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Abstract 

In order to study the role of /33-adrenoceptor stimulation on insulin secretion in rats, plasma insulin level and islet blood flow were 
measured during treatment with CL 316243 which is chemically named disodium (R,R)-5-[2-[[2,3-(3-chlorophenyl)-2-hydroxyethyl]- 
amino]propyl]-l,3-benzodioxole-2,2-dicarboxylate, a specific fl3-adrenoceptor agonist. CL 316243 induced a marked increase in both 
islet blood flow and plasma insulin concentration without changes in whole pancreatic blood flow. This increase was totally prevented 
when the rats were pretreated with bupranolol, a fll,f12,/33-adrenoceptor antagonist, but not with nadolol, a /3~,/32-adrenoceptor 
antagonist. We conclude that fl3-adrenoceptor stimulation provokes a marked vasodilatation of microvessels in the islets of Langerhans, 
which in turn could contribute to the increase in insulin secretion. 
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1. Introduct ion  

/33-Adrenoceptor agonists have been reported to present 
an antidiabetic effect in rats and mice (Caroll et al., 1985; 
Cawthorne et al., 1984). Although the exact mechanism of 
this action is not well understood, it has been shown that 
these agents increase both insulin action and secretion 
(Cawthorne et al., 1984; Ferr~ et al., 1992; Sennitt et al., 
1985; Smith et al., 1985). With regard to the latter parame- 
ter, enhanced insulin release has been demonstrated in vivo 
both in rats and mice (Sennitt et al., 1985). However, this 
stimulatory effect of  a/33-adrenoceptor agonist is no longer 
present when tested in vitro on pancreatic islets (Lacey et 
al., 1991; Yoshida, 1992). It should be emphasized that the 
presence of/33-adrenoceptors has been described on differ- 
ent cell types but whether/33-adrenoceptors are present or 
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absent in pancreatic islets (or /3  cells) is unknown (Gran- 
neman et al., 1991; Krief et al., 1993). These results 
suggest that the /33-adrenocpetor agonist-induced insulin 
secretion is not due to a direct effect of  the drug on the 
pancreatic /3 cell but to indirect mechanisms. 

Recent reports suggest that /33-adrenoceptor agonists 
are potent stimulators of  vasodilatation in specific territo- 
ries like skin and white adipose tissue in dogs (Berlan et 
al., 1994; Shen et al., 1994). On the other hand, islet blood 
flow could be an important factor involved in the control 
of  insulin secretion (Jansson, 1984; Jansson and 
Hellerstr~Sm, 1983) and some data showed that islet blood 
flow is under the influence of  the autonomic nervous 
system in rats (Atef et al., 1992; Jansson and HellerstriSm, 
1986). Thus, we postulated that /33-adrenoceptors could be 
involved in vasodilator processes specifically in microves- 
sels in the islets of  Langerhans. The present work was thus 
undertaken to determine whether a /3 3-adrenoceptor ago- 
nist could modify islet blood flow in rats. Experiments 
were performed with CL 316243 which is chemically 
named disodium (R,R)-5-[2-[[2,3-(3-chlorophenyl)-2-hy- 
droxyethyl]-amino]propyl]- 1,3-benzodioxole-2,2-dicarbox- 
ylate (American Cyanamid Company, Pearl River, NY, 
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USA). CL 316243 is a highly selective agent for rat 
/33-adrenoceptors compared with previously used com- 
pounds which are known to exhibit some /3~,/32 activity 
when used at higher concentrations although having simi- 
lar potency at /33-adrenoceptors (Bloom et al., 1992; Dolan 
et al., 1994; Himms-Hagen et al., 1994). 

2. Materials and methods 

2.1. Animals 

Wistar female rats (220-240 g), 11-12 weeks old, were 
used. They were housed in cages in animal quarters in 
which the temperature was maintained at 22 _+ I°C with 
light on from 7 a.m. to 7 p.m. They had free access to 
water and laboratory chow pellets (UAR, Villemoisson, 
France, 53% carbohydrates, 5% lipids, 22% proteins). 

quickly sampled, centrifuged and the plasma was frozen 
until subsequent determinations of plasma glucose and 
insulin concentrations as described above. 

