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Summary. The study investigated the respective influ-
ences of nicotinic acid and somatostatin on plasma
concentrations of blood glucose, free fatty acids,
glucagon, growth hormone and cortisol in insulin-de-
pendent diabetic subjects. After administration of
nicotinic acid alone, marked depression of plasma
FFA was accompanied by significant increases of plas-
ma glucagon, growth hormone and cortisol. The
glucagon and growth hormone responses to nicotinic
acid were significantly reduced when plasma FFA
were raised by intravenous administration of heparin
and triglycerides. Somatostatin alone induced a sig-
nificant decrease in blood glucose, plasma glucagon
and growth hormone concentrations. Plasma FFA re-
mained unchanged. Somatostatin did not modify the
nicotinic acid-induced fall in plasma FFA, but com-
pletely blocked the corresponding increments in
glucagon and growth hormone. The cortisol rise was
not altered by somatostatin. Rebound of glucagon and
growth hormone levels were seen upon discontinua-
tion of the somatostatin administration. These results
demonstrate that the plasma FFA concentration plays
a role in the regulation of glucagon and growth hor-
mone secretion in insulin-dependent diabetics. Fur-
thermore, they indicate that somatostatin, previously
shown to be capable of negating the stimulatory effect
of various factors on glucagon and growth hormone
secretion, also affects the response of these hormones
to FFA depression.
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Somatostatin depresses basal levels of glucagon [1, 6,
9] and growth hormone [34] as well as the responses of
both hormones to arginine infusion [11, 26], insulin-
induced hypoglycemia [5, 26], L-Dopa [20] and
epinephrine [19, 33]. An acute decrease in plasma
free fatty acid (FFA) concentration also stimulates
glucagon [2, 12, 23] as well as growth hormone [re-
view in 8] secretion under various experimental condi-
tions, as well as in normal man. The present investiga-
tion aimed at evaluating the influence of a fall in
plasma FFA, induced by nicotinic acid (NA), on
glucagon and growth hormone secretion in insulin-de-
pendent diabetic subjects. After having established
the stimulatory role of nicotinic acid on both hor-
mones, we tested the influence of somatostatin on the
metabolic and hormonal responses to nicotinic acid.
An increase in plasma cortisol was recently observed
during nicotinic acid infusion in normal man [27]; for
this reason, variations in plasma cortisol were also
determined in the present study :

Material and Methods

Subjects

Informed consent was obtained from sixteen insulin-
dependent diabetic subjects. All patients were hos-
pitalized in the Metabolic Unit of our Institution sev-
eral days before in order to initiate insulin therapy or
to improve the degree of control by changing the
dosage or type of insulin administered. The duration
of known diabetes thus varied from a few days (3
cases) up to 20 years. All cases were free from acute
illness or ketosis at the time of the study. Age, sex,
height and weight characteristics are given in Ta-
ble 1.
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Table 1. Characteristics of the subjects studied

Case Sex Age Height  Weight
number (yrs) (cm) (kg)
1 M 18 175 65
2 M 54 162 57
3 "M 45 169 74
4 M 52 176 80
Studies 5 M 52 180 79
Tand II 6 M 40 170 59
7 M 58 166 55
8 M 34 160 80
9 F 63 157 48
10 M 23 165 55
11 F 54 168 63
12 M 53 170 74
Studies 13 F 43 163 67
TandIII 14 M 56 174 60
15 M 18 188 68
16 M 32 179 79

Table 2. Basal values of the various parameters in studies I and II
(m + SEM, n = 9)

Study I Study IT
(n=29) (=19
Blood glucose 238 £38 227 = 30
mg/100 ml
Plasma FFA 686 + 69 718 = 51
ukig/l
Plasma glucagon 92 + 34 77 = 26
pg/ml
Plasma growth hormone 27110 - 2707
ng/ml
Plasma cortisol 10212 99=*14
pg/ 100 ml

Experimental Protocols

All studies were performed during the morning be-
tween 9 and 11 a. m. after an overnight fast. Insulin
therapy was omitted on the morning of the test; thus,
the last insulin injection was given about 26 or 14
hours before the test, depending on the kind of insulin
régime.

Three protocols, the details of which are given in
Figure 1, were utilized: Study I: infusion of NA alone;
Study IL: infusion of NA after and during an infusion
of SRIF; Study ITI: infusion of NA after and during an
infusion of triglycerides preceded by 1. V. adminis-
tration of 5000 U heparin. Two tests were performed
on each subject on two different days: studies I and II
in 9 cases and studies I and III in 7 other cases. The
order in which the two tests were performed alter-
nated between patients and the interval between both
tests in a given patient was between 2 and 5 days.

