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Summary. To examine whether diabetes affects the ability of 
fl-blockade to suppress adrenaline-stimulated hepatic glucose 
production, we infused adrenaline with and without propran- 
olol into normal subjects and diabetic patients receiving a 
constant insulin infusion in basal amounts. In normal sub- 
jects, propranolol did not block the transient 50%-60% rise in 
glucose production during adrenaline infusion. In contrast, 
propranolol virtually abolished adrenaline-induced hypergly- 
caemia and glucose production was virtually abolished by 
propranolol in the diabetic patients, even though they demon- 
strated an exaggerated response to adrenaline alone (persis- 
tent increase in glucose production of 50%-90% above base- 

line). When insulin was infused together with adrenaline and 
propranolol in normal subjects in doses exceeding those given 
to the diabetics (plasma insulin rose threefold), the rise in glu- 
cose production was still threefold greater than in the diabetic 
patients (p < 0.02). We conclude that fl-blockade is more ef- 
fective in suppressing the hepatic response to adrenaline in 
diabetics than in normal subjects. Our data may explain why 
diabetic subjects are more vulnerable to hypoglycaemia dur- 
ing treatment with propranolol. 

Key words: fl-blockade, propranolol,  adrenaline, diabetes 
mellitus, glucose kinetics, liver, catecholamine action. 

Physiological elevations of adrenaline cause a prompt 
increase in hepatic glucose production which occurs in- 
dependent of a rise in plasma glucagon and a fall in 
plasma insulin [1, 2]. The relative contribution of a-ad- 
renergic, calcium-dependent [3] and fl-adrenergic, 
cyclic AMP-dependent pathways [4] to this action of 
adrenaline has been controversial. Recent studies have, 
however, suggested that adrenaline-stimulated hepatic 
glucose production in normal man is mediated predom- 
inantly, if not entirely, by fl-adrenergic mechanisms [5, 
6]. The failure offl-blockade to diminish the response of 
the liver to adrenaline in earlier studies in normal sub- 
jects has been attributed to concurrent suppression of 
endogenous insulin secretion secondary to unopposed 
a-adrenergic stimulation [7]. 

It is not known whether diabetes affects the adre- 
nergic mechanisms underlying the hepatic action of 
adrenaline or alters the ability of adrenergic blocking 
agents to limit adrenaline-induced hepatic glucose 
production. Previous studies have, however, shown that 
the hepatic response to adrenaline in Type 1 (insulin-de- 
pendent) diabetic patients differs both qualitatively and 
quantitatively from that in normal subjects [2]. Further- 
more a number of clinical reports have suggested that 
the risk of hypoglycaemia is increased in diabetic pat- 
ients treated with insulin and fl-adrenergic blocking 

agents [8, 9]. The latter might, at least in part, be ex- 
plained by the inability of Type I diabetic patients to di- 
minish insulin secretion when adrenaline is released 
and fl-adrenergic receptors are blocked (unopposed a- 
adrenergic stimulation). 

The present study was therefore undertaken to eval- 
uate the effect of fl-adrenergic blockade on the hepatic 
response to adrenaline in normal and Type 1 diabetic 
subjects. To ensure that insulin levels were stable in the 
diabetic subjects throughout the experimental period, a 
constant infusion of insulin was administered in basal 
amounts. Because adrenaline-stimulated hepatic glu- 
cose production was more effectively suppressed in the 
diabetics, we infused exogenous insulin into the normal 
subjects together with adrenaline and propranolol. 
These latter studies were designed to assess whether 
prevention of the fall in portal insulin below baseline in 
normal subjects could resolve the disparity between 
normal and diabetic subjects. 

