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Summary. With the aim of assessing a new somatostatin anal- 
ogue to prevent the metabolic changes induced by a 6-h noc- 
turnal arrest of an insulin pump, nine C-peptide negative 
Type 1 (insulin-dependent) diabetic patients were submitted 
blindly to two interruptions (from 23.00 to 05.00 hours) of 
their continuous s.c. insulin infusion, once after a single s.c. in- 
jection at 23.00 hours of 50 p~g SMS 201-995 (Sandostatin, 
Sandoz) and once after 0.9% NaC1. Plasma SMS 201-995 lev- 
els peaked at 24.00 hours and then declined with an elimina- 
tion half-life averaging 144___15 min. Plasma glucagon and 
growth hormone levels were significantly reduced after SMS 
201-995 whereas the progressive fall in plasma-free insulin 
levels from 23.00 to 05.00 hours was unaffected. In the control 
test, blood glucose levels tended to decrease slightly from 
23.00 to 02.00 hours and then increased markedly from 02.00 
to 05.00 hours (+ 5.3 + 1.5 retool/l) while after SMS 201-995 

they decreased significantly from 23.00 to 02.00 hours ( -  
2.6 + 0.5 mmol/1), resulting in values below 3 mmol/1 in seven 
subjects, but showed a secondary increase until 05.00 hours 
(+3.5+1.5 mmol vs 23.00 h; p <  0.05 vs 0.9% NaC1). While 
the rises in plasma non-esterified fatty acid and glycerol levels 
were not reduced by SMS 201-995, the increase in plasma 3- 
hydroxybutyrate levels, although similar from 23.00 to 
02.00 hours, was significantly reduced from 02.00 to 05.00 
hours (+77+20 vs+124+31p.mol . l - l -h-1;  p<0.05). 
Thus, SMS 201-995 significantly reduced the metabolic alter- 
ations due to a 6-h nocturnal interruption of a continuous s.c. 
insulin infusion but at the cost of a rather high risk of early hy- 
poglycaemia. 

Key words: Insulin pump, metabolic deterioration, somatos- 
tatin analogue, Type 1 (insulin-dependent) diabetes. 

Continuous subcutaneous insulin infusion (CSII) has 
been proposed with success to improve the metabolic 
control of Type 1 (insulin-dependent) diabetic patients 
[1, 2]. However, although this remains a matter of con- 
troversy [2, 3], a higher risk of  ketoacidotic episodes has 
been reported with this therapy when compared to the 
classical treatment with repeated s.c. insulin injections 
[4, 5]. This was mainly attributed to technical problems 
with the pump itself or with the infusion set, resulting in 
random interruption of  the insulin delivery [6, 7]. In- 
deed, we have reported previously that the insulin depot 
in the local subcutaneous tissue was sufficient to allow 
stopping of  the pump for less than 2 h only [8, 9]. After 
a 1-2 h delay, a 6-h nocturnal interruption of  CSII re- 
sulted in a rapid and marked metabolic deterioration in 
initially well-controlled C-peptide negative diabetic pa- 
tients [10], at least in those with low IgG anti-insulin 
antibodies [11]. Moreover, we have demonstrated that 
the linear increases in blood glucose and plasma 3-hy- 
droxybutyrate levels resulting from the CSII interrup- 
tion could be markedly reduced with a continuous i.v. 

infusion of  natural somatostatin. This reduction prob- 
ably occurs via the inhibition of  glucagon and growth 
hormone release [12]. 

For clinical applications, somatostatin has the dis- 
advantages of  a short half-life (a few min only) requir- 
ing continuous i.v. infusion, of  a poor activity after s.c. 
injection and of  multiple non-selective hormone-sup- 
pressive effects. A recently synthesized octapeptide 
analogue of  somatostatin (SMS 201-995 or Sandostatin, 
Sandoz, Basle, Switzerland) has been demonstrated to 
be more selective in suppressing growth hormone and 
glucagon secretion [13], to have more prolonged activity 
[14], to be well-absorbed after s.c. injection [15], and to 
have a potent hypoglycaemic effect in Type 1 diabetic 
patients [16]. 