The rats were killed by cervical dislocation and the 
pancreas and both adrenal glands were removed, blotted 
and weighed. The organs and the reference sample were 
further processed and examined for microsphere content as 
previously described. Briefly the pancreas and the adrenal 
glands were treated according to a freeze-thawing tech- 
nique which fragilizes the exocrine tissue and allows 
vizualization and counting of the microspheres in the islets 
and the exocrine parenchyma separately (Atef et al., 1992; 
Jansson, 1984; Jansson and HellerstrBm, 1983, 1986). The 
number of microspheres in the reference samples was 
determined by transferring the sample to glass microfiber 
filters and counting them in transmitted light. 

The blood flow was calculated according to the follow- 
ing formula: 

2.2. Surgery 

After a 4-h fast, the rats were anesthetized with sodium 
pentobarbital (50 m g / kg ,  i.p.) and heparinized with an 
intravenous injection of 200 IU of heparin (Roche, Neuilly, 
France). Polyethylene catheters were placed into the left 
ventricle of the heart, via the right carotid artery for blood 
sampling and, in some cases, into the lower abdominal 
aorta to measure arterial blood pressure. Body temperature 
was recorded with a rectal thermistor probe. The mean 
arterial blood pressure was monitored with a pressure 
transducer connected to the arterial catheter. Preliminary 
dose-response studies on insulin secretion and plasma glu- 
cose concentration were undertaken first to settle the suit- 
able dose of CL 316243 and to determine the effects of 
bupranolol and nadolol alone. Compounds were infused 
via a butterfly needle placed into the left saphenous vein. 
Blood samples were taken before and 5, 10 and 15 min 
after the beginning of the infusion, then centrifuged and 
frozen. Plasma glucose and insulin concentrations were 
determined using a glucose analyzer (Glucose analyzer 2, 
Beckman, Fullerton, CA) and a radioimmunoassay kit 
(INSIK 1, CEA, Saclay, France), respectively. 

2.3. Blood flow measurements 

Blood flow measurements were performed as described 
previously according to the method of Jansson et al. (Atef 
et al., 1992; Jansson, 1984; Jansson and HellerstrBm, 1981, 
1983, 1986). Briefly, 1-1.5 × 105 non-radioactive micro- 
spheres (New England Nuclear Corp., Boston, MA) with a 
diameter of 10 tzm were injected via the intracardiac 
catheter. Simultaneously, an arterial blood sample was 
withdrawn from the catheter in the abdominal aorta with a 
peristaltic pump adjusted to a rate of 0.6 m l / m i n  for 90 s. 
This reference sample was used to calculate the organ 
blood flow as described below. Then, 500 p,l of blood was 

Nor ~ X Qrer 

Oorg = Nref 

where Qorg = organ blood flow (ml/min) ,  Qrer = 
withdrawal rate of the reference sample (ml/min),  Nre f = 
number of microspheres in the reference sample, Norg = 

number of microspheres in the organ. 
The microsphere content of the adrenal gland was used 

as a measure of the mixing of the microspheres with the 
blood. A difference of more than 10% between the two 
adrenal glands excluded the animal from the study. Like- 
wise, blood pressure and body temperature were continu- 
ously monitored and variations in blood pressure or in 
body temperature exceeding 10% and 0.5°C, respectively, 
also led to exclusion of the animal. 

The rats were infused with CL 316243 (0.4 
n m o l / k g / m i n )  or with the vehicle (isotonic saline) via the 
left saphenous vein for 5 min. /3-Adrenergic effects were 
antagonized with two kinds of/3-adrenoceptor antagonists. 
First, bupranolol a non-selective (e.g. /31,/32,/33-) adreno- 
ceptor was used. There is, to our knowledge, no report in 
the litterature demonstrating that this drug exhibits /3- 
adrenoceptor subtype selectivity. Second, we used nadolol, 
a compound which presents with /31,/32-adrenoceptor se- 
lectivity at doses which have been shown to block 
metabolic and cardiovascular effects (Berlan et al., 1994; 
Ford et al., 1992). Differences between the two sets of 
results could account for the existence of /33-adrenergic 
effects. Thus, a group of rats was injected, 10 rain before 
the infusion of CL 316243, with the /31,/32,/33-adrenocep- 
tor antagonist, bupranolol, at the dose of 5 m g / k g  body 
weight, via the right saphenous vein. Another group of rats 
was injected, 10 min before the infusion of CL 316243, 
with the /31,/32-adrenoceptor antagonist, nadolol, at the 
dose of 1 m g / k g  body weight, via the right saphenous 
vein. 
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Table 1 
Time course of bupranolol and nadolol effect on plasma glucose and insulin concentrations 
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Time (min) 0 5 10 15 