Material and methods 

Subjects 
Two groups of subjects were studied. The first consisted of 19 normal 
subjects (12 males, 7 females) aged 20-32 years and the second con- 
sisted of 15 Type 1 diabetic patients (11 males, 4 females) aged 
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Fig. 1. Plasma adrenaline concentrations during experiments in nor- 
mal subjects ( ) and Type 1 diabetic patients (- - -). ~ : 
normal subjects infused with adrenaline, (3--------(3: adrenaline + pro- 
pranolol, or 0-----0 : adrenaline +propranolol +insulin are com- 
pared with A ..... A : insulin-infused diabetic patients given adrena- 
line or �9 ..... �9 : adrenaline + propranolol 

18-31 years. All were within 20% of their ideal body weight (Metro- 
politan Life Insurance Tables, 1959) and consumed weight-maintain- 
ing diets containing at least 200 g of carbohydrate. The diabetic sub- 
jects were receiving a mean of 58 _+ 8 units of insulin per 24 h in single 
(n = 6) or divided doses (n = 9) for I t  + 3 years (mean + SEM). None 
of the subjects was taking drugs other than insulin and none had a his- 
tory of asthma, heart disease or evidence of an intercurrent medical 
illness at the time of the study. After approval from the Committee on 
Clinical Investigation, informed written consent was obtained from 
each patient before each experiment. 

Procedures 

All subjects were studied in the morning, starting at 07.00-08.00 h af- 
ter a 12-14 h overnight fast. Diabetic patients received no intermedi- 
ate-acting insulin for at least 24 h before the study. An indwelling 
catheter was inserted into an antecubital vein in each arm for blood 
sampling and for continuous infusion (Harvard Apparatus, Millis, 
Massachusetts) of adrenaline, insulin, propranolol, and [3-3H]-glu - 
cose. In normal subjects, [3-3H]-glucose (New England Nuclear, Bos- 
ton, Massachusetts) was given as a primed-continuous infusion for 2 h 
before each experiment (equilibration period). The priming dose 
(35 #Ci) was injected rapidly and followed by a constant infusion 
(0.25 ~tCi/min) which was then continued throughout the study. In 
the diabetic subjects, crystalline zinc insulin (Eli Lilly, Indianapolis, 
Indiana) was infused at variable rates of 0.5-2.0 U / h  in order to re- 
duce plasma glucose concentrations gradually. After 1-4h, when 
plasma glucose values had fallen to approximately 8 mmol/1, the rate 
of insulin infusion was further reduced (by 30%-50%) and a primed- 
continuous infusion of [3-3H]-glucose was begun. During the next 2 h, 
the insulin infusion was finely adjusted to maintain normal plasma 
glucose concentrations (4-6 mmol/1). Thereafter, the insulin infusion 
was continued at a constant rate for an additional hour to ensure that 
plasma glucose levels were stable before baseline samples were ob- 
tained; this rate of insulin infusion was then continued for the remain- 
der of the experiment. This rate averaged 0.13 + 0.03 mU. kg -a. min -1 
in subjects infused with adrenaline alone and 0.11 +0.02 mU.kg -1- 
min -1 in subjects infused with propranolol+adrenaline (p =NS). 
The total equilibration period in the diabetic patients ranged from 
4-7h.  

After the equilibration period, three groups of studies were per- 
formed. In the first, adrenaline alone (Parke-Davis, Detroit, Michi- 
gan) was infused at a rate of 1.2 lxg-m -2- rnin -a into 10 normal and 
eight diabetic subjects for 4 h. In the second, propranolol (Inderal, 
Ayerst Laboratories, New York, USA) plus adrenaline (1.2 ~tg. m -2- 
min-1) was infused into five normal and seven diabetic subjects. Pro- 
pranolol was administered as a primed-continuous infusion I h be- 
fore the addition of adrenaline to insure that adequate blood levels of 
propranolol were reached before the study [10]. Thereafter adrenaline 
was infused together with propranolol and both were continued for 
an additional 4h. Propranolol was given at a rate of 385 !.tg/min for 

