been achieved in the pre- 
sent study by ingestion of triglycerides and a mixed 
high caloric test meal. It was previously reported 
that fat absorption increased glucose induced insulin 
release while fat ingestion in the absence of glucose 
only inconsistently elicited small amounts of insulin 
[33]. The IR-GIP response to fat and the mixed test 
meal was significantly greater in obese subjects than 
in normal weight controls, as was the IRI response 
after the test meal. In these conditions serum glu- 
cose levels were elevated and the time courses of the 
IR-GIP and IRI release were closely related. 

Therefore, a causal relationship between the ex- 
aggerated IRI response to the test meal and the IR- 
GIP response is conceivable. The elevated fasting 
IRI levels characteristic of obesity [1, 2, 3, 4] and 
the augmented insulin secretion of obese persons, 
even after intravenous glucose injection [28, 29], 
which does not alter basal IR-GIP levels [13], could 
be explained as secondary phenomena: B-cell stimu- 
lation (due to increased postprandial GIP levels) in- 
duces islet cell hyperplasia [35] and insulin resist- 
ance [5, 6] i. e. decreased numbers of insulin recep- 
tors [10]. The exaggerated response of the GIP pro- 
ducing cells to stimulation by different nutrients in 
obesity is unknown. A larger number of GIP pro-  
ducing cells as described in obese hyperglycaemic 
mice [39] is not very probable because the aug- 
mented GIP response is reversible by starvation or 
caloric restriction for a few days [21]. 

It may be that the high caloric intake of obese 
persons conditions the GIP producing cells for bet- 
ter GIP release. In this case the exaggerated GIP 
response to ingestion of food in obese subjects 
would be only a symptom of obesity. 

2. Additional Enhancement of GIP Response 
by Glucose Intolerance 

Since the IR-GIP release is different in obese sub- 
jects with and without pathological oral glucose tol- 
erance it can be concluded that glucose intolerance 
(subclinical or chemical diabetes) as such affects the 
GIP response to different stimuli. The significantly 
larger IR-GIP response of obese subjects to a test 
meal is further enhanced by the presence of glucose 

intolerance. After an oral glucose load, which is 
a weak stimulus for GIP release, the IR-GIP re- 
sponse was significantly greater only in the obese 
subjects with glucose intolerance. 

After a glucose load an augmented IR-GIP re- 
lease has been described in maturity onset diabetes 
independent of the presence of obesity [13, 30, 38], 
while Bloom [32] found this only in obese diabetics 
(breakfast or glucose load). The reason for this dis- 
crepancy seems to be a methodological one. The an- 
tibody used by the former authors [13, 30, 38] and 
the technique of their radioimmunoassay is basically 
the same as applied in this study. 

A possible explanation for the relationship be- 
tween the IR-GIP response and glucose tolerance is 
an interaction between the GIP producing cells and 
the serum insulin levels. 

In the case of glucose intolerance of subclinical 
or overt maturity onset diabetes insulin release to 
any stimulus (orally or intravenously) is delayed. 
This holds true also for the stimulation by endoge- 
nous response of GIP, which increased sharply after 
glucose or the test meal in diabetics, as well as in 
healthy controls, indicating that the primary defect 
of the B-cell leading to the delayed insulin response 
cannot be overcome by IR-GIP. If insulin inhibits 
GIP release in the sense of a feedback control [13, 
15, 34] a delayed insulin release would result in less 
inhibition, i. e. an exaggerated initial IR-GIP release 
and this could account for the additional IR-GIP re- 
sponse when obese subjects become diabetic. 

The sustained elevation of IR-GIP levels needs 
further explanation because the delayed IRI in- 
crease is later followed by a sustained IRI response 
(Fig. 1). In case of an intact feedback control be- 
tween insulin and GIP release the GIP levels should 
not be elevated for such a long time. 

3. Defective Feedback Control of GIP Release by 
Insulin in Obesity 

Brown et al. [13], Cleator and Gourlay [15] and 
Crockett et al. [34] have demonstrated that the infu- 
sion of glucose or insulin lowers the fat induced IR- 
GIP release and suggested a negative feedback con- 
trol between serum IR! level and GIP secretion. 
Some of the data presented here support this 
hypothesis. The different IR-GIP response after the 
test meal and fat ingestion (Table 3) can well be in- 
terpreted by feedback control of IR-GIP release by 
insulin. Both are strong stimuli for IR-GIP release 
as can be seen from the maximal values elicited. 
However, in normals less IR-GIP is released after 
the test meal than after triglyceride ingestion while 
in obese persons with pOGT the test meal releases 
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more  I R - G I P  than fat alone. Since the largest IR-  
G I P  response has been  achieved with the test meal  
in obese  subjects with p O G T  the high caloric mixed 
test meal  seems to be the s t ronger  stimulus. The  
reason for a smaller I R - G I P  response  to the test 
meal  in normal  weight  controls  (and to a lesser de- 
gree also in obese  subjects with n O G T )  can be ex- 
plained by the I R I  increase which occurs  only after 
the ca rbohydra te  containing test meal  and not  after 
triglyceride ingestion and which prevents  a maximal  
G I P  response  f rom being elicited. Af te r  oral  fat load 
no I R I  release occurs and the I R - G I P  response is 
not  modu la t ed  by insulin feedback  control .  

The  results of  sequential  oral  loads with tri- 
glycerides, glucose and both  together  in the same 
normal  and obese  subjects with n O G T  (Table 4) 
give strong suppor t  f o r  the existence of a feedback  
control  of G I P  release and insulin secret ion and 
a defect  of  this mechanism in obesity. The  combina-  
t ion of the two stimuli p roduced  in bo th  groups  
a significantly larger I R I  response than glucose 
alone. This induced in the normal  controls  a lower-  
ing of the I R - G I P  response  (intact feedback  control)  
and in the obese  pat ients  no change of  the I R - G I P  
response  (defective feedback  control) .  Since only 
the se rum 1RI levels and no t  the glucose response  
were different  be tween  the controls  and obese  sub- 
jects after the combined  oral  load the negative feed- 
back control  seems to be media ted  by insulin and 
not  by glucose. However ,  this quest ion needs  fur ther  
clarification, 

A possible mechan i sm for  this defect  in feedback 
control  in obesi ty could be via a decreased  respon-  
siveness of  the G I P  producing  cells to insulin due to 
a decreased n u m b e r  of insulin receptors  [9] of the 
G I P  cells. A fur ther  decrease  in receptor  popula t ion  
could explain the exaggera ted  findings in obesi ty 
with glucose intolerance.  T he  reversibility of the ex- 
aggera ted  G I P  response  in obesi ty [21] and in 
matur i ty  onset  diabetes [37] by t r ea tment  and some 
of the results of  this s tudy suppor t  such a conten-  
tion. Fluctuat ion of  the concent ra t ion  of insulin re- 
ceptors  induced by t rea tment  have been  described 
[10]. Thus,  the exaggera ted  levels of I R - G I P  in 
obesi ty  would  at first be a sym p t om  ra ther  than the 
cause of  obesity.  

However ,  since G I P  potent ia tes  glucose induced 
insulin release the elevated G I P  levels later b e c o m e  
an impor tant  factor  in the pathogenesis  of fur ther  
lipogenesis. 
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