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Summary. Rats were provided both with brain can- 
nulas, to permit infusion of fluids in the ventromedial 
and lateral hypothalamic areas (resp. VMH and LH), 
and with two heart catheters. In this way infusions of 
fluids and withdrawal of blood could be done in 
unanesthetized free moving animals. Infusion of 
norepinephrine (NE) in the VMH elicited glucagon 
release during the whole period of NE infusion 
whereas insulin levels did not change. This glucagon 
release could not be suppressed by a- and/d-receptor 
blockade but it was suppressed by hexamethonium, a 
blocking agent of signal transmission in peripheral 
ganglia of the autonomic nervous system. On the 
other hand, infusion of NE in the LH elicited insulin 
release during the whole period of NE infusion 
whereas glucagon levels remained unchanged. It is 
argued that [1] the sympathetic nervous system is 
involved in glucagon release, [2] no a-  and/d-recep- 
tor mechanisms are involved during this glucagon 
release, [3] the parasympathetic nervous system is 
involved in insulin release during noradrenergic LH 
stimulation. 
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A large body of evidence has accumulated indicating 
that the nervous system plays an important role in the 
regulation of the release of insulin and glucagon from 
the endocrine pancreas [17]. Electrical stimulation of 
the vagal branches to the pancreas elicites insulin 
release [9]. Electrical stimulation of the splanchnic 
nerve, on the other hand, causes glucagon release 

and suppression of insulin release [1]. In addition to 
electrical stimulation, neurotransmitters involved in 
the action of the autonomic nervous system are ca- 
pable of influencing the islets of Langerhans. 
Norepinephrine (NE), the sympathetic neurotrans- 
mitter, influences insulin release via stimulation of 
the a-  and fi-receptors of the B-cell of the islets of 
Langerhans. Stimulation of the a-receptors inhibits 
insulin release while the fi-receptors stimulate insulin 
release [11]. The B-cell is influenced by circulating 
NE as well as NE released at nerve endings which are 
in contact with these cells [2]. On the other hand, 
both in vivo and in vitro studies show thai: acetyl- 
choline, the parasympathetic neurotransmitter, has 
only a stimulatory effect on insulin release [12]. 
Furthermore, electrical stimulation of the vagus 
nerve results in a increase of insulin release which is 
suppressed by the anticholinergic drug atropine. 

Though much is known about effects of 
peripheral activation of the autonomic nervous sys- 
tem on the islets of Langerhans, our knowledge 
about central mechanisms involved in this activation 
is rather limited. In a previous publication it was 
shown that injection of 0.1 gg of NE bilaterally into 
the ventromedial hypothalamus (VMH) in rats eli- 
cited an immediate increase in both glucagon level 
and insulin level. Both levels reached a peak value 
3 min after NE injection into the VMH and declined 
thereafter to pre-injection levels within two minutes. 
These reactions could not be abolished by atropine 
injection into the rats before NE injection into the 
VMH, indicating that a muscarinic pathway is not 
responsible for the observed phenomenon [4]. On 
the other hand, injection of 0.1 gg of NE bilaterally 
into the lateral hypothalamus (LH) elicited only an 
immediate rise in insulin which reached a peak 3 min 
after NE injection and declined thereafter to pre- 
injection levels within two minutes. No changes in 
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g l u c a g o n  l eve l s  c o u l d  b e  o b s e r v e d  [4]. T h i s  r e a c t i o n  

o f  insu l in  c o u l d  b e  a b o l i s h e d  by  a t r o p i n e  g i v e n  to  t h e  

ra ts  b e f o r e  N E  i n j e c t i o n  i n t o  t h e  L H ,  i n d i c a t i n g  t h a t  

a m u s c a r i n i c  p a t h w a y  is p r o b a b l y  i n v o l v e d  in this  

r e a c t i o n .  