25 min and then at a rate of 80 lxg/min for the remaining 275 min. In 
the third group of experiments, exogenous insulin was infused togeth- 
er with both propranolol and adrenaline into five normal subjects to 
avoid a decline in basal portal insulin concentration due to unop- 
posed alpha-stimulation. The insulin infusion was initiated 58 min af- 
ter the onset of the propranolol infusion, i. e. 2 min before the addition 
of adrenaline. Thereafter, propranolol, adrenaline and insulin were 
infused simultaneously for the remaining 4 h of the study. Insulin was 
administered at a rate of 0.15 mU. kg -1. min -1. We have reported pre- 
viously on the amino acid responses to infusion of adrenaline alone 
and propranolol plus adrenaline in some of these subjects [11]. Due to 
the variable period of insulin infusion in diabetic subjects prior to the 
experiments, the adrenaline infusion in the diabetic patients was ini- 
tiated 1-4 h later than in the normal subjects. 

The infusates were freshly prepared in sterile NaC1 (0.154 mol/1). 
Ascorbic acid (Cevalin, Eli Lilly, Indianapolis, Indiana) was added to 
the adrenaline infusate at a concentration of 1 mg/ml to protect 
against oxidation. Insulin infusates contained 2 ml of the subjects' 
whole blood per 50 ml saline to prevent adherence to glassware and 
tubing [12]. Each infusate was administered by a separate syringe-type 
pump. Blood samples were drawn at 10-15 min intervals before the 
initiation of the experiment and at 15-30 min intervals thereafter. 

Analyses 

Plasma glucose concentration was measured by the glucose oxidase 
method using a Beckman glucose analyzer (Beckman Instruments, 
Fullerton, California). Plasma adrenaline was measured by an iso- 
tope-derivative technique [13], plasma immunoreactive insulin using a 
double-antibody method [14], and plasma non-esterified fatty acids 
(NEFA) using a colorimetric micromethod [15]. The methods used for 
determination of plasma immunoreactive glucagon (using Unger anti- 
body 30K), and glucose specific activity have previously been de- 
scribed [16, 17]. Plasma C-peptide reactivity was measured by radio- 
immunoassay in the insulin-infused normal subjects [18]. 

Calculations 

The rates of endogenous glucose appearance and disappearance were 
calculated in the steady state before hormone infusion by the isotope 
dilution equation and during non-steady state conditions employing 
Steele's equations in their derivative form [19]. Derivative functions 
were calculated using a polynomial fitting method [20]. The value of 
0.65 (pool fraction) was used to correct for non-instantaneous mixing 
within the entire glucose pool [21]. The measurement of glucose turn- 
over rates based on the primed-continuous infusion tracer, the pool 
fraction technique and polynomial equations have been validated for 
both steady and non-steady states [22]. 

Statistical analyses were performed using an analysis of variance 
(ANOVA) to compare the response of different treatment groups over 
time. The Student's t-test was utilized to compare the difference be- 
tween specific time points [23]. Data are presented as mean + SEM. 

Results 

r-blockade and response to adrenaline in normal subjects 

T h e  p l a s m a  a d r e n a l i n e  l eve l s  a c h i e v e d  d u r i n g  i n f u s i o n  

o f  a d r e n a l i n e  a l o n e  a n d  a d r e n a l i n e  p l u s  p r o p r a n o l o l  

a r e  s h o w n  in  F i g u r e  1. A d r e n a l i n e  a l o n e  p r o d u c e d  a 

r a p i d  r i se  in  p l a s m a  a d r e n a l i n e  w h i c h  r e a c h e d  a p l a t e a u  

w i t h i n  60 m i n .  B e t w e e n  1 a n d  4 h a d r e n a l i n e  l eve l s  ave r -  

a g e d  1.85 ___ 0.20 n m o l / 1 .  W h i l e  t h e  i n f u s i o n  o f  p r o p r a n -  
o l o l  a l o n e  h a d  n o  e f f e c t  o n  b a s a l  a d r e n a l i n e  c o n c e n t r a -  
t i o n  b e f o r e  t h e  a d d i t i o n  o f  a d r e n a l i n e  ( 0 . 1 0 5 + 0 . 0 2 2  

