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Summary. In  conscious t rained dogs (Alsatians) the 
IRI-concentrat ion in the peripheral  venous blood after 
oral administrat ion of glucose increases when the blood 
glucose is still unchanged. After one or two peaks during 
the first 20 min I R I  increases parallel  to the blood sugar 
increase. In  relation to the  intravenous injection of 
glucose the  I R I  maximum after oral administrat ion 
occurs earlier. Fur thermore  the  ratio of the I R I  to blood 
sugar areas is raised. Without  any  blood sugar change 
the I R I  concentration after oral application of t ap  water  
increases with one or two peaks. These peaks correspond to 
the  first peaks after oral adminis trat ion of glucose. These 
findings are discussed in the sense of a "feed-forward" 
of insulin secretion after feeding via N.vagus as well as 
via enterohormones. More at tent ion should be payed to 
the I R I  course during the early phase of the oral glucose 
tolerance test.  

Mdcanisme de la sdcrdtion d'insuline apr~s admini- 
stration orale de glucose. I .  Ddroutement multiphasique de 
la mobilisation de l'insuline apr~s administration orale de 
glucose ehez le chien dveiUg. JDiffdrences de comportement 
apr~s administration intraveineuse 

R~sumd. Chez des chiens-bergers 6veill6s et entraln6s, 
apr~s administrat ion orale de glucose, la concentration 
d ' I R I  dans le sang veineux p6riph6rique augmente ddj~ 
alors que la glyc6mie n ' a  pas encore chang6. Apr~s un ou 
deux pies durant  les ring4 premieres minutes, I ' I R I  
augmente parall~lement au glucose sanguin. Comparative- 
ment  h l ' injeetion intra-veineuse de glucose, le maximum 
d ' I R I ,  apr~s administrat ion orale, se produi t  plus tSt.  
De plus, le quotient des surfaces d ' I R I  et de glyc6mie est 
61ev6. Sans aucun changement du glucose sanguin, la 
concentration d ' I R I  augmente avec un ou deux pics 
aprSs adminis trat ion orale d 'eau  potable.  Ces pics 

correspondent aux deux premiers pics aprbs administra-  
t ion orale de glucose. Ces r6sultats sent  discutds dans le 
sons d 'une s6crdtion d'insuline pr6cddant la digestion via 
N.vague et via entdrohormones. I1 faut  aceorder plus 
d 'a t ten t ion  ~ l '6volution d ' I R I  durant  la premiere phase 
du test  de tol6rance au glucose par  voie orale. 

Der Mechanismus der Insulinmobilisierung nach oraler 
Glucosegabe. I .  Mehrphasigkeit der lnsulinmobilisierung 
nach oraler Glueosegabe beim wachen Hund und Differenzen 
zum Verhalten naeh intravenSser Glucoseinje]ction 

Zusammenfassung. Bei waehen t rainier ten Sch/~fer- 
hunden steigt die Insul inkonzentrat ion im peripheren 
Venenblut nach oraler Glucosegabe schon zu einem Zeit- 
punkt  an, da die Glyk/imie noch nicht  ver/indert ist. 
Nach Durchlaufer~ yon 1 oder 2 Gipfeln in den ersten 
20 mill t r i t t  der Anstieg ein, der parallel  dem Blutzucker- 
gipfel verl/~uft. I m  Verh/~ltnis zur intraven6sen Glucose- 
gabe liegt das erste IRI -Maximum nach oraler Verab- 
f..olgung zeitlich friiher. Auch ist der Quotient aus I R I -  
Ubersehreitungsfl/iche und Blutzuckeriiberschreitungs- 
fl/~che erh6ht. Ohne daI3 es zu einer Blutzuckerver/~nde- 
rung kommt,  steigt auch nach oraler Gabe yon Leitungs- 
wasser die IRI -Konzent ra t ion  1- oder 2gipflig an. Diese 
Gipfel entsprechen den beiden ersten Erh6hungen nach 
oraler Glucosegabe. Die beobachteten Ph/~nomene werden 
im Sinne einer Vorw/~rtskopplung der Insulinsekretion 
nach l~ahrungsaufnahme via N.vagus und Enterohormone 
diskutiert .  Der Beurteilung des IRI-Verlaufs  in der  
friihen Phase des oralen Glucosetoleranztests sollte grS- 
~ere Beachtung geschenkt werden. 