Assays

Blood glucose was determined by the method of Hoff-
man [15] adapted to the Technicon Auto Analyzer,
plasma FFA according to Dole and Meinertz [7], plas-
ma glucagon according to Luyckx {22], using an-
tiserum 30 K kindly supplied by Dr. R. H. Unger,
plasma growth hormone according to Franchimont
and Burger [8] and plasma cortisol according to Lec-
lercq [18].

Statistical analysis of the results was carried out by
calculating the Student’s ¢ test for paired and non
paired values according to Snedecor [31].

Results

Basal values. Paired comparison betwecen the mean
basal values of all parameters failed to reveal any
statistically significant difference between Study I and
IT (Table 2).

Blood glucose remained essentially unchanged during
the periods of saline and nicotinic acid infusion of
Study I (Fig. 2). In study II, SRIF induced a pro-
gressive decline of blood glucose. Paired comparison
with the zero time value showed that the fall in blood
glucose was already significant at 10 min (p < 0.025)
and was maximal (32 mg/100 ml, or 14% of the basal
value, p < 0.005) at the end of the SRIF infusion (Fig.
2). An immediate increase in blood glucose occurred
when the SRIF infusion was stopped at the 75th min.

Plasma free fatty acid levels were stable before the
beginning of nicotinic acid administration in study I as
well as in study II. SRIF per se did not affect plasma
FFA concentrations. In both tests, nicotinic acid in-
duced a marked and sustained depression of plasma
FFA. No significant difference was found between the
plasma FFA values obtained in test I and test 1I
(Fig. 3).

Plasma glucagon exhibited a significant rise during the
first 60 min of nicotinic acid administration. Com-
pared with the 30 min value, the mean glucagon levels
increased by + 25.5 pg/ml (+ 7.2 SEM; p < 0.01) at
T = 45 and + 26.7 pg/ml (£ 5.2 SEM; p < 0.001) at
T = 60 (Fig. 4).

In study II, administration of SRIF alone signifi-
cantly depressed plasma glucagon and completely
blocked the glucagon rise induced by nicotinic acid.
Cessation of the SRIF infusion resulted in an im-
mediate and significant rebound in plasma glucagon.

Growth Hormone

In study I, a slight and not significant risc was recorded
between 0 and 30 min. Thereafter, nicotinic acid in-
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Fig. 1. Experimental protocol of studies I, II and III

duced an increase in plasma GH in all cases. The only
value found significarit by paired comparison with the
30 min value was at T = 60 (Fig. 5). SRIF not only
depressed the basal GH value by more than 50%, but
also abolished the stimulatory effect of nicotinic acid.
As already observed for glucagon, an immediate in-
crease in plasma GH occurred upon cessation of the
SRIF infusion.
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Fig. 2. Evolution of blood glucose in study I (e——se) and II{o—0).
Results are expressed as mean + standard error of the mean (m +
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son with the zero time value

1

i

|
160 SRIF

T

|

1

Bt

—

NICOTINIC ACID |

[ SALINE

800

700

600

500

400

PLASMA FFA pEq/l

300

200
SALIN SRIE
[ w~icorinie  aciD |
L 1 ! 1 1 !
220 0 30 80 90 120
MINUTES

Fig. 3. Evolution of plasma FFA in study I (e——e) and Il (0—0).
Results are expressed asm + SEM, n = 9

Plasma Cortisol

It is known that plasma cortisol follows nycthemeral
variations and decreases spontaneously during the
morning hours. Quantitative evaluation of this
phenomenon was obtained by measuring plasma cor-
tisol between 9 and 11 a. m. in eight saline-infused,
insulin-dependent diabetics (shaded area in Fig. 6).
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The decline in plasma cortisol between T — 20 min
and T + 30 min in studies I and II was similar to that
seen in these control conditions. Infusion of NA re-
sulted in a significant increase in plasma cortisol both
in the absence and in the presence of the somatostatin
infusion (Fig. 6).

Influence of an Elevated FFA Level on the Response to
Nicotinic Acid :

A series of seven additional patients were submitted
to study I. Here again, infusion of NA resulted in a
decrease in plasma FFA associated with an increase in
plasma cortisol, glucagon and growth hormone
(Fig. 7). '

Administration of heparin and triglycerides pro-
voked a sharp rise in plasma FFA levels which re-
mained between 2500 and 1800 uEq/l during the
period of infusion. During this period, the glucagon
and growth hormone rises in response to NA were
significantly reduced. The cortisol increase was re-
duced but the difference was not statistically signifi-
cant (Fig. 7).

Clinical Tolerance

No obvious side effect due to somatostatin was ob-
served in the nine patients. In all patients, the onset of
the NA infusion was accompanied by the characteris-
tic “flush” produced by the vasodilating action of this
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Fig. 5. Evolution of plasma growth hormone in study I (e——e) and
II (c—0). Results are expressed as m = SEM, n = 9. Values of p
indicated along SEM correspond to paired comparison with the 30
min value for study I and with the zero time value for study I

drug. This was occasionally associated with a transient
feeling of chest discomfort. These symptoms progres-
sively disappeared despite the continuation of NA
infusion.