n m o l / 1  at  - 60 m i n  v e r s u s  0 . 0 9 9 _  0.017 n m o l / 1  at  
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Fig.2. Influence offl-blockade on the plasma 
glucose, non-esterified fatty acid (NEFA), insu- 
lin, and glucose kinetic response to adrenaline in- 
fusion in normal subjects. Adrenaline (O----O) 
or adrenaline plus propranolol (O ..... �9 were 
infused for 4 h 

0 min, p = NS), plasma adrenaline rose to levels two-to 
threefold higher when propranolol was infused com- 
pared with adrenaline alone. Similar results were also 
obtained when insulin was added to the adrenaline plus 
propranolol infusion. For all the adrenaline plus pro- 
pranolol studies in normal subjects, including those in 
which insulin was added, plasma adrenaline averaged 
5.066 + 0.55 nmol/1 between I and 4 h (Fig. 1). 

As shown in Figure 2, propranolol pre-treatment 
had no effect on plasma glucose or glucose kinetics in 
the 60-min period before the addition of adrenaline. 
More importantly, neither the rise in plasma glucose 
nor the changes in glucose appearance and disappear- 
ance induced by adrenaline were altered by propranolol 
administration. In both groups, glucose appearance 
rose by 50-60% (p < 0.001) and then returned to base- 
line by 90-120min; glucose disappearance increased 
slightly, but not significantly. In marked contrast, the 
two-to threefold rise in plasma NEFA caused by infu- 
sion of adrenaline alone (p <0.001) was totally abol- 
ished by the addition of propranolol (Fig. 2). 

The effect of propranolol on the plasma insulin re- 
sponse to adrenaline infusion is shown in Figure 2. Dur- 
ing the first 60rain, plasma insulin concentration 
tended to rise after adrenaline alone and tended to fall 
after the combined adrenaline-propranolol infusion. 
Although the changes from baseline over the 4 h experi- 
ments were not significant (ANOVA), when the two 
groups were compared at 30-60 min plasma insulin lev- 
els were significantly different (p < 0.005). Plasma glu- 
cagon concentrations were unchanged by either adrena- 
line or adrenaline plus propranolol infusion (Table 1). 

fl-blockade and adrenaline-induced glucose production 
in diabetic subjects 

As in normal subjects, the propranolol infusion had no 
effect on basal adrenaline levels, but caused a three-to 
fourfold greater rise in plasma adrenaline concentration 
during the infusion of adrenaline than with adrenaline 
alone (6.424+0.759 versus 1.766_+0.132nmol/1 be- 
tween 1 and 4 h,p < 0.001 ; Fig. 1). Before adrenaline ad- 
ministration, plasma glucose levels were maintained in 
the normal range by the basal insulin infusion and were 
not significantly altered by propranolol administration 
(Fig. 3). When adrenaline alone was infused in the dia- 
betic patients, plasma glucose increased by 6.11-6.66 
versus 1.67-1.94 mmol/1 in normal subjects and glucose 
appearance rose by 50-90% above baseline throughout 
the 4 h study (p < 0.001 ; Fig. 3). Both the rise in plasma 
glucose and glucose appearance after 1 h were signifi- 
cantly greater in the diabetic patients compared with 
normal subjects (p<0.001). Glucose disappearance, 
however, failed to increase in spite of hyperglycaemia 
until the plasma glucose exceeded 10mmol/1. Even 
though the hepatic response to adrenaline alone was ex- 
aggerated in the diabetic patients, propranolol infusion 
virtually abolished the rise in plasma glucose and glu- 
cose appearance produced by adrenaline. Glucose ap- 
pearance initially rose slightly by 10-15% at 15 min 
(p < 0.005) but rapidly returned to pre-infusion values 
within 30min. Glucose disappearance closely paral- 
leled the changes in glucose appearance. Plasma glu- 
cagon levels were unchanged during infusion of adren- 
aline whether or not propranolol was added (Table 1). 
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Table 1. Plasma glucagon concentration (pmol/1) during infusions of adrenaline, adrenaline plus propranolol, and insulin in norrnal and diabetic 
subjects 

