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I t  has been recognized that the plasma 
insulin response to orally or intestinally ad- 
ministered glucose is greater than that elic- 
ited by the same quantity of glucose given 
intravenously ( 1, 2), especially in gastrecto- 
mized and in mildly diabetic patients (3) .  
The augmented release of insulin after oral 
glucose could be the result of the combined 
action of one or more hormones or of still 
unidentified insulin-releasing factor (s) pro- 
duced by the upper gastrointestinal tract (4, 
5) .  I t  is not known whether the action of 
these factors is associated with the process of 
glucose absorption or with the mechanical 
stimulus provided by the ingested material. 

I t  is the purpose of this study to evaluate 
the effect of the mechanical stimulus to the 
digestive tract on insulin secretion, indepen- 
dently of nutrient absorption and of any con- 
comitant elevation in the concentration of 
blood gluco,se. These experimental conditions 
were achieved by the ingestion of a loaf of 
konnyaku, made from a paste of arum root, a 
Japanese food which contains very few nutri- 
ents (Table I, 6). 

S146 jects and Methods. Sixteen healthy 
volunteers, 10 males and 6 females, whose 
ages ranged from 19 to 36 years, served as 
subjects. After an overnight fast, the subjects 
were given an intravenous infusion of glu- 

cose a t  the rate of 6 mg/kg/min or a 10% 
solution a t  the rate of 4.75 ml/min for 2 hr. 
After a l-hr control period, the subjects re- 
ceived a loaf of konnyaku weighing about 
250 g ,  cut into bite-sized pieces and con- 
sumed it  within several minutes. Several days 
thereafter, the same procedure was repeated 
in three subjects in whom the parasympathet- 
ics had been blocked by 0.5 mg atropine 
given a t  the beginning of the glucose infusion 
and several minutes prior to the ingestion of 
konnyaku. I n  control experiments, some of 
the subjects were given either konnyaku 
alone or glucose infusion alone. Glucose was 
measured according to Somogyi-Nelson (7) ; 
immunoreactive insulin ( IRI )  with the two 
antibodies immunoassay of Hales and Randle 

Resulis. Figure 1 shows that during the 
first 30 min the mean serum glucose level 
increased gradually from 78.3 t 19.1 
mg/100 ml reaching a plateau of about 157 
mg/100 ml in 40 min. After the ingestion of 
konnyaku the serum glucose concentration 
began to decline even though the glucose 
infusion was continued. On the other hand, 
when konnyaku was not fed, the mean serum 
glucose level kept increasing slightly for 90 
min. The mean serum I R I  concentration also 
increased gradually reaching a plateau about 

(8) .  

TABLE I. Compo&tion of Konnyn.ku (1010 g)." 

Carbohydrate Mineral 

Phos- 
Water Protein Fat Sugar Cellulose Ash Calcium Sodium phorus Iron 

~~ ~~ ~~ 

97.4 0.1 0 2.2 0.1 0.2 43 10 5 0.4 
~~ ~ 

a Water, protein, fat ,  carbohydrates, and ash estimated in grams; nLinera1s estimated in  mil- 
ligrams. 
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FIG. 1. Mean serum glucose and IRI responses to glucose infusion with or without ingestion of 
konnyaku in the same subjects. 

50 mill after the infusion of glucose. With 
feeding konnyaku there was a further rise in 
serum IRI  levels in four of the six subjects 
despite the decrease in serum glucose concen- 
tration, whereas little changes in serum I R I  
concentration was observed in the control ex- 

periment during the corresponding period. 
Although the mean concentrations of serum 
I R I  after the ingestion of konnyaku were 
higher than the corresponding values in the 
control experiment, the difference was not 
statistically significant. 
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FIG. 2 .  Effect of konnyaku ingestion on insulinogenic index during glucose infusion. Statistical 
analysis based on paired comparisons. p values calculated according to the t test of Student. 

x = p<.os; 
xxx = p<.01. 
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FIG. 3. Mean serum glucose and IRI responses to glucose infusion with ingestion of konnyaku. 
Statistical analysis based on paired comparisons. p values calculated according to the t test of 
Student. 

x = p<.O5 vs value before konnyaku ingestion. 
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FIG. 4. Effect of konnyaku ingestion on the insulinogenic index during glucose infusion. Statisti- 
cal analysis based on paired comparisons. p values were calculated according to the t test of 
Student . 

xxx = p<.Ol vs value before konnyaku ingestion. 
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FIG. 5 .  Effect of atropine on the insulin response to glucose infusion augmented by the ingestion 
of konnyaku. 

The insulinogenic index, calculated by di- 
viding the increment in I R I  concentration by 
the corresponding rise in glucose, increased 
significantly 10, 20, 25, and 30 min after 
konny,aku. Furthermore, after 25 and 30 min, 
the index was significantly higher than that 
observed in the control experiment at corre- 
sponding times (Fig. 2).  The effect of kon- 
nyaku on serum I R I  was even more pro- 

nounced in another group of 10 healthy sub- 
jects receiving glucose at  the rate of approx- 
imately 475 mg/min (Fig. 3 ) .  Under these 
conditions, the insulinogenic index after kon- 
nyaku was significantly higher than during 
the control period (Fig. 4). Figure 5 demon- 
strates that the effect of konnyaku ingestion 
on serum IRI  response during the glucose 
infusion was not abolished by parasympathet- 

B.S. mg % IRI uu/ml 
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FIG. 6. Mean serum glucose and 1RT responses to the ingestion of konnyaku. 
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ic blockade. 
When konnyaku was given to seven sub- 

jects without glucose infusion, no significant 
changes in serum I R I  and glucose concentra- 
tions were observed (Fig. 6).  