Plasma Glucose Insulin Glucose Insulin Glucose Insulin Glucose Insulin 
(mM) (pmol/l) (mM) (pmol/l) (mM) (pmol/1) (mM) (pmol/1) 

Bupranolol 5.92 + 0.17 189 _+ 24 5.76 ___ 0.10 186 5:18 5.88 ___ 0.09 243 _+ 42 6.09 5:0.13 267 + 45 
5 mg/kg 
Nadolol  6.06+0.21 157_+ 17 6.05___0.16 123_+ 15 5 .87_+0.09 165_+31  5.93___0.13 149_+ 13 
1 mg/kg 

The results are expressed as means ___ S.E.M. The statis- 
tical significance of differences between means was evalu- 
ated using the Mann-whi tney  U-test. 

3. Results 

3.1. Preliminary studies 

3.1.1. Effect o f  bupranolol and nadolol (Table 1) 
Bupranolol at the dose of 5 m g / k g  induced no change 

in plasma glucose concentrations whereas the insulin level 
increased slightly but not significantly at times 10 and 15 
min after the injection. Nadolol (I m g / k g )  provoked no 
alterations either in glycemia or insulinemia. 

3.1.2. Time course of  the effect of  CL 316243 on plasma 
glucose and insulin concentrations and arterial blood 
pressure (Table 2) 

Whatever the dose used, plasma glucose decreased 
slowly, this fall being significant 10 rain after the begin- 
ning of the infusion. This decrease corresponded to an 
increase in plasma insulin concentration as soon as 5 rain 
after the beginning of the infusion. In view of the re- 
sponses we decided to use the dose of 0.4 n m o l / k g / m i n  
for further experiments. Indeed, insulin secretion was more 
marked and lasted longer at this dose than at 0.2 
n m o l / k g / m i n .  

The infusion of CL 316 243 at the dose of 0.4 
n m o l / k g / m i n  induced a significant fall of the arterial 
blood pressure 10 min after the beginning of the infusion 
(99 _+ 5 - 8 3  _+ 5 mm Hg, P < 0.05). To avoid any effect of 
either arterial blood pressure or plasma glucose concentra- 

tion on islet blood flow, we decided to perform all the 
measurements in subsequent experiments 5 min after the 
beginning of the infusion of CL 316 243, at which time 
neither arterial blood pressure nor plasma glucose were 
significantly altered. 

3.2. Effect of  the infusion of  CL 316243 on islet blood f low 
and insulin concentration 

3.2.1. Alone 
The infusion of CL 316243 did not change the plasma 

glucose concentration but produced a significant increase 
in plasma insulin level over baseline (Fig. 1). Concomi- 
tantly, whereas neither arterial blood pressure nor pancre- 
atic blood flow were altered, islet blood flow was signifi- 
cantly enhanced (Table 3 and Fig. 1). 

3.2.2. Plus bupranolol 
When rats were pretreated with bupranoloi, a potent 

/3-adrenoceptor antagonist (fll , /3z,fl3),  the effect of CL 
316243 was abolished. The plasma glucose concentration 
was slightly increased without modification of the plasma 
insulin level (Fig. 1). The combination of CL 316243 plus 
bupranolol induced a small but significant increase of islet 
blood flow which was probably due to the increase of 
pancreatic blood flow (Table 3). Indeed, when islet blood 
flow was expressed as a percent of total pancreatic blood 
flow, the difference was not significant (Fig. 1). 