The aim of  the present study was to investigate 
whether the metabolic alterations induced by a 6-h noc- 
turnal CSII interruption can be prevented by a single 
s.c. injection of  SMS 201-995 in C-peptide negative 
Type I diabetic patients, administered just before the 
interruption of  the pump. 
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Table 1. Main characteristics of the patients and their treatment by continuous subcutaneous insulin infusion (CSII) 

1 2 3 4 5 6 7 8 9 Mean _+ SEM 

Subjects 
Sex M M M F M M M M F 2 F; 7 M 
Age (years) 53 36 49 31 54 36 32 45 53 43 +_ 3 
Duration of diabetes (years) 29 18 28 5 18 16 9 12 14 16 + 3 
Body mass index (kg/m 2) 22 21 28 23 21 23 24 22 23 23 + 1 

Biological determinations 
Anti-insulin antibodies U/1 0.12 0 0 0 0 0.31 0 0.10 0.12 0.07 +0.03 

2-h post-prandial plasma 
C-peptide nmol/1 0 0 0 0 0 0.05 0.2 0 0 0.03 + 0.02 
HbAlc% 5.6 6.2 7.3 8.0 8.3 6.3 7.4 6.2 7.6 7.0 + 0.3 

Complications 
Macroproteinuria N Y N N N N N Y N 2 Y; 7 N 
Retinopathy Y Y Y N Y N N Y N 5 Y; 4 N 
Cardiac autonomic neuropathy Y Y Y N Y N N Y N 5 Y; 4 N 

CSH characteristics 
Type of pump MH MH MH MH NK NK NK NK NK 4 MH; 5 NK 
Insulin concentration U /ml  20 18 17 26 100 100 100 100 100 2 0 + 2 ;  100 
Daily insulin requirements U/24  h 50 47 48 52 22 32 29 32 26 38 _+ 4 
Basal insulin delivery rate U/24  h 30 28 25 41 10 17 15 15 13 22 + 3 

Y: yes; N: no; M H = 1001 H M Mill Hill Infuser; NK: Nordisk Infuser 

Subjects, material and methods 

Subjects 

The study was approved by the Ethical Committee for Human In- 
vestigations of the University of Lirge, and all subjects gave their 
free and informed written consent. Nine Type 1 C-peptide negative 
diabetic patients with low IgG anti-Insulin circulating antibodies 
participated in the study. Their main characteristics are given in 
Table 1. Routine biochemical tests including liver enzymes were nor- 
mal in all subjects. None had increased creatinine serum levels but 
two patients had macroproteinuria. None presented symptoms or 
signs of coronary insufficiency, cerebrovascular disease or periphe- 
ral arterial disease. However, the retinal examination by direct oph- 
thalmoscopy and fluorescein angiography revealed normal fundus 
in four patients and (pre)proliferative retinopathy already treated by 
laser therapy in five patients. In all subjects, the autonomic nervous 
system function was assessed by the R-R variation during deep 
breathing at 6 breaths/rain according to Ewing et al. [17]. The five 
patients with the longest duration of diabetes (22 + 3 years) and re- 
tinopathy showed clearcut abnormally low R-R variation, thus 
indicating the presence of cardiac autonomic neuropathy. In con- 
trast, the four patients with the shortest duration of diabetes 
(10+2years)  had subnormal R-R variation values. These differ- 
ences were observed whatever the mode of expression used: stand- 
ard deviation of the mean R-R interval (12+2 vs 67+3  ms, 
p < 0.001), maximum heart rate minus minimum heart rate (8 + 1 vs 
23_+ 2 beats/min,  p < 0.001) and expiration-to-inspiration ratio 
(1.10 +0.01 vs 1.33 + 0.02, p < 0.001), respectively. 

All patients had been treated by CSII for at least several weeks and 
a fairly good metabolic control was reached as indicated by HbAac 
levels which averaged 7.0 + 0.3% (range: 5.6-8.3% ; normal 
values: 4.0-6.5%). 

The characteristics of the CSII treatment are described in Table 1. 
In the four patients using a 1001 HM Mill Hill Infuser (Muirhead 
Medical, London, UK), insulin (Actrapid HM, 40U/ml ,  Novo, 
Copenhagen, Denmark) was diluted with 0.9% NaC1 to a final con- 
centration of 20 + 2 U /ml  for individual adjustment of basal insulin 
delivery rate. In the five patients using a Nordisk Infuser (Nordisk, 
Gentofte, Denmark), the usual cartridge contained insulin at a con- 
centration of 100 U /ml  (Velosulin, 100 U/ml ,  Nordisk). The basal 
(14--+1 vs 3 1 + 3 U / 2 4 h ,  p<0 .001)  and the total (28+2  vs 
49+1  U / 2 4 h ,  p <  0.001) insulin delivery rates were significantly 

lower in the patients using the Nordisk Infuser with concentrated in- 
sulin than in the patients using the Mill Hill Infuser with diluted in- 
sulin. 