S ince  it  ha s  b e e n  d e m o n s t r a t e d  t h a t  i n j e c t i o n s  of  

N E  i n t o  t h e  V M H  a n d  L H  can  e l ic i t  g l u c a g o n  a n d  

insu l in  r e l e a s e  f r o m  t h e  is le t  o f  L a n g e r h a n s ,  i t  is 

w o r t h w h i l e  t o  i n v e s t i g a t e  w h e t h e r  i n fus ions  of  N E  in 

t h e  V M H  a n d  L H  can  i n c r e a s e  g l u c a g o n  a n d  insu l in  

l eve l s  d u r i n g  t h e  w h o l e  p e r i o d  t h a t  t h e  N E  i n f u s i o n  

lasts.  If ,  i n d e e d ,  t h e s e  r e a c t i o n s  a r e  e l i c i t ed  by  N E  

in fus ions  in t h e  V M H  a n d  L H ,  t h e  q u e s t i o n  ar ises  

w h e t h e r  s y m p a t h e t i c  a n d  p a r a s y m p a t h e t i c  p a t h w a y s  

a r e  i n v o l v e d .  T o  i n v e s t i g a t e  t h e  c o n t r i b u t i o n  o f  t h e  

s y m p a t h e t i c  sys t em,  a p e r i p h e r a l  b l o c k a d e  was  g i v e n  

w i t h  ( A )  a c o m b i n a t i o n  of  t h e  a b l o c k e r  p h e n -  

t o l a m i n e  a n d  t h e  /3 b l o c k e r  p r o p r a n o l o l  to  b l o c k  

p e r i p h e r a l  s y m p a t h e t i c  e f f ec t s  a n d  (B)  h e x a m e t h o -  

n i u m ,  a c o m p o u n d  w h i c h  s u p p r e s s e s  t h e  p e r i p h e r a l  

g a n g l i a  of  t h e  a u t o n o m i c  n e r v o u s  sys t em.  T o  r e v e a l  

t h e  c o n t r i b u t i o n  of  t h e  p a r a s y m p a t h e t i c  sys t em,  a 

p e r i p h e r a l  b l o c k a d e  w i t h  a t r o p i n e  was  app l i ed .  

General Methods 

Subjects and Maintenance 

The animals in all experiments were male Wistar rats ranging in 
weight between 300-350 g at the beginning of the experiments. 
They were kept in individual plexiglass cages (25 • 25 • 30 cm) 
at room temperature (20 ~ • 2 ~ and had continuous access to 
food and water, unless otherwise stated. They were maintained on 
a 12-hr light-dark cycle, 6 : 00 a. m. - 6 : 00 p. m. light). The stand- 
ard C-rich diet (Muracon | Lab chow) contained 20% protein, 
53.5% carbohydrate, 4.5% fat and 22% water with added vi- 
tamins and minerals. The rats were handled and weighed every 
morning at about 9 : 00 A. M. 

Surgery and Control of Body Weight 

All surgerY was performed under ether anesthesia. A 1 to 2-week 
recovery period was allowed between surgeries. The experiments 
started as soon as the rats returned to pre-operative weight. There 
were no significant differences in body weight of the rats at the 
beginning of an experiment. 

Implantation of Brain Cannulas 

Permanent stainless steel cannula (L 21.0 mm, O. D. 0.3 mm, I. D. 
0.1 ram) for chemical stimulation were stereotactically implanted 
bilaterally into either the VMH (De Groot co-ordinates AP: 
+5.9, V: --2.7, L: • 0.7 mm) or the LH (De Groot co-ordinates 
AP: +5.4, V: --2.3, L: _+ 1.7ram) [3]. A sterile stainless steel 
obturator (L 23 mm, O.D. 0.08 mm) flush with the tip of the 
cannula was used between experiments to ensure that the cannula 
remained open and pyrogen free. The cannula was protected with 
a 21-g needle except for the last 4 mm at the top. The protective 
sleeve was affixed to the skull with acrylic. Sterile polyethylene 
tubing (L 7.0 ram, O. D. 0.61 ram, I. D. 0.20 ram) was put around 
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the cannula and obturator. A polyethylene cap (L 6.0 mm) was 
placed at the protruding end of the 21-g needle to cover the free 
end of the cannula. 

