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Summary. During the perinatal period of the rat the effect of 
glucose and glibenclamide (HB 419) on the secretion of insulin was 
studied in vivo and in vitro. In the in vitroexperiments isolated islets 
of 21 day old fetal and 5 day old newborn rats were perifused with 
16.7 mM glucose or 16.7 mM glucose plus 1 ~tg/ml glibenelamide, 
while in the in vivo experiments glucose, 0.5 g/kg of body weight, or 
glibenclamide, 0.5 mg/kg of body weight were tested. Glucose 
elicited a small first phase of insulin release in 21 day old fetal islets, 
while glucose plus glibenclamide evoked a biphasic pattern. The 
injection of glibenclamide to the mother lowered the blood sugar in 

the fetus and increased the fetal serum insulin concentration. In one 
day old newborn rats glibenclamide stimulated the secretion of 
insulin after an i.p. injection. Glucose was without effect. Both 
substances increased the serum insulin concentration in five day old 
newborn animals. Dynamic studies at that age revealed a 
monophasic response to glucose and a biphasic pattern to glucose 
plus glibenclamide. 

Key words: Insulin secretion, perinatal period, rat, in vivo, in 
vitro, perifusion, isolated islets, glucose, glibenclamide. 

Attention has been directed to the similarities be- 
tween the fetal pattern of insulin secretion and the 
prediabetic subject [1]. Evidence for this comparison 
is derived from the observations that glucose is a poor 
stimulus for insulin secretion in the perinatal period of 
different species including man [2 - 4]. Under certain 
conditions altered dynamics of insulin release in 
response to the same stimulus were reported for the 
prediabetic human subject [ 5 -  7]. For the rat it has 
been repeatedly shown that the effect of glucose on 
insulin secretion is weak in the fetus while there is a 
significant response in the newborn animal [ 8 -  10]. 

Most of these results were obtained with static in- 
cubation procedures and conclusions drawn from 
these observations are limited. With the development 
of the perifusion technique a system became available 
which overcomes the difficulties for dynamic studies 
when only minute amounts of tissue are available like 
the fetal and newborn pancreas of the rat. In view of 
the proposed similarities between the fetal and the 
prediabetic pattern of insulin release the effects of 
glucose and glucose plus glibenclamide on the 
dynamics of insulin secretion were studied in isolated 
islets of 21 day old fetal and 5 day old newborn rats. In 
addition to these in vitro experiments both substances 
were tested in vivo. 

* Supported by Deutsche Forschungsgemeinschaft, SFB 87. 

Material and Methods 

The methods employed for keeping the animals and 
isolation of the islets have been reported in detail 
elsewhere [9, 11]. Briefly, Wistar albino rats (200 g) 
were mated for 36 hrs. The first day was designated as 
day one of fecundation. 21 days later the fetuses were 
obtained by caesarian section under light ether 
anesthesia while othe r pregnant rats were allowed to 
deliver vaginally. The fetuses or newborn were sac- 
rificed by decapitation. For the in vitro experiments 
the islets of Langerhans were isolated by the col- 
lagenase method [12] (Serva Heidelberg, Germany). 
For each experiment 100 islets were collected and 
transferred to a Duralon millipore filter (diameter 
13 mm, pore size 14 ~tm) placed in a millipore holder 
(Millipore, Neu-Isenburg, Germany) which served as 
the perifusion chamber. With a peristaltic pump a 
Krebs-Ringer bicarbonate buffer, pH 7.4, supple- 
mented with 0.5 mg/ml of bovine serum albumin 
(Behringwerke, Marburg, Germany) was passed 
through the chamber with a flow rate of 0 .7 -0 .75  
ml/min. The buffer was continuously gassed with a 
mixture of 95% oxygen and 5% carbon dioxide 
throughout the experiment. The perifusion chamber 
and the buffer reservoir were kept in a water bath at 
37 ~ C. The effluent was collected in test tubes with a 
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fraction collector. During the first 60 min the glucose 
concentration of the buffer was 2.2 mM. The effluent 
of the last 15 min of this period was collected in three 
separate fractions of 5 min representing the baseline 
for each preparation. 