Infusions Infusions at time (min) 

- 60 - 15 0 15 30 45 60 120 180 240 

Normal subjects 
Adrenaline 

Adrenaline + 
propranolol 

Adrenaline + 
propranolol + 
insulin 

- 32.4• 32.4_+4.6 35.0_+3.2 40.7-+5.2 37.6_+3.7 36.1+3.2 32.1_+4.3 36.7-+7.2 31.6• 

21.2+4.0 23.2-+1.4 22.7__+2.0 24.7+0.9 25.3-+2.3 24.7-+4.9 29.3-+3.7 24.4+0.9 26.1_+3.7 25.3• 

26.7+6.6 25.8+5.2 26.7_+6.0 28.9__+6.3 28.9_+7.2 28.1__+6.0 31.3+8.0 31.0+4.3 41.0+4.0 a 38.7+6.9" 

Diabetic patients 
Adrenaline - 29.8+6.6 28.7_+6.6 35.0+8.3 33.9+7.2 34.7__+8.3 34.4_+5.7 32.4-+6.9 30.1-+6.0 29.3+5.2 

Adrenal ine+ 46.5+9.8 37.6-+5.5 43.3_+5.7 42.7+4.9 40,2+4.3 44.5-+3.2 42.7-+5.7 4L9+_5.2 41.9• 39.0• 
propranolol 

Values are expressed as mean + SEM. a p < 0.01 
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Fig.3. Influence of propranolol on the response of glucose kinetics to 
adrenaline infusion in Type 1 diabetic subjects. 0 - - - 0  =adrenal ine;  
O ..... O =adrenal ine plus propranolol. Diabetic patients were ini- 
tially infused with insulin for 4-6 h to normalize plasma glucose and 
thereafter insulin (mean dose 0A2 mU. kg -~. min -I) was continued 
throughout each experiment 
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Fig.4. Effect of exogenous insulin infusion (0.15 mU.kg  -1 .min -1) 
on plasma insulin concentration and the changes in plasma C-peptide 
levels from basal values during combined infusion of propranolol and 
adrenaline 

Exogenous insulin replacement plus fl-blockade 
and adrenaline-induced glucose production 
in normal subjects 

To examine whether the fall in insulin in normal but not 
diabetic subjects could account for the greater effective- 
ness of r-blockade in the diabetic patients, we infused 
insulin into normal subjects to maintain circulating in- 
sulin at least above baseline during the infusion of 
adrenaline and propranolol. As shown in Figure 4, the 
exogenous insulin infusion resulted in a threefold rise 

in plasma insulin from 10+2  to a plateau of 32+7  
mU/1 between 30-240min (p <0.001). On the other 
hand, C-peptide concentration (0.56 + 0.2 pmol/ml bas- 
al) fell by 20%-30% (p < 0.05), but not sufficiently to 
cause an absolute reduction of portal venous insulin 
concentration (Fig.4). As shown in Figure 5, plasma 
glucose levels rose by 0.3-0.6 mmol/1 for 90 min (/9 < 
0.01) and then gradually declined to values 0.6-0.8 
mmol/1 below baseline at 210-240 min (p < 0.05). De- 
spite the elevated insulin levels and the concomitant 
propranolol infusion, adrenaline produced an immedi- 
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ate 40% rise in glucose appearance (p < 0.001), which 
was not significantly reduced compared with that ob- 
served with adrenaline alone (Fig. 5). Thereafter, glu- 
cose appearance gradually declined by 0.001 mmol. 
kg -1.h  -a for 2h  and then remained 20%-25% above 
baseline (p < 0.005 between 120-240 min) when plasma 
glucose fell below basal values. On the other hand, the 
addition of insulin resulted in a 30%-35% increase in 
glucose uptake which minimized the rise in plasma glu- 
cose concentration (p < 0.001 ; Fig. 5). Plasma glucagon 
concentration increased significantly by 60%-65% be- 
tween 180-240min coinciding with a rise in glucose 
production (Table 1). 

