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Reduced sensitivity to -adrenoceptor stimulation and
blockade in insulin dependent diabetic patients with
hypoglycaemia unawareness
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1 Nine IDDM-patients with hypoglycaemia unawareness, seven IDDM-patients with
hypoglycemia awareness and a control group of nine healthy persons were

included in this study. The patients were recruited from the medical out-patients'
department of the University Hospital of Troms0.

2 The pathophysiological changes which cause hypoglycaemia unawareness are

today not clear. Reduced peripheral tissue sensitivity to catecholamines is sug-

gested as one of several mechanisms which may contribute.
3 For further investigation of f3-adrenergic sensitivity an isoprenaline/metoprolol

sensitivity test was performed. Isoprenaline and metoprolol were administered
intravenously, and the effects on heart rate (HR), systolic blood pressure (SBP),
diastolic blood pressure (DBP) and plasma levels of adrenaline (ADR) and nora-

drenaline (NA) were measured. All subjects were given the same doses of isopre-
naline (0.25-8 gg) and metoprolol (0.5-8 mg). Metoprolol was given together
with the dose of isoprenaline which increased heart rate by 25 beats min-'.

4 The dose/response curves of both isoprenaline/HR and metoprolol/HR were

significantly shifted to the right in IDDM-patients with hypoglycaemia unaware-

ness compared with controls and IDDM-patients with hypoglycaemia awareness

(P < 0.05).
5 Reduced sensitivity of isoprenaline stimulation has also been shown before,

whereas reduced sensitivity of a blocking agent has not earlier been shown.
6 These findings support the hypothesis of reduced ,-adrenergic sensitivity as one

pathophysiological component in hypoglycaemia unawareness.
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Introduction

Studies of hypoglycaemia unawareness report fre-
quencies of the condition varying from 8 to 70%. In a
review of 15 studies by Gerich et al. [1] the weighted
average prevalence of hypoglycaemia unawareness in
populations of diabetic patients was estimated to be
25%. The term hypoglycaemia unawareness refers to
a condition with absence of autonomic warning
symptoms or lack of ability to recognize them, before
neuroglycopenia develops. The autonomic warning
symptoms, such as sweating, tremor, palpitations,

,-adrenergic sensitivity

hunger and anxiety, are usually the first to be elicited
when the blood glucose level decreases. They are
aroused by increased release of adrenaline, noradren-
aline and acetylcholine, and most often they appear at
a blood glucose level of about 3.4 mM. When blood
glucose concentration falls below 2.8 mM, neurologic
symptoms appear [2, 3]. No single pathophysiological
mechanism can explain the condition of hypogly-
caemia unawareness. The aim of this study has been
to investigate the changes in peripheral tissue sensi-
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tivity to P-adrenergic agents as one possible mecha-
nism which may contribute to hypoglycaemia
unawareness. Other authors have shown that IDDM-
patients with hypoglycaemia unawareness have a
reduced sensitivity of ,B-adrenoceptor stimulators
[4, 5]. In this study we have also performed sensi-
tivity tests of the j,B-adrenergic receptor blocker
metoprolol.

Methods

Subjects

The study was performed on three groups of age and
sex matched test persons: 1) The control group which
comprised nine healthy volunteers, five females and
four males, mean age 29.1 years (age range 23-40
years). 2) Seven IDDM-patients with hypoglycaemia
awareness, four males and three females, mean age
30.1 years (age range 23-42 years). 3) Nine IDDM-
patients with hypoglycaemia unawareness, three
females and six males, mean age 31.4 years (age
range 21-41). The patients were selected among
IDDM-patients asked by a questionnaire about the
frequency and severity of their hypoglycaemic
episodes, their symptoms and need of assistance
during hypoglycaemia. The duration of disease was
significantly longer (P < 0.01) in the unaware-group
(mean 18 years, range 7-30 years) than in the aware-
group (mean 5 years, range y-12 years). All patients
were on multiinjection insulin treatment. The test
persons gave a written informed consent to take part
in the study. The study was approved by the Ethics
Committee of the Norwegian Health Region V.

Protocol

The isoprenaline/metoprolol sensitivity test was
carried out in a quiet room between 09.00 and
13.00 h. It has been found that the period of day in
which the isoprenaline sensitivity test is performed
does not influence the result of the test [6]. There was
no extraordinary dietary restrictions or intervention in
insulin therapy.