Experimental procedures 

The experimental protocol was similar to that previously described 
[10, 12]. The patients were admitted to the metabolic ward in the after- 
noon and used the pump at 17.45 hours to deliver their usual pre-din- 
ner insulin dose (4 .0+0.8U);  dinner was taken from 18.00 to 
18.30 hours. At 22.00 hours, a catheter was inserted in an antecubital 
vein. At 23.00 hours, the pump was stopped by removing the battery. 
At 05.00hours, the pump was reactivated at its basal rate. At 
06.45 hours, the subjects self-administered their usual pre-breakfast 
insulin boluses (4.6 + 0.4 U) plus additional amounts of insulin based 
on a capillary blood glucose determination (Glucometer II, Ames Di- 
vision, Miles Laboratories, Elkhart, Ind, USA) and a ketonuria test 
(Acetest, Ames Division, Miles Laboratoriies) according to a pre- 
viously assessed regimen [101:8 U if blood glucose was > 22 mmol/ l ;  
6 U if blood glucose was between 16.5 and 22 retool/1 with ketonuria; 
4 U if blood glucose was between 16.5 and 22 mmol/ l  without ketonu- 
ria; and 2 U if blood glucose was between 11 and 16.5 mmol/1. At 
07.00 hours, the patients ate their usual breakfast. At 10.00 hours, the 
same regimen of insulin supplements was applied if blood glucose 
was > 11 mmol/1, and the protocol ended at 12.00 hours. 

Each subject underwent two tests in a double-blind randomized 
order at a few days interval: either after a single s.c. injection of 50 l-tg 
SMS 201-995 at 23.00 hours, just before CSII interruption, or after 
0.9% NaC1 (control test). Insulin regimen and diet were identical dur- 
ing both experimental conditions. Diet consisted of a classical 
diabetic regimen (52% carbohydrates, 30% lipids and 18% proteins) 
with a daily caloric intake averaging 1600-2200 kcal. The subjects 
were asleep during the night during both study periods. 

Laboratory methods 

Blood samples were drawn every hour from 22.00 until 12.00 hours 
the next day (except at 11.00 hours). Blood glucose was measured 
using the hexokinase method adapted to the Technicon Auto Ana- 
lyzer, plasma non-esterified fatty acids (NEFA) according to Dole 
and Meinertz [18], plasma 3-hydroxybutyrate (3-OHB) using an enzy- 
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1.6 

Fig.l. Plasma concentrations of SMS 
201-995 after single s.c. injection of 50 ~tg 
at 23.00 hours (I") in nine Type 1 (insulin- 
dependent) diabetic patients (mean_+ 
SEM) 

matic assay ([~-hydroxybutyrate dehydrogenase, Boehringer Mann- .40-, 
heim, FRG) according to Williamson and Mellanby [19], plasma -, 1 
glycerol according to Eggstein and Kulhmann [20], plasma glucagon ~ "1 

�9 1 2 5  a according to Luyckx [21] with Unger's 30K antaserum and I-glue - .20 
1 gon obtained from New England Nuclear (Boston, Mass, USA) 

(inter-assay coefficient of variation (CV):ll%; intra-assay CV:5%), ~ 1 
plasma growth hormone (GH) according to Franchimont [22] (inter- ~ 01 
assay CV:6%; intra-assay CV:4%) and plasma-free insulin according E 
to Nakagawa et al. [23] (inter-assay CV:]0%; intra-assay CV:5%). For ~ "] 
all these determinations, samples from both tests collected from the ~. -20 
same subject were assayed in the same radioimmunoassay or enzy- <3 
matic assay series to avoid inter-assay variations. Basal and 2-h post- -40 
prandial blood samples were drawn from each subject to measure 
plasma C-peptide according to Heding [24]. Circulating levels of IgG 
anti-insulin antibodies were assayed according to Christiansen [25]. 
HbAlc was determined by an isoelectrofocusing method [26]. Plasma 
concentrations of SMS 201-995 were measured every h from 23.00 to 
12.00 hours (except at 11.00 hours) by means of a specific radioimmu- 
noassay as previously described [15]. 