Key words: Oral glucose tolerance test,  insulin secre- 
tion, feed-forward, enterohormones, N.vagus, refex.  

Introduction 

Because of i ts  s impl ic i ty  the  oral  glucose to lerance  
t e s t  (OGTT) is st i l l  i m p o r t a n t  for the  diagnosis  a n d  
assessment  of d iabe tes  mell i tus .  I n  ind iv idua l  cases, 
however ,  i ts  i n t e rp re t a t i on  is qui te  difficult  because - -  
beside the  b lood-sugar  increase caused b y  abso rp t ion  
af ter  feeding - -  two o ther  factors  also influence insul in  
secret ion and  glucose to le rance :  the  vege ta t ive  nervous  
sys tem and  the  en te rohormones  (Por te  and  Bagdade ,  
1970). 

I t  is k n o w n  t h a t  in compar ison  wi th  oral  adminis-  
t r a t i on  less insul in is mobi l ized  dur ing  an  in t ravenous  
glucose to lerance  t e s t  ( IVGTT) despi te  lower b lood 
glucose values  and  t h a t  in some cases th is  mobi l i za t ion  

m a y  s t a r t  la ter .  Such findings were r e pe a t e d ly  shown 
in m a n  (Scow and  Cornfield, 1954; E l r i ck  et al., 1964; 
Balsano  et al., 1964; M c I n t y r e  et al., 1965, 1970; Pe r ley  
and Kipnis ,  1967; Marks  and  Samols,  1969), and  t h e y  
were confirmed in some other  species (Assal et al., 
1969: r a t ;  N i j j a r  and  Per ry ,  1970: rabbi t s ) .  Obvious ly  
there  is some re la t ion  be tween  these  observa t ions  and  
the  fac t  t h a t  ga lac tose  and  some amino  acids  affect the  
insul in  secret ion only  af te r  oral  admin i s t r a t i on  (Marks 
and Samols ,  1969; R a p t i s  el al., 1970). These differences 
were exp la ined  b y  the  mobi l i za t ion  and  the  a c t i v i t y  of 
en te rohormones  (gastr in,  secretin,  cholecys tokin in /  
pancreozymin)  dur ing  food ingest ion.  Unger  et al. 
(1967, 1970) exp la ined  t h e m  b y  descr ib ing t hem as 
"en te ro- insu la r  ax i s"  in  the  sense of an  in tens i fy ing  
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effect. Accordingly, Kraegen et al. (1970) found a dual 
action of secretin on insulin secretion in man (a direct 
stimulation and an independent enhancement of the 
glucose effect). They proposed an early and/or multi- 
phasic insulin secretion by the pancreas after oral 
feeding. This, however, has not been documented so 
far. 

The aim of the experiments reported here was to 
compare the rate of appearance of insulin in the peri- 
pheral venous blood in the dog after oral and intra- 
venous administration of glucose and to examine the 
early changes in insulin concentration. Finally, we 
had to investigate whether it was possible to produce 
an early insulin peak by  non metabolically active stimuli 
(e. g. tap water). 

Material and methods 

Animals. The experiments were performed on pure 
bred Alsatian dogs of both sexes (13 females and 
9 males) with a mean body weight of 24.1 =L 1.3 kg and 
an age of 35.8=L4.1 months. The animals were im- 
munized against distemper and they had no worms. 
The bitches had never been pregnant and they were 
not on heat. They received two meals daffy (at 11.00 
a.m. and at 4.30 p.m., 2/3 beef, 1/3 carbohydrates 
such as bread or rice) and water ad libitum. 

Training programme. The animals lived in single 
boxes and were trained at least for 6 weeks before the 
experiments. 

