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Previously published data in which glucose 
or tolbutamide were used to stimulate the 
isolated perfused rat pancreas indicate that 
release of insulin occurs more promptly fol- 
lowing a stimulus of tolbutamide than it 
does to glucose. However, these experiments 
were not entirely satisfactory for determin- 
ing the rapidity of the beta cell response fol- 
lowing the two stimuli since the time resolu- 
tion was never less than 30 sec/collection 
period (1). In  addition, i t  has been shown 
that a glucose stimulation of more than 60 
sec duration is necessary to produce a sig- 
nificant secretory response by the isolated 
perfused pancreas (2). In  this report we have 
reinvestigated the pancreatic response to a 
glucose stimulus and to a tolbutamide stim- 
ulus using shorter collection periods of 15 
sec. We also have determined the duration 
of a glucose stimulus necessary to produce a 
secretory response by keeping the glucose 
concentration constant (conditions not pre- 
viously used) and administering the glucose 
within 1 cm of the arterial cannula inserted 
into the coeliac axis to minimize volume di- 
lution. The duration of a tolbutamide stim- 
ulus necessary to produce insulin secretion 
has also been investigated. To the best of our 
knowledge data of this type have not hereto- 
fore been reported. 

Materials and Methods. The isolated per- 
fused preparation and the perfusing medium 
has been previously described ( 1). All pan- 
creas donors were male rats of the Sprague- 
Dawley strain which weighed approximately 
300 g. In  all experiments flow rates were 

1Suippcrted in part by Grant GB 32490 from the 
National Science Foundation and The American 
Cancer Society. 

maintained constant a t  10 cc/min, a flow 
previously shown to produce near maximum 
oxygen consumption (1).  Insulin was as- 
sayed by the immunochemical method of 
Grodsky and Forsham ( 3 )  and total insulin 
secretion was calculated from the concentra- 
tions of insulin in the venous effluent and 
its volume. 

Two types of experiments were performed. 
In  the first type tolbutamide or glucose was 
delivered by a constant infusion pump as a 
square wave pulse of 2 min duration. These 
were infused in front of the warming coil on 
the arterial side of the preparation. The 
amounts of tolbutamide or glucose injected 
were calculated to produce stimulating con- 
centrations of approximately three times 
threshold, that is, 12 mg/100 ml for tolbuta- 
mide and 210 mg/100 ml for glucose. I n  these 
experiments the total venous effluent was col- 
lected during each 15 sec interval to allow 
better time resolution for observing the secre- 
tory response. 

In the second type of experiment tdbuta- 
mide or glucose was delivered for different 
periods of time just in front of the arterial 
cannula in the coeliac axis thus minimizing 
dead space on the arterial side of the prepara- 
tion. The amounts of glucose used were cal- 
culated to produce maximal stimulating con- 
centrations of 300 mg/100 ml, and the 
amounts of tolbutamide used produced a con- 
centration of 20 mg/100 ml. A constant in- 
fusion pump was again used to deliver each 
agent. Following glucose infusion (either 30, 
60 or 120 sec in duration), the total venous 
effluent was collected during each 30 sec in- 
terval. When tolbutamide was administered, 
the total venous effluent was collected each 

436 



INSULIN SECRETION AFTER SHORT STIMULI 43 7 

VI 
0 

5 x 

PERIOD OF TOLIUTAMIDE 

200 - - ~  INSULIN RELEASE IN RESPONSE 
TO GLUCOSE INFUSION 

INSULIN RELEASE IN RESPONSE 
TO TOLIUTAMIDE INFUSION IS0 

100 

so 

0 1 2 3 4 S 6 

TIME, MINUTES 

FIG. 1. Time course of insulin release following glucose (210 mg/100 ml) or toabutamtide (12 
mg/100 ml) stimulations. Eaoh curve rqresenlts (the average insuain release by 5 different pan- 
creas preparations in response to the stimuli indiated.  

15 sec interval following beginning of stimu- 
lation, and the durations of stimuli used were 
either 1 sec, 3 sec, 5 sec, or 1 5  sec. 

Results and Discussion. The data from the 
first type of experiment, that is, the 2 min 
stimulation by either tolbutamide or glucose, 
are shown in Fig. 1.  The peak insulin secre- 
tion following tolbutamide stimulation occurs 
prior to any detectable release of insulin in 
response to glucose stimulation. The data 
also show that the peak rate of insulin re- 
lease following tolbutamide stimulation oc- 
curs one full minute in advance of the maxi- 
mum rate of insulin secretion following glu- 
cose stimulation. The shaded area in Fig. 1 
represents the time during which the stimu- 
lating materials were being delivered from a 
constant infusion pump into the arterial sup- 
ply of the isolated organ system. By analysis 
of the venous effluent we determined that 
neither tolbutamide nor glucose appeared un- 
til the collection period between 30-45 sec 
after the beginning of the infusion. This 
time delay represents the transit time of the 
perfusate through the tubing of the appar- 
atus and the vascular system of the prepara- 
tion. There is no release of insullin from the 
glucose stimulated pancreases during the 30- 
45 sec period following the onset of infu- 
sion, however, there is near maximal release 
of insulin from the tolbutamide-stimulated 
pancreases during this same time period. Also 
worthy of note is the fact that the decline 
in rate of insulin release following tolbuta- 
mide stimulation occurs extremely promptly 

even during maintained delivery of the tol- 
butamide into the arterial supply. The data 
from individual experiments show that the 
secretion rate of each tolbutamide stimulated 
pancreas had fallen to less than half its 
maximum rate 45 sec before the secretion 
rate of any glucose stimulated pancreas had 
reached its maximum. 