Statistical evaluation 

The results are expressed as mean + SEM. Statistical evaluation was 
performed according to Student's t-test for paired data. All data were 
compared both between the two experimental conditions and, within 
a given test, vs the value recorded at 23.00 hours, considered as base- 
line. For this last comparison, preliminary analysis of variance 
allowed the subsequent use of Student's t-test. 

R e s u l t s  

Plasma SMS 201-995 

The plasma concentrations vs time curve of SMS 201- 
995 after a single s.c. injection of 50 ~tg at 23.00 hours is 
depicted in Figure 1. In all subjects, peak levels were 
observed 1 h after the administration of the drug (no 
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Plasma glucagon and growth hormone levels before, during 
and after the interruption of" the continuous subcutaneous insulin in- 
fusion (OFF) after a single s.c. injection at 23.00 hours (~) of either 
SMS 201-995 50 ~tg (----) or 0.9% NaC1 ( - - )  in nine Type 1 (insulin- 
dependent) diabetic patients�9 Results are expressed as mean + SEM 
and glucagon values are expressed as changes vs the 23.00 hour value. 
*p < 0.05 between the two experimental conditions; * p < 0.05 vs 
23.00 hour value in each test; ~, s.c. boluses of insulin 
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Fig.3. Plasma 3-hydroxybutyrate, blood glucose and plasma-free in- 
sulin levels before, during and after the interruption of the continuous 
subcutaneous insulin infusion (OFF) after a single s.c. injection at 
23.00 hours (T) of either SMS 201-995 50 l, tg (----) or 0.9% NaC1 ( - - )  
in nine Type I (insulin-dependent) diabetic patients. Results are ex- 
pressed as m e a n +  SEM. *p < 0.05 between the two experimental con- 
ditions; e p  < 0.05 v 23.00 hour value in each test; ~ s.c. boluses of 
insulin 

sampling before) and averaged 1.34+0.10 btg/1 (range 
0.85-1.78). Thereafter, plasma levels decreased biphasi- 
cally according to a degenerated two-compartment 
model. The calculated half-life (B-phase) for the termi- 
nal slope averaged 144+ 15 min (range: 104-239 min). 
The area under the curve from time 0 (23.00 hours) to 
infinity averaged 4.21 + 0.39 ~tg. h/1 (range: 3.01- 5.81). 

Plasma glucagon and GH 

Initial plasma glucagon levels were similar in both tests: 
128 + 42 pg/ml before SMS 201-995 vs 110 + 34 pg/ml 
before 9% NaC1 (NS). In the control test, plasma gluca- 
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gon concentrations tended to increase slightly until the 
end of the study. In contrast, plasma glucagon levels 
were significantly lower I h ( - 3 5  + 5 pg/ml; p < 0.001 
vs level at 23.00hours and p<0 .05  vs level at 
24.00 hours after 9% NaC1), as well as 2, 3, 6 and 7 h 
after SMS 201-995 injection (Fig.2). 

Due to marked variability of time and values of indi- 
vidual plasma GH peaks, no significant differences 
were observed when comparing the nocturnal hourly 
measurements of the plasma levels of this hormone. 
However, the maximal individual peak of plasma GH 
(at whatever time it occurred between 23.00 and 
05.00 hours) was significantly lower after SMS 201-995 
than after 9%NaCl: 3.7_+0.9vs 10.8_+ 3.0 ng/ml 
(p < 0.05). Furthermore, after SMS 201-995, the area 
under the GH plasma concentration-time curve from 
23.00 to 05.00hours was about half that observed 
in the control test: 9.2+2.2vs 18 .5+3.7ng.h /ml  
(p < 0.05). 

Plasma-free insulin 

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 concentra- 
tions, decreased significantly already 1 h after stop- 
ping the pump and reached their nadir at the end of 
CSII interruption in both tests. Because of the lower 
capillary glucose levels at 06.45 hours (see below) and 
the lower additional amounts of insulin administered 
before breakfast in the SMS 201-995 test (6.8 + 1.2 U 
vs 8.8_+0.7 U, NS), the resulting increase in plasma- 
free insulin measured from 06.00 to 08.00 hours was 
slightly but not significantly lower in the test with SMS 
201-995 (Fig. 3). 

