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Summary. Acute insulin-induced hypoglycaemia in humans 
provokes autonomic neural activation and counterregulatory 
hormonal secretion mediated in part via hypothalamic stimu- 
lation. Many patients with Type I (insulin-dependent) diabe- 
tes have acquired deficiencies of counterregulatory hormonal 
release following hypoglycaemia. To study the integrity of 
the hypothalamic-pituitary and the sympatho-adrenal sys- 
tems, the responses of pituitary hormones, beta-endorphin, 
glucagon and adrenaline to acute insulin-induced hypogly- 
caemia (0.2 units/kg) were examined in 16 patients with 
Type l diabetes who did not have autonomic neuropathy. To 
examine the effect of duration of diabetes these patients were 
subdivided into two groups (Group 1 :8  patients<5 years 
duration; Group 2:8 patients > 15 years duration) and were 
compared with 8 normal volunteers (Group 3). The severity 
and time of onset of hypoglycaemia were similar in all 
3 groups, but mean blood glucose recovery was slower in the 
diabetic groups (p <0.01). The mean responses of glucagon, 
adrenaline, adrenocorticotrophic hormone, prolactin and be- 

ta-endorphin were similar in all 3 groups, but the mean re- 
sponses of growth hormone were lower in both diabetic 
groups than in the normal group (p < 0.05). The mean incre- 
ments of glucagon and adrenaline in the diabetic groups 
were lower than the normal group, but these differences did 
not achieve significance; glucagon secretion was preserved in 
several diabetic patients irrespective of duration of disease. 
Various hormonal responses to hypoglycaemia were absent 
or diminished in individual diabetic patients, and multiple 
hormonal deficiencies could be implicated in delaying blood 
glucose recovery. The demonstration of subnormal secretion 
of adrenaline and pituitary hormones following hypogly- 
caemia in individual patients supports the concept that cen- 
tral (hypothalamic) activation of counterregulation may be 
diminished in Type 1 diabetes. 
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Acute insulin-induced hypoglycaemia in man stimu- 
lates the release of several hormones, some of which 
contribute to glucose counterregulation. The integrated 
counterregulatory response in primates is thought to be 
initiated centrally within the hypothalamus [1], with si- 
multaneous activation of the autonomic centres and 
the hypothalamic-pituitary system. The profound sym- 
patho-adrenal response with secretion of catechol- 
amines is accompanied by the release of prolactin, 
adrenocorticotrophic hormone (ACTH) and growth 
hormone from the anterior pituitary gland, and also of 
the opioid peptide, beta-endorphin [2], which shares a 
common precursor with ACTH [3]. Glucagon secretion 
following acute hypoglycaemia occurs independently 
of autonomic stimulation and hypothalamic control [4]. 

Deficiencies of various counterregulatory hormon- 
al responses to acute hypoglycaemia occur in patients 
with Type 1 (insulin-dependent) diabetes, the dual fail- 

ure of glucagon and adrenaline secretion being impli- 
cated in the impairment of blood glucose recovery [5]. 
The secretion of adrenaline in response to hypogly- 
caemia appears to diminish with increasing duration of 
diabetes, and may be caused by autonomic neuropathy 
[6]. Because the sympatho-adrenal response depends 
upon activation of central autonomic centres, the con- 
current secretion of pituitary hormones in response to 
acute hypoglycaemia provides an indicator of hypo- 
thalamic activation, irrespective of the minimal role 
which these pituitary hormones may have in rapid glu- 
cose counterregulation. To assess the functional integ- 
rity of the hypothalamic centre which activates coun- 
terregulation the secretory responses to acute hypogly- 
caemia of adrenaline, pituitary hormones and beta-en- 
dorphin were examined in patients with Type 1 diabe- 
tes of varying duration, who had no evidence of 
peripheral autonomic neuropathy. 
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Table 1. Clinical characteristics of Type 1 diabetic patients with duration of diabetes less than 5 years (Group 1) and greater than 15 years 
(Group 2) 

Age Sex Weight BMI Duration Glycated Insulin Peak response of 
(years) (kg) (kg/m 2) of haemoglobin (%) antibodies plasma pancreatic 

diabetes (normal (% binding) polypeptide 
(years) range 5- 8%) (normal < 8%) (pmol/I) 

