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Summary. We investigated the respective roles of insulin dep-
rivation and counter-regulatory hormones in the metabolic
deterioration after a nocturnal interruption of continuous sub-
cutaneous insulin infusion in Type 1 (insulin-dependent) dia-
betic patients without residual insulin secretion. Changes in
blood glucose, plasma non-esterified fatty acids, 3-hydroxy-
butyrate, glucagen, growth hormone, cortisol and free insulin
in seven patients whose pumps were deliberately stopped be-
tween 23.00 h and 05.00 h were compared in two randomized
tests carried out either during an intravenous somatostatin in-
fusion at a constant rate of 250 yug/h from 22.00 h until 07.00 h
(somatostatin test) or during a saline infusion (control test).
Arrest of the pumps resulted in a rapid (already significant
after 1h) and progressive (nadir after 5-6 h) decrease in plas-
ma free insulin concentrations with no statistically significant
differences between the two tests. Somatostatin remarkably
depressed basal levels of growth hormone and the late signifi-
cant increase in glucagon (+39+14pg/ml at 05.00h, 2p<
0.05) observed during the control test. In contrast, cortisol se-
cretion was not inhibited. The sharp linear increase in blood
glucose observed from 01.00 to 05.00h (38 +4umol-1~"-
min~") in the control test was fully suppressed with a para-
doxical tendency to hypoglycaemia until 03.00 h and a less
steep rise from 03.00 to 05.00h (18=£5umol-1-'-min—1,
2 p<0.05) during the somatostatin test. Initial plasma non-es-

terified fatty acids levels were slightly higher on somatostatin
but did not show any statistically significant rise despite arrest
of the pump, contrasting with the increase from 491+ 27 to
741 +96 pmol/1 (2 p< 0.05) in the control test. Consequently,
plasma non-esterified fatty acids levels from 01.00 to 05.00h
were not significantly different between the two tests. The
abrupt rise in 3-hydroxybutyrate from 00.00 to 05.00h (3.0+
0.5umol-1=1.min~?) in the control test was not altered by
somatostatin until 03.00 h. In contrast, during the last 2 h after
arrest of the pump, somatostatin inhibited any further rise in
3-hydroxybutyrate levels. In conclusion, somatostatin signifi-
cantly reduces metabolic deterioration during a 6-h nocturnal
interruption of a continuous subcutaneous insulin infusion.
Somatostatin-induced glucagon suppression seems to be in-
volved in reducing hyperglycaemia as well as, together with
the somatostatin-induced growth hormone suppression, in the
limitation of hepatic ketogenesis in hours 5 and 6 after cessa-
tion of insulin supply. In contrast, the early rise in 3-hydroxy-
butyrate plasma levels is unaffected by somatostatin and thus
appears entirely due to the fall in free insulin circulating con-
centrations.

Key-words: Continuous subcutaneous infusion, Type 1 dia-
betes, glucagon, growth hormone, insulin, non-esterified fatty
acids, pump, somatostatin.

Interruption of continuous subcutaneous insulin infu-
sion (CSI]) in diabetic patients without residual insulin
secretion is followed by a rapid and sustained increase
in blood glucose and plasma 3-hydroxybutyrate levels
[1-3]. These metabolic alterations occur in conjunction
with an early decrease in plasma free insulin concentra-
tions [2, 3} and a later rise in plasma glucagon levels [3].
To investigate the respective roles of insulin deprivation
and counter-regulatory hormones in the observed meta-
bolic deterioration, we studied the influence of a soma-
tostatin infusion on the hormonal and metabolic

changes observed during a 6-h nocturnal arrest of a
CSII pump in seven C-peptide negative Type 1 (insulin-
dependent) diabetic patients.