Implantation of Heart Catheters 

All animals were provided with a heart catheter according to the 
technique described earlier [14]. This method allows blood sampl- 
ing in unanesthetized, undisturbed, free moving rats. Whenever 
intravenous infusions were given, the rats were provided with a 
second heart catheter implanted in the contralateral (left) jugular 
vein. This smaller second catheter (O. D. 0.64 mm, I. D. 0.28 ram) 
permits blood flow from the acromiodeltoid-cephalic and anterior 
jugular vein to the external jugular vein. In general, rats did not 
lose weight after implantation of the second catheter, indicating 
that no serious blockade in venous return from the bead occurred 
after surgery. 

Blood Sampling Procedure 

All experiments were performed between 11:00 a.m. and 2:00 
p.m.; i.e., during the rat's light cycle. Food was removed 2 hr 
before the start of the experiment. Blood samples of 0.06 (glucose 
only) or 0.3 ml were taken for determination of blood glucose, 
plasma insulin and glucagon. The sampling schedule is stated sepa- 
rately for each experiment. A transfusion of citrated blood 
obtained by means of a heart puncture from a donor rat was given 
after each 0.3 ml sample unless otherwise stated. 

VMH and LH Infusion Procedure 
After removal of the cap and the obturator, a sterile polyethylene 
tube (L 400 mm, O. D. 0.61 ram, I. D. 0.20 mm) was connected to 
each cannula. The tube was filled with sterile test fluid except for 
the last 2.0 cm at the tip which contained sterile saline. A small air 
bubble of (around 0.06 btl) separated the two solutions. The far 
end of the tube was closed with a 30-g plug to prevent any 
unwanted leakage into the brain, The animals were returned to 
their cages 30 minutes prior to the start of the experiment. The far 
ends of all tubing remained outside the cage so as not to disturb the 
animal [16]. At the start of the infusion, the plugs were removed 
and the tubing was quickly connected to the infusion pump. The 
infusion schedule is stated separately for each experiment. The 
disappearance of the small air bubble is designated as the start of 
either the VMH or the LH infusion. The duration of all VMH and 
LH infusions was 20 min (0.25 ~tl/min). A constantly moving, sec- 
ond air bubble at the other end of the tube ensured uniform infu- 
sion rate. 

NE solutions were diluted with sterile saline from a stock solu- 
tion of 2 mg/ml solvent. 

Chemical Determinations 

The blood samples were transferred immediately to chilled (0 ~ 
centrifuge tubes, containing 5 ptl heparin solution (500 U/ml) as an 
anticoagulant and 5 ~tl aprotinin solution (1200 KIU/btl, NOVO) 
to prevent proteolysis of glucagon. Blood glucose was measured by 
the ferricyanide method of Hoffman (Technicon Autoanalyzer TM 
II) with 0.05 ml blood taken from the 0.3 ml sample. The remain- 
ing 0.25 ml blood was centrifuged at 4 ~ and the supernatant 
stored at - 30~  Rat plasma immunoreaetive insulin (IRI) and 
plasma immunoreactive glucagon (IRG) were determined by 
means of a radioimmunoassay kit (NOVO). Guinea pig serum 
M8309 served as antiserum for the insulin assay. Antiserum K964 
was used for the glueagon assay and has very little cross reaction 
with gut glucagon. Duplicate assays were performed on 25 ~tl 
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plasma samples.  Both in the insulin and glucagon assay, the bound  
and 125I-labeled ho rmone  was separated by means  of a polyethy- 
lene glycol solution (23.75% wt/wt) as suggested by Henqu in  et al. 

[81. 

Histology 

Cannula  placement  was investigated. The rats were anesthet ized 
with ether  and perfused with 10% formalin. The  brains were 
removed and stored overnight  in 10% formalin and 4% glucose. 
The brains were frozen quickly in melt ing isopentane ( - 8 0 ~  
and cut at 40 microns.  Brain slices were stained with cresyl fast 
violet, examined under  a light microscope and compared  with sec- 
tions depicted in the  atlas of De Groot  [3]. 

Experiment 1 

The purpose of this experiment was to investigate the 
plasma insulin, glucagon and blood glucose levels 
during infusion of NE at a rate of 12.5 ng/min in the 
VMH. 