Group 1 
1 43 
2 24 
3 25 
4 18 
5 18 
6 35 
7 24 
8 22 

mean • SD 
26•  

M 78 25 2 8.2 6.9 170 
M 67 22 4 7.6 11.7 140 
M 70 22 4 7.6 1.9 130 
F 51 21 4 8.2 4.5 107 
F 55 22 5 9.4 12.2 257 
F 60 21 3 8.8 2.8 128 
M 72 24 1 8.3 9.3 86 
F 61 22 4 6.9 11.8 178 

6 4 •  22•  3.4• 8.1• 7.6• 147• 

Group 2 
9 24 M 

10 22 M 
11 18 F 
12 21 F 
13 36 M 
14 39 M 
15 28 M 
16 49 F 

mean • SD 
3 0 •  

72 22 20 7.1 3.9 
70 21 15 9.7 37.7 
55 22 16 9.7 3.5 
57 23 16 5.5 6.1 
68 21 16 6.2 41.7 
78 24 21 9.0 53.4 
69 22 20 8.8 9.8 
64 22 19 7.3 10.8 

~ •  22•  17.8• 7.9• 

382 
385 
170 
143 
193 
343 
286 
357 

20.9 + 20.0 282 + 93 

Subjects and methods 

Permission for the study was granted by the local medical ethical ad- 
visory committee, and informed consent was obtained from all parti- 
cipants. Sixteen patients with Type 1 diabetes were recruited from 
the Diabetic Clinic, Western Infirmary/G',u'tnavel General Hospital, 
Glasgow and clinical characteristics are shown in Table 1. None of 
the subjects was taking any medication and all had a normal body 
mass index (BMI). The diabetic patients were subdivided into two 
groups depending on duration of diabetes: 

Group 1 : 8  patients (4 male, 4 female) with duration of diabetes 
from 1-5 years, age range 18 to 43 years. 
G r o u p 2 : 8  patients (5 male, 3 female) with duration of diabetes 
greater than 15 years (range 15-21 years), age range 18 to 49 years. 
Group 3 : 8 healthy, non-diabetic control subjects (6 male, 2 female), 
age range 21 to 45 years, who were recruited from hospital staff. 
Body weight (mean + SD) was 68 + 8 kg with a BMI of 23 + 1. 

The diabetic patients all had good glycaemic control, with glycated 
haemoglobin values of less than 10%, and the absence of residual 
endogenous secretion of insulin was determined by measurement of 
plasma C-peptide both fasting and in response to 1 mg of intrave- 
nous glucagon [7]. None of the diabetic patients gave historical evi- 
dence of hypoglycaemic unawareness, nor had experienced recent 
symptoms or episodes of hypoglycaemia. 

The diabetic patients were all screened for the presence of com- 
plications. Autonomic neural function was evaluated using a group 
of tests of cardiovascular reflexes [8] to ensure that patients with au- 
tonomic dysfunction were not included. This was verified by demon- 
strating a normal rise of plasma pancreatic polypeptide following 
hypoglycaemia [9] which was defined as a peak value greater than 
40 pmol/ l  (Table 1). Mild background diabetic retinopathy (less than 
3 microaneurysms/fundus) was observed in 3 patients by direct oph- 
thalmoscopy and none of the diabetic patients had clinical evidence 
of peripheral neuropathy. None of the patients had an increased 

excretion of urinary albumin on testing with a simple latex aggluti- 
nation test, Albuscreen (Cambridge Life Sciences, Cambridge, UK) 
[101. 

Protocol 

The diabetic patients were treated for one week with continuous sub- 
cutaneous insulin infusion (CSII) using a Betatron 1 pump (Eli Lilly 
& Co Ltd, Basingstoke, UK) to optimize glycaemic control before 
the acute hypoglycaemic study was performed. Care was taken to 
avoid hypoglycaemia during this period and routine home blood 
glucose monitoring included nocturnal measurements. After an over- 
night fast, each subject was maintained supine, an indwelling teflon 
cannula was inserted into an antecubital vein and kept patent with 
0.9% saline. The subcutaneous insulin infusion was stopped 15 min 
before basal sampling of venous blood. To ensure a rapid fall in 
blood glucose to below 2.0 mmol/1, a large dose of short-acting, sol- 
uble insulin (Actrapid-MC, Novo Laboratories Ltd, Basingstoke, 
UK; 0.2 U/kg body weight) was given as an i.v. bolus injection, and 
the time to the onset of the acute autonomic reaction (R) to hypogly- 
caemia was recorded; in all subjects R coincided with the nadir of 
blood glucose, and was manifested by an abrupt rise in heart rate 
and the onset of autonomic symptoms. Frequent monitoring of 
blood glucose was performed during the induction of hypoglycaem- 
ia using a Reflolux II glucometer (Boehringer Corporation (London) 
Ltd, Lewes, UK) to assist determination of the blood glucose nadir 
in each subject. Because of individual variation in the time of onset 
of R after the administration of i.v. insulin, subsequent serial blood 
sampling was timed from R until R +  180 min. Plasma was separated 
immediately and stored at - 2 0  ~ 