The isoprenaline sensitivity test was performed
when the test person had rested in bed for 30 min.
Bolus injections of isoprenaline (isoprenaline 0.2 mg
ml-', Hydro Pharma, Oslo, Norway) were given intra-
venously in a forearm vein through a three-way
valve. Blood samples were obtained from arterialized
venous blood in the other forearm through another
three-way valve. Both the intravenous catheter for
injections and the intravenous catheter for blood sam-
pling were continuously perfused at a low rate with
0.9% NaCl during the test. The injection valve and
intravenous catheter were flushed with 5 ml 0.9%
NaCl after each injection. From each blood sample
the first 5 ml were discarded.

The starting isoprenaline dose was 0.25 ,ug accord-
ing to George et al [6]. This was doubled until heart
rate had increased at least 30 beats min-1 above the
basal level. The maximum isoprenaline dose given

was 8 jg. The next isoprenaline injection was given
2-3 min after the heart rate had returned to its basal
level. This procedure gave an injection interval of
5-10 min.
The metoprolol sensitivity test was performed after

the isoprenaline sensitivity test. Together with the
dose of isoprenaline which increased heart rate
with 25 beats min-1 (TEST 125), increasing doses of
metoprolol (Seloken® 1 mg ml-', Hassle, M6lndal,
Sweden) were injected. Starting dose of metoprolol
was 0.5 mg and this was doubled until heart rate no
longer increased above the basal level. Maximum
metoprolol dose was 8 mg. The isoprenaline dose was
kept constant during the metoprolol sensitivity test.
Methods of injections and blood sampling were
identical with the isoprenaline sensitivity test.

Heart rate was registered with an instantaneous
rate meter (Propaq® 104EL, Protocol® systems, INC.,
Beaverton, Oregon 97006 USA). The same apparatus
was used on all test persons. Blood pressures were
measured (Propaq® 104EL) and blood samples
were obtained before start of the test and on peak
isoprenaline effect after each isoprenaline or isopren-
aline/metoprolol injection (50-70 s after injection).

Catecholamine and isoprenaline concentrations

The following chemicals were employed: (±)-Adrena-
line bitartrate, noradrenaline bitartrate, (±)-isopre-
naline hydrochloride and (±)-dihydroxybenzylamine
hydrobromide from Sigma Chemical Corp., St. Louis,
MO, USA. All other chemicals were of analytical
grade. Blood with heparin (4 iu ml-1), reduced
glutathione (4.5 nM) and EGTA (5 mM) was kept on
ice before centrifugation at 1.000 g for 20 min at
40 C. The samples were stored at -20° C awaiting
analysis. Standards and samples were prepared as
described previously [7]. Plasma concentrations of
catecholamines and isoprenaline were measured by
h.p.l.c.
The high performance liquid chromatography setup

of catecholamines and isoprenaline analysis included:
590 Solvent delivery module, U6K injector, 460 elec-
trochemical detector and M740 data module (Milli-
pore Corp., Waters Chromatography Division,
Milford, MA, USA). A Clin-Rep® column and eluent
(Pharma Vertriebs GmbH & Co KG, Munich, FRG)
were employed for the chromatography performed at
ambient temperature. Eluent flow was 1.0 ml min-1.

Metoprolol concentrations

The following chemicals were employed: Metoprolol
and H93/47 (AB Hassle, M6lndal, Sweden),
dichloromethane and diethyl ether (E. Meck, Darm-
stadt, FRG), triethylamine and acetonitrile of HPLC-
grade (Rathburn Chemicals, Walkerburn, UK. Blood
with heparin (4 iu ml-') was kept on ice before cen-
trifugation at 1.000 g for 20 min at 40 C. The samples
were stored at -20° C awaiting analysis on h.p.l.c.

H.p.l.c. setup of metoprolol analysis: The samples
and standards were essentially prepared according to
[8] with following modifications: H93/47 (50 ,l of
10 gl ml-') was used as internal standard, tri-
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ethylamine was used instead of Physics solvent deliv-
ery, model SP 8770 (Spectra Physics, Santa Clara,
CA), Rheodyne 7125 injector (Rheodyne, Cotati, CA)
with a 100 ,l loop and chromatographed on a Supel-
cosil LC-8-DB (15 cm x 4.6 mm, tp 350 C) column
with a Supelguard LC-8-DB (2 cm x 4.6 mm) guard
column (Supelco, Bellefonte, PA) and a Shimadzu
UV detector (Shimadzu, Kyoto, Japan) 220 nm/0.002
AUFS and the mobile phase comprised (Aceto-
nitrile/0.02 M KHPO4-buffer (22.5:77.5) and 100 pl
triethylamine added/I, final pH 3.15.