Method. Seven rats with an initial mean  body weight of 300 g were 
used in these experiments.  The  rats randomly received two treat- 
ments ,  i. e., infusion of NE  or NE-solvent .  NE  was administered at 
a dose of 12.5 ng/min.  The  NE  or its solvent was given over a 
20 min period. The  total volume infused was 5 gl at a rate of 
0.25 gl/min. Each rat received the two infusions with an interval of 
at least one day. The  order  of the  infusions was randomized for 
each animal.  Blood samples were taken at t = - 11, - 6 (blood 
glucose only), - 1 ,  + 1 ,  + 3 ,  + 5 ,  + 7 ,  + 9 ,  + 1 4 ,  + 1 9 ,  + 2 4  and 
+ 2 9  min. NE infusion started at t = 0. 

Results. The results are presented in Figure 1. Infu- 
sion of NE resulted in a rise in glucagon and glucose 
levels when compared to the infusion of NE-solvent 
alone, though infusion of solvent caused a small 
increase in glucose levels. Insulin levels were not 
much influenced by NE infusion in the VMH. Sol- 
vent infusion there caused a small decrease in insulin 
levels. 

Experiment 2 

In the previous experiment it was shown that NE 
infusion in the VMH resulted in an increase of 
plasma glucagon and blood glucose. The aim of this 
study was to investigate whether the increase of 
plasma glucagon and blood glucose elicited by NE 
infusion in the VMH could be suppressed by 
administration of phentolamine and propranolol 
which induce a- and fl-receptor blockade at the sym- 
pathetic effector. 

Method. One  week after terminat ion of Exper iment  1, the same 
seven rats received a systemic infusion of phento lamine  (10 ~tg/ 
min) and propranolol  (16 ~g/min, dissolved in saline) at a rate of 
0.1 ml /min.  These  doses of phento lamine  and propranolol  were 
chosen because the dose of phento lamine  can abolish a NE 
induced suppression of insulin release whereas  the dose of pro- 
pranolol can prevent  a rise in insulin after administrat ion of the/3- 
receptor s t imulant  isoprenaline (J. H. Strubbe, personal  communi -  
cation). The  infusion of phento lamine  and propranolol  s tarted 
35 min before infusion of N E  in the VMH.  N E  was adminis tered at 

a dose of 12.5 ng /min  over a period of 20 min. Blood samples were 
taken at t = - 1 6 ,  - 6 , 0 ,  + 1 0 ,  + 2 0 ,  + 2 9 ,  + 3 1 ,  + 3 3 ,  + 3 5 ,  
+37 ,  +39 ,  +44 ,  +49 ,  and + 5 9  min. Systemic infusion of phen-  
tolamine and propranolol started at t = - 5 and N E  infusion in the 
V M H  at t = +30 .  

Results. The results are presented in Figure 2. In this 
figure the results of Experiment 2 are compared to 
the results of the NE infusion in the VMH of Experi- 
ment I. During phentolamine and propranolol infu- 
sion no change in insulin or glucagon could be 
observed. However, a large decline in glucose levels 
occurred. After the start of the NE infusion in the 
VMH, glucagon levels rose in the same way as in 
Experiment 1 in which phentolamine and pro- 
pranolol were not administered. With respect to glu- 
cose, the same increase could be observed as in 
Experiment 1 though the increase started from a 
much lower basal glucose level. Insulin levels did not 
differ much between experiments. 