Blood glucose was measured using a hexokinase method with the 
Cobas Bio analyser (Roche Diagnostica, Basel, Switzerland). Glycat- 
ed haemoglobin (HbA1) was measured by gel-electrophoresis. Insu- 
lin antibodies were measured using a microenzyme-linked immuno- 
sorbent assay [11]. Plasma growth hormone was measured by a 
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double antibody radioimmunoassay, standardised against the first 
international reference preparation of growth hormone 
(MRC 66/217) and plasma adrenaline by a radioenzymatic assay 
[12]. Plasma pancreatic polypeptide [13], ACTH [14], prolactin [15] 
and glucagon (C-terminal glucagon-like immunoreactivity) [16] were 
measured by radioimmunoassays and plasma beta-endorphin by a 
sensitive, disequilibrium radioimmunoassay standardised against 
synthetic human beta-endorphin following affinity gel extraction 
(Immuno Nuclear Corporation, Stillwater, Minn, USA). The cross- 
reactivity with beta-lipotropin was less than 5%. 

Despite the long-established use of the insulin tolerance test in 
endocrinological investigation, a normal range of hormonal incre- 
ments to acute insulin-induced hypoglycaemia has rarely been de- 
fined in published reports. To interpret the hormonal responses to 
hypoglycaemia of individual diabetic patients, the normal magnitude 
of hormonal increments was determined arbitrarily by the lowest 
maximal increment observed in the individual subjects of the normal 
group. A delayed blood glucose recovery from hypoglycaemia was 
defined as a blood glucose concentration of less than 2.0 mmol/1 at 
R+120 rain. "Normal" responses to hypoglycaemia were defined 
for individual hormones: adrenaline as a peak concentration above 
2.5 nmol/I, prolactin as a peak concentration greater than 600 mU/l,  
ACTH as a peak concentration greater than 30 mU/l ,  and growth 
hormone as a peak concentration greater than 40 mU/l,  the latter be- 
ing of similar magnitude to the growth hormone responses derived 
from insulin stress tests which used an insulin dose of 0.15 U/kg 
body weight [171. 

Statistical analysis 

Results are expressed as mean+SEM, and statistical differences 
were examined using analyses of variance, providing tests of signifi- 
cance between the three groups. Where significant differences in 
mean responses were found, these were examined further using Stu- 
dent's t-test for unpaired data. The times to onset of the acute hypo- 
glycaemic reaction (R) were compared using the Mann-Whitney 
U Test. Correlation coefficients were calculated using the method of 
provisional means. 

Results 

mmo4/I 6- 
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Fig. 1. Mean blood glucose changes during hypoglycaemia. Changes 
in mean blood glucose in response to insulin-induced hypoglycaem- 
ia in normal, non-diabetic subjects (hatched area, mean + SEM) and 
in diabetic patients, less than 5 years ( I )  and greater than 15 years 
( �9 ) duration. Insulin was given at time 0 and R denotes acute auto- 
nomic reaction 

poglycaemia was delayed in both diabetic groups com- 
pared to the normal group (p<0.01 at all times of 
measurement from R +  15 min). No significant differ- 
ences in blood glucose recovery were found between 
the two diabetic groups at all times of measurement 
(Fig.l). An impaired recovery of blood glucose was 
observed in one patient in Group 1, and in five pat- 
ients in Group 2. 

All subjects developed objective evidence of an acute 
hypoglycaemic reaction (R) with an increase in heart 
rate, sweating and moderate neuroglycopenia. The lat- 
ter was more pronounced and persisted for longer in 
four of the diabetic patients (No.'s 5, 11, 14, 16; see 
Table 1). None of the diabetic patients had overt hypo- 
glycaemic unawareness during the study. 