Figure 6 summarizes the effect of r-blockade on the 
response to adrenaline in normal subjects given insulin 
and the insulin-infused diabetic patients. In spite of 
comparable rates of exogenous insulin infusion (actual- 
ly slightly lower in the diabetic group) and identical 
plasma glucose concentrations in the initial 60 min of 
the combined adrenaline plus propranolol infusion, 
normal subjects exhibited a more pronounced rise in 
glucose appearance. During this time interval 
(0-60 min) the total amount of glucose released from 
the liver (above baseline) was threefold greater in the 
normal than in the diabetic group (p < 0.02; Fig. 6). 
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Fig.6. Disparate effect of r-blockade in normal subjects and Type 1 
diabetic patients. Total hepatic glucose delivery above basal during 
the first hour of the study in the diabetic patients is compared with 
that in normal subjects receiving a high-dose insulin infusion. In the 
normal group, the rates of exogenous insulin infusion and the mean 
plasma glucose concentration during the first hour were comparable 
to those in the diabetic patients. Nevertheless, the rate of glucose re- 
lease in response to adrenaline infusion was significantly greater than 
in the diabetic group 

Discuss ion  

In this study, as reported previously [7], the increase in 
hepatic glucose production induced by adrenaline in 
normal subjects was not abolished by the fl-adrenergic 
blocking agent, propranolol. In contrast, identical doses 
of propranolol were considerably more effective in in- 
hibiting the hepatic action of adrenaline in Type I dia- 
betic patients receiving a constant infusion of insulin in 
basal amounts. The latter observation is consistent with 
earlier studies by Gerich et al. [24] showing that pro- 
pranolol attenuated, but did not block the glycaemic re- 
sponse to adrenaline in hyperglycaemic diabetic sub- 
jects. However, in those studies the effect of r-blockade 
was totally ascribed to suppression of adrenaline-in- 
duced hyperglucagonaemia [24]. This confounding vari- 
able was minimized in the current study by using small- 
er doses of adrenaline and exogenous insulin to correct 
hyperglycaemia in the diabetic subjects [2]. Several 
other potential explanations for the greater effective- 
ness of r-blockade in the diabetic group may also be ex- 
cluded. Comparable degrees of fl-adrenergic activity 
were common to both groups, since plasma adrenaline 
levels were similar. Circulating glycogenic amino acids 
have been shown to be comparable in normal and dia- 
betic subjects during these infusions of adrenaline and 
propranolol [11]. Lastly, the effect of propranolol in the 
diabetics cannot be attributed to indirect suppression of 
hepatic glucose production by hyperglycaemia per se 
[25], since plasma glucose failed to rise during corn- 
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bined adrenaline/propranolol infusion in the diabetic 
patients. 

The apparent disparate response to fl-btockade in 
normal and diabetic subjects may be due to differences 
in circulating insulin levels since in the diabetics insulin 
delivery was fixed, whereas in normal subjects, systemic 
(and presumably portal) insulin levels tended to decline 
due to unopposed a-adrenergic stimulation. This con- 
clusion is, however, not entirely supported by the insu- 
lin replacement experiments (Fig. 3). When exogenous 
insulin was infused into normal subjects to prevent an 
absolute fall in circulating insulin below baseline, the 
rise in hepatic glucose production continued to exceed 
that observed in the diabetic patients. Since the doses of 
insulin used were slightly greater than those adminis- 
tered to the diabetic group and endogenous insulin se- 
cretion was only partially suppressed by the exogenous 
insulin infusion (Fig.4), portal insulin levels should 
have been higher in the normal as compared to the dia- 
betic subjects. Although 'free' insulin levels were not 
measured in this study, this assumption is supported by 
other studies from our laboratory showing that circulat- 
ing 'free' insulin concentrations are no greater, and in- 
deed tend to be lower, during exogenous insulin infu- 
sion in Type I diabetic patients compared with normal 
subjects [26]. 