3.2.3. Plus nadolol 
In the presence of nadolol, a specific /3~,fl2-adrenoce p- 

tor antagonist, CL 316243 was as potent as when infused 
alone (Table 3 and Fig. 1). Indeed, whereas plasma glu- 

Table 2 
Time course of the effect of different doses of CL 316243 infusion on plasma glucose and insulin concentrations 

Time (rain) 0 5 10 15 

Plasma Glucose Insulin Glucose Insulin Glucose Insulin Glucose Insulin 
(mM) (pmol/I) (mM) (pmol/1) (mM) (pmol/I) (mM) (pmol/1) 

CL 316243 (nmol/kg) 
0.2 6.12-t-0.34 198__.24 5.70_+0.18 321 -I-21 t, 5.41 _+0.13 a 279-1- 27 a 5.40+0.13 a 244__ 18 
0.4 6.55+0.17 171 + 17 6.33-1-0.17 322-t-35 b 6.05-t-0.17 350:t: 12 t, 5.77:t:0.17 t, 329 + 34 b 
0.8 6.83+0.34 162+21 6.30+0.13 495+45 a 5.89 + 0.16 a 431_70 ¢ 5.53 _ 0.16 b 360 + 39 c 

n = 4-6; a p < 0.05, b p < 0.01, c p < 0.001, significantly different from time 0. 
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Fig. 1. Plasma glucose and insulin concentrations, and inlet blood flow, a 
percentage of pancreatic blood flow, in rats under basal conditions (open 
columns), after perfusion of CL 316243 alone (closed columns) or in 
combination with an injection of bupranolol (grey columns) or nadolol 
(shaded columns). Data are means i S.E.M. of four to seven determina- 
tions. Statistically significant difference between control and treated rats, 
* P<0.05, ** P<0.01, *** P<0.001. 

cose, arterial blood pressure and pancreatic blood flow 
were not affected by the treatment, insulin levels and islet 
blood flow were markedly increased. 

4. Discussion 

The major finding of the present study was that, in vivo 
in rats, /33-adrenoceptor activation induced a clear cut 
increase in both plasma insulin concentration and islet 
blood flow. This effect seems to be quite specific for 
/33-adrenoceptors since (1) CL 316243 is, up to now, the 

most potent stimulator of fl3-adrenoceptors in rats (Bloom 
et al., 1992; Dolan et al., 1994; Himms-Hagen et al., 
1994). (2) Although no potent and selective fl3-adrenocep- 
tor antagonist is available, studies have shown that high 
concentrations of non-selective /33-adrenoceptor antago- 
nists are able to antagonize the effect of /33-adrenoceptor 
stimulation (Galitzky et al., 1993a; Galitzky et al., 1993b). 
Bupranolol, one of the most potent of these drugs, reversed 
the enhanced insulin secretion and increase in islet blood 

flow induced by CL 316243. (3) Nadolol, a /31,fl2- but not 
/33-adrenoceptor antagonist did not prevent the effect of 
CL 316243 on islet blood flow and insulin secretion. 
Although not tested directly, in view of the absence of 
effects of both bupranolol and nadolol on plasma glucose 
and insulin, it is unlikely that these two compounds them- 
selves have effects on islet blood flow. 

The vasodilator effect induced by /33-adrenoceptor 
stimulation has already been described in other tissues. In 
dogs, sustained peripheral vasodilatation has been reported 
in fat and skin (Berlan et al., 1994; Shen et al., 1994). 
Furthermore, in anesthetized rats, /33-adrenoceptor ago- 
nists increase markedly the blood flow to brown adipose 
tissue (Takahashi et al., 1992) and there is considerable 
evidence indicating the presence of /33-adrenoceptors in 
both brown and white adipose tissue (Granneman et al., 
1991; Krief et al., 1993; Galitzky et al., 1993b; Langin et 
al., 1991). Although no direct measurements have been 
done on the skin and pancreas, the data cited above as well 
as the present results suggest the presence of fl3-adreno- 
ceptors in microvessels in these tissues. Together, these 
data indicate that /33-adrenoceptors are present in the 
microvasculature of some specific territories and confirm 
that the distribution of receptor subtypes varies according 
to the localisation of the vessels (McGrath et al., 1989). 