No significant differences were observed in the 
mean times from i.v. injection of insulin to the onset of 
the acute autonomic reaction between any of the three 
groups; 36 min for Group 1, 33 min for Group 2 and 
30 rain for Group 3. 

Glucose 

The mean blood glucose concentration (mean +- SEM) 
fell rapidly in all groups to a similar nadir (Group 1 : 
0.9+-0.2 retool/l; Group 2:0.8___0.2 mmol/1; Group 3: 
1.0+-0.1 mmol/1) which coincided with the onset of 
the acute hypoglycaemic reaction (R). The rate of  fall 
of blood glucose did not differ between the three 
groups, but the mean blood glucose recovery from by- 

Prolactin 

Plasma prolactin rose from a basal value of 257+ 
3 9 m U / l  (mean +- SEM) to a maximum of 1176+- 
131 mU/l  at R + 3 0  min in the normal group (t7 <0.01 
compared to basal). Similar mean responses were 
found in both diabetic groups but the peak responses 
were temporally delayed, particularly in Group 1 
(Fig.2). Although the maximal value was lowest in 
Group 2, (Type 1 diabetes >15 years duration) this 
difference was not statistically significant from the oth- 
er groups. The individual responses of prolactin rose to 
a value grater than 600 mU/1 in all normal subjects in 
Group 3, but the increments were reduced or absent in 
3 diabetic patients in Group I and in 4 in Group 2 
(Fig.3). 

Adrenocorticotrophic hormone 

In the normal subjects (Group 3), the mean plasma 
ACTH rose to 35+_8 mU/l  at R + 3 0  min in response 
to hypoglycaemia (p<0.01 compared to basal). The 
peak values of plasma ACTH in the two diabetic 
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Fig.2. Changes in mean plasma concentrations of prolactin (upper 
panel), ACTH (middle panel) and growth hormone (lower panel) in 
response to acute hypoglycaemia in normal subjects (hatched area 
I~, mean_SEM) and in diabetic patients less than 5 years ( I )  and 
greater than 15 years (&) duration. (Rdenotes acute autonomic 
reaction) 

groups did not differ significantly from Group  3, rising 
to 31_.+8mU/l  in G r o u p 1  and to 3 8 + 8 m U / 1  in 
G r o u p 2  (Fig.2). An ACTH increment ( peak >  
30 mU/I )  occurred in all o f  the normal subjects during 
hypoglycaemia,  but a diminished response was ob- 
served in three diabetic subjects in Group  l and in 
three in Group  2 (Fig. 3). 

Growth hormone 

In the normal group (Group  3) the mean concentrat ion 
o f  plasma growth hormone  (GH)  rose to 125+ 

B. M. Frier et al.: Hormonal deficiencies and hypoglycaemia 

GROUP 1 
Diobelic <5 years 

'~176 
. . . . . . . .  

GROUP 2 GROUP 3 
D~obetic >15 yeors Normal 

1 

7 g 

. . . . .  j 

B a s o l  Mox k$o l  

2/,0- 

200- 

160- 

12@, 
mull 

8 0 -  

4 0 -  

Bo~l ~ 8osol Nox 

Fig.3. Maximal increments following hypoglycaemia of plasma pro- 
lactin (upper panel), ACTH (middle panel) and growth hormone 
(lower panel) in individual subjects from diabetic and normal 
groups. The broken horizontal line ( ..... ) indicates the defined lower 
limit of a normal response to hypoglycaemia for each hormone 

4 0 m U / l  at R + 3 0 m i n  (/9<0.01 compared to basal) 
(Fig.2). The increase o f  plasma G H  in both diabetic 
groups was significantly lower with peak values of  
41 + 7  mU/ I  in Group  1, and 5 7 + 7  m U / l  in Group  2 
at R + 30 rain (p < 0.05 compared  to Group  3). A nor- 
mal G H  response to hypoglycaemia (peak > 40 mU/ l )  
occurred in all o f  the non-diabetic subjects, but the 
G H  response was generally lower in all the diabetic 
subjecLs and was subnormal  in 4 patients o f  Group  1 
and in 2 of  Group  2 (Fig.3). 