Material and Methods

Subjects

The study was approved by the Ethical Committee for Human Inves-
tigations of our Institution and all subjects gave their free and in-
formed consent. Seven Type 1 diabetic patients participated (Table 1).
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Table 1. Clinical characteristics of the patients
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Subjects 1 2 3 4 5 6 7 Mean + SEM

Sex F M M M F M M

Age (years) 33 44 53 31 51 41 49 43 +3

% Ideal body weight 104 114 119 100 119 92 87 105 +5

Duration of diabetes (years) 12 23 23 28 18 16 7 18 =+3

Basal insulin delivery rate (U/h) 0.9 1.2 1.3 1.0 1.2 1.0 1.2 11 =041

Insulin before breakfast (U) 7 9 9 6 12 9 12 91 +0.9

Anti-insulin antibodies (U/1) 0.82 0.07 1.32 0.10 0 - 0.35 0.44+0.20
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Fig. 1. Changes in blood glucose and plasma free insulin levels before,
during and after the interruption of the CSII with (----) and without
( ) a somatostatin infusion (SRIF, 250 ug/h) in seven Type1
diabetic patients. Resuits are expressed as mean+SEM. * = 2p
<0.05 between the two experimental conditions; @ = 2 p<0.05 ver-
sus 23.00 h value; & = breakfast; o = ‘clicks’ (boluses of insulin)

The 2-h post-prandial C-peptide plasma concentration was below
0.025 pmol/ml in all patients.

Experimental Procedure

The experimental protocol was similar to that in the previous paper
[3]. In the present study, each subject underwent two tests in a ran-
domized order: one when the 1001 HM Mill Hill pump was stopped
by removing the battery from 23.00 to 05.00 h and intravenous cyclic
somatostatin (Clin Midy, Montpellier, France) infused at a rate of
250 ng/h between 22.00 and 07.00 h (somatostatin test), the other with
an identical interruption of the CSII but with an intravenous infusion
of saline instead of somatostatin (control test).

Venous blood samples were drawn every hour from 22.00 to 12.00h
the next day (except at 11.00h). All the metabolic (blood glucose,
plasma non-esterified fatty acids, 3-hydroxybutyrate) and hormonal
(plasma free insulin, glucagon, growth hormone, cortisol and C-pep-
tide) parameters were determined with the methods mentioned in the
previous paper [3]. Plasma glycerol levels were measured according to
Eggstein and Kuhlmann [4].

Statistical Evaluation

The results are expressed as mean + SEM. The statistical comparison
between the two tests (saline versus somatostatin infusion) was per-
formed according to the Student’s t-test for paired values whereas the
changes, within a given test, versus the value recorded at 23.00h
(which was considered as baseline in each test) were analyzed using a
two-way analysis of variance followed by the Student’s t-test for
paired samples.

Results

Blood Glucose (Fig.1)

In the interruption test with saline, blood glucose values
remained unchanged during the first 2 h after arrest of
the pump and then increased regularly (384 pmol-
1="-min~") from hour3 of interruption until 1h after
resetting the pump at its basal rate (06.00h). Despite
stopping the pump at 23.00 h, infusion of somatostatin
resulted in a decrease in blood glucose concentration
until 03.00h (2 p<0.05 at 01.00h); four of the seven
subjects displayed hypoglycaemic values <2.5mmol/]
(see below). Thereafter, blood glucose rose linearly until
06.00h, but at a significantly lower rate (18%
5umol-1-'-min~"'; 2 p<0.05) than in the control test.
Thus, under somatostatin, at the moment of resetting
the pump at its basal rate, blood glucose was not signifi-
cantly different from the 23.00h value and markedly
lower than the corresponding value in the control test
(7414 versus 16.0+ 1.9 mmol/1, 2 p<0.001). Before
breakfast (at 06.45 h) blood glucose was 50% lower than
in the control test and, as a consequence, the supple-
ments of insulin together with the usual prebreakfast in-
sulin amounts were reduced (3.3 + 0.9 U after saline ver-
sus 1.1+0.6 U after somatostatin; 2 p<0.025). After
breakfast and interruption of the somatostatin infusion
at 07.00h, blood glucose rose rapidly until 10.00h
(386 umol-1-'-min "), whereas blood glucose levels
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Fig.2. Changes in plasma 3-hydroxybutyrate and glucagon levels be-
fore, during and after the interruption of the CSII with (----) and
without ( ) a somatostatin infusion (SRIF, 250 ug/h) in seven
Type 1 diabetic patients. Results (mean+SEM) are expressed as
changes versus the 23.00h value. * = 2 p<0.05 between the two
experimental conditions; @ = 2 p<0.05 versus 23.00h value; = =
breakfast; o = ‘clicks’ (boluses of insulin)

remained quite stable during the corresponding period
in the control test.