Blood glucose and plasma 3-OHB 

Blood glucose levels averaged 6 mmol/1 at the begin- 
ning of both tests. In the control test, they decreased 
slightly during the first 2 h of interruption and began 
to increase significantly only 4 h after stopping the 
pump, and in a linear manner until 05.00 hours. Des- 
pite CSII interruption at 23.00 hours, injection of SMS 
201-995 resulted in a marked decrease in blood glu- 
cose concentration until 02.00 hours ( -  2.6 + 0.5 
mmol/l,  p < 0.001); five of the nine subjects displayed 
glycaemic values below 2.5 mmol/1 but none of them 
exhibited symptoms and required glucose or glucagon 
administration (Fig.3). These patients were charac- 
terized by already significantly lower initial blood 
glucose levels (at 23.00 hours: 4.4+ 0.6 vs 7.3 + 0.7 
mmol/1, p <  0.02). Thereafter, blood glucose rose 
linearly until 05.00 hours. However, at this moment, 
blood glucose levels remained significantly lower after 
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Fig.4. Plasma non-esterified fatty acid (NEFA) and glycerol levels 
before, during and after the interruption of the continuous subcuta- 
neous insulin infusion (OFF) after a single s.c. injection at 23.00 hours 
(~) of either SMS 201-995 50 ],tg (----) or 9% NaC1 ( - - )  in nine Type 1 
(insulin-dependent) diabetic patients. Results are expressed as 
mean+ SEM. *p < 0.05 between the two experimental conditions; 
�9 p < 0.05 v 23.00 hour value in each test; o s.c. boluses of insulin 

SMS 201-995 than after 0.9%NaCI: 9.2__1.3vs 
11.3 _+ 1.4 mmol/1 respectively, p < 0.05. Thus, the 6 h 
of CSII interruption can be divided in two parts 
(Table 2): from 23.00 to 02.00 hours, the rate of change 
in blood glucose averaged zero in the control test 
while a rapid decrease was observed after SMS 201- 
995; in contrast, from 02.00 to 05.00 hours the rate of 
increase in blood glucose was substantial in both tests 
and was even slightly but not significantly greater after 
SMS 201-995 than after 0.9% NaC1. Adjustment of in- 
sulin boluses before breakfast resulted in similar blood 
glucose levels in both experimental conditions during 
the last part of the test (09.00-12.00 hours). 

Initial plasma 3-OHB levels were similarly low, 
around 100 p~mol/1, during both tests. During the con- 
trol test, plasma 3-OHB concentrations were signifi- 
cantly greater 2 h after the arrest of the pump and then 
rose regularly until 06.00 hours, when they reached al- 
most 1000 ~tmol/1 (p < 0.01). In the test performed after 
SMS 201-995, the kinetics of the 3-OHB rise was similar 
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to that observed after 0.9% NaC1 during the first 3 h 
after interruption of the CSII. In contrast, from 02.00 to 
06.00 hours, plasma 3-OHB levels increased more slow- 
ly than in the control test to reach only about 
600 p~mol/1. Consequently, the 6 h-period of CSII inter- 
ruption can again be divided in two parts (Table 2): 
from 23.00 to 02.00 hours the rate of increase of 3-OHB 
was similar in both tests, whereas from 02.00 to 
05.00 hours it was significantly lower after SMS 201-995 
than after 0.9% NaC1. After breakfast and insulin bol- 
uses, plasma 3-OHB concentration,; fell dramatically in 
both tests to return to their initial 'values at the end of 
the study period. 

Plasma NEFA and glycerol 

In both tests, plasma NEFA levels averaged 
300 ~tmol/1 at 23.00 hours, increased progressively to 
reach about 700 pmol/1 at 05.00 hours (p < 0.01), and 
fell rapidly to reach initial values after breakfast and 
insulin supplements, between 09.00 to 12.00hours 
(Fig.4). Comparison of plasma NEFA levels between 
the two tests showed only a single statistically signifi- 
cant difference at 01.00 h: 608_+68; after SMS 201-995 
vs 428 _+ 51 ~mol/1 after 0.9% NaC1, p < 0.05. Plasma 
glycerol concentrations increased progressively from 
23.00 to 05.00 hours in both experimental conditions 
and rapidly declined after breakfast and insulin bo- 
luses. Although no significant differences were ob- 
served between the two tests at any time of the study 
period, plasma glycerol levels tended to be higher 
1-2h  after injection of SMS 201-995 than after 
0.9% NaC1. 