Experiment 3 

The aim of this experiment was to investigate 
whether hexamethonium could suppress the gluca- 
gon rise elicited by NE infusion in the VMH. Hexa- 
methonium was chosen because it suppressed signal 
transmission in the peripheral ganglia of the sym- 
pathetic and parasympathetic system. Peripheral 
ganglion blockade is probably more appropriate to 
suppress the glucagon rise elicited by NE infusion in 
the VMH because (A) a- and fl-receptor blockade 
could not suppress the above mentioned glucagon 
rise and (B) other mechanisms of signal transmission 
of the sympathetic system to the islets of Langerhans 
may occur besides an a- and fl-receptor mechanism 
[10]. 
Method. One  week after terminat ion of Exper iment  2, the same 
seven rats received a systemic infusion of hexamethon ium (30 ,ug/ 
min, dissolved in saline) at a rate of 0.1 ml/min.  This dose was 
chosen because it could suppress  free fatty acid release elicited by 
preganglionic st imulation of the sympathet ic  system [7]. The  infu- 
sion of hexamethon ium was started 16 rain before infusion of NE 
in the  VMH.  NE  was administered at a dose of 12.5 ng/min over a 
period of 20 rain. Blood samples were taken at t = - 10, - 1, + 5 ,  
+ 1 0 ,  + 1 5 ,  + 1 7 ,  + 1 9 ,  + 2 1 ,  + 2 3 ,  + 2 5 ,  + 3 0 ,  + 3 5 ,  and 
+ 4 0  min. Systemic infusion of hexame thon ium started at t = 0 
and NE  infusion in the V M H  at t = + 16. 

Results. The results are presented in Figure 3. In this 
figure the results of Experiments 3 are compared to 
the results of the NE infusion in the VMH of Experi- 
ment 1. During hexamethonium infusion both insulin 
and glucagon declined whereas glucose remained 
nearly at the same level. After the start of the NE 
infusion in the VMH, the glucagon and insulin rose 
slightly. However, glucose increased in the same way 
as in Experiment 1. 
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Fig. 1. Mean  changes in plasma insulin, glucagon and blood glucose levels during infusion of either NE  O 
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Fig. 2. Mean  changes in plasma insulin, glucagon and blood glucose levels during systemic infusion of phentolamine and propranolol and 
NE infusion in the  V M H  0 - - 0  compared  with those  after NE  infusion in the  V M H  without phento lamine  and propranolol blockade 
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Fig. 3. Mean  changes in plasma insulin, glucagon and blood glucose levels during systemic infusion of hexamethon ium and NE infusion in 
the V M H  0 - - 0  compared with those after NE infusion in the  V M H  without hexamethon ium blockade Q - - O .  The average of the levels 
at t = - 1 1  and t = - 1  was taken as the 0 level. Vertical bars mean  SEM 

Fig. 4. Mean  changes in plasma insulin and blood glucose levels during infusion of either NE 0 - - 0  or NE-solvent  O - - O  in the LH. The  
average of the levels at t = - 11 and t = - 1 was taken as the  0 level. Vertical bars mean  SEM 

Experiment 4 Discussion 

In the previous experiments it was shown that infu- 
sions of NE in the VMH elicited mainly glucagon 
release. Bcause in earlier work [4] it was observed 
that NE injection into the LH elicited an immediate 
insulin release of short duration (about 3 min), the 
question arose whether infusion of NE in the LH 
over a period of 20 rain could elicit a more prolonged 
rise in insulin level. 

Method. Seven rats with an initial body weight of 300 g randomly 
received two t rea tments ;  i. e., infusion of either N E  or NE-solvent .  
NE  was admins tered  at a dose of 12.5 ng/cannula /min .  The  NE  or 
its solvent was given over a 20 rain period with a total volume 
infused in the  L H  of 5 ul at a rate of 0.25 gl/min. Each  rat received 
the two infusions randomly with an interval of  at least one day 
between.  Blood samples were taken at t = --11,  - -6  (blood glu- 
cose only), - 1 ,  + l ,  + 3 ,  + 5 ,  + 7 ,  + 9 ,  + 1 4 ,  + 1 9 ,  -+-24, and 
+ 3 4  rain. NE  infusion in the L H  started at t = 0. 

Results. The results are presented in Figure 4. Infu- 
sion of NE in the LH resulted in a rise in insulin 
levels when compared to the infusion of NE solvent 
alone. Glucose rose slightly after NE infusion in the 
LH as compared to NE solvent infusion. 