Plasma cyclic AMP concentrations

The concentrations of cAMP were determined by a

radioimmunoassay (Skomedal 80).

HbA1c and blood glucose

HbAic was assayed by h.p.l.c. (Diamat, Bio-Rad).
Blood glucose (BG) was determined by glucose oxi-
dase assay (Kodak ektachem 700 XR).

Calculations

cholamine levels did not differ between the groups.
There was no significant difference in blood glucose
or HbAi, between the groups of diabetic patients.

Isoprenaline sensitivity test

The pharmacodynamics of isoprenaline have been
measured by its effect on the variables heart rate,
blood pressure, blood level of glucose and plasma
levels of adrenaline and noradrenaline. With the
exceptions of diastolic blood pressure and the plasma
level of adrenaline, all variables showed a significant
correlation to the dose of isoprenaline given (results
not shown).

The changes of heart rate (Table 2b, Figure 1) and
blood levels of glucose were significantly different in
the three groups of test persons. For heart rate the
slopes of all dose-response curves were equal, but the
dose-response curves of the IDDM-patients with
hypoglycaemia unawareness were significantly
shifted to the right compared with controls and
IDDM-patients with hypoglycaemia awareness. Other
authors [4, 5, 9, 10] use 125 as a standard of iso-
prenaline sensitivity. In our study we find a

From the dose response curves of isoprenaline and
metoprolol regression lines were constructed. 125, the
isoprenaline dose that increased heart rate with 25
beats min-1, and M_12.5, the metoprolol dose that
inhibited the TEST I25 with 50% or 12.5 beats per

minute, of each case were calculated from regression
lines. 125 and M-12.s can be used as determinants of
isoprenaline and metoprolol sensitivity.

Statistical analyses

Repeated measures analysis of variance, students
t-tests and regression analyses were performed by the
computer program Statgraphics (STSC, Inc., 2115
East Jefferson Street, Rockville, Maryland 20852,
U.S.A.). P values < 0.05 were considered significant.

Results

Basal values

Table 1 shows that the basal values of heart rate,
blood pressure, plasma cAMP and plasma cate-
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Figure 1 Isoprenaline sensitivity test. Isoprenaline
sensitivity is measured as isoprenaline effect on heart rate.
Repeated measures analysis of variance shows that the dose-
response curve of isoprenaline/HR is sigificantly shifted to the
right in IDDM-patients with hypoglycaemia unawareness (0)
(P < 0.05) compared with controls (0) and IDDM-patients
with hypoglycaemia awareness (A). Calculation of I25 show a

significant increase in IDDM-unaware compared with controls
(P < 0.025) and with IDDM-aware (P < 0.05). There is no
difference in 125 between controls and IDDM-aware
(P > 0.05). P levels regarding 125 are estimated by Student's
t-test.

Table 1 Basal values of the measured variables

Control (n = 9) IDDM-aw (n = 7) IDDM-unaw (n = 9)
Mean s.d. Mean s.d. Mean s.d.

HbAic (%) - - 8.6 0.8 8.7 1.6
HR (beats min-') 69 9 77 10 79 13
SBP (mm Hg) 120 13.3 123 7.5 125 11.4
DBP (mm Hg) 69 8.2 70 5.8 74 6.7
BG (mmol 1-1) 5.27 0.82 11.54 3.77 9.76 4.03
cAMP (pmol 1-') 5.67 1.27 5.02 0.71 6.51 2.20
ADR (nmol 1-') 0.28 0.08 0.19 0.08 0.26 0.20
NA (nmol 1-1) 1.38 0.55 1.34 0.77 1.30 0.81

P values were estimated by Student's t-test. There were no significant
differences in the basal values of any measured variable.
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Table 2 Isoprenaline sensitivity test