This prestimulation period was followed by the 
stimulation period which lasted for 35 min. During 
this time 16.7 mM of glucose with or without 1 ~tg/ml 
of glibenclamide (HB 419) (Boehringer, Mannheim, 
Germany) were tested, followed by a post-stimulation 
period of 25 min in which the islets were again 
perifused with 2.2 mM glucose. 

In the in vivo experiments 21 day old fetal and 1 and 
5 day old newborn rats were used. In the study with 
the fetal rats normal saline or 0.5 mg/kg glibenclamide 
was injected into the jugular vein of the mother. 
Twenty minutes later the fetuses were obtained by 
caesarean section. The animals were killed by decapit- 
ation, and the blood was collected from the neck 
vessels. For the studies with the newborn rats the 
litters of three mothers were pooled. Thus, for one 
single experiment 2 5 - 3 2  newborn were used which 
were randomly distributed in three equal sized groups. 
The first group of animals was injected with normal 
saline i.p. while the second and third group re- 
ceived either glucose, 0.5 g/kg of body wight, o r  
glibenclamide in the same concentration as the fetal 
rats. The first group of animals was sacrificed 15 min 
after the injection, the second group 10 min and the 
third group 20 min after the injection of the test sub- 
stances. 

Serum glucose was measured in duplicate with a 
hexokinase method adapted for small volumes [13] 
while the immunoreactive insulin from the perifusion 
experiments and from the in vivo studies was deter- 
mined according to Melani et al. [14]. Rat insulin 
was used as a standard (Dr. J. Schlichtkrull, Novo 
Research Institute, Copenhagen, Denmark). 

For the statistical analysis Studenls t-test was used. 

Results 

In Vivo Studies 

When glibenclamide (HB 419) in a dose of 0.5 
mg/kg of body weight was injected into the jugular 
vein of the mother the blood glucose concentration in 
the fetus decreased from 38 _+ 4 mg% at zero minutes 
to 24 _+ 6 mg% at twenty minutes (M + SEM; n = 9; 
p < 0.05), while the insulin concentration in the 
serum was augmented from 95 _+ 7 ~tU/ml to 
155 _+ 17 (M _+ SEM; n = 9 ;p  < 0.0025). In control 
experiments normal saline did not change the con- 
centration of glucose or insulin. 

Fig. 1 shows the effect of the sulfonylurea in the 
same amount injected intraperitoneally on the secre- 
tion of insulin in 1 and 5 day old newborn rats. In the 
younger age group the serum insulin concentration 
was increased from 65 + 6 ~tU/ml before the injection 
of the drug to 95 + 14 ~tU/ml at twenty minutes. From 
the basal concentration of insulin this is a stimulation 
close to 50%. In 5 day old newborn animals insulin 
release was augmentedby about 100 % during the same 
time interval from 20 _ 4 ~tU/ml to 43 +__ 6 ~tU/ml. 
The concentration of insulin was higher.in one than in 
five day old newborn rats, which was again shown in 
another series of experiments, where glucose at a dose 
of 0.5 g/kg of body weight was injected to one and five 
day old newborn rats (Fig. 2). Glucose did not stimu- 
late the secretion of insulin during the first 24 hrs after 
delivery but it enhanced the serum insulin concentra- 
tion in 5 day old newborn rats. 

Perifusion Studies 

Fig. 3 shows the effect of glucose on the dynamics of 
insulin release from isolated islets of 21 day old fetal 
rats. When the glucose concentration was changed 
from 2.2 mM at the prestimulation period to 16.7 mM 
at the stimulation period an immediate response of 
insulin secretion was observed. From this peak value 
insulin gradually declined during the following 
minutes to baseline concentrations. A second small 
but insignificant increase was observed at the end of 
the stimulation period. When the glucose concentra- 
tion in the buffer was changed from 16.7 mM to 2.2 
mM during the last 25 min insulin slowly decreased to 
baseline. At that age glibenclamide remarkably en- 
hanced the second phase of insulin secretion (Fig. 
4). 