It should be emphasized that our data in no way im- 
ply that a-adrenergic mechanisms are the predominant 
pathways mediating adrenaline-induced hepatic glu- 
cose production in normal subjects and do not allow for 
comparison of the relative potencies of a-  and/3-adre- 
nergic stimuli in this group. Utilizing differing experi- 
mental designs, others have shown that glucose pro- 
duction in normal man is mediated predominantly by 
/3-adrenergic mechanisms [5, 6] though a mechanisms 
also play a role [5, 7]. Our data clearly do not refute 
these observations. Indeed, our experimental design 
may have served to accentuate the hepatic effects of a- 
adrenergic stimulation in normal subjects. When insulin 
was infused with propranolol and adrenaline, the rise in 
plasma glucose was markedly attenuated. As a conse- 
quence, the a-adrenergic stimulation of glucose pro- 
duction may have been enhanced by the lack of the re- 
straining influence of hyperglycaemia per se on glucose 
output [25]. In addition, it is probable that some degree 
of relative hypoinsulinaemia still existed in the insulin- 
infused normal subjects. Since the ratio of portal to pe- 
ripheral plasma insulin levels is approximately 3 : 1 [27], 
we can estimate that portal venous insulin concentra- 
tion was approximately 30 mU/1 in the basal state. If we 
assume that C-peptide concentrations in the insulin re- 
placement studies are directly related to insulin secre- 
tion [28], then the endogenous contribution to portal in- 
sulin levels should be approximately 20 mU/1. When 
the contribution of the infused insulin is also taken into 
consideration (approximately 25 mU/1), the net result 
amounts to a portal insulin concentration of 45 mU/1. 
Such values, while clearly above baseline, are likely to 

be lower than those during infusion of adrenaline alone. 
Regardless of the above considerations, it should be 
noted that these same conditions that would tend to 
promote a-adrenergic stimulation of glucose pro- 
duction in the normal subjects (absence of hyper- 
glycaemia and relative portal hypoinsulinaemia) also 
occurred in the diabetic patients. It is conceivable, 
therefore, that the diabetic state may cause a relatively 
greater dependence of fl-adrenergic mechanisms for 
adrenaline-stimulated hepatic glucose production. Of 
interest in this regard, both thyroid hormone [29-31] 
and insulin [32] have been shown to influence the rela- 
tive proportion of a- and fl-adrenergic receptors. 

Our findings may have important clinical implica- 
tions concerning the use of fl-blocking agents in Type 1 
diabetes. Previous studies in normal subjects have sug- 
gested that adrenergic blockade interferes with hepatic 
counter-regulation of hypoglycaemia only when glu- 
cagon secretion is suppressed by somatostatin [33]. 
Since diabetic subjects show impaired glucagon secre- 
tion [34] and, in some cases, reduced adrenaline eleva- 
tions [35, 36] during insulin-induced hypoglycaemia, 
our finding that fl-blockade has a more pronounced in- 
hibitory effect on the hepatic response to adrenaline 
supports observations that propranolol may exacerbate 
hypoglycaemia in insulin-treated diabetes [37]. Our 
findings may also provide an explanation for the obser- 
vation that/3-blockade potentiates hypoglycaemia and 
blocks the rise in hepatic glucose production during ex- 
ercise in diabetic but not in normal subjects [38]. Thus, 
the diabetics' inability to overcome fl-blockade may 
render them more vulnerable to hypoglycaemia when- 
ever the maintenance of hepatic glucose production is 
dependent  on catecholamines. 
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