Control (n = 9) IDDM-aw (n = 7) IDDM-unaw (n = 9)
Mean s.e. mean Mean s.e. mean Mean s.e. mean

a: Slope

HR 20.28 1.30 21.19 1.76 20.02 1.90
SBP 23.43 1.97 22.68 2.68 19.69 2.81
DBP 1.14 1.70 2.01 1.63 -1.52 0.95
BG 0.10 0.05 -0.30* 0.12 -0.55* 0.29
ADR -0.009 0.02 -0.52 0.45 0.09 0.05
NA 0.34 0.10 0.31 0.12 0.15 0.08

b: Ordinate intercept

HR 17.74 0.69 17.17 0.94 11.39* 1.02
SBP 7.54 1.06 11.18 1.44 8.50 1.51
DBP -1.54 0.91 -0.97 0.87 -2.99 0.51
BG 0.03 0.03 -0.41 0.06 -0.07 0.15
ADR -0.009 0.02 0.53 0.24 0.04 0.03
NA 0.04 0.05 0.03 0.06 0.04 0.04

Dose-response curves of the different variables described by slopes and
y-intercepts of their regression lines. Slopes and y-intercepts were estimated by
Simple Regression Analysis - Linear model: Y = a+bX. P levels were estimated
by Repeated Measures Analysis of Variance. An asterisk in the 'intercept' table
means significant horizontally shift of the dose/response curve. An asterisk in
the 'slope' table means significant different changes in the current variable over
time. Slopes of the variables are shown in Table 2a, ordinate intercept in
Table 2b.

Table 3 125/M 12.5

Control (n = 9) IDDM-aw (n = 7) IDDM-unaw (n = 9)
Mean s.d. Mean s.d. Mean s.d.

125 jig 2.6 1.2 3.0 1.4 5.7* 3.4
M 12,5mg 1.14 0.75 1.15 0.56 2.17* 1.06

125 and M_12.5 were increased in IDDM-patients with hypoglycaemia
unawareness.
* = P < 0.05.
P levels were estimated by Student's t-test.

significantly increased 125 in the IDDM-patients with
hypoglycaemia unawareness (Table 3).

The slopes of the glucose dose-response curves of
both IDDM-groups were significantly different from
the slope of the dose-response curve of the controls
(Table 2a). We observed a fall in the blood level of
glucose in both IDDM-groups, whereas a rising glu-
cose level was observed in the controls. All changes
of blood levels of glucose were significantly corre-
lated to the dose of isoprenaline given.
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The pharmacodynamic effects of metoprolol have
been measured by the same variables as in the isopre-
naline sensitivity test. Heart rate and systolic blood
pressure showed a significant negative correlation to
the dose of metoprolol. There were no significant
changes in diastolic blood pressure, blood levels of
glucose, plasma levels of adrenaline or noradrenaline
(results not shown).
Reduced effect of metoprolol on heart rate was

demonstrated in IDDM-patients with hypoglycaemia
unawareness by right-shifted dose-response curves
(Figure 2), compared with controls. There were no
significant differences in metoprolol response

0.4 10.01.0
.me,t4w oI (mg)

Figure 2 Metoprolol Sensitivity Test. Metoprolol effect is
measured as fractional reduction of TEST 125. Repeated
measures analyses of variance shows that the dose-response
curve of metoprolol/HR is significantly shifted to the right
in IDDM-patients with hypoglycaemia unawareness (-)
compared with controls (0) and IDDM-patients with
hypoglycaemia awareness (A) (P < 0.05). Calculation of
M-12.5 show a significant increase in IDDM-unaware
compared with controls (P < 0.05) and with IDDM-aware
(P < 0.05). There is no difference in M_12.5 between controls
and IDDM-aware (P > 0.05). P levels regarding M-12.s are
estimated by Student's t-test.
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between controls and IDDM-patients with hypogly-
caemia awareness. M_12.5 can be used as a standard of
metoprolol sensitivity. In Table 3 it is shown that
M-l2.s was significantly increased in IDDM-patients
with hypoglycaemia unawareness.

Plasma levels of isoprenaline and metoprolol

The plasma levels of isoprenaline were measured in
blood samples obtained after each injection of 8 ,ug.
In both IDDM-groups the plasma levels of isopre-
naline were significantly higher than in controls
(IDDM-aware: 3.01 nm, s.d. 1.42 nM, IDDM-
unaware: 4.9 nm, s.d. 2.91 nm, control: 1.19 nm, s.d.
0.76 nM). Plasma levels of metoprolol were measured
in blood samples obtained after every metoprolol
injection. There were no significant differences in
plasma levels of metoprolol between the tested
groups (results not shown).