Table 2. Rate of change in blood glucose and plasma 3-hydroxybu- 
tyrate levels during nocturnal interruption of a continuous subcuta- 
neous insulin infusion (CSII) from 23.00 to 05.00 hours in nine Type t 
(insulin-dependent) diabetic patients. The 6-h period of pump arrest 
was divided in two parts: from 23.00 to 02.00 hours and from 02.00 to 
05.00 hours 

Rate of change 

23.00-02.00 hours 02.00-05.00 hours 

0.9% NaC1 SMS 201-995 0.9% NaC1 SMS 201-995 

Blood + 53 - 866 + 1708 + 2033 
glucose ( + 184) ( _+ 183) ( _+ 362) (+  396) 
~tmol- l - l .h  -1 NS p<0.005 p<0.005 p<0.00a 

L p < 0.005 A L NS ._J 

Plasma + 70 + 107 + 124 + 77 
3-OH-butyrate (+19) (+24) (+31) (+20) 
~ m o l . l - l . h  -~ p<0.01 p<0.005 p<0.005 p<0.005 

L N S A  U p <  0.05_J 

Results are expressed as mean (_+ SEM). Statistical comparison has 
been performed by paired t-test and concerns both the changes occur- 
ring in each period studied and the differences between the two ex- 
perimental conditions investigated. 3-OH-butyrate= 3-hydroxybuty- 
rate 
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Fig.5. Plasma free insulin, blood glucose and plasma 3-hydroxybu- 
tyrate levels before, during and after the interruption of the continu- 
ous subcutaneous insulin infusion (OFF) after a single s.c. injection at 
23.00 hours (~) of either SMS 201-995 50 ~g (----) or 0.9% NaC1 ( - - )  
in four patients using the Mill Hill HM 1001 infuser (left panel) and in 
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pressed as mean + SEM 

Comparison Mill Hill Infuser vs Nordisk Infuser 
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levels were concerned, the late increase was reduced 
by the somatostatin analogue only in the group of pa- 
tients using the Mill Hill infuser, who showed the 
highest rise in the control test. 

The overall increases in plasma glucagon, NEFA 
and glycerol levels observed in the', control test during 
CSII interruption tended to be slightly greater in the 
Mill Hill infuser group than in the Nordisk infuser 
group. The effects of SMS 201-995 on these parameters 
and on plasma GH levels were similar in both groups of 
patients. 

Comparison patients with vs without autonomic neuro- 
pathy 

The metabolic deterioration occurring during the 6-h 
nocturnal CSII interruption was similar in patients hav- 
ing markedly reduced R-R variation during deep 
breathing and in those with subnormal heart-rate re- 
spiratory control. After SMS 201-995 injection, the early 
23.00-02.00 hours fall in blood glucose levels was simi- 
lar in the patients with ( -2 .3  _+ 0.8 mmol/l) and with- 
out (-2.9_+0.8mmol/1) cardiac autonomic neuro- 
pathy (NS). The late 02.00-05.00 hours increase in 
blood glucose levels ( + 6.7 ___ 1.8 vs + 5.3 _+ 1.7 mmol/1, 
NS) and in plasma 3-OHB concentrations (+259_+ 
90 vs + 193 _+ 85 ~mol/1, NS) were not significantly dif- 
ferent between the two groups of patients, respectively. 
Similarly, no significant differences were observed in 
the changes of plasma NEFA, glycerol, glucagon, GH 
and free insulin levels between the patients with and 
without autonomic neuropathy in both experimental 
conditions. 

Side-effects 

Except initial asymptomatic hypoglycaemia, no clinical 
or biochemical side-effects were observed throughout 
the study period after SMS 201-995. 

Changes in plasma free insulin, blood glucose and plas- 
ma 3-OHB levels observed during CSII interruption in 
patients using either the Mill Hill or the Nordisk infuser 
are compared in Figure 5. However, owing to the rather 
small number of patients in each group, no statistical 
analysis was performed. 

During the control test, and when compared to pa- 
tients using the Mill Hill infuser, the fall in plasma- 
free insulin levels tended to be slower and smaller in 
patients using the Nordisk infuser so that they ex- 
hibited a delayed and less marked metabolic deterior- 
ation. After SMS 201-995, the early fall in blood glu- 
cose levels was similar with both types of pumps 
while, as in the control test, the late increase was re- 
duced in the Nordisk infuser group when compared to 
the Mill Hill infuser group. As far as plasma 3-OH[~ 

Discussion 

The experiments reported herein demonstrate that a 
single s.c. injection of 50 lxg SMS 201-995 can reduce 
the metabolic deterioration induced by a 6-h nocturnal 
CSII interruption in Type i diabetic patients. In fact, 
the effect observed in the present study is quite similar 
to that previously described by our group with an i.v. in- 
fusion of natural somatostatin at a constant rate of 
250 ~tg/h [12]. 

