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Summary. Basal insulin secretion has been thought to 
be via a different mechanism from stimulated insulin 
secretion, partly because it is not similarly suppressed 
by adrenalin. However, adrenalin normally causes 
hyperglycaemia, but if it is infused while the plasma 
glucose is kept constant there is marked suppression 
of insulin secretion. Sympathetic stimulation mo- 
dulates basal insulin secretion, and alpha adrenergic 
blockade impaired the suppression of insulin secretion 
in response to hypoglycaemia. Four of five benign 
insulinomas had marked suppression of insulin secre- 
tion by adrenalin, but one malignant and one benign 
insulinoma had little suppression. Both had a raised 
proportion of their basal plasma insulin as proinsulin, 
and the impaired suppression of secretion by adrena- 
lin probably signified an undifferentiated tumour. 
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Adrenalin suppresses the acute, first phase insulin 
response to glucose, but has been thought to have 
considerably less effect on basal insulin secretion [1]. 
Although an adrenalin infusion in man temporarily 
lowers the plasma insulin, the concentrations soon rise 
above the initial level [2]. It has been suggested that 
the differing responses of the acute and basal insulin 
secretion to adrenalin signifies there are two separate 
"pools" of insulin secretion [3]. Further support for 
this hypothesis has been taken from the differing ef- 
fect of a glucose infusion on the basal and acute insulin 
responses [4]. 

The acute and basal insulin responses may, how- 
ever, be linked. If the plasma glucose in mild diabetes 

in man is lowered to a normal value, the basal insulin 
secretion is reduced and the acute response of insulin 
to glucose is enhanced [5]. 

The interpretation of the insulin response to ad- 
renalin infusions is difficult as adrenalin raises the 
blood glucose and this may affect the observed insulin 
response. Studies have, therefore, been undertaken in 
which the insulin response to adrenalin can be ob- 
served independent of changes in plasma glucose. In 
one investigation this was done by keeping the plasma 
glucose concentration constant with a fish insulin infu- 
sion. In a second investigation the response of insulin 
to induced hypoglycaemia has been studied with and 
without adrenergic blockade. 

Insulin secretion from insulinomas is either auton- 
omous, or is only partly dependent on the glucose 
concentration [6]. The decreased suppression of insu- 
lin secretion to induced hypoglycaemia provides a 
useful diagnostic suppression test for insulinomas. 
Adrenalin is an alternative physiological means of 
suppressing insulin secretion, and its possible diagnos- 
tic use has been investigated. An adrenalin infusion 
in patients with insulinomas causes little hyper- 
glycaemia, and also provides a third means of studying 
the insulin response to adrenalin independent of 
changes in plasma glucose. 

Materials and Methods 

The effect of an adrenalin infusion on insulin secretion 
has been studied in 5 normal male students, aged 
21-25 who were within 15% of their ideal body 
weight [7]. Five patients with benign insulinomas and 
one patient with a malignant insulinoma were studied. 
They were aged 23-49, and were within 15% of their 
ideal body weight. They were tested after an overnight 
fast, except for one of the subjects with a benign 
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Fig. 1. Plasma glucose and insulin changes in response to a 30 min 
intravenous infusion of adrenalin 5 ~g/min in 5 normal subjects 
(mean _+ 1 SD). In a separate investigation in the same patients the 
plasma glucose during the infusion was kept constant by concurrent 
infusion of circa 4 u/h fish insulin. The plasma human insulin 
concentration was then suppressed by the adrenalin infusion, 
whereas this was otherwise obscured by the insulin response to the 
glycaemia induced by the adrenalin infusion 

central venous catheter inserted into the other ante 
cubital fossa. The five normal subjects were studied on 
a second morning when an additional infusion of fish 
insulin at circa 4 u/h was given via a second central 
venous catheter to keep the plasma glucose constant. 
This was monitored by means of blood samples taken 
every 5 min, with the plasma glucose measured using 
glucose oxidase with an oxygen electrode (Analox), 
which provided assay results within five min. The rate 
of insulin infusion was accordingly altered. 