Plasma Free Insulin (Fig.1)

No significant differences in plasma free insulin levels
were observed between the two tests at any time of the
study period. Mean plasma free insulin concentrations
were identical at 23.00 h (35 mU/1) and decreased sig-
nificantly as soon as 1h after the arrest of the pump in
both conditions. However, plasma free insulin levels
were slightly but not significantly higher in the somatos-
tatin test reaching 15.5+10.2mU/1 with somatostatin
and 7.5 £ 3.1 mU/1 without somatostatin at 05.00 h. Be-
cause of the lower blood glucose levels at 6.45 h, the ad-
ditional amounts of insulin administered before break-
fast in the somatostatin test were smaller and the result-
ing increase in plasma insulin measured from 06.00 h to
09.00 h was moderately lower with than without soma-
tostatin (+27 £ 10 versus +41+10mU/1, 2 p <0.10).
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Fig. 3. Changes in plasma cortisol and growth hormone levels before,
during and after the interruption of the CSII with (----) and without
( ) a somatostatin infusion (SRIF, 250 ug/h) in seven Type 1
diabetic patients. Results are expressed as mean+=SEM. * = 2p
<0.05 between the two experimental conditions; @ = 2 p<0.05 ver-
sus 23.00 h value; = = breakfast; o = ‘clicks’ (boluses of insulin)

Plasma Glucagon (Fig.2)

To eliminate the large inter-individual differences of the
glucagon concentrations, results were expressed as
changes from the individual value recorded in each sub-
ject just before arrest of the pump. With saline infusion,
plasma glucagon levels decreased slightly between
22.00 and 23.00h (—16x3 pg/ml, 2 p<0.001) and then
remained stable until 03.00 h; thereafter, plasma gluca-
gon increased significantly by 40 pg/ml between 03.00
and 05.00h (2 p<0.05), remained stable until 07.00h
and finally decreased after breakfast and insulin sup-
plements to reach basal values at the end of the study
period. In the somatostatin test, plasma glucagon levels
were slightly higher at 22.00 h but dropped immediately
after starting the infusion (—36+ 5 pg/ml, 2 p<0.001)
so that absolute glucagon values at 23.00 h were identi-
cal in both conditions (24 +9 pg/ml). Between 00.00
and 03.00h, absolute levels of plasma glucagon were
significantly lower under somatostatin than under sa-
line infusion (18 £4 versus 26 £4 pg/ml, 2 p<0.02). In
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Table 2. Plasma non-esterified fatty acids (NEFA) and glycerol levels in the seven patients during the CSII interruption tests carried out with or

without somatostatin infusion

Time (h) 22.00 23.00 01.00 03.00 05.00 07.00 09.00 12.00
Plasma NEFA Without 60380 491+ 27 637+ 83 661+ 758 741k 96° 677+ 75 493+ 55 521+101
(umol/1) somatostatin

With 67094 775+108 721116 883+153 788£145 927+135 665+100 599+ 97

somatostatin

infusion

2p NS <0.05 NS NS NS NS <0.05 NS
Plasma glycerol Without 136x14 125+ 8 120+ 5 133% 11 163+ 19 153+ 22 154+ 16 156+ 20
(umol/1) somatostatin