The pharmacokinetic characteristics of SMS 201- 
995 in our Type I diabetic patients (early peak, elimi- 
nation half-life, area under the curve) were com- 
parable to those described in healthy volunteers after 
s.c. injection of the same 50 gg dose of the drug [15, 
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27]. Moreover, comparison of the i.v. and s.c. routes of 
administration has shown the absolute bioavailability 
of SMS 201-995 to be about 100% after 50 gg given 
s.c. [15]. In our Type 1 diabetic patients, the interin- 
dividual coefficients of variation of the main pharma- 
cokinetic parameters ranged between 20-30% and 
were well within the known limits in normal subjects 
[15, 27]. 

SMS 201-995 does not significantly influence the 
fall in plasma-free insulin levels induced by the 6-h 
CSII interruption but induced an early fall in plasma 
glucagon levels and an almost complete suppression 
of the nocturnal GH peaks. The late decrease in plas- 
ma glucagon observed 6-7 h after SMS 201-995 injec- 
tion in the present study could hardly be attributed to 
the drug itself owing to the negligeable SMS 201-995 
circulating levels at this time. In a preliminary study, 
performed in Type 1 diabetic patients, we showed that 
a 50 p~g s.c. injection of SMS 201-995 at 23.00 hours 
abolished midnight GH peaks and significantly re- 
duced plasma glucagon levels until 04.00 hours [28]. 
Johnston et al. [29] reported similar results in normal 
subjects. Thus, the hormonal changes induced by a 
single s.c. injection of SMS 201-995 or a continuous 
i.v. infusion of native somatostatin appear to be simi- 
lar both in healthy volunteers (27, 29, 30) and in 
Type 1 diabetic patients [16, 31]. 

The injection of 50 p~g SMS 201-995 at 23.00 hours 
induced an early and marked decrease in blood glucose 
levels. As previously discussed [12], this early fall in 
blood glucose is unlikely to be due to inhibition of GH 
secretion [32], but more likely results from the early de- 
crease in plasma glucagon levels. Inhibition of pancre- 
atic glucagon secretion has been shown indeed to play 
an important role in the lowering of blood glucose con- 
centrations by somatostatin [33]. In contrast with pre- 
vious studies, in which SMS 201-995 was injected be- 
fore a meal [16, 31], a significant interference with 
carbohydrate absorption [34] or with food-induced 
changes in gut hormones [35] is probably less important 
in the present study since SMS 201-995 was injected 5 h 
after the last meal. 

The secondary rise in blood glucose levels from 
02.00 to 05.00 hours could be explained by different 
mechanisms. It could be essentially attributed to the 
substantial insulin deficiency which occurred during 
the last 3 h of CSII interruption. Moreover, a progres- 
sively decreasing effect of SMS 201-995 could be sus- 
pected. Several studies reported that the metabolic ef- 
fect of the drug decreases 4-5 hours after s.c. injection 
[29-31], a finding in agreement with the pharmaco- 
kinetic data. Finally, there could be a counter-regula- 
tory response to the early hypoglycaemia; seven out of 
nine patients exhibited after SMS 201-995 blood glu- 
cose values below 3 mmol/1 and five below 2.5 mmol/1 
between 23.00 and 02.00 hours. Under these conditions, 
catecholamines and cortisol secretion, although not 
measured in the present study, are likely to be stimu- 

lated, since secretion of both GH and glucagon was in- 
hibited by SMS 201-995 [36]. 

Confirming our previous data with i.v. infusion of 
somatostatin [12], SMS 201-995 did not significantly 
modify the early increase but significantly reduced the 
late rise in plasma 3-OHB levels during CSII interrup- 
tion. Probably due again to the waning effect of SMS 
201-995 3 to 4 h after its s.c. injection, this favourable ef- 
fect was less pronounced than that observed with i.v. 
native somatostatin, which resulted in a complete 
blockade of the late rise in 3-OHB levels [12]. As pre- 
viously discussed [12], the initial increase in plasma 3- 
OHB levels after stopping the pump appears mainly to 
be secondary to the decrease in free insulin circulating 
levels while the late increase seems dependent, at least 
in part, on the glucagon and GH plasma levels. This 
view is in agreement with the current role of glucagon 
[37] and GH [38] in ketogenesis, particularly in a state of 
insulin deprivation [33] as observed 3-6 h after interrup- 
tion of the CSII. The progressive increase in plasma 
NEFA and glycerol levels induced by the 6-h arrest of 
the pump was not significantly reduced by SMS 201- 
995, suggesting that the stimulation of lipolysis in our 
experimental conditions is mainly due to the insulin de- 
privation. 