Discussion. The results of this study sug- 
gest that mechanical stimuli to the digestive 
tract are one of the reasons why oral glucose 
is a more effective insulinogenic stimulus 
than intravenous glucose and why increasing 
the size of a meal, without corresponding 
changes in serum glucose, can increase the 
magnitude of the serum insulin response (9 ) .  
The ingestion of konnyaku during glucose 
infusion caused a greater rise in serum I R I  
level than the glucose infusion alone even 
though there was a concomitant decrease in 
blood glucose concentration. Although these 
differences were not statistically significant, 
their combined effect resulted in a significant 
increase in the insulinogenic index .suggesting 
that the mechanical effects caused by the 
ingestion of konnyaku augmented the sensi- 
tivity of the B cells to glucose or contributed 
an additional stimulation. The nature of this 
additional stimulation is not clear. I t  is un- 
likely that this might be the result of vagal 
impulses even though vagal stimulation may 
induce insulin secretion (10, 11), because the 
effect of konnyaku was not prevented by 
atropine. The phenomenon may be explained 
best by the release of one of the gastrointest- 
inal hormones known to enhance the insulino- 
genic effect of glucose. Among them are 
secretin ( 1 2 ) ,  pancreozymin, gastrin ( 13), 
and glucagon (3, 14). Although, in pharma- 
cologic doses, these enteric hormones can stim- 
ulate the secretion of insulin from the pan- 
creas directly, the fact that the concentration 
of serum insulin was not affected by the 
ingestion of konnyaku, unless the serum glu- 
cose level was raised, suggests that these hor- 
mones may play a permissive role by increas- 
ing the responsiveness of the B cell to glu- 
cose, thus limiting the hyperglycemic effect 
of a large meal. 

The possible role of psychologic stimuli 
(15) in the physiologic release of plasma 
insulin cannot, of course, be excluded. 

Summary. The effect of mechanical stimu- 
lation of the digestive tract was studied in 16 

healthy voIunteers during a continuous infu- 
sion of glucose. The ingestion of a 250-g loaf 
of konnyaku, a meal with insignificant nutri- 
tional value, caused an augmentation of in- 
sulin response, a decrease in blood glucose 
concentration and, consequently, a significant 
increase in the insulinogenic index. When 
konnyaku was given without glucose, no signi- 
ficant changes in serum insulin and glucose 
levels were observed. The augmented effect 
of the ingestion of konnyaku on the serum 
insulin response to glucose was not prevented 
by atropine. I t  is believed that humoral fac- 
tor,s triggered by the mechanical stimulation 
of the digestive tract might have contributed 
to the observed augmentation of insulin 
secretion during a constant infusion of glu- 
cose. 

The authors gratefully acknowledge the valuable 
technical assitance of Miss Tayoko Nagano. 

1. Elrick, H., Stimmler, L., Hlad, C. J., Jr., and 
Arai, Y., J.  Clin. Endocrinol. 24, 1076 (1964). 

2. McIntyre, N., Holdworth, C. D., and Turner, 
D. S., J .  Clin. Endocrinol. 25, 1317 (1965). 

3. Shima, K., Kuroda, K., and Matsuyama, T., 
Folia Endocrinol. Jap. 46, 873 (1970). 

4. Unger, R. H., Ohneda, A., Valverde, I., and 
Eisentraut, A.M., J. Clin. Invest. 46, 1125 (1967). 

5.  Haddad, J. G., Jr., and Owen, J. A., Jr., 
Metabolism 18, 71  (1969). 

6. Table of standard composition of Japanese 
food. p. 22  (1963) edited by Science and Technology 
Agency, Tokyo. 

7. Nelson, N., J. Biol. Chem. 153,375 (1944). 
8. Hales, C. N., and Randle, P. J., Biochem. J. 

88, 137 (1963). 
9. Cohn, C., 'Berger, S., and Norton, M., Diabetes 

17, 72 (1968). 
10. Frohman, L. A., Ezdinli, E. D., and Javid, R., 

Diabetes 16,443 (1967). 
11. Kancto, .4., Kajinuma, H., Kosaka, K., and 

Nakao, K., Endocrinology 83, 651 (1968). 
12.  Kraegon, E. W., Chisholm, D. J., Young, J. 

D., and Lazarus, L., J. Clin. Invest. 49, 524 (1970). 
13. Ungcr, R. H., Ketterer, H., Dupre, J.; and 

Eisentraut, A. M., J. Clin Invest. 46, 630 (1967). 
14. Grodsky, G. M., Bennett, L. L., Smith, D. F., 

and Schmid, F. G., Metabolism 16, 222 (1967). 
15. Goldhe ,  I. D., Abraira, C., Gruenewald, D., 

and Goldstein, M. S., Proc. SOC. Exp. Biol. Med. 
133, 2 74 (1970). 

Received Feb. 25, 1971. P.S.E.B.M., 1971, Vol. 137. 