With 130+10 144+ 23 132+ 9 114+ 16 132+ 13 131+ 14 136 8 166+ 22

somatostatin

infusion

2p NS NS NS NS NS NS NS NS

Results are given as mean = SEM. Statistical analysis used ‘anova’ following by Student’s t-test on paired data versus the 23.00 h value in a given
test (2 2 p<0.05) and Student’s t-test on paired samples when comparing values in the two tests (vertical comparison)

this test, plasma glucagon did not exhibit the significant
increment from 03.00 to 05.00 h observed under saline
infusion. On the contrary, plasma glucagon progressive-
ly decreased and reached its nadir of 15+8pg/ml at
05.00 h. Upon cessation of somatostatin infusion, plas-
ma glucagon displayed an abrupt and marked rise
(+128 £30 pg/ml, 2 p<0.01) which was sustained until
the end of the study period.

Plasma Non-esterified Fatty Acids (NEFA) and Glycerol
(Table 2)

Plasma NEFA levels were similar at 22.00 h in both tests
(Table 2). In the control test, a modest and not statisti-
cally significant decrease in plasma NEFA occurred be-
tween 22.00 and 23.00 h. Thereafter, following the inter-
ruption of CSII, NEFA concentrations rose from
491+ 27 to 741 +96 umol/1 at 05.00 h (2 p< 0.05). In the
test carried out under somatostatin infusion, the 23.00 h
level of plasma NEFA was slightly increased but did
not show any statistically significant rise despite cessa-
tion of insulin infusion. Comparison of plasma NEFA
levels between the two tests from 01.00 to 05.00 h failed
to demonstrate any statistically significant difference.

As illustrated in Table2, plasma glycerol did not
display any significant changes during the whole study
period and were similar in the two tests at all time inter-
vals.

Plasma 3-Hydroxybutyrate (3-OHB) (Fig.2)

As for plasma glucagon, results of 3-OHB determina-
tions were expressed as changes versus the value re-
corded at 23.00h. In the test carried out under saline,
plasma 3-OHB concentrations were significantly in-
creased 2 h after arrest of the pump and then rose regu-
larly until 06.00h. The rate of 3-OHB rise averaged
3.0+£0.5umol-1~"-min~". In the test performed under

somatostatin infusion, basal plasma 3-OHB concentra-
tions (22.00 and 23.00 h) were moderately but not signif-
icantly higher when compared with the corresponding
values of the control test (23.00h: 34834 versus
158 £15 umol/1; t=1.67). The kinetics of the 3-OHB
rise were strictly comparable in both tests during the
first four hours after interruption of the CSII. In con-
trast, from 03.00 to 06.00 h, plasma levels remained re-
markably stable in the somatostatin test whereas the
rate of increase remained constant in the control test.
Consequently, the maximal increase (from 23.00 to
06.00 h) was twice higher under saline than under soma-
tostatin infusion. However, since basal 3-OHB levels
were higher in the somatostatin test, the absolute con-
centrations recorded at 05.00h were not significantly
different.

Plasma Growth Hormone (Fig.3)

With infusion of saline, plasma growth hormone levels
ranged between 1 and 10 ng/ml with a tendency to two
peaks, the first one between 23.00 and 01.00 h, the sec-
ond between 07.00 and 09.00 h. Somatostatin complete-
ly suppressed growth hormone resulting in growth hor-
mone plasma levels below 1ng/ml from 23.00 to
07.00h. Upon cessation of the somatostatin infusion
(07.00h), the growth hormone concentrations rapidly
reached the level recorded in the control test.

Plasma Cortisol (Fig.3)

In the test carried out under saline infusion, plasma cor-
tisol levels exhibited the classical circadian variations
with peak values occurring between 05.00 and 07.00 h.
During the somatostatin test, the changes in plasma cor-
tisol were similar but a moderate increase was observed
already from 00.00 to 03.00 h.
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Metabolic and Hormonal Changes
in the Hypoglycaemic Subjects