Beta-Endorphin 

In the normal group (Group 3) a rise in plasma beta- 
endorphin occurred in response to hypoglycaemia,  
from a basal value o f  5 . 0 +1 .2 p m o l /1  to 7 .6+  
1.0 pmol/1 at R, and to 19.5+3.8 pmol/1 at R + 3 0  min 
(Fig. 4). In the diabetic groups the mean concentrations 
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Fig.4a and b. Changes in plasma beta-endorphin following acute 
hypoglycaemia in normal and diabetic groups a Mean (+__SEM) 
plasma concentrations in response to hypoglycaemia in normal sub- 
jects (hatched area ~ )  and in diabetic patients less than 5 years ( � 9  
and greater than 15 years (A)  duration, b Maximal increments fol- 
lowing hypoglycaemia in individual subjects. The broken horizontal 
line ( ..... ) indicates the lower limit of a normal response 

were lower at R + 3 0 m i n  with values of 12.1_+ 
2.4pmol/1 in Group1 and 11.4_+1.7pmol/1 in 
Group 2, but these differences did not achieve statisti- 
cal significance when compared with Group 3. The 
lower limit of a normal individual response to hypog- 
lycaemia was defined arbitrarily as a peak value above 
10 pmol/1. Using this value, the beta-endorphin re- 
sponse was reduced in 4 patients in Group I and in 5 
in Group 2 (Fig.4). 

Adrenaline 

Basal concentrations of plasma adrenaline were simi- 
lar in all three groups. The peak response of plasma 
adrenaline occurred at R+30 min in all groups with 
the highest mean value occurring in the normal group 
(Group 3) of 5.6___ 1.0 nmol/l  (p < 0.02 compared to 
basal). The peak responses in both diabetic groups 
were lower at 4.3 + 0.8 nmol/1 in Group 1 and 3.7___ 
0.8 nmol/l in Group 2, but these values were not sig- 
nificantly different from the normal response (Fig. 5). 
Using the arbitrarily defined "normal" response for 
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Fig.5. Changes in mean plasma adrenaline (upper panel) and gluca- 
gon (lower panel) concentrations in response to acute hypoglycaem- 
ia in normal subjects (hatched area m mean + SEM) and in diabetic 
patients less than 5 years ( � 9  and greater than 15 years (A) duration 

adrenaline, two diabetic patients were subnormal in 
Group 1, and 3 in Group 2 (Fig,6). No significant 
correlation was found between the maximal adrenaline 
concentration and the peak values of prolactin, ACTH, 
GH or beta-endorphin in any of the groups. 

Glucagon 

The mean responses of plasma glucagon to acute hy- 
poglycaemia are shown in Figure 5. The peak response 
occurred at R+30 min in all three groups and al- 
though higher in the normal group the differences with 
the diabetic groups did not achieve statistical sign[f[- 
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ia of plasma adrenaline (upper panel) and glucagon 
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cance. The maximal increments of individual subjects 
are shown in Figure 6. The pattern of glucagon re- 
sponse was examined in preference to the absolute val- 
ues, and was absent or subnormal in 2 diabetic patients 
in Group 1 and in 3 in Group 2, while remaining intact 
in all other diabetic patients irrespective of the dura- 
tion of diabetes. 

The frequency of subnormal or absent responses to 
hypoglycaemia of individual hormones and beta-en- 
dorphin in the diabetic patients is shown in Table 2. 
The diabetic patients with delayed recovery of blood 
glucose (No?s 3, 9-12, 14) appeared to have multiple 
deficiencies of hormonal secretion in response to hy- 
poglycaemia in comparison with other patients. 

Discussion 

Activation of the sympatho-adrenal system is a major 
feature of the response to acute hypoglycaemia in hu- 

mans [18]. This is thought to be initiated within the au- 
tonomic centres in the hypothalamus [1]; the resulting 
autonomic neural stimulation and release of catechol- 
amines provoke many of" the classical symptoms of hy- 
poglycaemia. Glucose counterregulation is mediated 
principally by glucagon and adrenaline [5], the secre- 
tion of both of which can become deficient in patients 
with Type 1 diabetes and may impair blood glucose re- 
covery [5, 19]. The pituitary hormones appear to have a 
subservient role in short-term glucose counterregula- 
tion, but the magnitude of hormonal secretion by the 
pituitary gland following hypoglycaemia provides an 
index of preceding hypothalamic activation. In the ab- 
sence of peripheral autonomic neuropathy, a blunted 
hypothalamic response to hypoglycaemia might under- 
lie the reduced release of catecholamines observed in 
patients with Type 1 diabetes of long duration [6]. 
Mean responses can mask abnormal hormonal secre- 
tion in individual subjects, so the increments of each 
hormone from basal to peak values were examined in 
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Table 2. Impaired blood glucose recovery, following hypoglycaemia and subnormal hormonal responses (~) in individual Type I diabetic pat- 
ients. "Normal" responses arc left blank. ~' Patients with significant titres of insulin antibodies 