The dogs became accustomed to all persons involved 
in the tests as well as to the rooms in which the ex- 
periments were performed. They were allowed to walk 
and to stay in the laboratory for at least 30 min every 
3 days. The dogs were adapted to the test situation 
proper every 3 days by lying for 30 rain on the bench 
used for the tests, by tapping the veins of the legs 
without any anaesthesia and finally by intravenous 
administration of saline (0.9%) or oral administration 
of tap water. The dogs were subjected to experiments 
only after succesful training (i. e. if they tolerated all 
measures necessary for the test without any resistance). 
The unintentional induction of a conditioned reflex by  
the training, tha t  might directly influence insulin 
secretion was excluded since no substances stimulating 
the islets of Langerhans and no foodstuffs were given 
during these periods. 

Tests. Without any premedication the conscious 
animals were tested at 7.30 a. m. after a mean starvation 
period of 18.0 • 0.3 h. The experiments were performed 
in an isolated room. All analytical measures were done 
separately. During the whole observation period the 
dogs rested in ventral or lateral position without 
fixation, on a wooden bench. At - -32 min a plastic 
e~nnula was inserted into the V. saphena parv~ or the 
V. cephalica. When the test solution was given intra- 

venously another cannula was simultaneously inserted 
into a second peripheral vein. Heparin was not in- 
jected. The following tests were performed: 

1.1.0 ml NaC1 0.9% per kg intravenously, 
2.0.5 g glucose per kg intravenously, dissolved in 

1.0 ml/kg NaC1 0.9%, 
3.1.0 g glucose per kg, dissolved in 50 ml tap water. 

I t  was given orally by means of a plastic tube with an 
external diameter of 8 mm. This was introduced 
immediately behind the left inferior canine tooth for 
6 cm into the cavity of the mouth and lay on the 
middle of the tongue, 

4. 60 ml tap water orally in the same manner as in 3. 
The administration lasted 2 min. The end of 

administration was designated time "0 min". 
Blood specimen were collected during the intra- 

venous tests at --  30, --  15, immediately before the dose, 
3, 7, 10, 15, 20, 25, 40, 60 and 90 min. During the oral 
loads samples were taken at --  30, -- 15, immediately 
before the dose, 2.5, 5, 7.5, 10, 12.5, 15, 17.5, 20, 22.5, 
25, 30, 40, 60 and 90 min. In some experiments the 
specimen at 2.5, 7.5, 12.5, 17.5, and 22.5 min were left 
out. 

Analytical methods. The blood glucose was deter- 
mined enzymatically with glucose oxidase/peroxidase/ 
o-dianisidine (K6hler, 1962). Free fa t ty  acids (FFA) 
in the serum were assayed colorimetrically by  the 
copper-soap.method (Duncombe, 1964) with Na- 
diethyldithiocarbamate as color reagent. The radio- 
immunologically reactive insulin (IRI) was analyzed 
using alcohol precipitation according to the back- 
t i tration principle (Makulu et al., 1969, Wright et al., 
1971). Dog insulin (Novo, Copenhagen, Lot-No. 
t t  23169) 1 served as standard reagent. The standard 
dilutions as well as the dog plasma samples (dilution 
1 : 2) were incubated at room temperature overnight 
with an excess of anti-pig-insulin serum from guinea 
pigs. The free antibodies were t i t rated back by  the 
subsequent addition of an excess of i~5I-insulin (ZfK 
Rossendorf/Dresden, 70 mCi/mg). For all dilutions a 
0.04 M phosphate buffer with 0.3% bovine serum 
albumin (pI-I 7.4) was used. 

Calculations. The means -~ SEM ([ Jr s~) of the 
measured values are given. The differences were 
examined by the t-test (significance level, p < 1%). 
The areas under the peaks were calculated arithmeti- 
cally b y  considering the magnitude and duration of 
the peaks ~. For each curve the area represents the sum 
from 0 to 90 min of the following products : (measured 
value minus value at 0 rain) • (time interval between 
the individual values). I t  was assumed that  neigh- 
bouring values were connected linearly. 