The four subjects whose blood glucose levels were be-
low 5 mmol/1 (3.2 £ 0.6 mmol/1 at 22.00 h) before start-
ing the somatostatin infusion displayed values below
2.5mmol/1 from 23.00 to 03.00h (nadir 1.8=+
0.2 mmol/1 at 01.00 h) despite interruption of the CSII.
When compared to the three other subjects (8.0+
0.7 mmol/1 at 01.00 h, 2 p < 0.001), the four hypoglycae-
mic patients exhibited significantly higher plasma corti-
sol levels (15.8+2.5 versus 2.6+ 0.5ug/dl at 01.00h,
2p<0.005) and a tendency towards higher plasma
free insulin concentrations (34.0:11.3 versus 9.0+
2.0mU/1 at 01.00h, NS). No significant differences
were observed between the two subgroups regarding
plasma levels of 3-OHB, NEFA, glycerol, glucagon and
growth hormone.

Discussion

The changes in blood glucose, plasma free insulin, glu-
cagon, NEFA and 3-OHB concentrations during a 6 h
nocturnal interruption of a CSII have been described
and discussed in detail in the previous report [3]. In that
study as well as in this one, the decrease in plasma free
insulin was accompanied by significant rises in plasma
concentrations of NEFA and 3-OHB after 2 h, of blood
glucose after 3 h and of plasma glucagon after 5h. Al-
though the primacy of insulin deprivation is well ac-
cepted for explaining the metabolic alterations ob-
served in Type 1 diabetic patients [5, 6], several studies
support a significant role of the counter-regulatory hor-
mones, namely glucagon, cortisol, growth hormone and
catecholamines [7, 8, review 9].

The most interesting finding of the present study is
that a somatostatin infusion which does not signifi-
cantly influence the fall in plasma free insulin, remark-
ably prevents the rise in blood glucose and 3-OHB oc-
curring after the interruption of the CSII. An effect of
somatostatin on carbohydrate absorption from the gas-
trointestinal tract [10] can probably be neglected since
somatostatin infusion started 4 h after the last meal. A
direct effect of somatostatin on hepatic glucose metabo-
lism remains controversial after studies in vitro, using
- isolated rat hepatocytes [review 11] as well as investiga-
tions carried out in vivo in the dog [12, 13]. Since soma-
tostatin inhibits the secretion of glucagon and growth
hormone, and perhaps under certain circumstances
those of ACTH and cortisol [14, 15], the role of these
counter-regulatory hormones in the metabolic deterior-
ation observed after arrest of the insulin infusion pump
must be discussed.

Our results rule out any participation of plasma cor-
tisol in the prevention of the metabolic decompensation
by somatostatin. Indeed, plasma cortisol concentrations
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remained stable during the interruption of CSII in the
control test whereas they were moderately increased in
the test carried out under somatostatin infusion. This in-
crease is probably explained by the initial fall in blood
glucose since cortisol response to hypoglycaemia is not
modified by somatostatin [16].

In agreement with previous studies, somatostatin
depressed basal levels of growth hormone by more than
50% [7, 17] and remarkably suppressed its nocturnal
peaks [18, 19]. The studies of Gerich et al. [8], in which
an infusion of growth hormone during suppression of
its endogenous secretion reproduced physiological hor-
mone levels, demonstrates the absence of significant
metabolic changes in presence of insulin. However, aft-
er insulin was withdrawn, plasma NEFA, glycerol and
3-OHB all rose higher than in the test with somatostatin
but without growth hormone; simultaneously no effect
on blood glucose was detected. These data thus indicate
that physiological levels of growth hormone are lipolyt-
ic and ketogenetic in the absence of insulin. Conse-
quently, as insulin deprivation progresses, the suppres-
sion of growth hormone could be responsible at least in
part for the reduced rises in plasma NEFA and 3-OHB
observed after arrest of the pump. On the contrary, the
failure of growth hormone to alter blood glucose [8] sug-
gests that it is not involved in the somatostatin-induced
prevention of hyperglycaemia.