Discussion

We have demonstrated a reduced 0-adrenergic sensi-
tivity in IDDM-patients with hypoglycaemia
unawareness, both to j-adrenergic stimulation and
3i-adrenoceptor blockade. Displacement of dose-
response curves has been calculated by repeated mea-

sures analysis of variance. It is also possible to use

the 125 and M-12.5 as determinants of adrenergic sensi-
tivity. The reduction in 0-adrenergic sensitivity in
IDDM-patients with hypoglycaemia unawareness was

evident by right-shifts of both the dose-response
curves of isoprenaline/HR and metoprolol/HR, and by
increased 125 and M-12.5. Reduced sensitivity to stim-
ulation has also been shown in earlier reports [4, 5],
whereas reduced sensitivity to a blocking agent has
not earlier been shown.

Other authors [4] have found reduced mean resting
plasma levels of adrenaline in IDDM-patients with
hypoglycaemia unawareness compared with IDDM-
patients with hypoglycaemia awareness. Our study
showed no such differences.
We observed significantly higher plasma levels of

isoprenaline in both IDDM-groups compared with
controls. This may reflect a slower distribution rate of
isoprenaline. A delay in the arrival of isoprenaline to
the target tissue may mimic a reduced sensitivity, but
the importance of this remains to be shown. No such
difference was observed regarding metoprolol.

Events of hypoglycaemia are side effects of insulin
therapy in diabetes. The pathophysiological changes
which lead to hypoglycaemia unawareness are today
not fully understood. Some authors stress reduced
catecholamine secretion as one possible causative
component in hypoglycaemia unawareness [11, 12].
Reduced biological activity of catecholamines due to

changed protein binding, has been suggested as one

possible mechanism in hypoglycaemia unawareness.

Protein binding of some adrenergic agents has been
investigated in a not sub-grouped population of
diabetic patients. However, no change was found in
protein binding of catecholamines [13].

Different kinds of tissue adaptation to hypogly-
caemia are also suggested as pathophysiological

mechanisms of hypoglycaemia unawareness. That is
adaptation of hypothalamus cells to low blood glu-
cose levels with the consequence that initiation of
counterregulation is delayed [1] and adaptation of P-
adrenoceptor complexes to increased catecholamine
levels [4, 5]. As far as we know, the P-adrenoceptor
status has not been determined in patients with hypo-
glycaemia unawareness. Two studies showed no
difference in 3-adrenoceptor density on mononuclear
leucocytes from not sub-grouped IDDM-patients
compared with control [14, 15]. The hypothesis of
changed G-protein function as a cause of reduced ,-
receptor sensitivity is put forward [16]. A change in
G-protein function may explain the reduced sensitiv-
ity of isoprenaline, by reduced coupling. It may also
explain the reduced sensitivity for metoprolol, if G-
protein subunits play a role in the competitive inter-
action of agonist and antagonist for the binding site.
Some reports show that IDDM-patients with poor
glycaemic control require less decrease in blood glu-
cose to elicit autonomic warning symptoms [3, 17,
18]. In our study the glycaemic control, expressed by
HbAle, seems to be equal in the two groups of dia-
betic patients. However, HbAic is only a measure of
the average blood glucose levels during the past 10
weeks. In spite of equal levels of HbAic there may be
important differences in the frequency of hypo-
glycaemic episodes between the aware- and unaware-
group. In this material there is a significantly longer
disease duration in the group of patients with hypo-
glycaemia unawareness compared with patients with
hypoglycaemia awareness. The importance of this is
uncertain. Several reports show that intensified
insulin therapy prevents development of the long-
term complications retinopathy, nephropathy and
neuropathy in IDDM-patients [19-21]. On the other
hand intensified insulin therapy is also reported to
weaken the catecholamine response to hypoglycaemia
[22]. Patients treated with intensified insulin therapy
with the intention to achieve near-normal blood
glucose levels, go through severe hypoglycaemic
episodes more often than patients on traditional
insulin therapy [23]. It is shown that hypoglycaemia
unawareness in IDDM patients on intensified
insulin therapy, may be reversed by increasing their
HBAic and careful prevention of hypoglycaemic
episodes [24].
The findings of this study support the theory of

reduced ,B-adrenergic sensitivity in peripheral tissue
as a part of the pathophysiological changes associated
with hypoglycaemia unawareness. On this back-
ground there might be a conflict between the import-
ant task of avoiding long-term complications and
hypoglycaemia unawareness and increased risk of
severe hypoglycaemic events.

Further investigation of the effect of insulin
therapy on adrenergic sensitivity must be important.
The isoprenaline and metoprolol sensitivity tests have
shown to be useful tools in this work.
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