The main findings of these experiments are (A) infu- 
sion of NE in the VMH elicits glucagon release dur- 
ing the entire period of NE infusion (B), this gluca- 
gon release cannot be suppressed by a- and fl-recep- 
tor blockade but it is suppressed by hexamethonium, 
a blocking agent of signal transmission in the 
peripheral ganglia of the autonomic system (C) infu- 
sion of NE in the LH elicits insulin release during the 
entire period of NE infusion. 

The results of this study show that NE stimulation 
of the VMH elicits glucagon release with concomi- 
tant increase in glucose whereas insulin levels do not 
change much, indicating that the VMH can be con- 
sidered as an area involved in regulation of gly- 
cogenolysis. This is in agreement with the work of 
Shimazu (for a review see [13]) who found that NE 
stimulation of the VMH elicited an immediate 
increase of active liver phophorylase which leads to 
the break-down of liver glycogen. Shimazu found 
that a direct sympathetic pathway to the liver elicited 
activation of liver phosphorylase. This direct sym- 
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pathetic activation of the liver is supported by the 
concomitant increase in glucagon, also elicited by NE 
stimulation of the VMH. To determine whether the 
sympathetic system is involved in release of glucagon 
a- and fl-receptor blockade was used. However, sup- 
pression could not be reached by means of this block- 
ade. Two alternatives can explain this lack of sup- 
pression: (A) transmission of sympathetic activity to 
the A-cell of the islets of Langerhans is not by means 
of an a- or/J-receptor mechanism, or (B) release of 
glucagon is not influenced by activity of the sym- 
pathetic system. To investigate the first alternative, a 
blockade of the sympathetic peripheral ganglia with 
hexamethonium was given. A suppression of VMH- 
elicited glucagon release was observed. This means 
that if the sympathetic system is involved in VMH 
elicited glucagon release it must be by a mechanism 
other than a- and/J-receptor activity. Recently it has 
been found that the C-terminal tetrapeptide amide of 
cholecystokinin is present in nerve terminals in the 
islets of Langerhans and that this tetrapeptide is a 
potent releaser of islet hormones [10]. This finding 
might explain the finding that a-  and /J-receptor 
blockade is without effect on VMH elicited glucagon 
release. However, it could be argued that VMH eli- 
cited glucagon release is caused by a muscarinic para- 
sympathetic mechanism because hexamethonium 
also blocks the peripheral ganglion of the parasym- 
pathetic system. This argument cannot be valid 
because VMH elicited glucagon release is not sup- 
pressed by systemic atropinization [4]. 

Some other observed phenomena merit attention. 
A profound decline in glucose occurred in experi- 
ment 2 during systemic infusion of phentolamine and 
propranolol. This decline in glucose was not accom- 
panied by changes of either insulin or glucagon, the 
most important hormones regulating glucose levels. 
To explain this decline of glucose, it might be that 
continuous a- and fl-receptor activation of liver cells 
is responsible for a normal basal glucose level. When 
this activation is blocked by phentolamine and pro- 
pranolol, a decline of glucose may ensue without 
effects on insulin and glucagon. 

On the other hand, systemic infusion of hexa- 
methonium caused a decrease in both insulin and 
glucagon levels without much change in glucose level 
(see Fig. 3). The decreases in insulin and glucagon 
can be explained by the suppression of autonomic 
activation of hormone release from the islets of 
Langerhans. There are many indications at the 
moment that the islet of Langerhans is under con- 
tinuous control of the autonomic nervous system [11, 
17]. NE infusion in the LH elicited insulin release 
during the whole infusion period (see Fig. 4). This 
observation is also in agreement with that of Shimazu 

[13] who found that activation of the LH stimulated 
the conversion of inactive liver synthetase D into 
active liver synthetase I. Shimazu found that activa- 
tion of liver synthetase was elicited by a direct para- 
sympathetic pathway. The results of this investigation 
show that LH stimulated insulin release can contri- 
bute to activation of liver synthetase because insulin 
is a potent stimulator of conversion of liver synthe- 
tase D into liver synthetase I. Moreover, NE stimula- 
tion of the LH does not elicit glucagon release [5]. 
LH stimulated insulin release is mediated by the 
parasympathetic system because systemic atropiniza- 
tion or subdiaphragmatical vagotomy abolishes LH 
stimulated insulin release [15]. 

