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Summary.  The  plasma concentrat ion of C-peptide,  
insulin ( IRI)  and glucose was measured  in 9 healthy 
subjects during insulin-induced hypoglycaemia fol- 
lowed by a meal.  Identical observations were made in 
the same subjects after an equivalent period of 
fasting without hypoglycaemia (control study). 
Endogenous  secretion of insulin was suppressed fol- 
lowing administration of exogenous insulin and this 
persisted long after the blood glucose concentration 
had returned to normal.  Af ter  the meal  the mean  
blood glucose rose to a peak  of 8.4 + 0.3 mmol/1 
(mean + SEM) at 60 min and was still raised at 7.5 + 
0.3 mmol/1 at 120 min, compared  with a peak  value 
of only 5.1 + 0.2 mmol/1 at 30 rain after the meal in 
the control study. Following hypoglycaemia the mean  
plasma I R I  rose f rom 8.3 + 1.3 mU/1 to a delayed 
peak of 81.6 + 12.7 mU/1 at 60 min and was 123.5 + 
14 mU/1 at 120 min post-prandially,  compared  with a 
peak  of 72.4 + 0.5 mU/1 at 30 min after the meal  in 
the control study. Acute  hypoglycaemia may  thus 
induce an abnormal  pat tern of insulin secretion in 
response to a meal,  with impaired carbohydrate  
tolerance in normal  subjects. 
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The  study of insulin secretion during hypoglycaemia 
in man  has, until recently, been  restricted by an ina- 
bility to interpret  levels of immunoreact ive insulin 
( IRI)  in plasma following the administration of 
exogenous insulin [1]. At tempts  to circumvent this 
problem have included the induction of hypogly- 
caemia by the administration of alcohol [2] or fish 
insulin [1]. Connecting (C-) pept ide and insulin are 

released in equimolar  amounts by the pancreatic bet  a 
cell. The  development  of a radioimmunoassay for 
connecting peptide reactivity (CPR) has made it 
possible to study the secretion of insulin in vivo dur- 
ing insulin-induced hypoglycaemia [3-6]. We have 
extended these observations by examining the 
response of the beta cell to a meal  following acute 
hypoglycaemia. 

Subjects and Methods 

Eleven healthy subjects (9 male, 2 female), age range 20-29 years 
(mean 23.8 years) were studied after an overnight fast. None of 
the subjects were taking any medications, and all were within ten 
per cent of their ideal body weight (mean 96 per cent, range 
91-102 per cent). The approval of the Medical Ethics Committee 
was obtained for the study and informed consent was given by each 
subject. 

Hypoglycaemia Study 

Crystalline beef insulin (0.15 units/kg, body weight) was adminis- 
tered as a bolus by rapid intravenous injection and blood samples 
were taken via an indwelling teflon cannula for estimation of blood 
glucose [7], plasma CPR [8] (effective detection limit 0.06 nmol/1) 
and plasma IRI levels [9] in the fasting state, and at intervals for 
210 min after the injection of insulin. Nine of these subjects were 
then given a standard mixed meal containing 30g protein, 85g 
carbohydrate and 40g fat, and blood sampling was continued for a 
further 120 min. All subjects experienced symptoms and signs of 
hypoglycaemia between 20 and 30 min (mean 24 min) after the 
injection of insulin. 

Control Study 

The same 9 subjects were restudied after an interval of at least one 
week. The meal was given after an overnight fast plus an equiva- 
lent period of fasting without the administration of insulin, and the 
same parameters were measured. In both studies all subjects con- 
sumed the meal within 15 min. 
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Fig. 1. Blood glucose concentration (mean + SEM) following 
injection of insulin and in response to a subsequent meal (Hypo- 
glycaemia study) and in response to a meal alone after an equiva- 
lent period of fasting (Control study). ~ Hypoglycaemia, 
~ - - - - ~  Control 
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Fig. 2. Log plasma CPR concentration (mean + SEM i in the 
hypoglycaernia and control studies. The effective detection limit of 
the assay is marked as a horizontal dotted line (0.06 nmol/1). 
Hypoglycaemia, ~-----~ Control 
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Fig. 3. Plasma IRI concentration (mean _+ SEM) in the hypogly- 
caemia and control studies. ~ Hypoglycaemia, i ' -----~ Control 

The results are expressed as mean + one standard error of the 
mean (SEM) and statistical significance was estimated using Stu- 
dent's 't' test. 

R e s u l t s  

Blood Glucose 

In the hypoglycaemia study the mean fasting blood 
glucose fell from 3.9 + 0.1 to 1.2 4- 0.1 mmol/1 at the 
time of the acute hypoglycaemic reaction, and 
regained the fasting level by 150 rain after the injec- 
tion of insulin (Fig. 1). Following the meal, the mean 
blood glucose concentration rose to a peak of 8.4 + 
0.3 mmol/1 at 60min and was still raised (7.5 _+ 
0.3 mmol/1) at 120 min post-prandially. 