The data from the experiments in which 
variable durations of glucose stimulabions 
were used are shown in Fig. 2. These data 
show that following a 30-sec glucose stimu- 
lus, 3 pancreases showed no response and 
the other only a very slight response. For the 
60-sec stimulation, all 4 preparations ex- 
hibited significant responses although the 
magnitude was not great. With a 1 2 0 - s ~  
stimulation not only did all 4 preparations 
exhibit a significant secretory response but 
the magnitude and duration was much greater 
than that which occurred following either of 
the two shorter periods of stimulation. 

In  Fig. 3 are shown the results from the 
experiment in which tolbutamide infusions 
of variable duration were used. Most striking 
is the fact that 4 of 5 preparations released 
significant amounts of insulin in response to 
a tolbutamide delivery of 1 sec duration. 
With stimuli of longer durations (3, 5, and 
15 sec) each of 4 preparations responded by 
releasing significant amounts of insulin and 
there is a trend for more insulin to be re- 
leased in response to the longer durations * 

of stimulation. In  each case the beginning 
of the tolbutamide injection was at  the end 
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FIG. 2 .  S'ecretoiry response in 12 different experiments where the duration of glucose stimula- 
tion was 30 sec, 60 sec, or 120 sec. The width of the column indicates the duration of the c d -  
lection period. Individual lines parallel to the X axis indicate by their height the secretion rate 
of insulin in ng/min. There were 4 different preparations for each of the time intervals. When 
the secretory responses were idenltical or so close together that individual lines could not differ- 
entiate them, the number of respoiises is indicated by the thickness olf the horizontal line. 

of the 1st min of collection. In no case was 
there a significant increase in the insulin 
level in the venous effluent collected in the 
first 15 sec after beginning of injection, but 
in all cases where secretion occurred it was 
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present in the second 15-sec collection peri- 
od. Using Evans blue dye as a plasma marker 
we determined that following a one sec in- 
jection, dye appeared in the first 15-sec col- 
lection tube only after approximately 8 sec 
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FIG. 3 .  Secretory response of 17  different experiments to 4 different durations of tolbuhannide 
stimulation. The width of the column indicates the duration of the collection period. "be height 
of the line pardlld to the X axis indicates the secrotion rate in ng/mdn. Where secretion rates 
were identical or so close together thlat individual lines could not differentiate them, the number 
of raspowes is indicated by the thickness of the line. There were 5 experiments at the 1-sec dum- 
tion and for each of the other 3 timie durations there were 4 experiments. 
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if the collection period had elapsed. HQW- 
:ver, 65%-70% of the total dye was in this 
iirst 15-sec collection tube. Approximately 
9776 of the dye traversed the preparation 
and the collecting tubing by the end of the 
hrst 30 sec following injections. These facts 
lead to the estimate that there is a period 
of 8-15 sec between the Presentation of tol- 
butamide in the capillaries of the Islets of 
Langerhans and the appearance of insulin 
in the same capillaries. This time must be 
that necessary for the tolbutamide to diffuse 
across the capillary wall, through the inter- 
stitial spaces to the beta cells, cause release 
of insulin, and for insulin to diffuse back 
through the interstitial spaces and across the 
capillary wall into the capillary blood. The 
fact that tolbutamide was injected for only 
1 sec cannot be interpreted as meaning that 
i t  was presented to the beta cells in the pan- 
creas for only 1 sec. There was inevitably 
some dilution in the circulating perfusate, 
thus prolonging its presentation to the cells. 
Similarly the fact that i t  took approximately 
22  sec for 97% of the plasma marker (Evans 
blue dye) to traverse the preparation and 
appear in the venous effluent, cannot be used 
as evidence that this was the maximum time 
during which tolbutamide was being pre- 
sented to the beta cells. This is due to the 
fact that the preparation contains, in addi- 
tion to the pancreas, other organs (spleen, 
stomach, omentum, and the proximal portion 
of the duodenum) through which both the 
tolbutamide and the plasma marker also 
would have traversed. It seems reasonable 
to assume that the agents traversed the pan- 
creas in a much shorter period than the 22 
sec total lapsed time, however, i t  is impos- 
sible to estimate how short this duration may 
have been. 

Currently, there is much conjecture that 
glucose may have a dual function in stimu- 
lating insulin release. Some metabolic prod- 
uct of glucose may be required for insulin 

secretion and in addlition there may be a 
gluco-receptor on the beta cell mem’brane 
which may be activated during glucose-stim- 
ulated insulin release (4). One of us has re- 
ported elsewhere (5)  that other agents, such 
as mannose, may be capable of stimulating 
such a receptor. Conversely, i t  has long been 
known that tolbutamine is capable of stimu- 
lating insulin secretion, even in the absence 
of glucose (2). Whether tolbutamide a d -  
vates the same receptor site(s), or even the 
same metabolic pathway, as does glucose, has 
yet to be established. However, the results 
reported in this paper showing the tremen- 
dously shorter activation time required for 
tolbutamide-stimulated insulin release, as op- 
posed to glucose-stimulated secretion, would 
lend credence to the possibility that tolbuta- 
rnide may act at a receptor site independent- 
ly of glucose, bypassing the metabolic in- 
sulin secretory pathway which is activated 
by glucose. 

Summary. With stimuli lasting a total of 
2 min duration the peak insulin release from 
the isolated perfused rat pancreas occurs ap- 
proximately 1 min earlier after a tdbutamide 
stimulus than a glucose sGmulus. A one sec 
tolbutamide stimulus is adequate to produce 
significant insulin secretion but a glucose 
stimulus must be in excess of 30 sec to pro- 
duce significant secretion. 
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