The effect of alpha adrenergic blockade on the 
insulin response to hypoglycaemia induced by fish 
insulin was studied in six normal students or doctors 
aged 22-36, who were within 15% of their ideal body 
weight. After an overnight fast and two basal samples, 
5 mg. IV phentolamine was injected, followed by 0.5 
mg/min infusion until the end of the test. Blood sam- 
ples were taken every 10 min. Thirty min after the 
phentolamine, 0.2 u/kg i. m. fish insulin was given; this 
was repeated at 45 and 90 min [8]. This test was 
terminated by IV glucose when hypoglycaemic symp- 
toms were noted. 

The plasma glucose used in analysis of results was 
measured using glucose oxidase in a manual method 
(Boehringer kit). Immunoreactive plasma insulin was 
assayed in duplicate using charcoal phase separation 
[9], monocomponent human insulin as a standard (Dr. 
J. Schlichtkrull) and GP 5 antiserum (Dr. C. Lowy) 
which has little cross reaction with fish insulin. A 
disequilibrium assay was used, with a precision (+ 1 
SD of individual estimates) of + 0.4 gU/ml. Changes 
in plasma insulin were assessed using Student's paired 
t test. The plasma proinsulin in basal samples from the 
patients with insulinomas was assayed by Dr. L. G. 
Heding, after separation from plasma C-peptide using 
solid phase anti insulin antibodies. The plasma C-pep- 
tide in the supernatant was assayed by radioim- 
munoassay [10]. The antibody bound proinsulin was 
assayed using a C-peptide antiserum, 125I Tyr- 
C-peptide and human proinsulin standard (Dr. A. 
Rubenstein) [11]. The percentage proinsulin in the 
plasma was expressed in terms of the sum of the proin- 
sulin and C-peptide results. 

R e s u l t s  

insulinoma who had an additional meal at 4.00 a. m. to 
prevent symptomatic hypoglycaemia, and the patient 
with a malignant insulinoma who had a constant in- 
travenous infusion of 10 g/dl dextrose to prevent 
marked hypoglycaemia. 

Blood samples were taken via an IV cannula in- 
serted in the ante cubital fossa. Intravenous adrenalin, 
5 ~tg/min, was infused from a syringe pump via a 

In normal subjects the adrenalin infusion caused 
marked hyperglycaemia (p < 0.001) (Fig. 1). At  five 
min the plasma human insulin was decreased in all 
subjects (p < 0.05), but then rose above the basal 
value (p < 0.005 at 30 min) with a further abrupt 
increase at the end of the infusion. 

When fish insulin was infused in addition to the 
adrenalin there was a mean fall in plasma glucose of 
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Fig. 2. Changes in plasma glucose and insulin to a 30 rain intrave- 
nous infusion of adrenalin (5 Fg/min) in 4 patients with insulinomas. 
Each patient is represented by a different symbol. There was little 
rise in plasma glucose, and marked suppression of insulin secretion 
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Fig. 3. Plasma insulin in relation to the plasma glucose during 
hypoglycaemia induced by 0.2 u/kg i. m. fish insulin every 45 rain. 
Blood samples taken at 10 rain intervals, and plasma insulin rep- 
resented as means of samples with plasma glucose concentrations 
within 0.55 mmol/l groups, with line joining values from each 
subject. Thin lines represent results from each of 12 normal sub- 
jects. Dotted lines represent results from 6 normal subjects follow- 
ing phentolamine, each represented by a different symbol. The 
subjects who had a phentolamine infusion had reduced suppression 
of plasma insulin in relation to the fall in plasma glucose compared 
with the subjects without alpha adrenergic blockade 

0.2 mmol/1 at 30 rain. The maximal fall in any subject 
was 0.4 mmol/1 at 15 min, and 0.7 mmol/1 at 30 min. 
After the infusions were stopped the plasma glucose 
fell over the next half hour by a mean of 1.3 mmol/1. 
During the combined adrenalin and fish insulin infu- 
sion there was a sustained decrease in the plasma 
human insulin from a mean of 4.1 gU/ml to 2.1 ~tU/ml 
(p < 0.01). At the end of the infusion the plasma 
insulin levels returned to the basal value, but then fell 
to a mean of 1.8 FtU/ml pari passu with the delayed 
hypoglycaemia. 