1 We wish Go thank Dr. O. Jaeobi, Mainz, for sup- 
plying us with this preparation. 

2 For his advice in the evaluation we are indebted to 
Dipl.-Math. E. Jutzi, Karlsburg. 
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Results 

The intravenous administration of saline (Fig. 1) 
was used as a common control situation. There was no 
systematic, statistically proven variation of blood 
glucose or of IRI-concentration. In  some animals the 
FFA already showed a spontaneous increase before 
the dose was administered. The small but gradual rise 
in FFA after the injection, occured in each experiment. 
I t  was an expression of the stress situation arising 
despite training. Therefore the I R I  and blood glucose 
areas did not differ from zero and the FFA area was 
statistically significantly positive (Table 1). 

Comparison of these findings with those of the 
OGTT (Fig. 3, Table 1) demonstrate several interesting 
points. In  the latter test blood glucose was significantly 
raised only after 10 rain and reached its maximum 
after about 33 min, the concentration of It~I was 
already increased after 2.5 rain and substantially so 
after 5 rain. The average IRI-curve continued to 
increase irregularly up to a maximum at 25--30 rain. 
Due to the selected sampling times and the different 
types of response seen, Fig. 3 does not demonstrate 
several important characteristics: In  each individual 
experiment the increase of IRI-values showed several 
(at least 2) single peaks. The maxima as well as the 

Table 1. Time values and concentrations of the IR I -  and blood glucose maxima, integrated areas of IR I ,  blood glucose and 
tZFA (0--90 min) in the different tests. The time values correspond to the distance of the maximum from the end of the 
dose. They were evaluated according to the pattern of blood sampling in the individual experiments. Therefore the mean need 
not correspond to a real time of taking samples. The concentration at the peak time corresponds to the difference betewen 

the peak value and the value at 0 rain. For the evaluation of the areas see-methods 

NaC1 intra- 
venously water orally 
(n = 11) IVGTT (n = 8) OGTT (n = 10) (n = 9) 

I. IRI-peak n -- 8 9 4 
[min] ii.6 4- 1.5 b 6.4 4- 1.2 b 6.2+ 1.3 c 
[~U/ml] 76.4 J: 12.0 b 30.2 • 6.0 b 18.04- 5.6 

II. IRI-peak n -- -- 8 8 
[mill] 19.1 4- 1.9 c 22.54- 4.4 
[fzU/ml] 40.2 =]= 4.4 32.0=~ 6.3 

III. IRI-peak n -- -- 10 -- 
[mill] 42.5 4- 3.9 c 
[~U/ml] 50.s 4- s.4 

II%I area [~UX 90rain/roll 2654- 398 1851 4- 432 ~ 1927 4- 350 a 630 4- 245 a 

blood sugar peak [mill] -- -- 33.2 4- 3.5 -- 
[rag/100 hall -- 130.0 ~: 13.8 51.4 4- 13.9 b -- 

blood sugar area [mgx 90rain/100 ml - -35•  160 2026 4- 191 a 2153 4- 616 a --92 4- 98 

IRI area: 
blood sugar area -- 1.024- 0.29 2.724- 1.01 -- 
FFA area [~Mol • 90 min/1] 72044-2029a -- 12147 4-3900 a --21317 4-4060 ~ 1143 4-3124 

= p < 0.01 for the differences from 0, 
b = p < 0.01 for the differences between IVGTT and OGTT, 
c = p < 0.01 for the differences between the individual peaks of I g I .  

This we have to take into consideration in evalu- 
ating the other tests. 