In the control study the mean blood glucose con- 
centration of the same subjects reached a peak value 
of only 5.1 + 0.2 mmol/1 at 30 rain after the meal and 
regained the fasting level (3.6 _+ 0.3 mmol/1) by 
60 min post-prandially. The difference in the mean 
blood glucose concentrations following the meal be- 
tween the two studies was highly significant at 30, 60 
and 120 min (p < 0.001). 

Plasma C-peptide 

In the hypoglycaemia study the mean plasma CPR 
fell rapidly after administration of insulin from a fast- 
ing level of 0.39 _+ 0.04nmol/1 (range 0.20 to 0.69 
nmol/1) to the effective detection limit of the assay, 
60min after the injection of insulin (Fig. 2). It 
remained low throughout the period of blood glucose 
recovery and at 210 min after insulin was only 0.11 + 
0.03 nmol/1. CPR levels rose following the meal 
reaching 1.72 + 0.24 nmol/1 at 60 min and 2.58 + 
0.47 nmol/1 at 120 min post-prandially. 

In the control study, mean plasma CPR rose from 
0.35_+ 0.01 nmol/1 to a peak of 1.76 + 0.08 nmol/1 at 
30 min, falling to 1.16 + 0.14 nmol/1 at 120 min. The 
differences in the mean plasma CPR concentrations 
between the two studies were significant (p < 0.001) 
at 15, 30 and 120 min after the meal. 

Plasma Insulin 

In the hypoglycaemia study the expected rise in 
plasma IRI after the injection of exogenous insulin 
was observed (Fig. 3), and was followed by an expo- 
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nential fall. At the time of the meal the plasma IRI 
had returned to the fasting level. After ingestion of 
food, mean plasma IRI rose from 8.3 + 1.3 mU/1 to 
81.6 _+ 12.7 mU/1 at 60 min and 123.5 _+ 14 mU/1 at 
120 min. 

In the control study, the mean plasma IRI rose 
from 9.1 _+ 0.6 mU/1 to 72.4 _-2- 0.5 mU/1 at 30 rain, 
falling to 51.0 + 7.2 mU/1 at 60 min and 29.5 + 
4.5 mU/1 at 120 min. The differences in plasma IRI 
between the two studies were statistically significant 
(p < 0.001) at all four times of measurement after 
the meal. 

Discussion 

The value of the CPR assay as an index of endoge- 
nous insulin secretion is now well recognised [3-6]. 
The plasma IRI concentrations after the administra- 
tion of endogenous insulin closely resemble those 
reported by Garber et al. [10] and had fallen to 
within the fasting range prior to ingestion of the 
meal. The decline in the mean plasma IRI concentra- 
tion during recovery from hypoglycaemia was not 
however comparable with the marked fall in plasma 
CPR concentration to undetectable levels, and is 
inconsistent with the short half-life of insulin in 
plasma. Appropriately low levels of plasma IRI were 
observed in three subjects with concentrations falling 
to less than 6.0mU/1 by 150 minutes after the 
administration of insulin, but we are unable to ex- 
plain the overall discrepancy between mean plasma 
IRI and CPR concentrations prior to the meal. The 
prolonged suppression of plasma CPR concentration 
following hypoglycaemia is consistent however with 
the observations of Horwitz et al. [3]. 

The demonstration in man of impaired tolerance 
to oral glucose following the administration of insulin 
has previously been described [11] and attributed to 
the presence of insulin antagonists. The response of 
the pancreatic beta cell to the ingestion of food fol- 
lowing hypoglycaemia has not been reported. The 
present study shows that following recovery from 
hypoglycaemia, insulin secretion in response to a 
meal is abnormal and is associated with impaired car- 
bohydrate tolerance. The initial delay in the secretion 
of insulin after hypoglycaemia must be partly 
responsible for the elevated post-prandial blood glu- 
cose concentrations. The hypersecretion of insulin 
observed 120 minutes after the meal may be a direct 
response to sustained hyperglycaemia. 

The mechanism underlying the abnormal secre- 
tion of insulin in response to a meal after hypogly- 
caemia has not been elucidated. The possibility that 
insulin directly inhibits its own secretion has been 

studied by maintaining euglycaemia with a glucose 
infusion during the administration of insulin [12-14]. 
Partial suppression of CPR levels without hypogly- 
caemia was interpreted as evidence for the existence 
of such a direct negative feedback [12, 13] but this 
was not confirmed by Shima et al. [14]. Plasma 
catecholamines, which inhibit insulin secretion and 
rise markedly during hypoglycaemia [10], could also 
cause pancreatic beta cell suppression. The pattern of 
insulin secretion in the present study is similar to that 
observed during and after the infusion of adrenaline, 
where insulin secretion is suppressed until adrenaline 
is discontinued [15, 16]; insulin secretion is initially 
delayed during the recovery period but subsequently 
hypersecretion of insulin is observed. The early 
inhibition of insulin secretion after food ingestion 
could be explained by altered function of the entero- 
insular axis following hypoglycaemia. Plasma gastro- 
inhibitory peptide and pancreatic polypeptide levels 
rise during hypoglycaemia [13, 17, 18], but the 
response of those hormones to the subsequent inges- 
tion of food is not known. Finally, the secretion of 
insulin could be inhibited by a direct effect of hypo- 
glycaemia on the metabolism of the beta cell. 
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