In four patients with benign insulinomas there was 
only a small rise in plasma glucose following the ad- 
renalin infusion. In these subjects the plasma human 
insulin concentration was suppressed in response to 
the infusion (Fig, 2) to a greater degree than in the 
normal subjects, although in three patients there was a 

subsequent rise in plasma insulin towards the basal 
value at 30 rain when the plasma glucose had in- 
creased. There was increased insulin secretion at the 
cessation of the infusion. In the fifth patient with a 
benign insulinoma the basal plasma glucose was 4.4 
mmol/1 and rose to 7.5 retool/1 at the  end of the 
infusion. The plasma insulin (18 l~U/ml) did not alter 
during the infusion, although it rose to 31 ~tU/ml when 
the adrenalin infusion was stopped. In the patient with 
a malignant insulinoma the plasma glucose was 1.4 
mmol/1, and neither it, nor the plasma insulin (310 
~U/ml) altered during the infusion. These last two 
patients had a raised proportion of proinsulin in the 
basal sample (38 and 43% respectively), whereas the 
other four insulinomas had between 19 and 28% 
proinsulin. 

In response to the phentolamine infusion in six 
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normal subjects the plasma glucose did not change, 
and the mean plasma insulin rose from 6.3 ~tU/ml to 
9.4 ~tU/ml (p < 0.05). In response to the subsequent 
fish insulin induced hypoglycaemia (Fig. 3), the 
plasma human insulin concentration was suppressed, 
but not to the same degree as in 12 normal subjects 
without a adrenergic blockade (A insulin/A glucose, 
mean + SD, normal subjects 60 + 15, with aadrener- 
gic blockade 30 + 14%/mmol glucose, p < 0.005). 

Discussion 

In normal subjects there is marked suppression of 
basal insulin secretion by adrenalin if the plasma glu- 
cose is kept constant with fish insulin. The insulin 
infusion is unlikely to have directly decreased insulin 
secretion, as shown by the lack of effect of both similar 
doses in man with constant glycaemia [12] and larger 
doses in dogs [13]. The minimal fall in plasma glucose 
during the combined adrenalin/fish insulin infusion 
would itself produce an almost undetectable fall in 
plasma insulin [6], whereas the adrenalin induced sup- 
pression of insulin secretion is comparable to that 
produced by a considerably greater fall in plasma glu- 
cose, as shown at the end of the investigation. Four of 
the subjects with insulinomas who had little change in 
plasma glucose also had a reduction of insulin secre- 
tion by adrenalin. The previously noted rise in plasma 
insulin during an adrenalin infusion is, therefore, sec- 
ondary to the raised plasma glucose rather than a 
direct response to the adrenalin. 

These results show that the basal as well as the 
acute, first phase insulin secretion is suppressed by an 
adrenalin infusion. These data do not support the 
suggestion [3, 4] that acute and basal insulin release 
come from different "pools". 

The increased plasma insulin following alpha ad- 
renergic blockade in man is similar to that reported by 
Robertson and Porte [2], who also showed that beta 
adrenergic blockade lowered the basal plasma insulin. 
Basal insulin secretion is therefore partly under sym- 
pathetic control. However, alpha adrenergic blockade 
only partly impaired the suppression of insulin secre- 
tion by hypoglycaemia. Thus the basal plasma glucose 
concentration per se has a considerable role in con- 
trolling the basal insulin secretion. 

Hypoglycaemia and increased adrenalin secretion 
are the two physiological stimuli known to decrease 
the basal secretion of insulin. Although impaired sup- 
pression of insulin secretion by hypoglycaemia is a 
useful diagnostic test for insulinomas [6], the majority 
of the insulinomas had greater suppression of insulin 
secretion by adrenalin than normal subjects, probably 

because of their less marked glycaemic response. Ad- 
renalin cannot, therefore, be used as a diagnostic test. 

It has been suggested that one might be able to 
discriminate between benign and malignant in- 
sulinomas by the decreased response of the latter to 
diazoxide [14]. Although the malignant insulinoma 
we studied had impaired insulin suppression by ad- 
renalin (as did the malignant insulinoma with the same 
dose of adrenalin reported by Graber et al. [15]), a 
similar response was seen in the benign insulinoma 
which also secreted a high proportion of proinsulin. 
Both tumours were therefore probably undifferen- 
tiated [16], and although an adrenalin infusion might 
give an indication of the degree of differentiation it is 
unlikely to give direct evidence of malignancy. The 
proportion of proinsulin found in the basal plasma 
insulin [11, 17, 18] might give similar information. 
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