Blood 
glucose 
recovery 

Glucagon Adrenaline ACTH GH Prolactin Beta-endorphin 

Group 1 
1 1 
2 ~ 

4 

6 1 
7 
8 ~ 1 1 1 

Subnormal 1 2 2 3 4 

l 
l l l 

l 

i i 
3 4 

Group 2 

11 l l i l 
12 1 1 l 1 1 l 

l e  1 1 1 1 i 
15 
16 

Subnormal 5 3 3 3 2 4 5 

Total (%) 6 (38%) 5 (31%) 5 (31%) 6 (38%) 6 (38%) 7 (44%) 9 (56%) 

the present investigation to identify subnormal or ab- 
sent responses to hypoglycaemia in individual diabetic 
patients. 

In the present study the recovery of blood glucose 
in both diabetic groups was significantly delayed com- 
pared with the normal group. Attenuated recovery of 
blood glucose after hypoglycaemia in individual dia- 
betic patients was more common in those with long- 
standing diabetes and presumably was related to di- 
minished secretion of glucagon and/or  adrenaline, 
although these patients also appeared to have a greater 
frequency of hormonal deficiencies to hypoglycaemic 
stress. Neither the delayed recovery of blood glucose 
nor the subnormal adrenaline responses in individual 
diabetic patients could be attributed to autonomic neu- 
ropathy, which was excluded by formal testing of car- 
diovascular reflexes and by demonstrating a normal 
rise of plasma pancreatic polypeptide following hy- 
poglycaemia in all subjects [9]. No correlation was ob- 
served between the maximum adrenaline and pancre- 
atic polypeptide responses in both diabetic groups, 
which precluded the possibility that patients with sub- 
normal adrenaline secretion had subclinical autonomic 
neuropathy [20]. Although raised titres of insulin antib- 
odies in diabetic patients may cause protracted hypog- 
lycaemia by altering the pharmacokinetics of insulin 
[21, 22], in the present study the titre of insulin antibod- 
ies was markedly elevated in only three diabetic pat- 
ients (No.'s 10, 13, 14), all of whom had diabetes of 
longer duration. Two of these individuals had delayed 

blood glucose recovery, but also had multiple subnor- 
mal responses of counterregulatory hormones. 

Glucagon secretion following hypoglycaemia oc- 
curs independently of hypothalamic and autonomic 
neural stimulation but pancreatic alpha cell sensitivity 
to glucopenia appears to decline with duration of dia- 
betes [4-6]. Most individual diabetic patients in the 
present study, including many of long duration, re- 
tained the capacity to secrete glucagon in response to a 
profound hypoglycaemic stimulus, which contradicts 
the view that total failure of glucagon secretion to this 
stress is inevitable within a few years of the develop- 
ment of diabetes [5, 6]. Stimulation of a secretory re- 
sponse from diabetic pancreatic alpha cells may de- 
pend upon the degree of hypoglycaemia achieved or 
the method of induction with a large bolus dose of in- 
travenous insulin, in comparison with previous studies 
in which insulin was administered in lower dosage by a 
slower intravenous infusion. The present study indi- 
cates that a secretory response of glucagon will occur 
in many patients with diabetes of long duration if the 
hypoglycaemic stimulus is of sufficient severity. 