Discussion

Effect of Somatostatin on Basal Values

In the present series, the mean basal plasma glucagon
concentration found in insulin-dependent diabetics
(93 pg/ml * 15, SEM, n = 32) was slightly, but not
significantly, higher than the one found in normal
controls (65 pg/ml *+ 8, SEM, n = 23). Contrasting
with some earlier studies [11], this lack of difference is
however in agreement with other reports [25, 29].
Somatostatin depressed plasma glucagon by 50% and
a 14% decline in blood sugar was concomitantly ob-
served, suggesting the participation of glucagon in the
hyperglycaemia of these subjects [28]. Lack of change
in plasma FFA during somatostatin administration
suggests that lipolysis is not affected by either
somatostatin or glucagon in these basal conditions. It
thus appears likely than the increase in plasma FFA
appearing after somatostatin administration in normal
subjects and in non-insulin-dependent diabetics is
mediated through a reduction in plasma insulin. [6,
24, 26).
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Effect of Nicotinic Acid Infusion

Infusion of nicotinic acid alone depresses plasma
FFA. Recent data in normal man strongly suggest that
this fall in plasma FFA is responsible for a complex
response of lipolytic hormones including an early rise
in plasma glucagon and a late increase in ACTH/cor-
tisol and growth hormone [27]. Quantitatively, the
rise in plasma glucagon after 30 min does not differ
significantly between normal subjects (+ 41.2 pg/ml
+ 4.1, SEM, n = 23) and both groups of insulin-de-
pendent diabetics (+ 28.7 pg/ml £ 6.5, SEM, n =
16). These observations further substantiate the con-
cept that plasma FFA levels regulate glucagon [2, 12,
23] and growth hormone [8] secretion in man as well
as in animals. Plasma corticosterone increased in rats
following FFA depression [16], but an unequivocal
elevation in plasma cortisol was not seen in normal
humans [17], probably because the duration of the
NA infusion in this study was too short. The rise in
plasma glucagon, growth hormone and cortisol ob-
served during nicotinic acid infusion in our study sup-
ports the view that plasma FFA levels play arole in the
control of the secretion of these hormones in diabe--
tics. One could, however, argue that the hormonal
changes were due, not to FFA depression, but rather
to another direct or indirect effect of NA. This was
suggested by Andrews et al. (1975) in normal sub-
jects. However, the fact that, in diabetics, the stimu-
lant action of NA. on glucagon and growth hormone
secretion was markedly reduced when plasma FFA
were raised by heparin and triglycerides infusion,
strongly argues against this interpretation.

Influence of Somatostatin on the Effects of Nicotinic
Acid

Restricting the discussion to diabetic subjects, it was
found that somatostatin reduced basal glucagon secre-
tion as well as the secretory stimulation caused by
arginine infusion [3, 11], insulin-induced hypo-
glycaemia [3] or ingestion of a protein meal [10]. Our
results, demonstrating that SRIF also inhibits stimula-
tion of the A,-cells by FFA depression, suggest that
this hypothalamic hormone can be regarded as an
universally active inhibitor of glucagon secretion, cap-
able of reducing the relative or absolute glucagon
excess demonstrated in diabetic subjects [32]. Growth
hormone secretion is inhibited by somatostatin in ba-
sal conditions [3, 34] and after stimulation by exercise
[14], insulin-induced hypoglycaemia [3, 13, 26], ar-
ginine infusion {3, 24, 26, 30]levodopa [20, 30], PGE,
[4] and, according to our results, also by FFA de-
pression.- The interest of such an inhibition in the
prevention of diabetic microangiopathy has been dis-
cussed recently [21].
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Our results demonstrated that the nicotinic acid-
evoked rise in plasma cortisol persisted during ad-
ministration of somatostatin. This observation is in
good agreement with the finding that the rise in plas-
ma ACTH and cortiso! provoked by insulin-induced
hypoglycaemia persisted in baboons infused with
somatostatin [5] and that SRIF-induced hypo-
glycaemia was accompanied by a rise in plasma cor-
tisol in one case of glucagon-secreting tumour [24].

The Post-Somatostatin Phase

The hormonal effects of somatostatin were im-
mediately reversible; indeed, fifteen to thirty minutes
after discontinuation of SRIF infusion, hormone
levels had already reached values similar to those
found after stimulation with nicotinic acid alone.
Whether this is due to a mnon-specific rebound
phenomenon, or is the result of removing the inhibi-
tion of the hormonal response to FFA depression,
cannot be decided on the basis of our results. The
short-lived action of somatostatin is, besides its lack of
specificity for glucagon and/or growth hormone secre-
tion, the major obstacle to converting a remarkable
tool in pathophysiological studies into a promising
agent in the therapy of diabetes.
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