Two types of pumps were used in the present 
study. In fact, the metabolic deterioration induced by 
the 6-h CSII interruption in the control test was re- 
duced in the group of patients using the Nordisk in- 
fuser when compared to that observed in the group of 
patients using the Mill Hill infuser. This finding was 
probably due to the higher insulin concentration with- 
in the Nordisk pump (100 U/ml) than that within the 
Mill Hill infuser (20 + 2 U/ml). Indeed, we have re- 
cently reported [39] that when the patients using the 
Nordisk pump with the U-100 insulin cartridge, as in 
the present study, underwent another 6-h CSII inter- 
ruption test after having diluted U-100 insulin with 
0.9% NaC1 to a final concentration of 20 U/ml,  an 
earlier decrease in plasma-free insulin levels and a sig- 
nificantly greater increase in blood glucose and plas- 
ma 3-OHB levels were observed. We hypothesized that 
the relative protection against such metabolic deterior- 
ation provided by U-100 insulin may be due to a 
steady-state s.c. depot containing a greater amount of 
insulin [39]. The differences between the two types of 
pumps observed in the control tests persisted in the 
SMS 201-995 tests. The most obvious difference 
between the two groups was the clear-cut reduction 
by SMS 201-995 of the late rise of plasma 3-OHB lev- 
els in the Mill Hill but not in the Nordisk group. These 
results again could suggest that the glucagon- and GH- 
mediated inhibitory effects of SMS 201-995 on plasma 
3-OHB levels were significant only when ketogenesis 
was markedly stimulated by severe insulinopenia. 

The risk for ear]ly severe hypoglycaemia after SMS 
201-995 was not influenced either by the type of pump 
or by the presence of autonomic neuropathy in the 
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present  s tudy.  In  fact, the mos t  predict ive fac tor  was 
the b l o o d  glucose level at the t ime o f  the SMS 201-995 
inject ion since the five pat ients  showing  b l o o d  g lucose  
values < 2.5 mmol /1  after  Sandos ta t in  h a d  a l ready  
signif icantly lower  values at 23.00 hours .  Thus ,  in v iew 
o f  ou r  data,  a s.c. bolus  inject ion o f  50 ~tg SMS 201- 
995 shou ld  no t  be  r e c o m m e n d e d  in Type 1 d iabet ic  
pat ients  with initial b l o o d  glucose levels be low 
7 m m o l / l .  

I n  ag reemen t  with the g o o d  to le rance  a l ready  re- 
po r t ed  in diabet ic  pat ients  [16, 28, 31] a nd  in s o m e  [27] 
but  no t  all [29, 30] hea l thy  volunteers ,  no  pa t ien t  suf- 
fered gastrointest inal  side-effects after  50 Ixg SMS 201- 
995 in ou r  study. 

In  conclus ion ,  a single s.c. inject ion o f  50 ~tg SMS 
201-995 reduces  signif icantly the me tabo l i c  al terat ions 
i nduced  b y  a 6-h noc tu rna l  C S I I  in terrupt ion,  act ing 
in a m a n n e r  c o m p a r a b l e  to tha t  p rev ious ly  r epor ted  
with a con t inuous  i.v. infus ion  o f  250 ~tg/h somatos -  
tatin. Howeve r ,  in wel l -control led  diabet ic  patients ,  the 
risk o f  h y p o g l y c a e m i a  dur ing  the first 3 h fo l lowing  
the in ject ion o f  this dose  o f  SMS 201-995 appears  to 
be impor t an t  despite  the in te r rupt ion  o f  the insul in 
infusion.  A p p r o p r i a t e  changes  such as r educ ing  the 
dosage,  de laying  the t ime o f  inject ion or  m o d i f y i n g  the 
m o d e  o f  admin is t ra t ion  m a y  he lp  to solve the p rob-  
lem. 
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