The mean responses of growth hormone were low- 
er in both groups of diabetic patients following hypog- 
lycaemia, and may be of functional importance to im- 
paired glucose counterregulation in prolonged hypog- 
lycaemia [23]. No significant reductions were observed 
however in the mean responses of prolactin and 
ACTH, and the reason for this dissociation with 
growth hormone is not clear. It may represent develop- 
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ment of selective hypothalamic insensitivity for pitu- 
itary hormonal secretion, as the secretion of growth 
hormone and adrenaline in Type 1 diabetic patients 
was diminished following hypoglycaemia but was nor- 
mal in response to exercise [24], indicating that the 
magnitude of hormonal secretion is stimulus-depen- 
dent. However, diminished responses to hypoglycaem- 
ia of growth hormone [24-26] and cortisol [27, 28] have 
been described previously in patients with Type 1 dia- 
betes, and another study demonstrated plasma incre- 
ments of growth hormone, cortisol and adrenaline 
which were inappropriately low for the prevailing de- 
gree of hypoglycaemia [21]. A few diabetic patients 
with recurrent clinical hypoglycaemia and impaired 
blood glucose recovery have been described who have 
multiple deficiencies of counterregulatory hormones, 
including growth hormone and ACTH, in response to 
hypoglycaemia [29, 30]. 

The precise functional importance of pituitary hor- 
monal deficiencies to glucose counterregulation is un- 
clear, but the demonstration of single or multiple sub- 
normal responses in individual diabetic patients sug- 
gests some form of hypothalamic dysfunction, without 
the development of overt pituitary or adrenal failure. 
Alternatively, the blood glucose concentration at which 
hypothalamic-pituitary secretion is stimulated may be 
lower than normal in these individuals. The glycaemic 
threshold for the release of cortisol is lower than that 
for growth hormone or adrenaline [31], which implies 
that a lower blood glucose is necessary to stimulate 
ACTH release than the other hormones secreted via 
hypothalamic-pituitary activation. In the present study 
the degree of hypoglycaemia achieved was of similar 
severity in the diabetic patients and the normal sub- 
jects, so the subnormal ACTH secretion observed in 
6 diabetic patients was unlikely to be related to the ab- 
solute blood glucose concentration. Furthermore, the 
administration of a large dose of insulin ensured a rap- 
id fall in blood glucose which remained low for a long- 
er time in the diabetic patients; this protracted stimu- 
lus should augment rather than diminish counterregu- 
latory hormonal secretion. Reduced central activation 
of the hypothalamus following hypoglycaemia would 
explain the subnormal pituitary hormonal responses of 
the individual diabetic patients in the present study. 

Beta-endorphin is present in high concentration in 
the hypothalamus, is implicated in the regulation of 
hypothalamic-pituitary responses to stress [32], and in 
humans is released in response to hypoglycaemia from 
the anterior pituitary gland [2]. The counterregulatory 
role of beta-endorphin following hypoglycaemia is un- 
known in normal humans; its release in this situation 
has not been reported previously in diabetic patients. 
The content of beta-endorphin in the hypothalamus 
and anterior pituitary gland is reduced in insulin-de- 
pendent diabetic rats [33]. Subnormal responses of be- 
ta-endorphin to hypoglycaemia in individual diabetic 
patients in the present study suggests a possible reduc- 

tion in hypothalamic-pituitary beta-endorphin in hu- 
man Type 1 diabetes, and is consistent with the con- 
cept of underlying hypothalamic dysfunction or re- 
duced activation in some patients. 

The quality of preceding glycaemic control may in- 
fluence the threshold at which the hypothalamus re- 
sponds to a hypoglycaemic stimulus [34]. Intensive in- 
sulin therapy for several months has been shown to 
influence hormonal counterregulatory responses to hy- 
poglycaemia in diabetic patients, producing a quantita- 
tive reduction in the responses of growth hormone, 
cortisol and adrenaline [35]. Similarly the glycaemic 
threshold for the secretion of adrenaline was lowered 
in Type I diabetic patients by preceding optimal gly- 
caemic control [36], and the perception of hypoglycae- 
mic symptoms was decreased [37]. All, of our patients 
had good glycaemic control as measured by glycated 
haemoglobin, and this may have influenced the thresh- 
old of the counterregulatory hormonal responses to hy- 
poglycaemia. Similarly, the maintenance of normogly- 
caemia using CSII, albeit for only a few days, may 
have reduced the magnitude of the hypothalamic-pitu- 
itary response to hypoglycaemia. The rapidity with 
which the central nervous system can adapt to prevail- 
ing glycaemia is unknown but an apparent hypothal- 
amic insensitivity to hypoglycaemia might result from 
transient modification of glucose receptor function 
within the brain or of glucose transport across the 
blood-brain barrier [38]. Such a phenomenon might 
underlie the variability of counterregulatory hormonal 
responses to hypoglycaemia in individual patients with 
Type 1 diabetes. 
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