The pattern of blood glucose after the intravenous 
administration of 0.5 g glueose/kg (Fig. 2) was charac- 
terized by an assimilation coefficient (calculated 
according to Conard et al., 1955) of 4.27 •  I R I  
increased immediately with a single peak in all animals. 
On the average it reached its maximum after 12 rain 
(Table 1). The accuracy of this time value of course 
depends on the time pattern of blood sampling. Since 
this value represents the mean of a group of experi- 
ments, it need not coincide with the moment of 
specimen collection. Due to the effect of the mobilized 
insulin the FFA decreased rapidly and reached a 
minimum after 15 rain, they subsequently exceeded 
the initial values during the later part of the observa- 
tion period. 

minima were formed by at least two measured values. 
This is shown in detail in Fig. 4. Moreover, Table 1 
demonstrates that  the peaks may be differentiated 
statistically with regard to their time order. In  cases 
when individual animals did not show an unequivocal 
isolated peak in a given interval, they were not 
considered for the evaluation of this interval. There- 
fore the number of peaks is not the same as the number 
of animals. The first maximum at least, is certainly not 
caused by insulin mobilization secondary to hyper- 
glycaemia. In  comparison with the IVGTT this first 
maximum was not so marked but  it was reached 
considerably earlier. The incremental areas under the 
curves seem to be a better expression of the effective 
amount of glucose and the liberated quantity of 
insulin. 

There was no difference in these areas of hyper- 
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glycemia and I R I  between the oral and intravenous 
tests. The ratio "Ii%I-area: blood glucose area" of 
each experiment (the mean is given in Table 1) de- 
monstrates tha t  after oral administration more insulin 
reaches the peripheral venous blood than  after intra- 
venous injection. The number  of experiments was too 
small to be statistically significant. This was true also 
for the FFA area which is negative according to the 
decrease observed. 
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Fig. 1. Blood glucose (A), FFA (O) and I R I  (O) in 9 dogs 
after intravenous administration of 0.9% saline (1.0 

ml/kg) 
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Fig. 2. Blood glucose (~), FFA (0) and I R I  (@) in 8 clogs 
after intravenous administration of 0.5 g glucose/kg 
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Fig. 4. If%I-concentration after oral administration of 
1.0 g glucose/kg. Single experiments (fine lines) and the 
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The II~I-increase hi the first phase of the OGTT 
before the blood sugar increased demands examination 
of whether the tap water  used as a solvent was able to 
mobilize insulin. After the administration of 60 ml of 
water (Fig. 5) the blood glucose level did not change but  
the IRI-values  increased continually. Only the mean 

value a t  20 min differed significantly from the starting 
point. The Ii~I-area also differed statistically from 
zero with p ~0 .01 .  In  some animals this increase 
also consisted of 2 peaks as is demonstrated in Table 1. 
The small increase is explained by  the individual 
differences in the reaction types with regard to time. 
The statistically significant II{I-area demonstrates the 
importance of this finding. The mobilized insulin 
neither influenced the blood glucose nor the FFA, but  
the lack of any increase of the FFA after the oral dose 
was striking (cf. Fig. 1). 
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Fig. 3. Blood glucose (Zk), FFA (O) and I R I  (@) in 10 dogs 
after oral administration of 1.0 g glucose/kg 

Discussion 

Our findings indicate tha t  in conscious dogs in 
relation to the blood glucose increase produced by  
oral administration of glucose, more insulin is mobilized 
than after intravenous administration. This high 
insulin mobilization consisted of one or two early 

Diabetologia, Vol. 8 8 
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phases of the It~I-increase when blood glucose had not 
yet  changed. According to preliminary experiments 
blood glucose concentration was also unchanged in the 
portal vein during the first phase of insulin secretion. 
This multiphasic course suggests that  several factors 
act on the B-cell. Furthermore the small insulin 
mobilization produced by tap water shows that  non- 
specific factors accompanying food ingestion are able 
to release insulin by  mechanisms that  are independent 
of changes in the blood glucose. 
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Fig. 5. Blood glucose (A), FFA (O) and 11%I (@) in 9 dogs 
after oral administration of 60 ml tap water 