A different dynamic pattern of insulin release was 
observed with isolated islets of 5 day old newborn rats 
(Fig. 5). At that age the basal concentration of insulin 
was between 50 and 60 vU/ml, which was obtained 
when 100 isolated islets per chamber were perifused 
with 2.2 mM of glucose. From this concentration in- 
sulin release was immediately stimulated when the 
glucose concentration was changed to 16.7 raM. The 
secretion of insulin did not decline during the follow- 
ing minutes, it remained high during the whole stimul- 
ation period of 35 min. At that time the glucose con- 
centration was changed to 2.2 mM and insulin gradu- 
ally declined, but remained elevated for another 25 
min to the end of the perifusion until the basal con- 
centration was reached. The effect of 16.7 mM of 
glucose plus 1 ~tg/ml of glibenclamide (HB 419) on the 
dynamics of insulin release in 5 day old newborn rats is 
shown in Fig. 6. During the 60 min stimulation period 
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Fig. 1. The  effect of glibenclamide (HB 419), 0.5 mg/kg,  i.p. on serum glucose and insulin in one day old ( - - )  and five day old 
( - - - )  newborn rats. Mean  + SEM; n = 6 for one day; n = 12 for 5 day; + p < 0.05; ++ < 0.005; +++ < 0.0005; significance of 

difference from zero minutes  

with 2.2 mM of glucose an insulin concentration of 
about 65 ~tU/ml was reached, which represents the 
baseline. From this level the combination of 16.7 mM 
glucose and 1 ~tg/ml of glibenclamide stimulated the 
release of insulin within three minutes to 124 ~tU/ml. 
After this peak concentration insulin declined towards 
baseline values at 8 to 9 min. Then a second rise of 
insulin secretion was observed, which did not last for 
the whole stimulation period. During the final perifu- 
sion period using again a glucose concentration of 2.2 
mM, the insulin concentration in the effluent con- 
tinued to decrease. 

Table 1 summarizes the results of the perifusions. 
The duration of the phases was arbitrarily defined by 
comparison of the individual experiments. 

Discussion 

The results on insulin secretion in the perinatal 
period of the rat presented in this study, are derived 
from in vivo and in vitro experiments. They 

demonstrate certain limitations of each method and 
may help to clarify the pattern of insulin release during 
that period of life. The well known variation of insulin 
release from isolated islets is confirmed in this study. 
This has been attributed to the insulin content and the 
anatomical location of the islets within the pancreas 
[15]. Furthermore, the irregularity of response may 
be related to the summation of the individual ex- 
periments for statistical evaluation [2, 21]. Never- 
theless, pefifusion of isolated islets from 21 day old 
fetal rats with glucose evoked a brief increase in 
insulin release from the B-cells. The results are in 
agreement with previous reports where glucose 
stimulated the first phase of insulin secretion in perifu- 
sion experiments from cultured explants [2] or from 
pieces of the fetal rat pancreas [17]. However, the 
second phase of insulin secretion was small or ab- 
sent. This is in contrast to the adult pancreas [16]. 
Furthermore, during an i.v. glucose tolerance test the 
fetal rat pancreas did not secrete any measurable in- 
sulin though the K-value was normal, [18]. This result 
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Fig. 2. The  effect of glucose, 0.5 g/kg, i.p. on se rum glucose and and insulin in one day old ( - - )  and five day old ( - - - )  newborn rats. 
Mean  _+ SEM; n = 9; +p < 0.05; ++ < 0.005; +++ < 0.0005; significance of difference from zero minutes  

may be related to the very small insulin release from 
the fetal B-cells in response to glucose. At that age 
glibenclamide influenced both phases of insulin secre- 
tion, which was further supported by the results of the 
in vivo experiments. Glibenclamide lowered the fetal 
blood sugar and stimulated the secretion of  insulin, 
when the drug was injected into the maternal jugular 
vein. 

Tolbutamide, another sulfonylurea compound, 
failed to increase the insulin output from the fetal 
endocrine rat pancreas, this differs from our results 
and may be explained, at least in part, by the dose of 
tolbutamide used in these static incubations or the 
fetal B-cells are more sensitive to glibenclamide [10, 
18]. 