It can be concluded that (A) noradrenergic acti- 
vation of the VMH and LH, elicits glucagon and 
insulin release, (B) noradrenergic VMH stimulated 
glucagon release is probably mediated by the sym- 
pathetic nervous system, (C) a- and /j-receptor 
mechanisms are not involved and (D) noradrenergic 
LH stimulated insulin release is probably mediated 
by the parasympathetic nervous system. 
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Discussion after Steffens' Presentation 

Berthoud: Where did the histology reveal your LH can- 
hulas to be? 

Steffens: They were exactly centered in the LH area, which 
of course is very large. 

Berthoud: Then you might expect a large spread of your 
administered drug? 

Steffens." That's true, but not to the VMH since that would 
be expected to elicit an increase of glucagon secretion and 
it didn't occur. 

Sclafani: Did you check your rats for NE-elicited eating? 

Steffens: They did not have food available, but when the 
NE was added to the VMH, they appeared to want food. 
This was not true when the LH was stimulated. 

Sclafani: How do your results relate to the cephalic release 
of insulin? 

Steffens." I suspect that the cephalic response is due to 
increased nor-adrenergic tone in the LH and/or perhaps a 
decreased activity in the VMH. The net result would be an 
increase of insulin secretion in response to eating and 
would enable the animal to eat more food. 

Smith: Why didn't insulin increase when you infused NE 
into the VMH? After all, glucose levels did increase and 
you did observe an increase of insulin when the NE was 
added acutely. 

Steffens: It may be that the dose was too low because only 
12.5 ng NE/min was administered against 100 ng in the 
experiment where NE was administered a cutely, or that 
the elevated glucagon somehow interfered with insulin se- 
cretion. 

Smith." Were the total volumes and the potential spread of 
the drugs the same in the injection and the infusion experi- 
ments? 

Steffens: In the infusion experiments, I gave 0.25 ~tl/min as 
opposed to 1 Ixl over 2 or 3 sec in the injection experiments. 
It's difficult to make easy comparisons between the two 
conditions. 

Nicolaidis: In the experiment where insulin was increased 
and there was no change of glucagon, why was no sec- 
ondary decrease of glucose caused by the insulin? 

Steffens: I don't  know; there must be some unknown com- 
peting mechanism. 

Shimazu: We have recently put NE into the VMH of the 
unanesthetized and freely moving rabbit and also observed 
an increase of insulin and glucagon. However, both re- 
sponses were relatively small. When we injected epineph- 
rine into the VMH at the same molar dose (5 x 10 -8 M), 
both responses and especially the increase of glucagon were 
much larger. When we put the same amount of acetyl- 
choline into the VMH, there was an increase of glucagon, a 
gradual increase of glucose and no change of insulin. This 
glucagon response could be blocked by the central 
administration of hexamethonium (Endocrinology, in 
press). 

Steffens: We have made exactly the same observation with 
peripheral hexamethonium. 

Shimazu: When epinephrine was put into the LH, there 
was an increase of insulin with no change of glucagon. So in 
general, our results agree with yours. 

Steffens: Yes, it's interesting that there are apparently two 
sets of receptors in the LH which can cause an increase of 
insulin secretion because injection of both NE and ACh 
elicit that reaction. 

Berthoud: Do you think that if you infused glucose 
intravenously to prime the islets that central NE might 
cause a greater increase of insulin? 

Steffens: That's possible. We haven't done that, but 
perhaps someone knows the answer. 

Porte: If you give glucose to stimulate the islet, you'll get a 
quite marked potentiation of insulin secretion to other se- 
cretagogues. Likewise, if you prime the B-cells with other 
stimulants and then add glucose, you'll see a positive 
interaction (J Clin Endocrinol Metab (1979) 48: 946). The 
only time you won't see this interaction is when you prime 
first with glucose and then add more glucose as the 
stimulant. 

Bray: Have you measured hypothalamic content or turn- 
over of NE in these experiments? 

Steffens." No, we haven't. 