Up to now the enterohormones are known to be 
able to increase the insulin secretion in certain ex- 
perimental conditions (Unger et al., 1967 ; Malaisse and 
Malaisse-Lagae, 1968; Jarre t t  et al., 1969; Mayhew 
et al., 1969; Dupr~, 1970; Kahil et al., 1970; Kraegen 
et al., 1970; Lerncr and Porte, 1970; Porte and Bag- 
dude, 1970; Hinz et al., 1971; Rehfeld, 1971). The 
effects, however, depend on the experimental methods 
used: In  vivo secretin, as well as cholecystokinin/ 
pancreozymin, gastrin and even caerulein (which is 
analogous to these substances but  does not occur in 
warm-blooded animals, Bertaccini et al., 1970; Decard 
et al., 1970) arc effective. On the other hand, in vitro, 
cholecystokinin/pancreozymin seems to be exclusively 
active or most effective, it influences glucagon secretion 
as well. 

The physiological importance of these phenomena 
will not be clarified, until quantitative examination of 
the concentration of some of these substances during 
food ingestion or during an OGTT is correlated with 
changes in IRI-concentration. Secretin concentration, 
measured radio-immunologieally, rises rapidly during 
the first minutes after oral glucose and is followed by  
the It~I-peak. The former returns to normal by the 
20th min whereas the latter continues to rise (Chisholm 
et al., 1969). Serum gastrin, however, is measurably 
raised only later after a meal (McGnigan and Trudeau, 

1970:20--40 min; Walsh et al., 1971:10--15 rain). 
Concerning cnteroglucagon we know that  this fraction 
of glucagon increases in the blood during and after an 
OGTT as well as after a meal (Grenier et al., 1969, 
Hcding, 1971). But  the physiological importance of 
this fact is questionable since enteroglueagon rises after 
the insulin peak (Marco et al., 1970). The concentration 
of choleeystokinin/panereozymin, however, does not 
change after oral administration of glucose (Young 
et al., 1968, 1969). Finally we know that  the activity 
of the parasympathetic nervous system and the N. 
vagus increases after a meal and also after an OGTT 
(Pawlow, 1898). On the other hand, stimulation of the 
IX T. vagus causes liberation of gastrin and secretin 
(synopsis cf. Vagne, 1970) as well as of insulin itself 
(Frohman e$ al., 1967; Kaneto et al., 1967, 1968; 
Daniel and Henderson, 1967). Pharmacological or 
surgical lesion of the N. vagus may inhibit insulin 
secretion under certain conditions (Linquette et al., 
1969, Porte and Bagdade, 1970). 

All these factors must be included when considering 
our results. The first II~I-peak that  we observed may 
have been produced by the enterohormones (especially 
secretin) or by a nervous mechanism. Only hormonal 
mechanisms however, seem to be responsible for the 
second peak which also represents most of the Ii%I- 
increase seen after water ingestion. 

We suggest a reflex forward-coupling of insulin 
secretion after food ingestion. At present no con- 
clusions are possible about the afferent branch of such 
a reflex. A pre-existing conditioned reflex must be 
also considered. Woods ef al. (1970) and Hut ton  et al. 
(1970) demonstrated a conditioned insulin secretion in 
rats and Goldfine et al. (1970) obtained a comparable 
result in patients by  suggesting food ingestion under 
hypnosis. The hormonal-nervous mechanisms men- 
tioned above may act as efferent branches. Godlowski 
(1968) described a hormone-like extract  of the sub- 
maxillary salivary gland which may influence insulin 
secretion, but in the sense of an inhibition. A direct 
stimulation of insulin release from the cavity of month 
seems to be possible. 

Furthermore consideration must be given to the 
observation that  different extrapancreatic effectors 
can liberate insulin from various compartments avail- 
able in the B-cell for secretion (Grodsky, 1970). The 
reduced activity of the entero-insular axis may be 
a possible cause of the delayed insulin secretion in 
persons with early stages of diabetes mellitus (Unger, 
1970). We do not know of any early measurements of 
IRI-concentration during the OGTT. But  the sup- 
position of Unger (1970) and our own findings indicate 
that  in the early diagnosis of diabetes mellitus, atten- 
tion should be payed to insulin mobilization during the 
first 10 to 20 min after oral stimulation. 

Acknowledgements. We are grateful to Mrs. C. Briillke, 
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