As expected, somatostatin induced a significant de-
crease in plasma glucagon levels [7, 14, 17]. This inhibi-
tion which was already detectable on the basal gluca-
gon levels from 23.00 until 03.00 h became more obvi-
ous from 04.00 to 07.00 h when the late and significant
glucagon rise observed in the control test was complete-
ly suppressed by somatostatin. In this respect, the 6 h of
CSII interruption can be divided in two periods: (1)
During the first 4 h, basal glucagon secretion is moder-
ately but significantly reduced; simultaneously, the
abrupt rise in 3-OHB is not altered but the increase in
blood glucose is fully suppressed, a tendency towards
hypoglycaemia being observed. (2) During the last 2 h,
the inhibition of glucagon is accompanied by a com-
plete blockade of the rise in 3-OHB levels. During the
corresponding period, the increase in blood glucose
was clearly slowed when compared with that of the con-
trol test despite a severe insulin deficiency.

Our results agree with those of Gerich et al. [7] con-
cerning the evolution of blood glucose but partially dif-
fer as far as changes in 3-OHB levels are concerned. In-
deed, in Gerich’s study, the precocious rise in 3-OHB
following the interruption of an intravenous insulin in-
fusion was suppressed at once when somatostatin was
infused at a rate of 500 ug/h. This difference could be
attributed to: (1) the more rapid insulin deprivation oc-
curring after cessation of an intravenous rather than a
subcutaneous insulin administration, (2) the earlier rise
in plasma glucagon secondary to the acute fall in circu-
lating insulin and (3) the twice higher rate of somato-
statin infusion.
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Our results can be related to the differences reported
by Barnes et al. [20] between patients with juvenile-type
diabetes who showed a sharp rise in plasma glucagon
levels after interruption of an intravenous insulin infu-
sion and totally pancreatectomized subjects whose plas-
ma glucagon remained undetectable. During the first
6 h following cessation of insulin delivery, the increase
in blood glucose was 100% steeper in the juvenile-type
diabetic patients than in the pancreatectomized sub-
jects, although the rise in plasma 3-OHB was similar in
the two groups. Later, the rise in 3-OHB became signifi-
cantly steeper in the group with persistent glucagon se-
cretion whereas a tendency to a plateau was noticed in
the group without residual glucagon secretion. Conse-
quently, we suggest that the changes in blood glucose
under somatostatin infusion in our study are best ex-
plained by suppression of glucagon secretion presum-
ably via an inhibition of hepatic glucose production.
This interpretation is in agreement with previous data in
somatostatin-infused depancreatectomized dogs [21] as
well as in insulin- and somatostatin-infused normal
men with selective glucagon deficiency [22]. As far as 3-
OHB is concerned, the initial increase (first 4 h) appears
secondary to the decrease in free insulin circulating lev-
els and independent of circulating glucagon since, at
this period of the study, this rise in 3-OHB is unaffected
by somatostatin despite a modest but significant gluca-
gon suppression. On the contrary, the ongoing increase
in ketogenesis which occurs under saline infusion be-
tween hours 4 and 6 of the test seems dependent at least
in part upon the late glucagon rise since it is entirely
blocked by somatostatin infusion. This view is in agree-
ment with the current theory on the role of glucagon in
ketogenesis as recently reviewed by McGarry and Fos-
ter [23]. In addition, the somatostatin-induced reduction
in ketogenesis could be partly mediated by inhibition of
growth hormone secretion, particularly in a state of in-
sulin deprivation as observed from hours 4-6 after ar-
rest of the CSII [8, 24, 25].

In conclusion, intravenous somatostatin, at a dose
of 250 ug/h, significantly reduces metabolic deteriora-
tion during a 6h nocturnal interruption of a CSIL
Somatostatin-induced glucagon suppression seems to
be involved in the reduction of hyperglycaemia which
occurs on interruption of CSII as well as, together with
growth hormone, in the limitation of hepatic ketogene-
sis in hours 5 and 6 after cessation of the subcutaneous
insulin infusion. In contrast, the early rise in 3-OHB lev-
els is not affected by somatostatin and is apparently en-
tirely due to the fall in free insulin circulating levels.
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