In the in vivo experiments during the first 24 h after 
delivery glucose did not increase the secretion of 
insulin despite marked hyperglycemia, while gli- 
benclamide significantly stimulated the release of 
the hormone in the newborn rats. The dose of glucose 
and glibenclamide used in these experiments was 

comparable since both agents provoked a nearly simi- 
lar amount of insulin release in five day old newborn 
rats. The failure of glucose to enhance the secretion of 
insulin in one day old newborn rats underlines the 
results obtained with the fetal islets, that the amount 
of the hormone released is small and that conclusions 
about insulin secretion during that period of life 
depend largely on the sensitivity of the methods which 
are used [8, 9, 19, 20]. The dynamics of insulin release 
from isolated islets of five day old newborn rats gave a 
different pattern for glucose and glibenclamide. No 
biphasic secretion was observed with glucose while 
glibenclamide elicited a first and second phase of in- 
sulin release. The failure of glucose to provoke a 
biphasic insulin secretion in these islets is similar to 
other studies where the first phase of insulin release 
was only detected in individual experiments [21, 22]. 

One reason for this failure may be seen in the 
isolation procedure with collagenase [23]. However, 
glibenclamide elicited this biphasic pattern of release 
which suggests that the proposed receptors for glucose 
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Fig. 3. The effect of glucose on the dynamics of insulin release from isolated islets of 21 day old fetal rats. The first three values represent 
the last 10 min of the 60 min prestimulation period with 2.2 mM glucose, which is followed by the 35 min stimulation period with 
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Fig. 4. The effect of glucose, 16.7 mM, plus glibenclamide (HB 419), 1 ~tg/ml, on the dynamics of insulin release from isolated islets of 
21 day old fetal rats. For experimental details see legend Fig. 3. Mean _+ SEM; n = 8 

and the sulfonylureas at the B-cell membrane may be 
differently altered by the collagenase treatment of the 
islets [24]. 

A comparison between the fetal and diabetic pat- 
tern of insulin release seems to be justified [1]. The 

fetal B-cell responds with a diminished insulin release 
to glucose stimulation, a situation which has been 
repeatedly found in mild diabetics, while the results 
reported for the Prediabetic have been conflicting, 
partly depending on the definition of prediabetes [6, 
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Fig. 6. The effect of glucose, 16.7 mM, plus glibenclamide (HB 419), 1 i~g/ml, on the dynamics of insulin release from isolated islets 
of 5 day old newborn rats. For experimental details see Fig. 3. Mean _+ SEM; n = 8 

7, 25, 26]. A wider definition of prediabetics has been 
offered, separating those individuals from normals 
who showed a low initial and a delayed and decreased 
second phase of insulin secretion under a high con- 
stant glucose infusion [27]. In the more strict defini- 
tion of genetically determined prediabetes, however, 

a normal or decreased insulin response to glucose has 
been found. But when the decrease of the blood sugar 
was correlated with the insulin released, it was found 
that the relative response was diminished [6, 7]. On 
the other hand, with tolbutamide as the stimulus 
either no difference or a decreased insulin secretion 
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Table 1. The effect of glucose and glucose plus glibenclamide (HB 419) on the dynamics of insulin 
release from isolated islets of 21 day old fetal and 5 day old newborn rats. The mean insulin release of 
the four different time intervals was calculated for each single experiment. The results are expressed 
as per cent, where the basal insulin secretion during the prestimulation period- from - 10 to 0 rain- 

was taken as one hundred per cent 

Substance 

Glucose 

Glucose 
Glucose + HB 419 
Glucose + HB 419 

Age 

Fetal 

Newborn 
Fetal 
Newborn 

Time(min) 

i - 1 0  - 0  
15 100 • 12" 

100 • 17 

100 • 13 
100 • 12 

n = number of individual islets preparations. 
~Mean • SEM; bp< 0.05; c<  0.01; 
significance of difference from the basal insulin secretion. 

1 - 6  

146 • 15 ~ 

16"3 • 26 b 
134 • 14 b 
172 • 20 c 

10-35  3 5 - 6 0  

103 •  112 • 18 

217 • 54 b 138 • 26 
138 • 17 b 119 • 22 
185 • 19 b 120 • 19 

has been described between the prediabetic and the 
normal controls [5, 27]. 

The results reported in this study, that glibencl- 
am• increases the secretion of insulin from the 
fetal islets, demonstrate another similarity between 
the prediabetic and the fetal pattern of insulin secre- 
tion, while in previous studies it was already shown 
that in both situations arginine [11, 28] and the 
methylxanthines [11, 29] improve the impaired glu- 
cose-induced insulin secretion to normal. 
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