An influence of the autonomic nervous system on islet 
blood flow has been demonstrated. Thus, the glucose-in- 
duced increase in islet blood flow is totally blunted by 

Table 3 
Effect of CL 316243 (0.4 nmol/kg) alone or associated with bupranolol or nadolol on arterial blood pressure and pancreatic and islet blood flow 

Control CL 316243 CL 316243 CL 316243 
+ bupranolol + nadolol 

Arterial blood pressure (mm Hg) 99 + 5 89 + 5 87 + 5 92 + 2 
Pancreatic blood flow (ml/min/g) 1.09 +__ 0.08 1.06 + 0.17 1.48 ± 0.07 a 1.06 :k 0.08 
Islet blood flow (gl /min/g)  49.8 + 6.3 206.0 ___ 17.4 c 74.0 + 6.9 a 194.2 J: 1.8 c 

n = 4-7 rats; a p < 0.05, c p < 0.001, significantly different from control rats. 
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vagotomy or atropine (Jansson and HellerstriSm, 1986). In 
obese Zucker rats, the enhanced islet blood flow is brought 
back to the values for lean rats by both vagotomy and 
clonidine (Crz-adrenoceptor agonist) (Atef et al., 1992). 
Furthermore, norepinephrine infusion has been reported to 
inhibit islet microcirculation (Rappaport et al., 1971" Rooth 
et al., 1985; Rooth and T'filjedal, 1987) although this result 
has been debated (Meyer et al., 1982). This effect of 
norepinephrine has been shown to be blocked by phentol- 
amine, suggesting mediation by o~-adrenoceptors (Rooth et 
al., 1985). Concerning the role of /3-adrenoceptors in islet 
blood flow, our results are in agreement with those of two 
other studies. First, stimulation of islet blood flow has 
been demonstrated after administration of the non-specific 
/3-adrenoceptor agonist, isoproterenol (Meyer et al., 1982). 
Second, the administration of terbultaline, a /32-adrenoce p- 
tor agonist, leads to a decreased islet blood flow (Jansson 
et al., 1989). Furthermore, there is evidence that /33-adre- 
noceptors are under the influence of noradrenergic innerva- 
tion (Taneja and Clarke, 1992). Thus islet blood flow 
could be under the influence of the sympathetic nervous 
system via both o~- and /33-adrenoceptors. The two types 
of receptors would have opposite effects on the regulation 
of blood flow, as already reported for insulin secretion. 
The exact role of each of these receptors remains to be 
determined. 

Several lines of evidence suggest that changes in pan- 
creatic islet blood flow modulate the transport of secreta- 
gogues (nutrients and hormones) as well as the clearance 
of insulin in the whole body vasculature. Thus, such 
changes could be involved at least in part in the regulation 
of insulin release. There is an abundance of data showing 
good parallelism or a correlation between islet blood flow 
and plasma insulin levels (Atef et al., 1992, 1994; Jansson 
and Hellerstr~Sm, 1983, 1986). The increased islet blood 
flow could be due to a direct effect of insulin itself. Thus, 
some data demonstrate such an effect of insulin (Sparrow 
and Beckingham, 1989; Vetterlein et al., 1985), although 
other data showed the inverse effect, i.e. an inhibiting 
effect of insulin on islet blood flow (Jansson and Berne, 
1993). Due to the differences in the effect of /33-adreno- 
ceptor agonists on insulin secretion according to whether it 
was studied in vivo or in vitro, we believe that the present 
data suggest that the increased islet blood flow induced by 
/33-adrenoceptor stimulation could be one of the mecha- 
nisms involved in the increased insulin secretion described 
in animals treated with /33-adrenoceptor agonists (this 
work, Caroli et al., 1985; Cawthorne et al., 1984; Sennitt 
et al., 1985; Yoshida, 1992). 

In conclusion the present study demonstrated that /33 - 
adrenoceptor stimulation induces a significant increase in 
both insulin secretion and pancreatic islet blood flow, in 
vivo. These data may provide insights into the mechanism 
of the antidiabetic and insulinotropic effect of /33-adreno- 
ceptor agonists. 
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